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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger J located offshore Chukchi Sea using the Offshore Operators 
Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger J is located in block 
6912 area of Posey. The depth of water is 43.90 meters (m). The dispersion and deposition numeric simulations 
were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor (013) and sea 
surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea surface discharges 
occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) above the sea floor 
and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, approximately 2,427 
barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well from the rig's surface 
pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east. 
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger J well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.109, 0.271, 0.642, 4.296, 18.234, 135.902, and 717.170 hectares (ha), 
respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 232.6 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 115 m x 45 m rectangle 
area (or 0.512 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.086, 0.104, 0.248, and 0.512 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 265 m, (iii) 1 kg/m2 at 825 m, and (iv) 0.1 kg/m2 at 2,000 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the maximum currents are: 0.109, 0.337, 1.145, 3.461, 15.468, 127.040, and 212.160 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 192.7 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 190 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 0.988 ha) at the maximum currents The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.103, 0.276, and 0.988 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger J well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.512 ha at the mean currents and 0.988 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed.  The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.0 to 244.9 mg/l at the mean currents and 7.2 to 
256.2 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
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than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 112.6 mg/l at the mean currents and 2.4 to 
92.1 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
J well by the drill ship Polar Pioneer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Polar Pioneer at the prospect well site Burger J located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger J is located in Block 6912 area of Posey. The depth of water is 43.90 meters 
(m). The location of the well Burger J, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger J well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. 
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger J well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger J 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger J 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth 
(m) Easting (m) Northing (m) Latitude Longitude 


Burger J Posey 6912 555,036.01 7,897,424.42 N71° 10' 24.03"  W163° 28' 18.52" 43.90 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger J. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and drill fluids for the six drilling intervals vary from a low of 687.70 bbls to a high of 5,468.57 bbls.  
The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 18.49 to a high of 148.57 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger J 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 50 4,628.57 840.00 5,468.57 82.86 918,531.43 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,066 348.99 1,744.94 2,093.93 89.87 252.34 2,346.27 100.70 


5 29.00 2,816 451.73 2,258.67 2,710.40 93.46 314.07 3,024.47 104.29 


6 37.20 1,484 114.62 573.09 687.70 18.49 402.88 1,090.58 29.32 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 1-2 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN MUD S AND  CUTTING S  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) for 
the prospect well Burger J. The volume fractions of the fall velocity classes were adjusted for the effluent for each 
drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total effluent. 
The fall velocity classes for water based mud cuttings from the Report and User Guide is presented in Table 1-3. 
The actual value of the density for the solids was used in the numeric simulations for each drilling intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for water based mud presented in the OOC model Report and User 
Guide (Brandsma and Smith, 1999) for the prospect well Burger J. The volume fractions of the fall velocity classes 
were adjusted based on the actual volume of the total solids such as barite present in the volume of the total 
effluent. The fall velocity classes for water based mud from the Report and User Guide is presented in Table 1-4. 
The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger J well are described in detailed 
in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and maximum 
currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 8 describes 
the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 


 
  







6 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger J located offshore 
Chukchi Sea. The required model input data for the ambient are described in this Section. 
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger J well site is 43.90 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: Mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger J is located 
in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow vectors 
(blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger J is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger J well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger J well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger J located offshore Chukchi Sea. The required model input data for the effluent are described in this Section. 
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger J well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals for Burger J. Table 3-1 presents the detailed drilling operation and the effluent data for the 
prospect well Burger J. This table presents the following data: discharge scenarios, drilling intervals, duration of 
drilling, footage drilled, volume of total water based drill cuttings including washout, volume of total water based 
drill fluids, volume of total effluent, effluent (or cuttings mass) discharge rate, volume of seawater added, volume 
of total pre-diluted effluent, and the pre-diluted effluent discharge rate. The estimated volumes of the water 
based drill cuttings including fifty percent (50 %) washout and drill fluids for the six drilling intervals vary from a 
low of 687.70 bbls to a high of 5,468.57 bbls.  The durations of drilling vary from a low of 5.2 hours to a high of 
66.0 hours. The effluent discharge rates vary from a low of 18.49 to a high of 148.57 bbls/hour.  Cement is 
discharged only for the sea floor discharge scenario during the drilling intervals 2 and 3. It is included in the volume 
of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger J  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 50 4,628.57 840.00 5,468.57 82.86 918,531.43 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,066 348.99 1,744.94 2,093.93 89.87 252.34 2,346.27 100.70 


5 29.00 2,816 451.73 2,258.67 2,710.40 93.46 314.07 3,024.47 104.29 


6 37.20 1,484 114.62 573.09 687.70 18.49 402.88 1,090.58 29.32 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 3-1 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
      2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6.0 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger J. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger J well is presented in 
Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water-based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger J. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger J well is presented in Table 3-3. 
The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger J  
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For Drilling Intervals 
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(µm) 
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B
u


rg
e


r 
J 
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Varies 
from 


2.65 to 
3.07 


1 0.0001350264 0.0004031 0.0003638 0.0001880 0.0143563 0.0168814 0.0118787 


2 4 0.0016855440 0.0003023 0.0002728 0.0001410 0.0107673 0.0126611 0.0089090 


3 15 0.0218236800 0.0003527 0.0003183 0.0001645 0.0125618 0.0147712 0.0103938 


4 50 0.2328062400 0.0001512 0.0001364 0.0000705 0.0053836 0.0063305 0.0044545 


5 125 1.4471904000 0.0001008 0.0000909 0.0000470 0.0035891 0.0042204 0.0029697 


6 250 4.0111680000 0.0009070 0.0008185 0.0004231 0.0323018 0.0379832 0.0267270 


7 500 9.7962720000 0.0008062 0.0007276 0.0003761 0.0287127 0.0337628 0.0237574 


8 1000 13.5178800000 0.0007558 0.0006821 0.0003526 0.0269181 0.0316527 0.0222725 


9 3600 25.9750560000 0.0012597 0.0011368 0.0005876 0.0448636 0.0527544 0.0371209 


  
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Muds, Burger J 
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4.1 


75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger J are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3. 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger J 
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Total Solids 
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Volume 
Solids Density 
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Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650.00 4,629 736 1,950,092 1,961,323.28 740.20 2,649.71 2.65 0.00503868 


2 1,076.18 456 73 78,070 2,650.00 316 50 133,256 139,356.89 52.63 2,647.77 2.65 0.00454731 


3 1,076.18 1,910 304 326,829 2,650.00 1,070 170 450,880 476,418.75 179.97 2,647.27 2.65 0.00235040 


4 1,318.13 1,745 277 365,680 2,650.00 349 55 147,034 194,006.28 66.94 2,898.16 2.90 0.17945427 


5 1,437.87 2,259 359 516,340 2,650.00 452 72 190,323 311,881.33 101.47 3,073.68 3.07 0.21101768 


6 1,437.87 573 91 131,009 2,650.00 115 18 48,290 79,132.76 25.75 3,073.68 3.07 0.14848353 
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1,198.30 2,227 354 424,203 4,100.00 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


              Note to Table 3-4a: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, 
and mass presented above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger J  
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Total 


Volume 
Bulk Density 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 lbs/gal 


1 1,076.18 840 134 143,724 2,650 4,629 736 1,950,092 1,025.77 918,531 146,035 149,797,620 151,891,436 146,904 1,033.95 8.63 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 1,025.77 72,027 11,451 11,746,509 11,957,835 11,574 1,033.14 8.62 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 1,745 277 365,680 2,650 349 55 147,034 1,023.80 252 40 41,074 553,788 373 1,484.58 12.39 


5 1,437.87 2,259 359 516,340 2,650 452 72 190,323 1,023.80 314 50 51,122 757,784 481 1,575.92 13.15 


6 1,437.87 573 91 131,009 2,650 115 18 48,290 1,023.80 403 64 65,577 244,876 173 1,412.30 11.79 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 0.00 0.00 0.00 0.00 554,821 386 1,437.87 12.00 


                 Note to Table 3-4b: 


             
1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a blue dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger J 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger J well site for both the Sea Floor (D013) and Sea Surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger J well site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger J 
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2 5.20 18,720  18,720  360 52 43.90 42.07 148.57 14,000 


3 34.40 123,840  123,840  360 344 43.90 42.07 86.64 14,000 
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4 23.30 83,880  83,880  360 233 43.90 8.53 89.87 100.70 


5 29.00 104,400  104,400  360 290 43.90 8.53 93.46 104.29 


6 37.20 133,920  133,920  360 372 43.90 8.53 18.49 29.32 
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2.50 9,000 9,000 360 25 43.90 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this Technical Report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor. The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and the dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 11,442 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 120 m and 550 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 550 and 900 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 900 and 2,250 m distances from the 
source. It is less than 1 mg/l beyond 2,250 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,355.2, 
479.0, 119.7, 25.4, and 4.1 mg/l, respectively. 
 
Figure 5-3: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 2,142 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 300 m, respectively from the discharge location. It varies from 1 kg/m2 and 0.1 
kg/m2 approximately between 300 and 800 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 800 and 2,200 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,200 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.103, 0.167, 0.328, 1.291, 8.443, and 74.832 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same results are presented in Figure 5-5b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 161.7 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.   
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.276 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.096, 0.120, and 0.276 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,330 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 100 m and 500 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 500 and 800 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 800 and 1,350 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,350 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,176.4, 
399.7, 109.9, 22.9, and 3.6 mg/l, respectively.  


 
Figure 5-8: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in Figure 5-9. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 152 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 50 m, respectively from the discharge location. It varies from 1 kg/m2 and 0.1 
kg/m2 approximately between 50 and 230 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 230 and 550 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 550 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.120, 0.274, 0.997, and 4.250 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same results are presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.5 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.119 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.085 and 0.119 ha, respectively.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,336 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 60 m from the discharge location. It varies 
from 100 to 10 mg/l between 60 and 325 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 325 and 525 m distances from the discharge location. It varies from 5 to 1 mg/l between 525 and 1,450 m 
distances from the discharge location. It is less than 1 mg/l beyond 1,450 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13. The discharge plume is spreading farther horizontally to the east 
along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 1,000 
m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 556.6, 
208.0, 57.1, 11.8, and 1.9 mg/l, respectively. 
 
Figure 5-13: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 520 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 110 m, respectively from the discharge location. It varies from 1 kg/m2 
and 0.1 kg/m2 approximately between 110 and 425 m distances from the discharge location. It varies from 0.1 
kg/m2 to 0.01 kg/m2 approximately between 425 and 1,125 m distances from the discharge location. It is less than 
0.01 kg/m2 beyond 1,125 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.197, 0.520, 3.362, and 17.437 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same results are presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 39.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.191 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.111 and 0.191 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 4.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
5.0 m at a distance 4.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 440,760 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 35 and 140 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 140 and 230 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 230 and 700 m distances from the source. It is less than 
1mg/l beyond 700 m from the discharge location.   
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 463.5, 
133.1, 15.3, 3.5, and 0.6 mg/l, respectively. 
  
Figure 5-18: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 124 kg/m2 occurs at 10 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 65 m and 165 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 165 m and 375 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 375 m and 1,200 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.093, 
0.271, 0.665, 3.177, and 18.829 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same results are presented in Figure 5-20b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 8.5 cm occurs at 10 m to the east and 10 m to the south from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 60 m from the discharge 
location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 65 m x 40 m rectangle 
area (or 0.255 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 5- and 
1-cm are: 0.06 and 0.255 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.7 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
5.1 m at a distance 3.7 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 530,692 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 40 and 160 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 160 and 270 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 270 and 800 m distances from the source. It is less than 1 
mg/l beyond 800 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 589.33, 
157.06, 18.53, 4.25, and 0.72 mg/l, respectively. 
  
Figure 5-23: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 202 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 75 m and 200 m, respectively from the discharge location. It decreases to a value of 1 
kg/m2 and 0.1 kg/m2 at distances approximately 200 m and 450 m, respectively from the discharge location. It 
varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 450 m and 1,450 m distances from the discharge 
location. It is less than 0.01 kg/m2 beyond 1,450 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.113, 
0.332, 0.811, 5.077, and 29.958 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same results are presented in Figure 5-25b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 13.2 cm occurs at 10 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.273 ha) as presented in Figure 5-25b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.096 and 0.273 ha, respectively.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 


 


 


 


  







51 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


5.6  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.5 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 339,590 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 50 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 50 m and 100 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 100 m and 375 m distances from the discharge location. It is 
less than 1 mg/l beyond 375 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 140.7, 31.3, 
5.0, 1.4, and 0.2 mg/l, respectively. 
  
Figure 5-28: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 44 kg/m2 occurs at 10 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 125 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 125 m and 300 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 300 m and 700 m distances from the discharge location. The 
loading is less than 0.01 kg/m2 beyond 700 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.195, 0.501, 
1.206, and 7.307 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same results are presented in Figure 5-30b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 2.9 cm occurs at 10 m to the east and 10 m to the south from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 40 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m rectangle 
area or 0.178 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
  
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 26.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
84.0 m at a distance 26.0 m from the discharge location. The solid lines present the outer boundaries and the 
dotted line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits 
numerical oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the 
plume. But it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33. The depth 
of water is 43.90 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches 
internal diameter discharge pipe. Figure 5-33 presents the maximum TSS concentrations attained during the 
discharge. The color filled contours present the variations of the TSS concentrations both with respect to the depth 
from the sea surface and the distance from the source by different color bands. The maximum TSS concentration 
309,060 mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance 
approximately 350 m from the discharge location. It varies from 100 to 10 mg/l between 350 m and 700 m 
distances from the discharge location. It varies from 10 to 5 mg/l between 700 m and 725 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 
mg/l beyond 800 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 597.9, 
393.3, 244.9, 112.6, and 0.0 mg/l, respectively. 
 
Figure 5-33: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


  
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 23 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 400 m from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 400 m and 625 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 625 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.248, 0.839, 
5.971, and 15.610 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same results are presented in Figure 5-35b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 8 m x 25 m rectangle 
area (or 0.020 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE D I SCH ARGE S ,  BU RGE R J  
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger J well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows approximately 2.5 km x 2.5 km area 
of the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right 
provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum loading of 3,195 kg/m2 occurs at 10 m to the east and 30 m to the north from 
the discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 130 m; 10 kg/m2 to 1 
kg/m2 between 130 m and 400 m; and 1 kg/m2 to 0.1 kg/m2 between 400 m and 1,100 m distances approximately 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 2,700 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 are: 0.109, 0.271, 0.642, 4.296, 18.234, 135.902, and 717.170 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger J 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger J (zoom in view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to 
the 5 km x 5 km map surface area shown in Figure 5-37a. The same results are presented in Figure 5-37b but 
shows only 240 m x 240 m seabed surface with the well at the center to show the details of the solids 
accumulation of 1 cm or larger on the seabed. The prevailing current direction is to the east. Therefore, the fate 
and transport of the discharge plume is towards the east only from the discharge location. The maximum deposit 
thickness of 232.6 cm occurs at 10 m to the east and 30 m to the north from the discharge location.  It decreases 
to a value of 100 cm at a distance approximately 20 m from the discharge location as shown in Figure 5-37b. It 
decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm between 30 m and 40 m; 10 cm to 3 cm 
between 40 m and 70 m; and 3 cm to 1 cm between 70 m and 110 m distances approximately from the discharge 
location. It is less than 1 cm beyond 110 m approximately to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 115 m x 45 m rectangle 
area (or 0.512 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 200-, 100-, 10-, and 1-cm are: 0.086, 0.104, 0.248, and 
0.512 ha, respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-
38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger J 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger J 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger J  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger J well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger J well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.104, 0.248, and 0.512 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 5.0 to 244.9 mg/l at 100 m; 1.4 to 112.6 mg/l at 300 m; and 0 to 
4.1 mg/l at 1000 m distances from the source. The maximum TSS concentrations at 100 and 300 m occur during 
the discharge of the water based muds from the rig’s surface pits for a duration of 2.5 hours only. They are: 244.9 
mg/l at 100 m and 112.6 mg/l at 300 m distances from the source. 
 
Table 5-2: Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 


W
e


ll 
ID


 


D
is


ch
ar


ge
 S


ce
n


ar
io


 


D
ri


lli
n


g 
In


te
rv


a
ls


 


D
u


ra
ti


o
n


s 
o


f 
D


is
ch


ar
ge


 


D
e


p
th


 o
f 


W
at


e
r 


D
e


p
th


 o
f 


D
is


ch
ar


ge
 


Effluent 
Discharge 


Rate 


Pre-diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 43.90 42.07 82.86 14,000.00 0.096 0.120 0.276 161.70 


2 5.20 43.90 42.07 148.57 14,000.00 - 0.085 0.119 11.48 


3 34.40 43.90 42.07 86.64 14,000.00 - 0.111 0.191 39.28 
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4 23.30 43.90 8.53 89.87 100.70 - - 0.255 8.53 


5 29.00 43.90 8.53 93.46 104.29 - 0.096 0.273 13.17 


6 37.20 43.90 8.53 18.49 29.32 - - 0.178 2.88 
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2.50 43.90 8.53 970.80 970.80 - - 0.020 1.11 


At the end of the Drilling Operation 0.104 0.248 0.512 232.63 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Total Suspended Solids (TSS) 
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1 66.00 43.90 42.07 82.86 14,000.00 1,355.2 479.0 120.0 25.4 4.1 


2 5.20 43.90 42.07 148.57 14,000.00 1,176.4 399.7 109.9 23.0 3.6 


3 34.40 43.90 42.07 86.64 14,000.00 556.6 208.0 57.1 11.8 1.9 
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4 23.30 43.90 8.53 89.87 100.70 463.5 133.1 15.3 3.5 0.6 


5 29.00 43.90 8.53 93.46 104.29 589.3 157.1 18.5 4.3 0.7 


6 37.20 43.90 8.53 18.49 29.32 140.7 31.3 5.0 1.4 0.2 
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2.50 43.90 8.53 970.80 970.80 597.9 393.3 244.9 112.6 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger J well site for both the Sea Floor (D013) and Sea Surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger J well site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger J 
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r 1 66.00 237,600  237,600  360 660 43.90 42.07 82.86 14,000 


2 5.20 18,720  18,720  360 52 43.90 42.07 148.57 14,000 


3 34.40 123,840  123,840  360 344 43.90 42.07 86.64 14,000 
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4 23.30 83,880  83,880  360 233 43.90 8.53 89.87 100.70 


5 29.00 104,400  104,400  360 290 43.90 8.53 93.46 104.29 


6 37.20 133,920  133,920  360 372 43.90 8.53 18.49 29.32 
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2.50 9,000 9,000 360 25 43.90 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and the dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 12,163 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 225 m and 1,000 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 1,000 and 1,650 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,650 and 4,000 m distances from the discharge location. It 
is less than 1 mg/l beyond 4,000 m from the discharge location. The effect of the maximum currents speed is 
visible in this Figure 6-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,836.2, 
718.7, 256.2, 72.2, and 11.1 mg/l, respectively. 
 
Figure 6-3: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 


 
  







77 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,990 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 90 m and 400 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 400 and 1,500 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,500 and 4,500 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 4,500 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.102, 0.193, 0.437, 1.815, 6.936, and 72.573 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same results are presented in Figure 6-5b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 150.2 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 45 m rectangle 
area (or 0.430 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.094, 0.183, and 0.432 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,978 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 200 m and 1,000 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 1,000 and 1,500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,500 and 4,000 m distances from the discharge location. It 
is less than 1 mg/l beyond 4,000 m from the discharge location. The effect of the maximum current is visible in this 
Figure 6-8. The discharge plume is spreading farther horizontally to the east along the direction of the current than 
vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 35 m at or near the discharge 
location. It is 1 mg/l or less at a depth approximately 40 m at 500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 2,095.1, 
660.7, 235.8, 63.9, and 10.05 mg/l, respectively. 


 
Figure 6-8: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 146 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 35 m and 80 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 80 and 260 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 260 and 1,100 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 1,100 m from the discharge location. 
  
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.166, 0.422, 1.135, and 4.392 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same results are presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.0 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 40 m rectangle 
area (or 0.119 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.084 and 0.119 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,662 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 125 m and 650 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 650 and 1,000 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,000 and 2,750 m distances from the discharge location. It 
is less than 1 mg/l beyond 2,750 m from the discharge location. The effect of the maximum currents speed is 
visible in this Figure 6-13. The discharge plume is spreading farther horizontally to the east along the direction of 
the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge location. . 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 989.1, 
353.8, 121.7, 33.9, and 5.2 mg/l, respectively. 
 
Figure 6-13: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 494 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 105 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 105 and 800 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 800 and 2,250 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,250 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.512, 3.167, and 15.947 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same results are presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 37.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.248 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.248 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 7.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
3.5 m at a distance 7.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 429,910 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 250 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 250 and 500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 500 and 1,500 m distances from the discharge location. It is 
less than 1 mg/l beyond 1,500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 704.5, 
209.9, 44.0, 7.0, and 1.9 mg/l, respectively. 
  
Figure 6-18: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 44 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 140 m and 325 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 325 m and 1,000 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 1,000 m and 1,900 m distances from the discharge location. It is less than 
0.01 kg/m2 beyond 1,900 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.489, 1.232, 
3.913, and 15.795 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same results are presented in Figure 6-20b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 3.0 cm occurs at 30 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 100 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 85 m x 40 m rectangle 
area (or 0.337 ha) as presented in Figure 6-20b.  
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 7.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.5 m at a distance 7.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 537,680 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 450 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 450 and 1,500 m distances from the discharge location. It is 
less than 1 mg/l beyond 1,500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 675.1, 
193.2, 41.8, 6.4, and 1.8 mg/l, respectively.  
  
Figure 6-23: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 6-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 77 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 1 kg/m2 and 0.1 kg/m2 at 
distances approximately 175 m and 450 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 450 m and 1,100 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 1,100 m and 2,500 m distances from the discharge location. The loading is 
less than 0.01 kg/m2 beyond 2,500 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.642, 1.841, 
4.592, and 23.048 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same results are presented in Figure 6-25b but shows only 480 m x 
480 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 5.0 cm occurs at 30 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 140 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 40 m rectangle 
area (or 0.495 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.4 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.4 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 


 
 
 
  







105 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28. . The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 314,156 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 85 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 85 m and 120 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 120 m and 750 m distances from the discharge location. It is 
less than 1 mg/l beyond 750 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 133.6, 39.6, 
7.2, 2.4, and 0.6 mg/l, respectively. 
  
Figure 6-28: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 20 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 275 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 275 m and 750 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 750 m and 1,500 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,500 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are:  0.241, 1.042, 
2.976, and 9.974 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same results are presented in Figure 6-30b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 1.3 cm occurs at 50 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 60 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 25 m x 25 m rectangle 
area (or 0.063 ha) as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 43.90 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 165.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
58.0 m at a distance 165.0 m from the discharge location. The solid lines present the outer boundaries and the 
dotted line presents the center line of the discharge plume in Figures 6-31 and 6-32. The lower boundary of the 
plume scours and penetrates the sea floor between 30 and 75 m distances. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33. The depth 
of water is 43.90 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches 
internal diameter discharge pipe. Figure 6-33 presents the maximum TSS concentrations attained during the 
discharge. The color filled contours present the variations of the TSS concentrations both with respect to the depth 
from the sea surface and the distance from the source by different color bands. The maximum TSS concentration 
338,511 mg/l occurs at the discharge location. It decreases to a value of 100 mg/l at a distance approximately 275 
m from the discharge location. The TSS concentration varies from 100 to 10 mg/l between 250 m and 2,000 m 
distances from the discharge location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 2,250 m and 2,325 m distances from the discharge location. 
It is less than 1 mg/l beyond 2,325 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,774.3, 
324.1, 171.6, 92.1, and 29.3 mg/l, respectively. 
 
Figure 6-33: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 5,400 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 16 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 135 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 135 m and 850 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 850 m and 1,900 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 1,900 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.178, 0.491, 
3.368, and 19.165 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The maximum solids deposited thickness on the seabed is 
0.8 cm, which is less than 1 cm as shown by a small dot, occurs on a very small surface area compare to the 5 km x 
5 km map surface area shown in Figure 6-35a. The same results are presented in Figure 6-35b but shows only 240 
m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 0.7 cm or 
larger on the seabed. The maximum deposit thickness of 0.8 cm occurs at 50 m to the east and 10 m to the north 
from the discharge location.  
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  


 


 


 


  







115 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE D I SCH ARGE S ,  BU RGE R J  
 
The spatial extent of total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger J well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-
36a. Figure 6-36b presents a zoom in view of the model results, which shows approximately 2.5 km x 2.5 km area 
of the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right 
provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location.  The maximum loading of 2,633 kg/m2 occurs at 10 m to the east and 30 m to the north from 
the discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 265 m; 10 kg/m2 to 1 
kg/m2 between 265 m and 825 m; and 1 kg/m2 to 0.1 kg/m2 between 825 m and 2,000 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 2,000 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 are: 0.109, 0.337, 1.145, 3.461, 15.468, 127.040, and 212.160 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger J 


 
 
 
 
 


 


 


  







118 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger J (zoom in view)  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The prevailing 
current direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only 
from the source location. The solids deposited on the seabed of thickness 1 cm or larger as shown by a small dot, 
occurs on a very small surface area compare to the 5 km x 5 km map surface area shown in Figure 6-37a. The same 
results are presented in Figure 6-37b  but shows only 480 m x 480 m seabed surface with the well at the center to 
show the details of the solids accumulation of 1 cm or larger on the seabed. The maximum deposit thickness of 
192.7 cm occurs at 10 m to the east and 30 m to the north from the discharge location. It decreases to a value of 
100 cm at a distance approximately 20 m from the discharge location as shown in Figure 6-37b.  It decreases: 100 
cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm between 30 m and 70 m; 10 cm to 3 cm between 70 m and 
120 m; and 3 cm to 1 cm between 120 m and 190 m distances approximately from the discharge location. It is less 
than 1 cm beyond 190 m approximately to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 0.988 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.103, 0.276, and 0.988 ha, 
respectively. The sea floor areas affected by solids deposit thickness is also presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger J 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger J 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger J 
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum current speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger J well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger J well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.103, 0.276, and 0.988 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operation are: 7.2 to 256.24 mg/l at 100 m; 2.4 to 92.1 mg/l at 300 m; and 0.6 to 
29.3 mg/l at 1000 m distances from the discharge location. 
 
Table 6-2: Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness 


Larger than 100-, 10-, 
and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 
100 
cm 


10 cm 1 cm cm 


B
u
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e


r 
J 


Se
a 


Fl
o


o
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1 66.00 43.90 42.07 82.86 14,000.00 0.095 0.183 0.430 150.17 


2 5.20 43.90 42.07 148.57 14,000.00 - 0.084 0.119 11.04 


3 34.40 43.90 42.07 86.64 14,000.00 - 0.112 0.248 37.34 


Se
a 


Su
rf


ac
e


 


4 23.30 43.90 8.53 89.87 100.70 - - 0.337 3.01 


5 29.00 43.90 8.53 93.46 104.29 - - 0.495 5.04 


6 37.20 43.90 8.53 18.49 29.32 - - 0.109 1.32 


R
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 S


u
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e
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2.50 43.90 8.53 970.80 970.80 - - - 0.78 


At the end of the Drilling Operation 0.103 0.276 0.988 192.75 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Pre-diluted 
Effluent 
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Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
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1 66.00 43.90 42.07 82.86 14,000.00 1,836.2 718.7 256.2 72.2 11.1 


2 5.20 43.90 42.07 148.57 14,000.00 2,095.1 660.7 235.8 63.9 10.1 


3 34.40 43.90 42.07 86.64 14,000.00 989.1 353.8 121.7 33.9 5.2 
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4 23.30 43.90 8.53 89.87 100.70 704.5 209.9 44.0 7.0 1.9 


5 29.00 43.90 8.53 93.46 104.29 675.1 193.2 41.8 6.4 1.8 


6 37.20 43.90 8.53 18.49 29.32 133.6 39.6 7.2 2.4 0.6 
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2.50 43.90 8.53 970.80 970.80 1,774.3 324.1 171.6 92.1 29.3 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.512 and 0.988 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 232.6 and 192.8 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.1 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is 1.4 to 2.9 times higher than 
those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the 
water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness for each sediment class at 
the end of the drilling operation at the Burger J well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 meters (m) from the source of the discharge.  These tables 
also exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller 
deposition thickness of drill cutting value at 10 m from the source and higher deposition thickness of drill cutting 
value at 30 m from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


43.9 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
u


rg
e


r 
J 


Se
a 


Fl
o


o
r 


1 66.00 82.86 0.096 0.120 0.276 161.70 0.095 0.183 0.430 150.17 


2 5.20 148.57 - 0.085 0.119 11.48 - 0.084 0.119 11.04 


3 34.40 86.64 - 0.112 0.191 39.28 - 0.112 0.248 37.34 


Se
a 


Su
rf


ac
e


 


4 23.30 89.87 - - 0.255 8.53 - - 0.337 3.01 


5 29.00 93.46 - 0.096 0.273 13.17 - - 0.495 5.04 


6 37.20 18.49 - - 0.178 2.88 - - 0.109 1.32 


R
ig


's
 S


u
rf


ac
e
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it


s 


2.50 970.80 - - 0.020 1.11 - - - 0.78 


At the end of the Drilling 
Operation 


0.104 0.248 0.512 232.63 0.103 0.276 0.988 192.75 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 
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Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 
100-, 300-, and 1000-m from the Source 


Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 
100 
m 


300 
m 


1000 
m 


10 m 30 m 
100 
m 


300 
m 


1000 
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1 66.00 82.86 1,355.2 479.0 120.0 25.4 4.1 1,836.2 718.7 256.2 72.2 11.1 


2 5.20 148.57 1,176.4 399.7 109.9 23.0 3.6 2,095.1 660.7 235.8 63.9 10.1 


3 34.40 86.64 556.6 208.0 57.1 11.8 1.9 989.1 353.8 121.7 33.9 5.2 


Se
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e


 


4 23.30 89.87 463.5 133.1 15.3 3.5 0.6 704.5 209.9 44.0 7.0 1.9 


5 29.00 93.46 589.3 157.1 18.5 4.3 0.7 675.1 193.2 41.8 6.4 1.8 


6 37.20 18.49 140.7 31.3 5.0 1.4 0.2 133.6 39.6 7.2 2.4 0.6 


R
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2.50 970.80 597.9 393.3 244.9 112.6 0.0 1,774.3 324.1 171.6 92.1 29.3 
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cuttings Deposition Thickness of Each Sediment 
Class for the Prospect Well Burger J at the End of the Drilling Operation 
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(m) 
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m m m/s µm 10 m 30 m 90 m 110 m 
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1.82 35.37 
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0.07 


1 0.103 0.003 0.000 0.000 


4 0.085 0.005 0.003 0.003 


15 0.133 0.020 0.005 0.004 


50 0.072 0.006 0.000 0.000 


125 0.039 0.005 0.002 0.002 


250 0.397 0.045 0.001 0.000 


500 0.379 0.051 0.000 0.000 


1000 0.395 0.002 0.000 0.000 


3600 0.648 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cuttings Deposition Thickness of Each Sediment 
Class for the Prospect Well Burger J at the End of the Drilling Operation 
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m m m/s µm 10 m 30 m 90 m 110 m 


B
u


rg
e


r 
J 


1.82 35.37 


M
ax


im
u


m
 C


u
rr


e
n


ts
 


0.25 


1 0.063 0.032 0.001 0.000 


4 0.051 0.026 0.002 0.001 


15 0.087 0.040 0.003 0.002 


50 0.063 0.004 0.003 0.002 


125 0.028 0.011 0.000 0.000 


250 0.354 0.046 0.001 0.005 


500 0.349 0.008 0.032 0.018 


1000 0.326 0.009 0.000 0.000 


3600 0.540 0.104 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger J located offshore Chukchi Sea using the Offshore Operators 
Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger J is located in block 
6912 area of Posey. The depth of water is 43.90 meters (m). The dispersion and deposition numeric simulations 
were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor (013) and sea 
surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea surface discharges 
occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) above the sea floor 
and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, approximately 2,427 
bbls of the water based muds will be discharged at the end of the drilling of the well from the rig's surface pits at a 
rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: AKG-28-8100 as 
discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and 
Drill Cuttings) 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east. 
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger J well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current. 
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.109, 0.271, 0.642, 4.296, 18.234, 135.902, and 717.170 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 232.6 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 115 m x 45 m rectangle 
area (or 0.512 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.086, 0.104, 0.248, and 0.512 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 265 m, (iii) 1 kg/m2 at 825 m, and (iv) 0.1 kg/m2 at 2,000 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the maximum currents are: 0.109, 0.337, 1.145, 3.461, 15.468, 127.040, and 212.160 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 192.8 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 190 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 0.988 ha) at the maximum currents The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.103, 0.276, and 0.988 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger J well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.512 ha at the mean currents and 0.988 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.0 to 244.9 mg/l at the mean currents and 7.2 to 
256.2 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 112.6 mg/l at the mean currents and 2.4 to 
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92.1 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
J well by the drill ship Polar Pioneer can be classified as low.
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger S located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger S is 
located in block 6762 area of Posey. The depth of water is 44.0 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. These constitute discharges 
described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger S well site. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,075 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.280, 0.653, 4.329, 17.986, and 136.258 hectares (ha), respectively. 
  
The OOC model predicted maximum deposit thickness at the mean currents is 197.9 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 135 m x 40 m rectangle 
area (or 0.519 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.519 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 910 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.341, 1.289, 3.804, 25.587, and 162.417 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 156.9 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 250 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.075 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.097, 0.276, and 1.075 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger S well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.519 ha at the mean currents and 1.075 ha at the maximum currents. The 
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impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 7.2 to 233.2 mg/l at the mean currents and 18.0 to 
249.3 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.5 to 107.2 mg/l at the mean currents and 5.7 to 
98.1 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
S well by the drill ship Noble Discoverer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Noble Discoverer at the prospect well site Burger S located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger S is located in block 6762 area of Posey. The depth of water is 44.0 meters 
(m). The location of the well Burger S, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger S well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below 
the sea surface. Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. 
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger S well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger S 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger S 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth (m) Easting (m) Northing (m) Latitude Longitude 


Burger S Posey 6762 554,390.64 7,914,198.48 N71° 19' 25.79"  W163° 28' 40.84" 44.0 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger S. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 
bbls. The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 26.47 to a high of 148.63 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.8 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger S 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
 


D
is


ch
ar


ge
 S


ce
n


ar
io


 


D
ri


lli
n


g 
In


te
rv


a
ls


 


D
u


ra
ti


o
n


s 
o


f 
D


ri
lli


n
g 


o
r 


P
u


m
p


in
g 


Fo
o


ta
ge


 D
ri


lle
d


 


Total 
Water 
Based 
Drill 


Cuttings 
including 


50% 


Washout1 


Total 
Water 
Based 
Drill 


Fluids2 


Total 
Effluent 
(water 
based 
drill 


cuttings 
+ drill 
fluids) Ef


fl
u


e
n


t 
D


is
ch


ar
ge


 R
at


e
 


Se
aw


at
e


r 
A


d
d


e
d


 t
o


 t
h


e 


Ef
fl


u
e


n
t 


Total Pre-
diluted 
Effluent 
(water 


based drill 
cuttings + 
drill fluids 


+ 
seawater) 


Pre-
diluted 
Effluent 


Discharge 
Rate 


(H
o


u
rs


) 


(f
e


e
t)


 


 (
b


b
ls


) 


 (
b


b
ls


) 


(b
b


ls
) 


 (
b


b
ls


/h
o


u
r)


 


 (
b


b
ls


) 


(b
b


ls
) 


 (
b


b
ls


/h
o


u
r)


 


Se
a 


Fl
o


o
r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 232.37 372.37 604.75 116.30 72,195.25 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,763 577.17 2,885.86 3,463.04 148.63 252.34 3,715.37 159.46 


5 29.00 2,075 332.86 1,664.32 1,997.19 68.87 314.07 2,311.26 79.70 


6 37.20 2,125 164.12 820.62 984.75 26.47 402.88 1,387.62 37.30 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 1-2: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger S. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger S. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger S well are described in 
detailed in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger S located offshore 
Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger S well site is 44.0 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9-45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: Mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger S is 
located in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow 
vectors (blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger S is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger S well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger S well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger S located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger S well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well Burger S. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 26.47 to a high of 148.63 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger S  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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5 29.00 2,075 332.86 1,664.32 1,997.19 68.87 314.07 2,311.26 79.70 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 3-1: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 


3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The internal pipe diameter of 14.25 inches was 
used for modeling the surface discharge scenario based on a 0.75 inches of total pipe wall thickness. The drilling 
draft varies from 6.71 m to 7.68 m approximately. Therefore, the surface discharges occur at a depth between 6.71 
m and 7.68 m from the sea surface. The discharge pipe is oriented vertically downward with respect to the sea 
surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface discharge 
scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger S. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger S well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger S. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger S well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
 
  







14 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger S  
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1 0.0001350264 0.0003229 0.0002686 0.0001880 0.0149939 0.0162778 0.0133684 


2 4 0.0016855440 0.0002422 0.0002014 0.0001410 0.0112454 0.0122083 0.0100263 


3 15 0.0218236800 0.0002826 0.0002350 0.0001645 0.0131196 0.0142431 0.0116973 


4 50 0.2328062400 0.0001211 0.0001007 0.0000705 0.0056227 0.0061042 0.0050131 


5 125 1.4471904000 0.0000807 0.0000671 0.0000470 0.0037485 0.0040694 0.0033421 


6 250 4.0111680000 0.0007266 0.0006043 0.0004231 0.0337362 0.0366250 0.0300788 


7 500 9.7962720000 0.0006459 0.0005372 0.0003761 0.0299877 0.0325556 0.0267367 


8 1000 13.5178800000 0.0006055 0.0005036 0.0003526 0.0281135 0.0305208 0.0250657 


9 3600 25.9750560000 0.0010092 0.0008393 0.0005876 0.0468559 0.0508681 0.0417761 


  
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Drilling Fluids, Burger S 
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10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger S are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger S 
 


D
ri


lli
n


g 
In


te
rv


al
 Drill Fluids Total Cuttings Solids 1 


Total Solids 
Mass 


Total 
Solids 


Volume 
Solids Density 


Volume 
Fraction 
of Solids 


in Effluent D
e


n
si


ty
 


Volume Mass 


D
e


n
si


ty
 


Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,571,304.80 593.03 2,649.64 2.65 0.00403683 


2 1,076.18 372 59 63,713 2,650 232 37 97,903 102,881.26 38.86 2,647.54 2.65 0.00335738 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 476,418.75 179.97 2,647.27 2.65 0.00235040 


4 1,318.13 2,886 459 604,778 2,650 577 92 243,172 320,856.54 110.71 2,898.16 2.90 0.18742341 


5 1,437.87 1,664 265 380,470 2,650 333 53 140,241 229,813.12 74.77 3,073.68 3.07 0.20347227 


6 1,437.87 821 130 187,598 2,650 164 26 69,148 113,313.42 36.87 3,073.68 3.07 0.16710448 


R
ig


's
 S


u
rf


ac
e 


P
it


s 


1,198.30 2,227 354 424,203 4,100 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


              Note to Table 3-4a: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, 
and mass presented above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger S 
 


D
ri


lli
n


g 
In


te
rv


al
 Drill Fluids Total Cuttings Solids 1 Sea Water 


Computation of Density of Effluent (Bulk 
Density) 


D
e


n
si


ty
 


Volume Mass 


D
e


n
si


ty
 


Volume Mass 


D
e


n
si


ty
 


Volume Mass Total Mass 
Total 


Volume 
Bulk Density 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 lbs/gal 


1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 372 59 63,713 2,650 232 37 97,903 1,025.77 72,195 11,478 11,773,878 11,935,494 11,574 1,031.21 8.61 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 2,886 459 604,778 2,650 577 92 243,172 1,023.80 252 40 41,074 889,024 591 1,505.04 12.56 


5 1,437.87 1,664 265 380,470 2,650 333 53 140,241 1,023.80 314 50 51,122 571,833 367 1,556.18 12.99 


6 1,437.87 821 130 187,598 2,650 164 26 69,148 1,023.80 403 64 65,577 322,323 221 1,461.02 12.19 


R
ig


's
 S


u
rf


ac
e 


P
it


s 


1,198.30 2,227 354 424,203 4,100 200 32 130,618 - - - - 554,821 386 1,437.87 12.00 


                 Note to Table 3-4b: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger S 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger S well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger S well site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger S 
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Durations of 
Drilling 


(Discharge) 


The OOC Numeric Model 
Simulation 


D
e


p
th


 o
f 


W
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D
e


p
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f 


D
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Effluent 
(Cuttings + 
Drill Fluids) 


Mass 
Discharge 


Rate 


Pre-diluted 
Effluent 


Discharge 
Rate 


Total 
Simulation 


Time 


Model 
Time 
Step 
(∆t) 


Count 
of 


Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 


B
u


rg
er


 S
 


Se
a 


Fl
o


o
r 1 66.00 237,600  237,600  360 660 44.00 42.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 44.00 42.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 44.00 42.17 86.64 14,000 


Se
a 


Su
rf


ac
e 


4 23.30 83,880  83,880  360 233 44.00 6.71 148.63 159.46 


5 29.00 104,400  104,400  360 290 44.00 6.71 68.87 79.70 


6 37.20 133,920  133,920  360 372 44.00 6.71 26.47 37.30 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 9,000 9,000 360 25 44.00 6.71 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,200 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 100 m and 500 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 500 and 800 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 800 and 2,100 m distances from the 
source. It is less than 1 mg/l beyond 2,100 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,138.0, 
413.4, 105.6, 22.3, and 3.6 mg/l, respectively. 
 
Figure 5-3a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 6, 12, 18, and 24 hours (h) after the cessation of the discharge 
are presented by Figures 5-3b, 5-3c, 5-3d, and 5-3e. These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 
mg/l at 24 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS 
concentrations attains pre-existing conditions between 18 and 24 h after the cessation of the discharge based on 
the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-3b: TSS concentrations during the mean currents at 72 h (or 6 h after the cessation of release) 
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Figure 5-3c: TSS concentrations during the mean currents at 78 h (or 12 h after the cessation of release) 
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Figure 5-3d: TSS concentrations during the mean currents at 84 h (or 18 h after the cessation of release) 
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Figure 5-3e: TSS concentrations during the mean currents at 90 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,698 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 285 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 285 and 750 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 750 and 2,100 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,100 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.120, 0.322, 1.229, 7.560, and 66.823 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 128.1 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.274 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.089, 0.119, and 0.274 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor. The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 7,651 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 90 m and 450 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 450 and 700 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 700 and 1,300 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,300 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 912.8, 
317.5, 87.0, 18.4, and 2.9 mg/l, respectively.  


 
Figure 5-8a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-8b, 5-8c, and 5-8d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-8b: TSS concentrations during the mean currents at 11.2 h (or 6 h after the cessation of release) 
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Figure 5-8c: TSS concentrations during the mean currents at 17.2 h (or 12 h after the cessation of release) 
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Figure 5-8d: TSS concentrations during the mean currents, at 23.2 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 111 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 45 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 45 and 210 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 210 and 520 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 520 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.084, 
0.119, 0.270, 0.917, and 3.540 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.4 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.117 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 1-cm is:  
0.117 ha.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,355 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 65 m from the discharge location. It varies 
from 100 to 10 mg/l between 65 and 350 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 350 and 550 m distances from the discharge location. It varies from 5 to 1 mg/l between 550 and 1,450 m 
distances from the discharge location. It is less than 1 mg/l beyond 1,450 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13a. The discharge plume is spreading farther horizontally to the 
east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 589.3, 
223.7, 61.2, 12.8, and 2.1 mg/l, respectively. 
 
Figure 5-13a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 


 







43 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-13b, 5-13c, and 5-13d.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-13b: TSS concentrations during the mean currents at 40.4 h (or 6 h after the cessation of release) 
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Figure 5-13c: TSS concentrations during the mean currents at 46.4 h (or 12 h after the cessation of release) 
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Figure 5-13d: TSS concentrations during the mean currents at 52.4 h (or 18 h after the cessation of release) 


 
  







46 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 514 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 125 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 125 and 450 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 450 and 1,200 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.199, 0.585, 3.950, and 19.532 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 


 


  







47 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 38.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.192 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.111 and 0.192 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.9 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 


 
 
 
  







50 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 509,769 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 350 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 350 and 1,000 m distances from the source. It is less than 1 
mg/l beyond 1,000 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 732.9, 
194.6, 24.6, 5.4, and 0.9 mg/l, respectively. 
  
Figure 5-18a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours). The 
fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge are 
presented by Figures 5-18b, 5-18c, and 5-18d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-18b: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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Figure 5-18c: TSS concentrations during the mean currents at 35.3 h (or 12 h after the cessation of release) 
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Figure 5-18d: TSS concentrations during the mean currents at 41.3 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 202 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 80 m and 200 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 200 and 450 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 450 m and 1,425 m distances 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 1,425 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.340, 0.820, 4.912, and 29.276 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 13.9 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 75 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 40 m rectangle 
area (or 0.279 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.099 and 0.279 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.0 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 594,489 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 40 and 120 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 120 and 210 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 210 and 700 m distances from the source. It is less than 1 
mg/l beyond 700 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 496.9, 
129.8, 14.5, 3.2, and 0.5 mg/l, respectively. 
  
Figure 5-23a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours). The 
fate and transport of the discharged solids at times 6 and 12 h after the cessation of the discharge are presented 
by Figures 5-23b and 5-23c.  These figures show that the TSS concentrations within the 5.0 km model domain 
decrease to: 1 mg/l or less at 6 h and less than 0.1 mg/l at 12 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 6 and 12 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-23b: TSS concentrations during the mean currents at 35 h (or 6 h after the cessation of release) 
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Figure 5-23c: TSS concentrations during the mean currents at 41 h (or 12 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 137 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 80 m and 180 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 180 and 400 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 400 and 1,325 m distances from 
the discharge location. The loading is less than 0.01 kg/m2 beyond 1,325 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.099, 
0.328, 0.746, 4.341, and 22.899 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 8.9 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.268 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.6 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 266,222 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 70 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 70 m and 120 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 120 m and 400 m distances from the discharge location. It is 
less than 1 mg/l beyond 400 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 222.9, 52.0, 
7.2, 1.6, and 0.2 mg/l, respectively. 
  
Figure 5-28a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours). The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 5-28b, 5-28c, 5-28d, 5-28e, 5-28f, and 5-28g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-28b: TSS concentrations during the mean currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 5-28c: TSS concentrations during the mean currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 5-28d: TSS concentrations during the mean currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 5-28e: TSS concentrations during the mean currents at 41.2 h (or 4 h after the cessation of release) 
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Figure 5-28f: TSS concentrations during the mean currents at 42.2 h (or 5 h after the cessation of release) 
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Figure 5-28g: TSS concentrations during the mean currents at 43.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 63 kg/m2 occurs at 10 m to the east and 10 m to the south from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 60 m and 150 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 150 and 330 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 330 and 925 m distances from 
the discharge location. The loading is less than 0.01 kg/m2 beyond 925 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.257, 0.584, 
1.532, and 10.738 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 4.1 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area or 0.194 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 30.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
74.0 m at a distance 30.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33a. The depth 
of water is 44.0 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 5-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 318,744 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m 
from the discharge location. It varies from 100 to 10 mg/l between 325 m and 700 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 700 m and 725 m distances from the discharge location. It varies from 
5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 571.6, 
439.4, 233.2, 106.9, and 0.0 mg/l, respectively. 
 
Figure 5-33a: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  


 


 







81 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 6, 12, 18, and 24 h after the cessation of the discharge are presented by Figures 5-33b, 
5-33c, 5-33d and 5-33e.  These figures show that the TSS concentrations within the 5.0 km model domain decrease 
to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 mg/l at 24 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 18 and 24 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-33b: TSS concentrations during the mean currents at 8.5 h (or 6 h after the cessation of release) 
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Figure 5-33c: TSS concentrations during the mean currents at 14.5 h (or 12 h after the cessation of release) 
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Figure 5-33d: TSS concentrations during the mean currents at 20.5 h (or 18 h after the cessation of release) 
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Figure 5-33e: TSS concentrations during the mean currents at 26.5 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 23 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 400 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 400 m and 615 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 615 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.199, 0.881, 
4.997, and 15.097 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same result is presented in Figure 5-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. The 
maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.092 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R S 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger S well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,733 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 140 m; 10 kg/m2 to 1 
kg/m2 between 140 m and 400 m; 1 kg/m2 to 0.1 kg/m2 between 400 m and 1,075 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,075 m and 2,700 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,700 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.280, 0.653, 4.329, 17.986, and 136.258 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger S 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger S (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 197.9 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 70 m; and 3 cm to 1 cm between 70 m 
and 110 m distances approximately from the discharge location. It is less than 1 cm beyond 110 m approximately 
to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 135 m x 40 m rectangle 
area (or 0.519 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.519 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
 
  







92 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger S 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger S 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger S  


 


 


 


 


 


  







95 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger S well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger S well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.519 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 7.2 to 233.2 mg/l at 100 m; 1.5 to 106.9 mg/l at 300 m; and 0.0 
to 3.6 mg/l at 1000 m distances from the source.   
 
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.00 42.17 68.83 14,000.00 0.089 0.119 0.274 128.13 


2 5.20 44.00 42.17 116.30 14,000.00 - - 0.117 8.38 


3 34.40 44.00 42.17 86.64 14,000.00 - 0.111 0.192 38.84 
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a 
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e


 


4 23.30 44.00 6.71 148.63 159.46 - 0.099 0.279 13.93 


5 29.00 44.00 6.71 68.87 79.70 - - 0.268 8.89 


6 37.20 44.00 6.71 26.47 37.30 - - 0.194 4.07 
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2.50 44.00 6.71 970.80 970.80 - - 0.092 1.10 


At the end of the Drilling Operation 0.102 0.195 0.519 197.85 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Total Suspended Solids (TSS) 
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Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 300 m 
1000 
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1 66.00 44.00 42.17 68.83 14,000.00 1,138.0 413.4 105.6 22.3 3.6 


2 5.20 44.00 42.17 116.30 14,000.00 912.8 317.5 87.0 18.4 2.9 


3 34.40 44.00 42.17 86.64 14,000.00 589.3 223.7 61.2 12.8 2.1 
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4 23.30 44.00 6.71 148.63 159.46 732.9 194.6 24.6 5.4 0.9 


5 29.00 44.00 6.71 68.87 79.70 496.9 129.8 14.2 3.2 0.5 


6 37.20 44.00 6.71 26.47 37.30 218.0 49.8 7.2 1.5 0.2 
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2.50 44.00 6.71 970.80 970.80 571.6 439.4 233.2 106.9 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger S well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger S well site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger S 
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r 1 66.00 237,600  237,600  360 660 44.00 42.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 44.00 42.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 44.00 42.17 86.64 14,000 
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4 23.30 83,880  83,880  360 233 44.00 6.71 148.63 159.46 


5 29.00 104,400  104,400  360 290 44.00 6.71 68.87 79.70 


6 37.20 133,920  133,920  360 372 44.00 6.71 26.47 37.30 
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2.50 9,000 9,000 360 25 44.00 6.71 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3a. The depth of water is 44.00 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,803 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 225 m and 1,050 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 1,050 and 1,700 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,700 and 4,500 m distances from the 
source. It is less than 1 mg/l beyond 4,500 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3a. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1957.1, 
738.1, 269.1, 71.8, and 11.7 mg/l, respectively. 
 
Figure 6-3a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-3b, 6-3c, 6-3d, 6-3e, 6-3f, and 6-3g.  These figures show that the TSS concentrations within 
the 5 km model domain decrease to: 100 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or less at 3 h, 5 mg/l or 
less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can 
be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain.  
 
Figure 6-3b: TSS concentrations during the maximum currents at 67 h (or 1 h after the cessation of release) 
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Figure 6-3c: TSS concentrations during the maximum currents at 68 h (or 2 h after the cessation of release) 
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Figure 6-3d: TSS concentrations during the maximum currents at 69 h (or 3 h after the cessation of release) 
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Figure 6-3e: TSS concentrations during the maximum currents at 70 h (or 4 h after the cessation of release) 
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Figure 6-3f: TSS concentrations during the maximum currents at 71 h (or 5 h after the cessation of release) 
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Figure 6-3g: TSS concentrations during the maximum currents at 72 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The color 
bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The 
maximum loading 1,569 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 90 m and 425 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 425 and 1,500 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 1,500 and 4,600 m distances 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 4,600 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.096, 0.184, 0.435, 1.952, 7.638, and 76.473 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 118.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 40 m rectangle 
area (or 0.425 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.087, 0.171, and 0.425 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 


 







112 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 8,149 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 200 m and 950 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 950 and 1,500 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,500 and 4,000 m distances from the 
discharge location. It is less than 1 mg/l beyond 4,000 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 35 m 
at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,708.4, 
593.7, 211.7, 58.7, and 9.3 mg/l, respectively.  


 
Figure 6-8a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-8b, 6-8c, 6-8d, 6-8e, 6-8f, and 6-8g.  These figures show that the TSS 
concentrations within the 5 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-8b: TSS concentrations during the maximum currents at 6.2 h (or 1 h after the cessation of release) 
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Figure 6-8c: TSS concentrations during the maximum currents at 7.2 h (or 2 h after the cessation of release) 
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Figure 6-8d: TSS concentrations during the maximum currents at 8.2 h (or 3 h after the cessation of release) 
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Figure 6-8e: TSS concentrations during the maximum currents at 9.2 h (or 4 h after the cessation of release) 
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Figure 6-8f: TSS concentrations during the maximum currents at 10.2 h (or 5 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 11.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 106 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 75 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 75 and 250 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 250 and 1,125 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 1,125 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.083, 
0.119, 0.413, 1.072, and 4.567 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.0 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.118 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 1-cm is: 
0.118 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13a. The depth of water is 44.00 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,690 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 150 m from the discharge location. It varies 
from 100 to 10 mg/l between 150 and 750 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 750 and 1,200 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,200 and 
3,250 m distances from the discharge location. It is less than 1 mg/l beyond 3,300 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13a. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,090.4, 
431.0, 148.0, 42.1, and 6.6 mg/l, respectively. 
 
Figure 6-13a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-13b, 6-13c, 6-13d, 6-13e, 6-13f, and 6-13g.  These figures show that the TSS 
concentrations within the 5 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-13b: TSS concentrations during the maximum currents at 35.4 h (or 1 h after the cessation of release) 
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Figure 6-13c: TSS concentrations during the maximum currents at 36.4 h (or 2 h after the cessation of release) 
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Figure 6-13d: TSS concentrations during the maximum currents at 37.4 h (or 3 h after the cessation of release) 
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Figure 6-13e: TSS concentrations during the maximum currents at 38.4 h (or 4 h after the cessation of release) 
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Figure 6-13f: TSS concentrations during the maximum currents at 39.4 h (or 5 h after the cessation of release) 
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Figure 6-13g: TSS concentrations during the maximum currents at 40.4 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 486 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 120 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 120 and 900 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 900 and 2,500 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,500 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.583, 3.640, and 20.966 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 36.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.247 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.247 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 8.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
4.2 m at a distance 8.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18a. The depth of water is 44.00 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 395,297 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 90 and 375 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 375 and 600 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 600 and 1,700 m distances from the source. It is less than 1 
mg/l beyond 1,700 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,159.7, 
335.6, 81.5, 13.1, and 2.4 mg/l, respectively. 
  
Figure 6-18a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 


 
 
  







138 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-18b, 6-18c, 6-18d, 6-18e, 6-18f, and 6-18g.  These figures show that the TSS concentrations 
within the 5 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-18b: TSS concentrations during the mean currents at 24.3 h (or 1 h after the cessation of release) 
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Figure 6-18c: TSS concentrations during the mean currents at 25.3 h (or 2 h after the cessation of release) 
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Figure 6-18d: TSS concentrations during the mean currents at 26.3 h (or 3 h after the cessation of release) 
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Figure 6-18e: TSS concentrations during the mean currents at 27.3 h (or 4 h after the cessation of release) 
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Figure 6-18f: TSS concentrations during the mean currents at 28.3 h (or 5 h after the cessation of release) 
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Figure 6-18g: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 75 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 180 m and 475 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 475 and 1,150 m distances from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 1,150 and 2,500 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,500 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.664, 1.938, 
4.692, and 23.431 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 04 


 


 


 







145 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 5.2 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 150 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 140 m x 40 m rectangle 
area (or 0.560 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23a. The depth of water is 44.00 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 409,139 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 275 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 275 and 500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 500 and 1,350 m distances from the source. It is less than 1 
mg/l beyond 1,350 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 715.2, 
194.0, 36.0, 8.7, and 1.6 mg/l, respectively. 
  
Figure 6-23a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-23b, 6-23c, 6-23d, 6-23e, 6-23f, and 6-23g.  These figures show that the TSS concentrations 
within the 5 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain.  
 
Figure 6-23b: TSS concentrations during the maximum currents at 30 h (or 1 h after the cessation of release) 
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Figure 6-23c: TSS concentrations during the maximum currents at 31 h (or 2 h after the cessation of release) 
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Figure 6-23d: TSS concentrations during the maximum currents at 32 h (or 3 h after the cessation of release) 
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Figure 6-23e: TSS concentrations during the maximum currents at 33 h (or 4 h after the cessation of release) 
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Figure 6-23f: TSS concentrations during the maximum currents at 34 h (or 5 h after the cessation of release) 
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Figure 6-23g: TSS concentrations during the maximum currents at 35 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 6-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 56 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 150m and 370 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 370 and 1,050 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,050 and 2,100 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,100 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.569, 1.393, 
4.255, and 18.192 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.7 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 110 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 90 m x 40 m rectangle 
area (or 0.352 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 266,579 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 25 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 m and 350 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 350 m and 1,000 m distances from the discharge location. It 
is less than 1 mg/l beyond 1,000 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 260.5, 72.5, 
18.0, 5.7, and 0.9 mg/l, respectively. 
  
Figure 6-28a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, and 4 h after the cessation of the discharge are 
presented by Figures 6-28b, 6-28c, 6-28d, and 6-28e.  These figures show that the TSS concentrations within the 5 
km model domain decrease to: 1 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h and less than 0.1 
mg/l at 4 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations 
attains pre-existing conditions between 3 and 4 h after the cessation of the discharge based on the assumption 
that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-28b: TSS concentrations during the maximum currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 6-28c: TSS concentrations during the maximum currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 6-28d: TSS concentrations during the maximum currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 6-28e: TSS concentrations during the maximum currents at 41.2 h (or 4 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 30 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 100 m and 325 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 325 and 875 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 875 and 1,700 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 1,700 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.329, 1.217, 
3.463, and 11.426 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.9 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m square area 
or 0.177 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 44.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 165.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
55.0 m at a distance 165.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-31 and 6-32.  
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33a. The depth 
of water is 44.0 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 6-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 338,511 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 300 m 
from the discharge location. It varies from 100 to 10 mg/l between 300 m and 2,000 m distances from the 
discharge location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the discharge location. 
It varies from 5 to 1 mg/l between 2,250 m and 2,325 m distances from the source. It is less than 1 mg/l beyond 
2,325 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,816.0, 
338.5, 178.7, 98.1, and 31.4 mg/l, respectively. 
 
Figure 6-33a: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are presented by Figures 6-33b, 
6-33c, 6-33d , 6-33e, 6-33f, and 6-33g.  These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 100 mg/l or less at 1 h, 100 mg/l or less at 2 h, 10 mg/l or less at 3 h, 10 mg/l or less at 4 h, 5 
mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be described 
that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the cessation of the 
discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model 
domain. 
 
Figure 6-33b: TSS concentrations during the maximum currents at 3.5 h (or 1 h after the cessation of release) 
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Figure 6-33c: TSS concentrations during the maximum currents at 4.5 h (or 2 h after the cessation of release) 
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Figure 6-33d: TSS concentrations during the maximum currents at 5.5 h (or 3 h after the cessation of release) 
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Figure 6-33e: TSS concentrations during the maximum currents at 6.5 h (or 4 h after the cessation of release) 


 


  







176 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-33f: TSS concentrations during the maximum currents at 7.5 h (or 5 h after the cessation of release) 
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Figure 6-33g: TSS concentrations during the maximum currents at 8.5 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 13 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 130 m and 850 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 850 m and 1,900 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 1,900 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.120, 0.440, 
3.289, and 19.550 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation on the seabed. The maximum deposit 
thickness of 0.6 cm occurs at 50 m to the east and 10 m to the north from the discharge location. It is less than 1 
cm. 
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R S 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger S well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,165 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b. It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 300 m; 10 kg/m2 to 1 
kg/m2 between 300 m and 910 m; and 1 kg/m2 to 0.1 kg/m2 between 910 m and 2,200 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 2,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.106, 0.341, 1.289, 3.804, 25.587, and 162.417 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger S 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger S (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b  but shows only 520 m x 520 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 156.9 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 70 m; 10 cm to 3 cm between 70 m and 125 m; and 3 cm to 1 cm between 125 m and 250 m 
distances approximately from the discharge location. It is less than 1 cm beyond 250 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.075 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.097, 0.276, and 1.075 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger S 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger S 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger S  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger S well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger S well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.097, 0.276, and 1.075 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 22.5 to 249.3 mg/l at 100 m; 5.7 to 98.1 mg/l at 300 m; and 0.9 
to 31.4 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness Larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.00 42.17 68.83 14,000.00 0.087 0.171 0.425 118.40 


2 5.20 44.00 42.17 116.30 14,000.00 - - 0.118 8.03 


3 34.40 44.00 42.17 86.64 14,000.00 - 0.112 0.247 36.75 


Se
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4 23.30 44.00 6.71 148.63 159.46 - - 0.560 5.21 


5 29.00 44.00 6.71 68.87 79.70 - - 0.352 3.67 


6 37.20 44.00 6.71 26.47 37.30 - - 0.177 1.93 
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2.50 44.00 6.71 970.80 970.80 - - - 0.62 


At the end of the Drilling Operation 0.097 0.276 1.075 156.85 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-diluted 
Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
m 


B
u


rg
e


r 
S 


Se
a 


Fl
o


o
r 


1 66.00 44.00 42.17 68.83 14,000.00 1,645.0 705.3 249.3 71.8 11.2 


2 5.20 44.00 42.17 116.30 14,000.00 1,708.4 593.7 211.7 58.7 9.3 


3 34.40 44.00 42.17 86.64 14,000.00 1,090.4 431.0 148.0 42.1 6.6 


Se
a 


Su
rf


ac
e


 


4 23.30 44.00 6.71 148.63 159.46 1,159.7 335.6 81.5 13.1 2.4 


5 29.00 44.00 6.71 68.87 79.70 715.2 194.0 36.0 8.7 1.6 


6 37.20 44.00 6.71 26.47 37.30 260.5 72.5 18.0 5.7 0.9 


R
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e
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2.50 44.00 6.71 970.80 970.80 1,816.0 338.5 178.7 98.1 31.4 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.519 and 1.075 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 197.9 and 156.9 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.4 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is more than 2.5 times higher 
than those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for 
the water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted fate and transport of the TSS concentrations presented in Sections 5 and 6 by a series of 
plots for each drilling intervals and the discharge from the rig’s surface pits show that the TSS concentrations attain 
a value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 
to 6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger S well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge. These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


44.0 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
u
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e


r 
S 


Se
a 


Fl
o


o
r 


1 66.00 68.83 0.089 0.119 0.274 128.13 0.087 0.171 0.425 118.40 


2 5.20 116.30 - - 0.117 8.38 - - 0.118 8.03 


3 34.40 86.64 - 0.111 0.192 38.84 - 0.112 0.247 36.75 


Se
a 


Su
rf


ac
e


 


4 23.30 148.63 - 0.099 0.279 13.93 - - 0.560 5.21 


5 29.00 68.87 - - 0.268 8.89 - - 0.352 3.67 


6 37.20 26.47 - - 0.194 4.07 - - 0.177 1.93 


R
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's
 S


u
rf
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e
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s 


2.50 970.80 - - 0.092 1.10 - - - 0.62 


At the end of the Drilling 
Operation 


0.102 0.195 0.519 197.85 0.097 0.276 1.075 156.85 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 100-, 300-, 
and 1000-m from the Source 


Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 100 m 300 m 
1000 


m 
10 m 30 m 100 m 300 m 


1000 
m 


B
u


rg
e


r 
S 


Se
a 


Fl
o


o
r 


1 66.00 68.83 1,138.0 413.4 105.6 22.3 3.6 1,645.0  705.3  249.3  71.8  11.2  


2 5.20 116.30 912.8 317.5 87.0 18.4 2.9 1,708.4  593.7  211.7  58.7  9.3  


3 34.40 86.64 589.3 223.7 61.2 12.8 2.1 1,090.4  431.0  148.0  42.1  6.6  


Se
a 


Su
rf


ac
e


 


4 23.30 148.63 732.9 194.6 24.6 5.4 0.9 1,159.7  335.6  81.5  13.1  2.4  


5 29.00 68.87 496.9 129.8 14.2 3.2 0.5 715.2  194.0  36.0  8.7  1.6  


6 37.20 26.47 218.0 49.8 7.2 1.5 0.2 260.5  72.5  18.0  5.7  0.9  


R
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 S


u
rf
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e
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s 


2.50 970.80 571.6 442.7 233.2 107.2 0.1 1,816.0  338.5  178.7  98.1  31.4  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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1.83 37.29 
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0.07 


1 0.080 0.003 0.000 0.000 


4 0.066 0.005 0.003 0.002 


15 0.108 0.019 0.005 0.004 


50 0.062 0.007 0.000 0.000 


125 0.031 0.004 0.002 0.002 


250 0.332 0.041 0.003 0.000 


500 0.316 0.068 0.000 0.000 


1000 0.350 0.005 0.000 0.000 


3600 0.579 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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0.25 


1 0.045 0.023 0.001 0.000 


4 0.036 0.019 0.002 0.001 


15 0.065 0.034 0.004 0.002 


50 0.052 0.004 0.003 0.002 


125 0.021 0.010 0.001 0.000 


250 0.295 0.038 0.001 0.001 


500 0.291 0.007 0.039 0.025 


1000 0.273 0.006 0.000 0.000 


3600 0.451 0.098 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger S located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger S is 
located in block 6762 area of Posey. The depth of water is 44.0 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 or 10 lb/gal and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger S well site. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,075 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.280, 0.653, 4.329, 17.986, and 136.258 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 197.9 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 135 m x 40 m rectangle 
area (or 0.519 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.519 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 910 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.341, 1.289, 3.804, 25.587, and 162.417 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 156.9 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 250 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.075 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.097, 0.276, and 1.075 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger S well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.519 ha at the mean currents and 1.075 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
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currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 7.2 to 233.2 mg/l at the mean currents and 18.0 to 
249.3 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.5 to 107.2 mg/l at the mean currents and 5.7 to 
98.10 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the 
Burger S well by the drill ship Noble Discoverer can be classified as low. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger S located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger S is 
located in block 6762 area of Posey. The depth of water is 44.0 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. These constitute discharges 
described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger S well site. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 380 m, (iv) 0.1 kg/m2 at 1,050 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.268, 0.598, 4.243, 17.429, and 126.801 hectares (ha), respectively. 
 
The OOC model predicted maximum deposit thickness at the mean currents is 201.7 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 105 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.510 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.510 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 275 m, (iii) 1 kg/m2 at 825 m, and (iv) 0.1 kg/m2 at 1,950 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.340, 1.280, 3.450, 15.080, and 125.133 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 160.2 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 235 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.048 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.277, and 1.048 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger S well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.510 ha at the mean currents and 1.048 ha at the maximum currents. The 
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impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.0 to 233.2 mg/l at the mean currents and 14.0 to 
205.0 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.6 to 109.0 mg/l at the mean currents and 3.2 to 
92.7 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
S well by the drill ship Polar Pioneer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Polar Pioneer at the prospect well site Burger S located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger S is located in block 6762 area of Posey. The depth of water is 44.0 meters 
(m). The location of the well Burger S, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger S well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below 
the sea surface. Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. 
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger S well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
  







2 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 1-1: Location of the Burger Field 
Prospect Well: Burger S 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger S 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth (m) Easting (m) Northing (m) Latitude Longitude 


Burger S Posey 6762 554,390.64 7,914,198.48 N71° 19' 25.79"  W163° 28' 40.84" 44.0 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger S. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 
bbls. The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 26.47 to a high of 148.63 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.8 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger S 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 232.37 372.37 604.75 116.30 72,195.25 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,763 577.17 2,885.86 3,463.04 148.63 252.34 3,715.37 159.46 


5 29.00 2,075 332.86 1,664.32 1,997.19 68.87 314.07 2,311.26 79.70 


6 37.20 2,125 164.12 820.62 984.75 26.47 402.88 1,387.62 37.30 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


Notes to Table 1-2: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger S. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger S. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger S well are described in 
detailed in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger S located offshore 
Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger S well site is 44.0 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9-45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: Mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger S is 
located in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow 
vectors (blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger S is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger S well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger S well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger S located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger S well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well Burger S. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 26.47 to a high of 148.63 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
 
  







12 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 3-1: Drilling Operation for Burger S  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 232.37 372.37 604.75 116.30 72,195.25 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,763 577.17 2,885.86 3,463.04 148.63 252.34 3,715.37 159.46 


5 29.00 2,075 332.86 1,664.32 1,997.19 68.87 314.07 2,311.26 79.70 


6 37.20 2,125 164.12 820.62 984.75 26.47 402.88 1,387.62 37.30 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


Notes to Table 3-1: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger S. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger S well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger S. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger S well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger S  
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1 0.0001350264 0.0003229 0.0002686 0.0001880 0.0149939 0.0162778 0.0133684 


2 4 0.0016855440 0.0002422 0.0002014 0.0001410 0.0112454 0.0122083 0.0100263 


3 15 0.0218236800 0.0002826 0.0002350 0.0001645 0.0131196 0.0142431 0.0116973 


4 50 0.2328062400 0.0001211 0.0001007 0.0000705 0.0056227 0.0061042 0.0050131 


5 125 1.4471904000 0.0000807 0.0000671 0.0000470 0.0037485 0.0040694 0.0033421 


6 250 4.0111680000 0.0007266 0.0006043 0.0004231 0.0337362 0.0366250 0.0300788 


7 500 9.7962720000 0.0006459 0.0005372 0.0003761 0.0299877 0.0325556 0.0267367 


8 1000 13.5178800000 0.0006055 0.0005036 0.0003526 0.0281135 0.0305208 0.0250657 


9 3600 25.9750560000 0.0010092 0.0008393 0.0005876 0.0468559 0.0508681 0.0417761 


  
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Drilling Fluids, Burger S 
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75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger S are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger S 
 


D
ri


lli
n


g 
In


te
rv


al
 Drill Fluids Total Cuttings Solids1 


Total Solids 
Mass 


Total 
Solids 


Volume 
Solids Density 


Volume 
Fraction 
of Solids 


in Effluent D
e


n
si


ty
 


Volume Mass 


D
e


n
si


ty
 


Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,571,304.80 593.03 2,649.64 2.65 0.00403683 


2 1,076.18 372 59 63,713 2,650 232 37 97,903 102,881.26 38.86 2,647.54 2.65 0.00335738 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 476,418.75 179.97 2,647.27 2.65 0.00235040 


4 1,318.13 2,886 459 604,778 2,650 577 92 243,172 320,856.54 110.71 2,898.16 2.90 0.18742341 


5 1,437.87 1,664 265 380,470 2,650 333 53 140,241 229,813.12 74.77 3,073.68 3.07 0.20347227 


6 1,437.87 821 130 187,598 2,650 164 26 69,148 113,313.42 36.87 3,073.68 3.07 0.16710448 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


 


Note to Table 3-4a: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, 
and mass presented above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger S 
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1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 372 59 63,713 2,650 232 37 97,903 1,025.77 72,195 11,478 11,773,878 11,935,494 11,574 1,031.21 8.61 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 2,886 459 604,778 2,650 577 92 243,172 1,023.80 252 40 41,074 889,024 591 1,505.04 12.56 


5 1,437.87 1,664 265 380,470 2,650 333 53 140,241 1,023.80 314 50 51,122 571,833 367 1,556.18 12.99 


6 1,437.87 821 130 187,598 2,650 164 26 69,148 1,023.80 403 64 65,577 322,323 221 1,461.02 12.19 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 - - - - 554,821 386 1,437.87 12.00 


 


Note to Table 3-4b: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented 
above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger S 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger S well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger S well 
site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger S 
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3 34.40 123,840  123,840  360 344 44.00 42.17 86.64 14,000 
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4 23.30 83,880  83,880  360 233 44.00 8.53 148.63 159.46 


5 29.00 104,400  104,400  360 290 44.00 8.53 68.87 79.70 


6 37.20 133,920  133,920  360 372 44.00 8.53 26.47 37.30 
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2.50 9,000 9,000 360 25 44.00 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,168 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 95 m and 475 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 475 and 750 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 750 and 2,000 m distances from the 
source. It is less than 1 mg/l beyond 2,000 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,085.8, 
383.6, 96.1, 20.3, and 3.3 mg/l, respectively. 
 
Figure 5-3a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 6, 12, and 18 hours (h) after the cessation of the discharge are 
presented by Figures 5-3b, 5-3c, and 5-3d. These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the cessation 
of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-3b: TSS concentrations during the mean currents at 72 h (or 6 h after the cessation of release) 
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Figure 5-3c: TSS concentrations during the mean currents at 78 h (or 12 h after the cessation of release) 
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Figure 5-3d: TSS concentrations during the mean currents at 84 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,717 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 265 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 265 and 710 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 710 and 2,000 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,000 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.098, 0.120, 0.277, 1.147, 6.850, and 60.162 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 129.6 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.271 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.090, 0.119, and 0.271 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor. The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 


 







31 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 7,627 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 85 m and 425 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 425 and 675 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 675 and 1,300 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,300 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 868.5, 
295.0, 81.1, 16.9, and 2.7 mg/l, respectively.  


 
Figure 5-8a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-8b, 5-8c, and 5-8d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-8b: TSS concentrations during the mean currents at 11.2 h (or 6 h after the cessation of release) 
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Figure 5-8c: TSS concentrations during the mean currents at 17.2 h (or 12 h after the cessation of release) 
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Figure 5-8d: TSS concentrations during the mean currents, at 23.2 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 112 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 45 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 45 and 190 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 190 and 500 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 520 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.085, 
0.119, 0.266, 0.882, and 3.309 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.5 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 40 m square area 
(or 0.117 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 1-cm is:  
0.117 ha.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,336 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 60 m from the discharge location. It varies 
from 100 to 10 mg/l between 60 and 325 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 325 and 525 m distances from the discharge location. It varies from 5 to 1 mg/l between 525 and 1,500 m 
distances approximately from the discharge location. It is less than 1 mg/l beyond 1,500 m from the discharge 
location. The effect of the sea floor pump is visible in this Figure 5-13a. The discharge plume is spreading farther 
horizontally to the east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l 
at a depth approximately 30 m at or near the discharge location. It is less than 5 mg/l at a depth approximately 40 
m at 500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 556.4, 
208.0, 57.1, 11.8, and 1.9 mg/l, respectively. 
 
Figure 5-13a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-13b, 5-13c, and 5-13d.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-13b: TSS concentrations during the mean currents at 40.4 h (or 6 h after the cessation of release) 
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Figure 5-13c: TSS concentrations during the mean currents at 46.4 h (or 12 h after the cessation of release) 
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Figure 5-13d: TSS concentrations during the mean currents at 52.4 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 520 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 110 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 110 and 430 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 430 and 1,125 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,125 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.197, 0.519, 3.359, and 17.427 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 39.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.191 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.191 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.6 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 519,870 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 325 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 325 and 1,000 m distances from the source. It is less than 1 
mg/l beyond 1,000 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 713.3, 
202.4, 23.9, 5.5, and 0.9 mg/l, respectively. 
  
Figure 5-18a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours). The 
fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge are 
presented by Figures 5-18b, 5-18c, and 5-18d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-18b: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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Figure 5-18c: TSS concentrations during the mean currents at 35.3 h (or 12 h after the cessation of release) 
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Figure 5-18d: TSS concentrations during the mean currents at 41.3 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 213 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 75 m and 200 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 200 and 450 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 450 m and 1,425 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,425 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.330, 0.808, 4.783, and 28.907 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 14.7 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 75 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 75 m x 40 m rectangle 
area (or 0.274 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.100 and 0.274 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.2 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 594,489 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 40 and 125 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 125 and 225 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 225 and 675 m distances from the source. It is less than 1 
mg/l beyond 675 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 443.0, 
111.7, 13.0, 3.1, and 0.5 mg/l, respectively. 
  
Figure 5-23a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours). The 
fate and transport of the discharged solids at times 6 and 12 h after the cessation of the discharge are presented 
by Figures 5-23b and 5-23c.  These figures show that the TSS concentrations within the 5.0 km model domain 
decrease to: 1 mg/l or less at 6 h and less than 0.1 mg/l at 12 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 6 and 12 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-23b: TSS concentrations during the mean currents at 35 h (or 6 h after the cessation of release) 
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Figure 5-23c: TSS concentrations during the mean currents at 41 h (or 12 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 147 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 175 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 175 and 400 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 400 and 1,300 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 1,300 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.101, 
0.277, 0.730, 4.068, and 22.653 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 9.6 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 60 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.261 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.8 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 328,772 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 60 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 60 m and 100 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 100 m and 410 m distances from the discharge location. It is 
less than 1 mg/l beyond 410 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 185.6, 43.3, 
6.0, 1.6, and 0.2 mg/l, respectively. 
  
Figure 5-28a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours). The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 5-28b, 5-28c, 5-28d, 5-28e, 5-28f, and 5-28g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-28b: TSS concentrations during the mean currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 5-28c: TSS concentrations during the mean currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 5-28d: TSS concentrations during the mean currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 5-28e: TSS concentrations during the mean currents at 41.2 h (or 4 h after the cessation of release) 
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Figure 5-28f: TSS concentrations during the mean currents at 42.2 h (or 5 h after the cessation of release) 
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Figure 5-28g: TSS concentrations during the mean currents at 43.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 66 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 55 m and 140 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 140 and 325 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 325 and 1,000 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 1,000 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.251, 0.575, 
1.516, and 11.608 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 4.3 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area or 0.192 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 26.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
86.0 m at a distance 26.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33a. The depth 
of water is 44.0 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 5-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 307,763 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m 
from the discharge location. It varies from 100 to 10 mg/l between 325 m and 700 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 700 m and 725 m distances from the discharge location. It varies from 
5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 608.5, 
428.3, 232.2, 109.0, and 0.0 mg/l, respectively. 
 
Figure 5-33a: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 6, 12, 18, and 24 h after the cessation of the discharge are presented by Figures 5-33b, 
5-33c, 5-33d and 5-33e.  These figures show that the TSS concentrations within the 5.0 km model domain decrease 
to: 10 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 mg/l at 24 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 18 and 24 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-33b: TSS concentrations during the mean currents at 8.5 h (or 6 h after the cessation of release) 
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Figure 5-33c: TSS concentrations during the mean currents at 14.5 h (or 12 h after the cessation of release) 
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Figure 5-33d: TSS concentrations during the mean currents at 20.5 h (or 18 h after the cessation of release) 
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Figure 5-33e: TSS concentrations during the mean currents at 26.5 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 23 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 410 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 410 m and 625 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 625 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.250, 0.837, 
5.840, and 15.813 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same result is presented in Figure 5-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. The 
maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.091 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R S 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger S well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,786 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 130 m; 10 kg/m2 to 1 
kg/m2 between 130 m and 380 m; 1 kg/m2 to 0.1 kg/m2 between 380 m and 1,050 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,050 m and 2,600 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,600 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.268, 0.598, 4.243, 17.429, and 126.801 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger S 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger S (zoom view) 


 


 


 


  







90 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 201.7 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 70 m; and 3 cm to 1 cm between 70 m 
and 105 m distances approximately from the discharge location. It is less than 1 cm beyond 105 m approximately 
to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.510 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.510 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger S 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger S 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger S  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger S well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger S well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.510 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 6.0 to 232.2 mg/l at 100 m; 1.6 to 109.0 mg/l at 300 m; and 0.0 
to 3.3 mg/l at 1000 m distances from the source.    
 
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
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Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
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Deposit 
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Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 


B
u


rg
e


r 
S 


Se
a 


Fl
o


o
r 


1 66.00 44.00 42.17 68.83 14,000.00 0.090 0.119 0.271 129.63 


2 5.20 44.00 42.17 116.30 14,000.00 - - 0.117 8.48 


3 34.40 44.00 42.17 86.64 14,000.00 - 0.112 0.191 39.28 
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4 23.30 44.00 8.53 148.63 159.46 - 0.100 0.274 14.71 


5 29.00 44.00 8.53 68.87 79.70 - - 0.261 9.55 


6 37.20 44.00 8.53 26.47 37.30 - - 0.192 4.30 


R
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u
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e
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s 


2.50 44.00 8.53 970.80 970.80 - - 0.091 1.12 


At the end of the Drilling Operation 0.102 0.195 0.510 201.74 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 300 m 
1000 


m 


B
u


rg
e


r 
S 


Se
a 


Fl
o


o
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1 66.00 44.00 42.17 68.83 14,000.00 1,085.8 383.6 96.1 20.3 3.3 


2 5.20 44.00 42.17 116.30 14,000.00 868.5 295.0 81.1 16.9 2.7 


3 34.40 44.00 42.17 86.64 14,000.00 556.4 208.0 57.1 11.8 1.9 


Se
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rf
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e


 


4 23.30 44.00 8.53 148.63 159.46 713.3 202.4 23.9 5.5 0.9 


5 29.00 44.00 8.53 68.87 79.70 443.0 111.7 13.0 3.1 0.5 


6 37.20 44.00 8.53 26.47 37.30 185.6 43.3 6.0 1.6 0.2 
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2.50 44.00 8.53 970.80 970.80 608.5 428.3 232.2 109.0 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger S well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger S well 
site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger S 
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Total 
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Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 
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 S
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o
r 1 66.00 237,600  237,600  360 660 44.00 42.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 44.00 42.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 44.00 42.17 86.64 14,000 


Se
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4 23.30 83,880  83,880  360 233 44.00 8.53 148.63 159.46 


5 29.00 104,400  104,400  360 290 44.00 8.53 68.87 79.70 


6 37.20 133,920  133,920  360 372 44.00 8.53 26.47 37.30 
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2.50 9,000 9,000 360 25 44.00 8.53 970.80 970.80 


 
 


  







97 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,745 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 200 m and 950 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 950 and 1,450 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,450 and 3,700 m distances from the 
source. It is less than 1 mg/l beyond 3,700 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3a. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,470.2, 
575.3, 205.0, 57.8, and 8.9 mg/l, respectively. 
 
Figure 6-3a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-3b, 6-3c, 6-3d, 6-3e, 6-3f, and 6-3g.  These figures show that the TSS concentrations within 
the 5 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or less at 3 h, 1 mg/l or less 
at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be 
described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain.  
 
Figure 6-3b: TSS concentrations during the maximum currents at 67 h (or 1 h after the cessation of release) 
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Figure 6-3c: TSS concentrations during the maximum currents at 68 h (or 2 h after the cessation of release) 
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Figure 6-3d: TSS concentrations during the maximum currents at 69 h (or 3 h after the cessation of release) 
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Figure 6-3e: TSS concentrations during the maximum currents at 70 h (or 4 h after the cessation of release) 
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Figure 6-3f: TSS concentrations during the maximum currents at 71 h (or 5 h after the cessation of release) 
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Figure 6-3g: TSS concentrations during the maximum currents at 72 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,594 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 85 m and 355 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 355 and 1,425 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,425 and 4,000 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 4,000 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.185, 0.432, 1.528, 5.394, and 56.709 ha, respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 120.3 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 40 m rectangle 
area (or 0.423 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.088, 0.173, and 0.423 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 8,103 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 175 m and 825 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 825 and 1,300 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,300 and 3,400 m distances from the 
discharge location. It is less than 1 mg/l beyond 3,400 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 35 m 
at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,546.6, 
487.4, 173.9, 47.1, and 7.4 mg/l, respectively.  


 
Figure 6-8a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-8b, 6-8c, 6-8d, 6-8e, 6-8f, and 6-8g.  These figures show that the TSS 
concentrations within the 5 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-8b: TSS concentrations during the maximum currents at 6.2 h (or 1 h after the cessation of release) 
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Figure 6-8c: TSS concentrations during the maximum currents at 7.2 h (or 2 h after the cessation of release) 
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Figure 6-8d: TSS concentrations during the maximum currents at 8.2 h (or 3 h after the cessation of release) 
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Figure 6-8e: TSS concentrations during the maximum currents at 9.2 h (or 4 h after the cessation of release) 
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Figure 6-8f: TSS concentrations during the maximum currents at 10.2 h (or 5 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 11.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 108 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 75 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 75 and 190 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 190 and 950 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 950 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.083, 
0.119, 0.410, 0.845, and 4.092 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.2 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 40 m square area 
(or 0.118 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 1-cm is: 
0.118 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 44.0 m and the discharge 
occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 42.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,662 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 125 m from the discharge location. It varies 
from 100 to 10 mg/l between 125 and 650 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 650 and 1,000 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,000 and 
2,800 m distances from the discharge location. It is less than 1 mg/l beyond 2,800 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13a. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 988.6, 
353.4, 121.6, 33.9, and 5.2 mg/l, respectively. 
 
Figure 6-13a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-13b, 6-13c, 6-13d, 6-13e, 6-13f, and 6-13g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 5 mg/l or less at 2 h, 1 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-13b: TSS concentrations during the maximum currents at 35.4 h (or 1 h after the cessation of release) 
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Figure 6-13c: TSS concentrations during the maximum currents at 36.4 h (or 2 h after the cessation of release) 
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Figure 6-13d: TSS concentrations during the maximum currents at 37.4 h (or 3 h after the cessation of release) 
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Figure 6-13e: TSS concentrations during the maximum currents at 38.4 h (or 4 h after the cessation of release) 


 
  







129 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-13f: TSS concentrations during the maximum currents at 39.4 h (or 5 h after the cessation of release) 
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Figure 6-13g: TSS concentrations during the maximum currents at 40.4 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 494 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 105 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 105 and 775 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 775 and 2,250 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,250 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.512, 3.165, and 15.919 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 37.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.248 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.248 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 8.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
4.1 m at a distance 8.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 473,675 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 90 and 275 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 275 and 600 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 600 and 1,800 m distances from the source. It is less than 1 
mg/l beyond 1,800 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,045.9, 
335.4, 90.1, 9.3, and 2.5 mg/l, respectively. 
  
Figure 6-18a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-18b, 6-18c, 6-18d, 6-18e, 6-18f, and 6-18g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-18b: TSS concentrations during the mean currents at 24.3 h (or 1 h after the cessation of release) 


 







138 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-18c: TSS concentrations during the mean currents at 25.3 h (or 2 h after the cessation of release) 
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Figure 6-18d: TSS concentrations during the mean currents at 26.3 h (or 3 h after the cessation of release) 
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Figure 6-18e: TSS concentrations during the mean currents at 27.3 h (or 4 h after the cessation of release) 
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Figure 6-18f: TSS concentrations during the mean currents at 28.3 h (or 5 h after the cessation of release) 
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Figure 6-18g: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 81 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 175 m and 460 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 460 and 1,120 m distances from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 1,120 and 2,500 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 2,500 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.650, 1.920, 
4.710, and 23.951 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 5.6 cm occurs at 30 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 150 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.512 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.8 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.8 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 490,632 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 185 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 185 and 400 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 400 and 1,400 m distances from the source. It is less than 1 
mg/l beyond 1,400 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 538.6, 
153.1, 35.6, 6.0, and 1.7 mg/l, respectively. 
  
Figure 6-23a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-23b, 6-23c, 6-23d, 6-23e, 6-23f, and 6-23g.  These figures show that the TSS concentrations 
within the 5 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain.  
 
Figure 6-23b: TSS concentrations during the maximum currents at 30 h (or 1 h after the cessation of release) 
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Figure 6-23c: TSS concentrations during the maximum currents at 31 h (or 2 h after the cessation of release) 
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Figure 6-23d: TSS concentrations during the maximum currents at 32 h (or 3 h after the cessation of release) 
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Figure 6-23e: TSS concentrations during the maximum currents at 33 h (or 4 h after the cessation of release) 
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Figure 6-23f: TSS concentrations during the maximum currents at 34 h (or 5 h after the cessation of release) 
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Figure 6-23g: TSS concentrations during the maximum currents at 35 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 6-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 53 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 150m and 400 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 400 and 1,025 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,025 and 2,100 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,100 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.519, 1.346, 
4.102, and 18.245 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.5 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 105 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 90 m x 40 m rectangle 
area (or 0.349 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.5 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28a. The depth of water is 44.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 358,463 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 125 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 125 m and 175 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 175 m and 950 m distances from the discharge location. It is 
less than 1 mg/l beyond 950 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 210.9, 68.8, 
14.0, 3.2, and 0.9 mg/l, respectively. 
  
Figure 6-28a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, and 4 h after the cessation of the discharge are 
presented by Figures 6-28b, 6-28c, 6-28d, and 6-28e.  These figures show that the TSS concentrations within the 5 
km model domain decrease to: 1 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h and less than 0.1 
mg/l at 4 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations 
attains pre-existing conditions between 3 and 4 h after the cessation of the discharge based on the assumption 
that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-28b: TSS concentrations during the maximum currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 6-28c: TSS concentrations during the maximum currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 6-28d: TSS concentrations during the maximum currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 6-28e: TSS concentrations during the maximum currents at 41.2 h (or 4 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 28 kg/m2 occurs at 50 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 90 m and 300 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 300 and 850 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 850 and 1,650 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,650 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.324, 1.142, 
3.303, and 11.232 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.8 cm occurs at 50 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m square area 
or 0.193 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 44.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 169.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
58.0 m at a distance 169.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-31 and 6-32. The lower boundary of the plume 
scours and penetrates the sea floor between 30 and 75 m distances. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 


 


 


 


  







170 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33a. The depth 
of water is 44.0 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 6-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 338,510 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 250 m 
from the discharge location. It varies from 100 to 10 mg/l between 250 m and 2,000 m distances from the 
discharge location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the discharge location. 
It varies from 5 to 1 mg/l between 2,250 m and 2,325 m distances from the source. It is less than 1 mg/l beyond 
2,325 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,757.0, 
320.4, 174.2, 92.7, and 29.7 mg/l, respectively. 
 
Figure 6-33a: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are presented by Figures 6-33b, 
6-33c, 6-33d , 6-33e, 6-33f, and 6-33g.  These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 100 mg/l or less at 1 h, 100 mg/l or less at 2 h, 10 mg/l or less at 3 h, 10 mg/l or less at 4 h, 5 
mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be described 
that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the cessation of the 
discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model 
domain. 
 
Figure 6-33b: TSS concentrations during the maximum currents at 3.5 h (or 1 h after the cessation of release) 
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Figure 6-33c: TSS concentrations during the maximum currents at 4.5 h (or 2 h after the cessation of release) 
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Figure 6-33d: TSS concentrations during the maximum currents at 5.5 h (or 3 h after the cessation of release) 
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Figure 6-33e: TSS concentrations during the maximum currents at 6.5 h (or 4 h after the cessation of release) 
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Figure 6-33f: TSS concentrations during the maximum currents at 7.5 h (or 5 h after the cessation of release) 
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Figure 6-33g: TSS concentrations during the maximum currents at 8.5 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 16 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 135 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 135 m and 850 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 850 m and 1,900 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 1,900 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1- and 0.01-kg/m2 are: 0.178, 0.491, 
3.351, and 19.151 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation on the seabed. The maximum deposit 
thickness of 0.8 cm occurs at 50 m to the east and 10 m to the north from the discharge location. It is less than 1 
cm. 
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R S 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger S well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,200 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b. It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 275 m; 10 kg/m2 to 1 
kg/m2 between 275 m and 825 m; and 1 kg/m2 to 0.1 kg/m2 between 825 m and 1,950 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 1,950 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.106, 0.340, 1.208, 3.450, 15.080, and 125.133 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger S 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger S (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b but shows only 520 m x 520 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 160.2 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 70 m; 10 cm to 3 cm between 70 m and 130 m; and 3 cm to 1 cm between 130 m and 235 m 
distances approximately from the discharge location. It is less than 1 cm beyond 235 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.048 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.277, and 1.048 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger S 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger S 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger S  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger S well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger S well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.277, and 1.048 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 14.0 to 205.0 mg/l at 100 m; 3.2 to 92.7 mg/l at 300 m; and 0.9 
to 29.7 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness Larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.00 42.17 68.83 14,000.00 0.088 0.173 0.423 120.34 


2 5.20 44.00 42.17 116.30 14,000.00 - - 0.118 8.16 


3 34.40 44.00 42.17 86.64 14,000.00 - 0.112 0.248 37.34 


Se
a 
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rf


ac
e


 


4 23.30 44.00 8.53 148.63 159.46 - - 0.512 5.60 


5 29.00 44.00 8.53 68.87 79.70 - - 0.349 3.47 


6 37.20 44.00 8.53 26.47 37.30 - - 0.193 1.84 


R
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 S


u
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2.50 44.00 8.53 970.80 970.80 - - - 0.78 


At the end of the Drilling Operation 0.098 0.277 1.048 160.20 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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1 66.00 44.00 42.17 68.83 14,000.00 1,470.2 575.3 205.0 57.8 8.9 


2 5.20 44.00 42.17 116.30 14,000.00 1,546.6 487.4 173.9 47.1 7.4 


3 34.40 44.00 42.17 86.64 14,000.00 988.6 353.4 121.6 33.9 5.2 
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4 23.30 44.00 8.53 148.63 159.46 1,045.9 335.4 90.1 9.3 2.5 


5 29.00 44.00 8.53 68.87 79.70 538.6 153.1 35.6 6.0 1.7 


6 37.20 44.00 8.53 26.47 37.30 210.9 68.8 14.0 3.2 0.9 
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2.50 44.00 8.53 970.80 970.80 1,757.0 320.4 174.2 92.7 29.7 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.510 and 1.048 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 201.7 and 160.2 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.1 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is more than 2.4 times higher 
than those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for 
the water based muds discharge from the rig’s surface pits.  
 
The OOC model predicted fate and transport of the TSS concentrations presented in Sections 5 and 6 by a series of 
plots for each drilling intervals and the discharge from the rig’s surface pits show that the TSS concentrations attain 
a value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 
to 6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger S well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge. These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


44.0 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 
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Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
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cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 
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S 
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1 66.00 68.83 0.090 0.119 0.271 129.63 0.088 0.173 0.423 120.34 


2 5.20 116.30 - - 0.117 8.48 - - 0.118 8.16 


3 34.40 86.64 - 0.112 0.191 39.28 - 0.112 0.248 37.34 


Se
a 


Su
rf
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e


 


4 23.30 148.63 - 0.100 0.274 14.71 - - 0.512 5.60 


5 29.00 68.87 - - 0.261 9.55 - - 0.349 3.47 


6 37.20 26.47 - - 0.192 4.30 - - 0.193 1.84 
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2.50 970.80 - - 0.091 1.12 - - - 0.78 


At the end of the Drilling 
Operation 


0.102 0.195 0.510 201.74 0.098 0.277 1.048 160.20 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 100-, 300-, 
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Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 100 m 300 m 
1000 


m 
10 m 30 m 100 m 300 m 


1000 
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1 66.00 68.83 1,085.8 383.6 96.1 20.3 3.3 1,470.2  575.3  205.0  57.8  8.9  


2 5.20 116.30 868.5 295.0 81.1 16.9 2.7 1,546.6  487.4  173.9  47.1  7.4  


3 34.40 86.64 556.4 208.0 57.1 11.8 1.9 988.6  353.4  121.6  33.9  5.2  
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4 23.30 148.63 713.3 202.4 23.9 5.5 0.9 1,045.9  335.4  90.1  9.3  2.5  


5 29.00 68.87 443.0 111.7 13.0 3.1 0.5 538.6  153.1  35.6  6.0  1.7  


6 37.20 26.47 185.6 43.3 6.0 1.6 0.2 210.9  68.8  14.0  3.2  0.9  
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2.50 970.80 608.5 428.3 232.2 109.0 0.0 1,757.0  320.4  174.2  92.7  29.7  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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0.07 


1 0.089 0.003 0.000 0.000 


4 0.073 0.005 0.002 0.002 


15 0.113 0.017 0.005 0.004 


50 0.062 0.007 0.000 0.000 


125 0.032 0.004 0.002 0.002 


250 0.332 0.051 0.001 0.000 


500 0.328 0.056 0.000 0.000 


1000 0.352 0.002 0.000 0.000 


3600 0.579 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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125 0.023 0.009 0.000 0.000 


250 0.295 0.038 0.001 0.005 


500 0.291 0.007 0.037 0.021 


1000 0.273 0.007 0.000 0.000 


3600 0.451 0.116 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger S located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger S is 
located in block 6762 area of Posey. The depth of water is 44.0 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.64 bbls/hour, respectively. These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.63, 68.87, and 26.47 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.4 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.46, 79.70, and 37.30 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 or 10 lb/gal and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger S well site. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 380 m, (iv) 0.1 kg/m2 at 1,050 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.268, 0.598, 4.243, 17.429, 126.801, and 684.938 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the mean currents is 201.7 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 105 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.510 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.510 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 275 m, (iii) 1 kg/m2 at 825 m, and (iv) 0.1 kg/m2 at 1,950 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.340, 1.280, 3.450, 15.080, and 125.133, ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 160.2 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 235 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.048 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.277, and 1.048 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 6 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger S well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.510 ha at the mean currents and 1.048 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 







195 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.0 to 233.2 mg/l at the mean currents and 14.0 to 
205.0 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.6 to 109.0 mg/l at the mean currents and 3.2 to 
92.7 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
S well by the drill ship Polar Pioneer can be classified as low. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger V located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger V is 
located in block 6915 area of Posey. The depth of water is 44.8 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  These constitute discharges 
described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively.. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals  1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger V well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,750 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.108, 0.324, 0.661, 4.395, 18.272, 138.495, and 717.960 hectares (ha), 
respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 202.4cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 113 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 125 m x 50 m rectangle 
area (or 0.566 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.080, 0.102, 0.196, and 0.566 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current. 
 
 The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.345, 1.307, 3.709, 17.433, and 131.205 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 160.6 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 50 m rectangle 
area (or 1.133 ha) at the maximum currents The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.278, and 1.133 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger V well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.566 ha at the mean currents and 1.133 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.3 to 226.5 mg/l at the mean currents and 12.2 to 
286.8 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
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than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 105.7 mg/l at the mean currents and 4.0 to 
97.8 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
V well by the drill ship Noble Discoverer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Noble Discoverer at the prospect well site Burger V located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger V is located in block 6915 area of Posey. The depth of water is 44.8 meters 
(m). The location of the well Burger V, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger V well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger V well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger V 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger V 
 


Prospect 
Well  


Area Block 


Coordinates 
Water 


Depth (m) Easting (m) 
Northing 


(m) 
Latitude Longitude 


Burger V Posey 6915 569,401.40 7,898,124.84 N71° 10' 33.39"  W163° 04' 21.23" 44.8 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger V. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and drill fluids for the six drilling intervals vary from a low of 772.57 bbls to a high of 4,542.86 bbls.  
The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 22.01 to a high of 165.49 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger V 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,963 642.65 3,213.24 3,855.89 165.49 252.34 4,108.23 176.32 


5 29.00 2,333 374.25 1,871.26 2,245.51 77.43 314.07 2,559.58 88.26 


6 37.20 1,767 136.47 682.37 818.85 22.01 402.88 1,221.72 32.84 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 1-2 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The discharge pipe is located approximately 
6.71 m (or 22.0 feet) below the water line. Therefore, the surface discharges occur at a depth of approximately 
6.71 m from the sea surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface 
discharge scenario based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically 
downward with respect to the sea surface and discharges at approximately 6.71 m below the sea surface for 
modeling the sea surface discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger V. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger V. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger V well are described in 
detailed in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings,   drill fluids, and water based muds discharges from the prospect well Burger V located 
offshore Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings,  drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger V well site is 44.8 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9 - 45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally <5 cm/s elsewhere. The prospect well Burger V is located 
in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow vectors 
(blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.25 meters per second (m/s), respectively. The tentative drilling period for Burger V is 
beginning of August to mid-September. The average value for 50-percentile rank wind speeds for the month of 
August and September i.e., 8.65 m/s was used for the Burger V well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger V well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger V located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger V well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well burger V. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based  drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 772.57 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 22.01 to a high of 165.49 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger V  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,963 642.65 3,213.24 3,855.89 165.49 252.34 4,108.23 176.32 


5 29.00 2,333 374.25 1,871.26 2,245.51 77.43 314.07 2,559.58 88.26 


6 37.20 1,767 136.47 682.37 818.85 22.01 402.88 1,221.72 32.84 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 3-1 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
      2:     Volume of water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The internal pipe diameter of 14.25 inches was 
used for modeling the surface discharge scenario based on a 0.75 inches of total pipe wall thickness. The drilling 
draft varies from 6.71 m to 7.68 m approximately. Therefore, the surface discharges occur at a depth between 6.71 
m and 7.68 m from the sea surface. The discharge pipe is oriented vertically downward with respect to the sea 
surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface discharge 
scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger V. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger V well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger V. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger V well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
 
  







14 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger V  
 
  


W
e


ll 
ID


 


Se
d


im
e


n
t 


C
la


ss
 in


 


D
ri


ll 
C


u
tt


in
gs


 


So
lid


s 


D
e


n
si


ty
 


Estimated 
Particle 


Diameter Fall Velocity 


Volume Fractions 


For Drilling Intervals 
(g


/c
c)


 micro 
meter 
(µm) 


(cm/s) 1 2 3 4 5 6 


B
u


rg
e


r 
V


 


1 
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from 
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3.10 


1 0.0001350264 0.0003229 0.0003638 0.0001880 0.0150983 0.0165261 0.0126257 


2 4 0.0016855440 0.0002422 0.0002728 0.0001410 0.0113238 0.0123946 0.0094693 


3 15 0.0218236800 0.0002826 0.0003183 0.0001645 0.0132111 0.0144604 0.0110475 


4 50 0.2328062400 0.0001211 0.0001364 0.0000705 0.0056619 0.0061973 0.0047346 


5 125 1.4471904000 0.0000807 0.0000909 0.0000470 0.0037746 0.0041315 0.0031564 


6 250 4.0111680000 0.0007266 0.0008185 0.0004231 0.0339713 0.0371838 0.0284078 


7 500 9.7962720000 0.0006459 0.0007276 0.0003761 0.0301967 0.0330523 0.0252514 


8 1000 13.5178800000 0.0006055 0.0006821 0.0003526 0.0283094 0.0309865 0.0236732 


9 3600 25.9750560000 0.0010092 0.0011368 0.0005876 0.0471823 0.0516441 0.0394553 


 
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Muds, Burger V 
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75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger V are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3. 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger V  
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1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,571,304.80 593.03 2,649.64 2.65 0.00403683 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 139,356.89 52.63 2,647.77 2.65 0.00454731 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 476,418.75 179.97 2,647.27 2.65 0.00235040 


4 1,318.13 3,213 511 673,386 2,650 643 102 270,758 357,255.47 123.27 2,898.16 2.90 0.18872937 


5 1,437.87 1,871 298 427,777 2,650 374 60 157,678 258,387.48 84.06 3,073.68 3.07 0.20657657 


6 1,437.87 682 108 155,993 2,650 136 22 57,499 94,223.44 30.65 3,073.68 3.07 0.15782101 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


              Note to Tables 3-4a: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, 
and mass presented above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger V 
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1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 1,025.77 72,027 11,451 11,746,509 11,957,835 11,574 1,033.14 8.62 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 3,213 511 673,386 2,650 643 102 270,758 1,023.80 252 40 41,074 985,218 653 1,508.39 12.59 


5 1,437.87 1,871 298 427,777 2,650 374 60 157,678 1,023.80 314 50 51,122 636,577 407 1,564.30 13.05 


6 1,437.87 682 108 155,993 2,650 136 22 57,499 1,023.80 403 64 65,577 279,069 194 1,436.73 11.99 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 - - - - 554,821 386 1,437.87 12.00 


                 Note to Table 3-4b: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the modeling domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger V 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger V well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger V well site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger V 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,200 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 100 m and 500 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 500 and 800 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 800 and 2,100 m distances from the 
source. It is less than 1 mg/l beyond 2,100 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,138.2, 
413.4, 103.1, 22.1, and 3.6 mg/l, respectively. 
 
Figure 5-3: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,698 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 300 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 300 and 750 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 750 and 2,100 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,100 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.120, 0.322, 1.229, 7.556, and 66.776 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 128.1 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.274 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.089, 0.119, and 0.276 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,363 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 125 m and 550 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 550 and 850 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 850 and 1,350 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,350 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,236.4, 
430.2, 117.9, 24.9, and 4.0 mg/l, respectively.  


 
Figure 5-8: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figures 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 150 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 50 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 50 and 240 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 240 and 580 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 580 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.119, 0.277, 1.065, and 4.753 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.4 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.119 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.085 and 0.119 ha, respectively.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,355mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 60 m from the discharge location. It varies 
from 100 to 10 mg/l between 70 and 350 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 350 and 550 m distances from the discharge location. It varies from 5 to 1 mg/l between 550 and 1,450 m 
distances from the discharge location. It is less than 1 mg/l beyond 1,550 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13. The discharge plume is spreading farther horizontally to the east 
along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 1,000 
m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 589.4, 
223.7, 61.2, 12.8, and 2.1 mg/l, respectively. 
 
Figure 5-13: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 514 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 125 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 125 and 450 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 450 and 1,180 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,180 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.199, 0.585, 3.950, and 19.529 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 38.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.192 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.111 and 0.192 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.9 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe.  
Figure 5-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 522,535 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 350 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 350 and 1,000 m distances from the source. It is less than 1 
mg/l beyond 1,000 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 796.8, 
229.2, 26.3, 5.9, and 1.0 mg/l, respectively. 
  
Figure 5-18: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 223 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 210 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 210 and 465 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 465 m and 1,480 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,480 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.117, 
0.346, 0.836, 5.195, and 31.944 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 15.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 75 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 40 m rectangle 
area (or 0.327 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.104 and 0.327 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.2 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe.  
Figure 5-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 566,799 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 40 and 140 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 140 and 225 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 235 and 725 m distances from the source. It is less than 1 
mg/l beyond 725 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 542.0, 
139.7, 15.9, 3.5, and 0.6 mg/l, respectively. 
  
Figure 5-23: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 152 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 200 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 200 and 415 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 415 m and 1,400 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,400 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.105, 
0.337, 0.805, 4.770, and 25.909 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 9.9 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.275 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.6 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28.  The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 300,741 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 70 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 70 m and 120 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 120 m and 375 m distances from the discharge location. It is 
less than 1 mg/l beyond 375 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 181.3, 41.1, 
6.3, 1.4, and 0.2 mg/l, respectively. 
  
Figure 5-28: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 51kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 130 and 320 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 320 m and 760 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 760 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.246, 0.565, 
1.297, and 7.414 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.3 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area or 0.188 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation  
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 30.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
74 m at a distance 30.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33. The depth 
of water is 44.8 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 5-33 presents the maximum TSS concentrations attained during the discharge. The 
color filled contours present the variations of the TSS concentrations both with respect to the depth from the sea 
surface and the distance from the source by different color bands. The maximum TSS concentration 319,780 mg/l 
occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m from 
the discharge location. It varies from 100 to 10 mg/l between 325 m and 700 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 700 m and 725 m distances from the discharge location. It varies from 
5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 538.6, 
429.0, 226.5, 105.7, and 0.0 mg/l, respectively. 
 
Figure 5-33: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 22 kg/m2 occurs at 30 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 400 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 400 m and 610 distances from the discharge location.  It is less 
than 0.01kg/m2 beyond 610m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.197, 0.866, 
4.954, and 14.993 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on the seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same result is presented in Figure 5-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. The 
maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the south from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.02 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R V 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger V well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows approximately 2 km x 2 km area of 
the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides 
the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction 
is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,796 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 140 m; 10 kg/m2 to 1 
kg/m2 between 140 m and 400 m; 1 kg/m2 to 0.1 kg/m2 between 400 m and 1,100 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,100 and 2,750 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,750 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.324, 0.661, 4.395, 18.272, and 138.495 ha, respectively.  
 
  







64 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger V 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger V (zoom in view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and  water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 202.4 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 75 m; and 3 cm to 1 cm between 75 m 
and 113m distances approximately from the discharge location. It is less than 1 cm beyond 113 m approximately to 
the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 125 m x 50 m rectangle 
area (or 0.566 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.196, and 0.566 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger V 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger V 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger V  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger V well site and are presented in 
Table 5-2. The sea floor areas affected at the end of the drilling operation at the Burger V well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.196, and 0.566 ha, respectively as presented in 
Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 6.3 to 226.5 mg/l at 100 m; 1.4 to 105.7 mg/l at 300 m; and 0 to 
4.0 mg/l at 1000 m distances from the source.   
 
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Effluent 
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Rate 
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Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.80 42.97 68.83 14,000.00 0.089 0.119 0.274 128.13 


2 5.20 44.80 42.97 148.57 14,000.00  -  0.085 0.119 11.35 


3 34.40 44.80 42.97 86.64 14,000.00  -  0.111 0.192 38.85 


Se
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4 23.30 44.80 6.71 165.49 176.32  -  0.104 0.327 15.37 


5 29.00 44.80 6.71 77.43 88.26  -   -  0.275 9.86 


6 37.20 44.80 6.71 22.01 32.84  -   -  0.188 3.30 
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2.50 44.80 6.71 970.80 970.80  -   -  0.091 1.08 


At the end of the Drilling Operation 0.102 0.196 0.566 202.35 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Total Suspended Solids (TSS) 
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Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 300 m 
1000 
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1 66.00 44.80 42.97 68.83 14,000.00 1,138.2 413.4 103.1 22.1 3.6 


2 5.20 44.80 42.97 148.57 14,000.00 1,236.4 430.2 117.9 24.9 4.0 


3 34.40 44.80 42.97 86.64 14,000.00 589.4 223.7 61.2 12.8 2.1 
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4 23.30 44.80 6.71 165.49 176.32 796.8 229.2 26.3 5.9 1.0 


5 29.00 44.80 6.71 77.43 88.26 542.0 139.7 15.9 3.5 0.6 


6 37.20 44.80 6.71 22.01 32.84 181.3 41.1 6.3 1.4 0.2 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 44.80 6.71 970.80 970.80 538.6 429.0 226.5 105.7 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger V well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger V well site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger V 
 


W
e


ll 
ID


 


D
is


ch
ar


ge
 S


ce
n


ar
io


 


D
ri


lli
n


g 
In


te
rv


a
ls


 


Durations of 
Drilling 


(Discharge) 


The OOC Numeric Model 
Simulation 


D
e


p
th


 o
f 


W
at


e
r 


D
e


p
th


 o
f 


D
is


ch
ar


ge
 


Effluent 
(Cuttings 
+ Drilling 


Fluids) 
Mass 


Discharge 
Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Total 
Simulation 


Time 


Model 
Time 
Step 
(∆t) 


Count 
of 


Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 


B
u


rg
er


 V
 


se
a 


fl
o


o
r 1 66.00 237,600  237,600  360 660 44.80 42.97 68.83 14,000 


2 5.20 18,720  18,720  360 52 44.80 42.97 148.57 14,000 


3 34.40 123,840  123,840  360 344 44.80 42.97 86.64 14,000 


Se
a 


Su
rf


ac
e 


4 23.30 83,880  83,880  360 233 44.80 6.71 165.49 176.32 


5 29.00 104,400  104,400  360 290 44.80 6.71 77.43 88.26 


6 37.20 133,920  133,920  360 372 44.80 6.71 22.01 32.84 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 9,000 9,000 360 25 44.80 6.71 970.80 970.80 


 


  







73 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,803mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 225 m and 1,050 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 1,050 and 1,700 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,700 and 4,500 m distances from the 
source. It is less than 1 mg/l beyond 4,500 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at a distance 500 m from the discharge 
location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,646.5, 
705.4, 249.4, 71.8, and 11.2 mg/l, respectively. 
 
Figure 6-3: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,569 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 90 m and 425 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 425 and 1,500 m distances from the discharge location. It varies from 0.1 kg/ m2 to 
0.01 kg/m2 approximately between 1,500 and 4,600 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 4,600 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.096, 0.184, 0.435, 1.952, 7.638, and 76.492 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 118.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 95 m x 45 m rectangle 
area (or 0.425 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.087, 0.171, and 0.425 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 11,041mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 250 m and 1,150 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 1,150 and 1,850 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,850 and 4,500 m distances from the 
discharge location. It is less than 1 mg/l beyond 4,500 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 2,314.0, 
804.7, 286.8, 79.5, and 12.7 mg/l, respectively.  


 
Figure 6-8: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figures 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 144 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 80 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 80 and 380 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 375 and 1,150 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 1,150 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.093, 
0.164, 0.425, 1.618, and 4.989 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 10.9 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.119 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.083 and 0.119 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,690mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 150 m from the discharge location. It varies 
from 100 to 10 mg/l between 150 and 750 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 750 and 1,200 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,200 and 
3,250 m distances from the discharge location. It is less than 1 mg/l beyond 3,250 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,091.2, 
431.2, 148.0, 42.1, and 6.6 mg/l, respectively. 
 
Figure 6-13: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 487 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 120 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 120 and 910 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 910 and 2,550 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,550 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.583, 3.640, and 20.963 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 36.8 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.247 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.247 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 


 


 


Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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(Zoom In View) 


 
 
 
 
 


 


  







92 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 8.0 m from the 
discharge location before collapsing into the ambient. The shape and width of the discharge plume is presented in 
Figure 6-17. The width of the plume is approximately 4.2 m at a distance 8.0 m from the discharge location. The 
solid lines present the outer boundaries and dotted line presents the center line of the discharge plume in Figures 
6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 406,760 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 100 and 400 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 400 and 650 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 650 and 1,800 m distances from the source. It is less than 1 
mg/l beyond 1,800 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,270.1, 
459.3, 79.4, 14.0, and 2.5 mg/l, respectively. 
  
Figure 6-18: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 87 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 200 m and 500 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 500 and 1,175 m distances from the discharge location. The loading varies from 0.1 
kg/m2 to 0.01 kg/m2 approximately between 1,175 m and 2,600 m distances from the discharge location. It is less 
than 0.01 kg/m2 beyond 2,600 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.727, 2.034, 
5.018, and 25.097 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 6.0 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 160 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 150 m x 40 m rectangle 
area (or 0.581 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 516,073 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 65 and 300 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 300 and 500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 500 and 1,450 m distances from the source. It is less than 1 
mg/l beyond 1,450 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 751.9, 
226.6, 58.3, 9.2, and 1.7 mg/l, respectively. 
  
Figure 6-23: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 65 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 165 m and 450 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 450 and 1,100 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,100 m and 2,200 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,200 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.591, 1.696, 
4.427, and 19.797 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 4.2 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 115 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 40 m rectangle 
area (or 0.408 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28.  The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 73,321 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 25 and 130 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 130 m and 250 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 250 m and 800 m distances from the discharge location. It is 
less than 1 mg/l beyond 800 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 149.5, 62.2, 
12.2, 4.0, and 0.7 mg/l, respectively. 
  
Figure 6-28: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 26 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 305 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 305 and 810 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 810 m and 1,610 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,610 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.266, 1.147, 
3.174, and 10.633 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.7 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 35 m rectangle 
area or 0.110 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 44.8 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 165 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
55 m at a distance 165 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-31 and 6-32. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33. The depth 
of water is 44.8 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 6-33 presents the maximum TSS concentrations attained during the discharge. The 
color filled contours present the variations of the TSS concentrations both with respect to the depth from the sea 
surface and the distance from the source by different color bands. The maximum TSS concentration 338,511 mg/l 
occurs at the discharge location. It decreases to a value of 100 mg/l at a distance approximately 300 m from the 
discharge location. It varies from 100 to 10 mg/l between 300 m and 2,000 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the discharge location. It varies 
from 5 to 1 mg/l between 2,250 m and 2,325 m distances from the discharge location. It is less than 1 mg/l beyond 
2,325 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,816.2, 
338.3, 178.2, 97.8, and 31.3 mg/l, respectively. 
 
Figure 6-33: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 12 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 65 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 130 m and 825 m, respectively from the discharge location. The loading 
varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 825 m and 1,900 m distances from the discharge 
location. The loading is less than 0.01 kg/m2 beyond 1,900 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.109, 0.438, 
3.260, and 19.511 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on the seabed at maximum currents, Rig’s Surface Pits  


 


 


  







114 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The maximum solids deposited thickness on the seabed is 
0.6 cm, which is less than 1 cm as shown by a small dot, occurs on a very small surface area compare to the 5 km x 
5 km map surface area shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation on the seabed. The 
maximum deposit thickness of 0.6 cm occurs at 50 m to the east and 10 m to the north from the discharge 
location.  
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R V 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger V well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows approximately 2 km x 2 km area of 
the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides 
the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction 
is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,203 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 300 m; 10 kg/m2 to 1 
kg/m2 between 300 m and 900 m; and 1 kg/m2 to 0.1 kg/m2 between 900 m and 2,200 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 2,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.106, 0.345, 1.307, 3.709, 17.433, and 131.205 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger V 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger V (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and  6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b but shows only 720 m x 720 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 160.7 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 70 m; 10 cm to 3 cm between 70 m and 130 m; and 3 cm to 1 cm between 130 m and 260 m 
distances approximately from the discharge location. It is less than 1 cm beyond 260 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 50 m rectangle 
area (or 1.133 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.278, and 1.133 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger V 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger V 
(Zoom In View) 


 
 
 
 
  







122 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger V  


 


 


 


 


  







123 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger V well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger V well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.278, and 1.133 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 12.2 to 286.8 mg/l at 100 m; 4.0 to 97.8 mg/l at 300 m; and 0.7 
to 31.3 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
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Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness Larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.80 42.97 68.83 14,000.00 0.087 0.171 0.425 118.41 


2 5.20 44.80 42.97 148.57 14,000.00  -  0.083 0.119 10.87 


3 34.40 44.80 42.97 86.64 14,000.00  -  0.112 0.247 36.76 


Se
a 
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e


 


4 23.30 44.80 6.71 165.49 176.32  -   -  0.581 5.96 


5 29.00 44.80 6.71 77.43 88.26  -   -  0.408 4.22 


6 37.20 44.80 6.71 22.01 32.84  -   -  0.110 1.68 
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2.50 44.80 6.71 970.80 970.80  -   -   -  0.57 


At the end of the Drilling Operation 0.098 0.278 1.133 160.65 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
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1 66.00 44.80 42.97 68.83 14,000.00 1,646.5 705.4 249.4 71.8 11.2 


2 5.20 44.80 42.97 148.57 14,000.00 2,314.0 804.7 286.8 79.5 12.7 


3 34.40 44.80 42.97 86.64 14,000.00 1,091.2 431.2 148.0 42.1 6.6 
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4 23.30 44.80 6.71 165.49 176.32 1,270.1 459.3 79.4 14.0 2.5 


5 29.00 44.80 6.71 77.43 88.26 751.9 226.6 58.3 9.2 1.7 


6 37.20 44.80 6.71 22.01 32.84 149.5 62.2 12.2 4.0 0.7 
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2.50 44.80 6.71 970.80 970.80 1,816.2 338.3 178.2 97.8 31.3 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.566 and 1.133 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 202.4 and 160.7 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.4 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is 1.9 to 3.0 times higher than 
those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the 
water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger V well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge.  These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


44.8 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
u


rg
e


r 
V


 


se
a 


fl
o


o
r 


1 66.00 68.83 0.089 0.119 0.274 128.13 0.087 0.171 0.425 118.41 


2 5.20 148.57  -  0.085 0.119 11.35  -  0.083 0.119 10.87 


3 34.40 86.64  -  0.111 0.192 38.85  -  0.112 0.247 36.76 


Se
a 


Su
rf


ac
e


 


4 23.30 165.49  -  0.104 0.327 15.37  -   -  0.581 5.96 


5 29.00 77.43  -   -  0.275 9.86  -   -  0.408 4.22 


6 37.20 22.01  -   -  0.188 3.30  -   -  0.110 1.68 


R
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's
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u
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it


s 


2.50 970.80  -   -  0.091 1.08  -   -   -  0.57 


At the end of the Drilling 
Operation 


0.102 0.196 0.566 202.35 0.098 0.278 1.133 160.65 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 
100-, 300-, and 1000-m from the Source 


Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 
100 
m 


300 
m 


1000 
m 


10 m 30 m 
100 
m 


300 
m 


1000 
m 


B
u
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e


r 
V


 


Se
a 


Fl
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o
r 


1 66.00 68.83 1,138.2 413.4 103.1 22.1 3.6 1,646.5  705.4  249.4  71.8  11.2  


2 5.20 148.57 1,236.4 430.2 117.9 24.9 4.0 2,314.0  804.7  286.8  79.5  12.7  


3 34.40 86.64 589.4 223.7 61.2 12.8 2.1 1,091.2  431.2  148.0  42.1  6.6  


Se
a 


Su
rf


ac
e


 


4 23.30 165.49 796.8 229.2 26.3 5.9 1.0 1,270.1  459.3  79.4  14.0  2.5  


5 29.00 77.43 542.0 139.7 15.9 3.5 0.6 751.9  226.6  58.3  9.2  1.7  


6 37.20 22.01 181.3 41.1 6.3 1.4 0.2 149.5  62.2  12.2  4.0  0.7  


R
ig


's
 S


u
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e
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2.50 970.80 538.6 429.0 226.5 105.7 0.0 1,816.2  338.3  178.2  97.8  31.3  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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Sea 
Floor 


Sea 
Surface 


At 10, 30, 90, and 110 meters 


m m m/s µm 10 m 30 m 90 m 110 m 


B
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1.83 38.09 


M
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 C


u
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ts


 


0.07 


1 0.082 0.003 0.000 0.000 


4 0.068 0.005 0.003 0.002 


15 0.110 0.020 0.005 0.004 


50 0.063 0.007 0.000 0.000 


125 0.032 0.005 0.002 0.002 


250 0.337 0.041 0.004 0.000 


500 0.321 0.074 0.000 0.000 


1000 0.359 0.006 0.000 0.000 


3600 0.597 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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1.83 38.09 
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0.25 


1 0.046 0.024 0.001 0.000 


4 0.037 0.019 0.002 0.001 


15 0.066 0.035 0.004 0.002 


50 0.053 0.004 0.003 0.002 


125 0.021 0.010 0.001 0.000 


250 0.301 0.039 0.001 0.001 


500 0.296 0.007 0.042 0.027 


1000 0.277 0.006 0.001 0.000 


3600 0.459 0.098 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger V located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger V is 
located in block 6915 area of Posey. The depth of water is 44.8 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours.  These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively.. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. Therefore, the surface discharges occur at a depth of approximately 6.71 m from the sea surface. The 
internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario based on a 0.75 
inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect to the sea 
surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface discharge 
scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger V well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,750 m distances 
approximately from the source towards the direction of the current..  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.108, 0.324, 0.661, 4.395, 18.272, 138.495, and 717.960 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 202.4 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 112.5 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 125 m x 50 m rectangle 
area (or 0.566 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.080, 0.102, 0.196, and 0.566 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current. 
 
 The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.345, 1.307, 3.709, 17.433, and 131.205 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 1607 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 50 m rectangle 
area (or 1.133 ha) at the maximum currents The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.278, and 1.133 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger V well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.566 ha at the mean currents and 1.133 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.3 to 226.5 mg/l at the mean currents and 12.2 to 
286.8 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 105.7 mg/l at the mean currents and 4.0 to 
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97.8 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
V well by the drill ship Noble Discoverer can be classified as low. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger V located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger V is 
located in block 6915 area of Posey. The depth of water is 44.8 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  These constitute discharges 
described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals  1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger V well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 135 m, (iii) 1 kg/m2 at 390 m, (iv) 0.1 kg/m2 at 1,050 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.275, 0.646, 4.202, 17.487, and 128.812 hectares (ha), respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 206.2cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 50 m rectangle 
area (or 0.566 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.103, 0.196, and 0.516 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 280 m, (iii) 1 kg/m2 at 840 m, and (iv) 0.1 kg/m2 at 1,950 m distances approximately from 
the source towards the direction of the current. 
 
 The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.107, 0.344, 1.225, 3.501, 15.446, and 124.720 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 163.2 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 245 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 260 m x 40 m rectangle 
area (or 1.068 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.099, 0.278, and 1.068 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger V well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.516 ha at the mean currents and 1.068 ha at the maximum currents. The 
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impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.3 to 234.2 mg/l at the mean currents and 17.8 to 
233.6 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 109.9 mg/l at the mean currents and 2.6to 
92.3 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
V well by the drill ship Polar Pioneer can be classified as low. 
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ha Hectares 


kg Kilograms 


kg/m2 Kilograms per square meter 


kg/m3 Kilograms per cubic meter 


km Kilometers 


lb Pounds 


lb/gal Pounds per gallon 


m Meters 


m/s Meters per second 


mg Milligrams 


mg/l Milligrams per liter 


psu Practical salinity scale unit  


sec Seconds 


TSS Total suspended solids 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Polar Pioneer at the prospect well site Burger V located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger V is located in block 6915 area of Posey. The depth of water is 44.8 meters 
(m). The location of the well Burger V, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger V well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger V well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger V 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger V 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth (m) Easting (m) Northing (m) Latitude Longitude 


Burger V Posey 6915 569,401.40 7,898,124.84 N71° 10' 33.39"  W163° 04' 21.23" 44.8 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger V. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and drill fluids for the six drilling intervals vary from a low of 772.57 bbls to a high of 4,542.86 bbls.  
The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 22.01 to a high of 165.49 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger V 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,963 642.65 3,213.24 3,855.89 165.49 252.34 4,108.23 176.32 


5 29.00 2,333 374.25 1,871.26 2,245.51 77.43 314.07 2,559.58 88.26 


6 37.20 1,767 136.47 682.37 818.85 22.01 402.88 1,221.72 32.84 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 1-2 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger V. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger V. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger V well are described in 
detailed in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger V located offshore 
Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings,  drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger V well site is 44.8 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9 - 45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally <5 cm/s elsewhere. The prospect well Burger V is located 
in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow vectors 
(blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger V is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger V well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger V well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger V located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger V well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well Burger V. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based  drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 772.57 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 22.01 to a high of 165.49 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger V  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40 3,702.86 840.00 4,542.86 68.83 919,457.14 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,963 642.65 3,213.24 3,855.89 165.49 252.34 4,108.23 176.32 


5 29.00 2,333 374.25 1,871.26 2,245.51 77.43 314.07 2,559.58 88.26 


6 37.20 1,767 136.47 682.37 818.85 22.01 402.88 1,221.72 32.84 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 3-1 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
      2:     Volume of water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger V. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger V well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger V. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger V well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger V  
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(µm) 
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Varies 
from 


2.65 to 
3.07 


1 0.0001350264 0.0003229 0.0003638 0.0001880 0.0150983 0.0165261 0.0126257 


2 4 0.0016855440 0.0002422 0.0002728 0.0001410 0.0113238 0.0123946 0.0094693 


3 15 0.0218236800 0.0002826 0.0003183 0.0001645 0.0132111 0.0144604 0.0110475 


4 50 0.2328062400 0.0001211 0.0001364 0.0000705 0.0056619 0.0061973 0.0047346 


5 125 1.4471904000 0.0000807 0.0000909 0.0000470 0.0037746 0.0041315 0.0031564 


6 250 4.0111680000 0.0007266 0.0008185 0.0004231 0.0339713 0.0371838 0.0284078 


7 500 9.7962720000 0.0006459 0.0007276 0.0003761 0.0301967 0.0330523 0.0252514 


8 1000 13.5178800000 0.0006055 0.0006821 0.0003526 0.0283094 0.0309865 0.0236732 


9 3600 25.9750560000 0.0010092 0.0011368 0.0005876 0.0471823 0.0516441 0.0394553 


 
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Muds, Burger V 
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4.1 


75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger V are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3. 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger V  
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Total Solids 
Mass 


Total 
Solids 


Volume 
Solids Density 


Volume 
Fraction 
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Volume Mass 
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Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,571,304.80 593.03 2,649.64 2.65 0.00403683 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 139,356.89 52.63 2,647.77 2.65 0.00454731 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 476,418.75 179.97 2,647.27 2.65 0.00235040 


4 1,318.13 3,213 511 673,386 2,650 643 102 270,758 357,255.47 123.27 2,898.16 2.90 0.18872937 


5 1,437.87 1,871 298 427,777 2,650 374 60 157,678 258,387.48 84.06 3,073.68 3.07 0.20657657 


6 1,437.87 682 108 155,993 2,650 136 22 57,499 94,223.44 30.65 3,073.68 3.07 0.15782101 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


              Note to Tables 3-4a: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, 
and mass presented above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger V 
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Total 


Volume 
Bulk Density 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 lbs/gal 


1 1,076.18 840 134 143,724 2,650 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 1,025.77 72,027 11,451 11,746,509 11,957,835 11,574 1,033.14 8.62 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 3,213 511 673,386 2,650 643 102 270,758 1,023.80 252 40 41,074 985,218 653 1,508.39 12.59 


5 1,437.87 1,871 298 427,777 2,650 374 60 157,678 1,023.80 314 50 51,122 636,577 407 1,564.30 13.05 


6 1,437.87 682 108 155,993 2,650 136 22 57,499 1,023.80 403 64 65,577 279,069 194 1,436.73 11.99 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 - - - - 554,821 386 1,437.87 12.00 


                 Note to Table 3-4b: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 


 


  







18 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the modeling domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger V 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger V well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger V well 
site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger V 
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2 5.20 18,720  18,720  360 52 44.80 42.97 148.57 14,000 


3 34.40 123,840  123,840  360 344 44.80 42.97 86.64 14,000 
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4 23.30 83,880  83,880  360 233 44.80 8.53 165.49 176.32 


5 29.00 104,400  104,400  360 290 44.80 8.53 77.43 88.26 


6 37.20 133,920  133,920  360 372 44.80 8.53 22.01 32.84 
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2.50 9,000 9,000 360 25 44.80 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,167 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 90 m and 470 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 470 and 750 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 750 and 2,000 m distances from the 
source. It is less than 1 mg/l beyond 2,000 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3a. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,086.7, 
382.5, 95.8, 20.3, and 3.3 mg/l, respectively. 
 
Figure 5-3a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 6, 12, 18, and 24 hours (h) after the cessation of the discharge 
are presented by Figures 5-3b, 5-3c, 5-3d, and 5-3e.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 
mg/l at 24 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS 
concentrations attains pre-existing conditions between 18 and 24 h after the cessation of the discharge based on 
the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-3b: TSS concentrations during the mean currents at 72 h (or 6 h after the cessation of release) 
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Figure 5-3c: TSS concentrations during the mean currents at 78 h (or 12 h after the cessation of release) 
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Figure 5-3d: TSS concentrations during the mean currents at 84 h (or 18 h after the cessation of release) 
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Figure 5-3e: TSS concentrations during the mean currents at 90 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,717 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 265 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 265 and 710 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 710 and 2,000 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,000 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.098, 0.120, 0.277, 1.145, 6.843, and 59.867 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 129.6 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.271 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.090, 0.119, and 0.271 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,329 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 110 m and 510 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 510 and 820 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 820 and 1,345 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,350 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,173.7, 
398.4, 109.5, 22.9, and 3.6mg/l, respectively.  


 
Figure 5-8a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-8b, 5-8c, and 5-8d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-8b: TSS concentrations during the mean currents at 11.2 h (or 6 h after the cessation of release) 
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Figure 5-8c: TSS concentrations during the mean currents at 17.2 h (or 12 h after the cessation of release) 
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Figure 5-8d: TSS concentrations during the mean currents, at 23.2 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figures 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 152 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 50 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 50 and 230 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 230 and 550 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 550 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.120, 0.274, 0.9960, and 4.2272ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.5 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.119 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.085 and 0.119 ha, respectively.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,335 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 60 m from the discharge location. It varies 
from 100 to 10 mg/l between 60 and 330 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 330 and 520 m distances from the discharge location. It varies from 5 to 1 mg/l between 520 and 1,460 m 
distances approximately from the discharge location. It is less than 1 mg/l beyond 1,460 m from the discharge 
location. The effect of the sea floor pump is visible in this Figure 5-13. The discharge plume is spreading farther 
horizontally to the east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l 
at a depth approximately 30 m at or near the discharge location. It is approximately 1 mg/l at a depth 40 m at 500 
m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 555.1, 
207.4, 56.9, 11.7, and 1.9 mg/l, respectively. 
 
Figure 5-13: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-13b, 5-13c, and 5-13d.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-13b: TSS concentrations during the mean currents at 40.4 h (or 6 h after the cessation of release) 
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Figure 5-13c: TSS concentrations during the mean currents at 46.4 h (or 12 h after the cessation of release) 
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Figure 5-13d: TSS concentrations during the mean currents at 52.4 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 520 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 110 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 110 and 430 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 430 and 1,120 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,120 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.197, 0.519, 3.337, and 17.339 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 39.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.191 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.191 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.6 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 


 
 
 
  







50 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe.  
Figure 5-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 521,931 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 45 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 340 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 340 and 1,020 m distances from the source. It is less than 1 
mg/l beyond 1,020 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 779.6, 
210.1, 210.1, 5.9, and 1.0 mg/l, respectively. 
  
Figure 5-18a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours). The 
fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge are 
presented by Figures 5-18b, 5-18c, and 5-18d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-18b: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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Figure 5-18c: TSS concentrations during the mean currents at 35.3 h (or 12 h after the cessation of release) 
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Figure 5-18d: TSS concentrations during the mean currents at 41.3 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 235 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 215 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 215 and 460 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 460 m and 1,460 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,460 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.117, 
0.337, 0.826, 5.094, and 31.353 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 16.2 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 35 m rectangle 
area (or 0.278 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.105 and 0.278 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.2 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe.  
Figure 5-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 516,163 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 35 and 140 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 140 and 235 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 235 and 720 m distances from the source. It is less than 1 
mg/l beyond 720 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 490.4, 
121.8, 15.5, 3.6, and 0.6 mg/l, respectively. 
  
Figure 5-23a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours). The 
fate and transport of the discharged solids at times 6 and 12 h after the cessation of the discharge are presented 
by Figures 5-23b and 5-23c.  These figures show that the TSS concentrations within the 5.0 km model domain 
decrease to: 1 mg/l or less at 6 h and less than 0.1 mg/l at 12 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 6 and 12 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-23b: TSS concentrations during the mean currents at 35 h (or 6 h after the cessation of release) 
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Figure 5-23c: TSS concentrations during the mean currents at 41 h (or 12 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 161 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 75 m and 190 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 190 and 405 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 405 m and 1,370 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,370 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.105, 
0.327, 0.754, 4.635, and 25.811 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 10.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.269 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 


 


 


  







66 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.6 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28a.  The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 366,779 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 60 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 60 m and 100 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 100 m and 375 m distances from the discharge location. It is 
less than 1 mg/l beyond 375 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 154.1, 37.8, 
5.3, 1.4, and 0.2 mg/l, respectively. 
  
Figure 5-28a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours). The 
fate and transport of the discharged solids at times 1, 2, 3, 4, and 5 h after the cessation of the discharge are 
presented by Figures 5-28b, 5-28c, 5-28d, 5-28e, and 5-28f,  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l or less 
at 4 h, and less than 0.1 mg/l at 5 h after the cessation of the discharge. Therefore, it can be described that the 
ambient TSS concentrations attains pre-existing conditions between 4 and 5 h after the cessation of the discharge 
based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-28b: TSS concentrations during the mean currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 5-28c: TSS concentrations during the mean currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 5-28d: TSS concentrations during the mean currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 5-28e: TSS concentrations during the mean currents at 41.2 h (or 4 h after the cessation of release) 
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Figure 5-28f: TSS concentrations during the mean currents at 42.2 h (or 5 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 53 kg/m2 occurs at 10 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 130 and 310 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 310 m and 775 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 775 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.242, 0.519, 
1.239, and 7.452 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on the seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.4 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 45 m x 40 m rectangle 
area or 0.186 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation  
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 30.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
74 m at a distance 30.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33a. The depth 
of water is 44.8 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 5-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 310,805 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m 
from the discharge location. It varies from 100 to 10 mg/l between 330 m and 690 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 690 m and 725 m distances from the discharge location. It varies from 
5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 563.0, 
378.4, 234.2, 109.9, and 0.0 mg/l, respectively. 
 
Figure 5-33a: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 6, 12, 18, and 24 h after the cessation of the discharge are presented by Figures 5-33b, 
5-33c, 5-33d and 5-33e.  These figures show that the TSS concentrations within the 5.0 km model domain decrease 
to: 10 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 mg/l at 24 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 18 and 24 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-33b: TSS concentrations during the mean currents at 8.5 h (or 6 h after the cessation of release) 
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Figure 5-33c: TSS concentrations during the mean currents at 14.5 h (or 12 h after the cessation of release) 


  







82 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-33d: TSS concentrations during the mean currents at 20.5 h (or 18 h after the cessation of release) 
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Figure 5-33e: TSS concentrations during the mean currents at 26.5 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 23 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 410 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 410 m and 620 distances from the discharge location.  It is less 
than 0.01 kg/m2 beyond 620 from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.244, 0.838, 
5.788, and 15.560 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on the seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same results are presented in Figure 5-35b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.09 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R V 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger V well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows approximately 2 km x 2 km area of 
the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides 
the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction 
is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,848 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 135 m; 10 kg/m2 to 1 
kg/m2 between 135 m and 390 m; 1 kg/m2 to 0.1 kg/m2 between 390 m and 1,050 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,050 and 2,600 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,600 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.275, 0.646, 4.202, 17.487, and 128.812 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger V 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger V (zoom in view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and  water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 202.4 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 70 m; and 3 cm to 1 cm between 70 m 
and 110 m distances approximately from the discharge location. It is less than 1 cm beyond 110 m approximately 
to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 50 m rectangle 
area (or 0.516 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.103, 0.196, and 0.516 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger V 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger V 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger V  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger V well site and are presented in 
Table 5-2. The sea floor areas affected at the end of the drilling operation at the Burger V well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.103, 0.196, and 0.516 ha, respectively as presented in 
Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 5.3 to 234.2 mg/l at 100 m; 1.4 to 109.9 mg/l at 300 m; and 0 to 
3.6 mg/l at 1000 m distances from the source.   
  
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Rate 
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Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.80 42.97 68.83 14,000.00 0.090 0.119 0.271 129.61 


2 5.20 44.80 42.97 148.57 14,000.00 0.000 0.085 0.119 11.48 


3 34.40 44.80 42.97 86.64 14,000.00 0.000 0.112 0.191 39.30 
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4 23.30 44.80 8.53 165.49 176.32 0.000 0.105 0.278 16.24 


5 29.00 44.80 8.53 77.43 88.26 0.000 0.083 0.269 10.45 


6 37.20 44.80 8.53 22.01 32.84 0.000 0.000 0.186 3.45 
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2.50 44.80 8.53 970.80 970.80 0.000 0.000 0.091 1.11 


At the end of the Drilling Operation 0.103 0.196 0.516 206.16 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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1 66.00 44.80 42.97 68.83 14,000.00 1,083.7 382.5 95.8 20.3 3.3 


2 5.20 44.80 42.97 148.57 14,000.00 1,173.7 398.4 109.5 22.9 3.6 


3 34.40 44.80 42.97 86.64 14,000.00 555.1 207.4 56.9 11.7 1.9 
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4 23.30 44.80 8.53 165.49 176.32 779.6 
210.13 


210.1 5.9 1.0 


5 29.00 44.80 8.53 77.43 88.26 490.4 121.8 15.5 3.6 0.6 


6 37.20 44.80 8.53 22.01 32.84 154.1 37.8 5.3 1.4 0.2 
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2.50 44.80 8.53 970.80 970.80 563.0 378.4 234.2 109.9 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger V well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger V well 
site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger V 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,743 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 200 m and 900 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 900 and 1,400 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,400 and 3,600 m distances from the 
source. It is less than 1 mg/l beyond 3,600 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3a. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is approximately 0.1 mg/l at a depth 40 m at a distance 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,463.7, 
570.4, 203.3, 57.3, and 8.8 mg/l, respectively. 
  
Figure 6-3a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-3b, 6-3c, 6-3d, 6-3e, 6-3f, and 6-3g .  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or less at 3 h, 1 mg/l or 
less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can 
be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-3b: TSS concentrations during the maximum currents at 67 h (or 1 h after the cessation of release) 
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Figure 6-3c: TSS concentrations during the maximum currents at 68 h (or 2 h after the cessation of release) 
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Figure 6-3d: TSS concentrations during the maximum currents at 69 h (or 3 h after the cessation of release) 
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Figure 6-3e: TSS concentrations during the maximum currents at 70 h (or 4 h after the cessation of release) 
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Figure 6-3f: TSS concentrations during the maximum currents at 71 h (or 5 h after the cessation of release) 
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Figure 6-3g: TSS concentrations during the maximum currents at 72 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,596 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 90 m and 350 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 350 and 1,420 m distances from the discharge location. It varies from 0.1 kg/ m2 to 
0.01 kg/m2 approximately between 1,420 and 4,000 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 4,000 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.185, 0.432, 1.515, 5.333, and 56.219 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 120.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 90 m x 50 m rectangle 
area (or 0.423 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.088, 0.173, and 0.423 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,976mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 210 m and 990 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 990 and 1,540 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,540 and 3,900 m distances from the 
discharge location. It is less than 1 mg/l beyond 3,900 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 30 m 
at or near the discharge location. It is approximately 0.1 mg/l at a depth 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 2,085.0, 
654.6, 233.6, 63.3, and 9.9 mg/l, respectively.  


 
Figure 6-8a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-8b, 6-8c, 6-8d, 6-8e, 6-8f, and 6-8g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-8b: TSS concentrations during the maximum currents at 6.2 h (or 1 h after the cessation of release) 
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Figure 6-8c: TSS concentrations during the maximum currents at 7.2 h (or 2 h after the cessation of release) 
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Figure 6-8d: TSS concentrations during the maximum currents at 8.2 h (or 3 h after the cessation of release) 
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Figure 6-8e: TSS concentrations during the maximum currents at 9.2 h (or 4 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 10.2 h (or 5 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 11.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figures 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 146 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 35 m and 80 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 80 and 255 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 255 and 1,120 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 1,120 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.167, 0.422, 1.129, and 4.356 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.0 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m square area 
(or 0.119 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.084 and 0.119 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 44.8 m and the discharge 
occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 42.97 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,661 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 120 m from the discharge location. It varies 
from 100 to 10 mg/l between 120 and 660 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 660 and 1,000 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,000 and 
2,750 m distances from the discharge location. It is less than 1 mg/l beyond 2,750 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13a. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 0.1 mg/l at a depth approximately 40 m at 500 
m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 984.6, 
350.4, 120.6, 33.6, and 5.2 mg/l, respectively. 
 
Figure 6-13a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-13b, 6-13c, 6-13d, 6-13e, 6-13f, and 6-13g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 5 mg/l or less at 2 h, 1 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-13b: TSS concentrations during the maximum currents at 35.4 h (or 1 h after the cessation of release) 
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Figure 6-13c: TSS concentrations during the maximum currents at 36.4 h (or 2 h after the cessation of release) 
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Figure 6-13d: TSS concentrations during the maximum currents at 37.4 h (or 3 h after the cessation of release) 
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Figure 6-13e: TSS concentrations during the maximum currents at 38.4 h (or 4 h after the cessation of release) 
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Figure 6-13f: TSS concentrations during the maximum currents at 39.4 h (or 5 h after the cessation of release) 
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Figure 6-13g: TSS concentrations during the maximum currents at 40.4 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 495 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 110 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 110 and 770 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 770 and 2,230 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,230 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.511, 3.145, and 15.634 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 37.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.248 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.248 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 8.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
4.2 m at a distance 8.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 447,732 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 80 and 300 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 300 and 610 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 610 and 1,800 m distances from the source. It is less than 1 
mg/l beyond 1,800 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,125.3, 
295.6, 76.7, 10.0, and 2.5 mg/l, respectively. 
  
Figure 6-18a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-18b, 6-18c, 6-18d, 6-18e, 6-18f, and 6-18g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-18b: TSS concentrations during the mean currents at 24.3 h (or 1 h after the cessation of release) 
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Figure 6-18c: TSS concentrations during the mean currents at 25.3 h (or 2 h after the cessation of release) 
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Figure 6-18d: TSS concentrations during the mean currents at 26.3 h (or 3 h after the cessation of release) 
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Figure 6-18e: TSS concentrations during the mean currents at 27.3 h (or 4 h after the cessation of release) 
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Figure 6-18f: TSS concentrations during the mean currents at 28.3 h (or 5 h after the cessation of release) 
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Figure 6-18g: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 


  







143 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 87 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 190 m and 480 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 480 and 1,150 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,150 m and 2,600 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 2,600 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.674, 1.999, 
5.142, and 24.954 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 6.0 cm occurs at 30 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 155 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 140 m x 40 m rectangle 
area (or 0.571 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 


 
  







147 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23a. The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 522,113 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 55 and 200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 200 and 430 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 430 and 1,480 m distances from the source. It is less than 1 
mg/l beyond 1,480 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 642.6, 
215.5, 59.5, 6.5, and 1.8 mg/l, respectively. 
  
Figure 6-23a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-23b, 6-23c, 6-23d, 6-23e, 6-23f, and 6-23g. These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-23b: TSS concentrations during the maximum currents at 30 h (or 1 h after the cessation of release) 
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Figure 6-23c: TSS concentrations during the maximum currents at 31 h (or 2 h after the cessation of release) 
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Figure 6-23d: TSS concentrations during the maximum currents at 32 h (or 3 h after the cessation of release) 
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Figure 6-23e: TSS concentrations during the maximum currents at 33 h (or 4 h after the cessation of release) 
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Figure 6-23f: TSS concentrations during the maximum currents at 34 h (or 5 h after the cessation of release) 
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Figure 6-23g: TSS concentrations during the maximum currents at 35 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 61 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 160 m and 440 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 440 and 1,070 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,070 m and 2,200 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,200 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.581, 1.697, 
4.448, and 19.848 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.9 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 110 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 40 m rectangle 
area (or 0.401 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 


 
 
 
  







159 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 


 


 


  







160 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28a.  The depth of water is 44.8 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 355,440 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 140 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 140 m and 200 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 200 m and 875 m distances from the discharge location. It is 
less than 1 mg/l beyond 875 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 232.6, 74.3, 
17.8, 2.6, and 0.8 mg/l, respectively. 
  
Figure 6-28a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
  
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, and 4 h after the cessation of the discharge are 
presented by Figures 6-28b, 6-28c, 6-28d, and 6-28e.  These figures show that the TSS concentrations within the 
5.0 km model domain decrease to: 1 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, and less than 0.1 
mg/l at 4 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations 
attains pre-existing conditions between 3 and 4 h after the cessation of the discharge based on the assumption 
that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-28b: TSS concentrations during the maximum currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 6-28c: TSS concentrations during the maximum currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 6-28d: TSS concentrations during the maximum currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 6-28e: TSS concentrations during the maximum currents at 41.2 h (or 4 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 24 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 85 m and 300 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 300 and 800 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 800 m and 1,580 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,580 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.264, 1.139, 
3.179, and 10.805 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on the seabed at maximum currents, Drilling Interval 06 


 


  







166 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.6 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 35 m rectangle 
area or 0.117 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 44.8 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 165 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
55.0 m at a distance 165 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-31 and 6-32. The lower boundary of the plume 
scours and penetrates the sea floor between 30 and 75 m distances. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33a. The depth 
of water is 44.8 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 6-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 338,511 
mg/l occurs at the discharge location. It decreases to a value of 100 mg/l at a distance approximately 280 m from 
the discharge location. It varies from 100 to 10 mg/l between 280 m and 2,000 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the discharge location. It varies 
from 5 to 1 mg/l between 2,250 m and 2,320 m distances from the discharge location. It is less than 1 mg/l beyond 
2,320 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,753.7, 
325.4, 176.6, 92.3, and 29.7 mg/l, respectively. 
 
Figure 6-33a: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are presented by Figures 6-33b, 
6-33c, 6-33d , 6-33e, 6-33f, and 6-33g.  These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 100 mg/l or less at 1 h, 100 mg/l or less at 2 h, 10 mg/l or less at 3 h, 10 mg/l or less at 4 h, 5 
mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be described 
that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the cessation of the 
discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model 
domain. 
 
Figure 6-33b: TSS concentrations during the maximum currents at 3.5 h (or 1 h after the cessation of release) 
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Figure 6-33c: TSS concentrations during the maximum currents at 4.5 h (or 2 h after the cessation of release) 
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Figure 6-33d: TSS concentrations during the maximum currents at 5.5 h (or 3 h after the cessation of release) 
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Figure 6-33e: TSS concentrations during the maximum currents at 6.5 h (or 4 h after the cessation of release) 
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Figure 6-33f: TSS concentrations during the maximum currents at 7.5 h (or 5 h after the cessation of release) 
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Figure 6-33g: TSS concentrations during the maximum currents at 8.5 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 15 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 25 m and 135 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 135 m and 830 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 830 m and 1,900 m distances from the discharge location. It is less 
than 0.01 kg/m2 beyond 1,900 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.174, 0.489, 
3.308, and 19.150 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on the seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The maximum solids deposited thickness on the seabed is 
0.6 cm, which is less than 1 cm as shown by a small dot, occurs on a very small surface area compare to the 5 km x 
5 km map surface area shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation on the seabed. The 
maximum deposit thickness of 0.7 cm occurs at 50 m to the east and 10 m to the north from the discharge 
location.  
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R V 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger V well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows approximately 2 km x 2 km area of 
the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides 
the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction 
is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,241 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 280 m; 10 kg/m2 to 1 
kg/m2 between 280 m and 840 m; and 1 kg/m2 to 0.1 kg/m2 between 840 m and 1,950 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 1,950 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.107, 0.344, 1.225, 3.501, 15.446, and 124.720 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger V 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger V (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and  6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b but shows only 600 m x 600 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 163.2 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 70 m; 10 cm to 3 cm between 70 m and 135 m; and 3 cm to 1 cm between 135 m and 245 m 
distances approximately from the discharge location. It is less than 1 cm beyond 245 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 260 m x 40 m rectangle 
area (or 1.068 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.099, 0.278, and 1.068 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger V 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger V 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger V  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger V well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger V well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.099, 0.278, and 1.068 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 17.8 to 233.6 mg/l at 100 m; 2.6 to 92.3 mg/l at 300 m; and 0.8 
to 29.7 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness Larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 44.80 42.97 68.83 14,000.00 0.088 0.173 0.423 120.44 


2 5.20 44.80 42.97 148.57 14,000.00 0.000 0.084 0.119 11.05 


3 34.40 44.80 42.97 86.64 14,000.00 0.000 0.112 0.248 37.36 
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a 
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rf
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e


 


4 23.30 44.80 8.53 165.49 176.32 0.000 0.000 0.571 6.03 


5 29.00 44.80 8.53 77.43 88.26 0.000 0.000 0.401 3.96 


6 37.20 44.80 8.53 22.01 32.84 0.000 0.000 0.117 1.58 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 44.80 8.53 970.80 970.80 0.000 0.000 0.000 0.71 


At the end of the Drilling Operation 0.099 0.278 1.068 163.21 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Rate 


Total Suspended Solids (TSS) 
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1 66.00 44.80 42.97 68.83 14,000.00 1,463.7 570.4 203.3 57.3 8.8 


2 5.20 44.80 42.97 148.57 14,000.00 2,085.0 654.6 233.6 63.3 9.9 


3 34.40 44.80 42.97 86.64 14,000.00 984.6 350.4 120.6 33.6 5.2 
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4 23.30 44.80 8.53 165.49 176.32 1,125.3 295.6 76.7 10.0 2.5 


5 29.00 44.80 8.53 77.43 88.26 642.6 215.5 59.5 6.5 1.8 


6 37.20 44.80 8.53 22.01 32.84 232.6 74.3 17.8 2.6 0.8 
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2.50 44.80 8.53 970.80 970.80 1,753.7 325.4 176.6 92.3 29.7 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.516 and 1.068 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 206.2 and 163.2 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.1 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is 2.9 to 3.8 times higher than 
those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the 
water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted fate and transport of the TSS concentrations presented in Sections 5 and 6 by a series of 
plots for each drilling intervals and the discharge from the rig’s surface pits show that the TSS concentrations attain 
a value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 
to 6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger V well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge.  These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


44.8 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 
Discharg


e Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximu
m 


Deposit 
Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximu
m 


Deposit 
Thickness 
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s 


bbls/hou
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cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 
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V
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Fl
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o
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1 66.00 68.83 0.090 0.119 0.271 129.61 0.088 0.173 0.423 120.44 


2 5.20 148.57 0.000 0.085 0.119 11.48 - 0.084 0.119 11.05 


3 34.40 86.64 0.000 0.112 0.191 39.30 - 0.112 0.248 37.36 


Se
a 


Su
rf


ac
e


 


4 23.30 165.49 0.000 0.105 0.278 16.24 - - 0.571 6.03 


5 29.00 77.43 0.000 0.083 0.269 10.45 - - 0.401 3.96 


6 37.20 22.01 0.000 0.000 0.186 3.45 - - 0.117 1.58 
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2.50 970.80 0.000 0.000 0.091 1.11 - - - 0.71 


At the end of the Drilling 
Operation 


0.103 0.196 0.516 206.16 0.099 0.278 1.068 163.21 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 
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Mean Currents Maximum Currents 
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1 66.00 68.83 1,083.7 382.5 95.8 20.3 3.3 1,463.7  570.4  203.3  57.3  8.8  


2 5.20 148.57 1,173.7 398.4 109.5 22.9 3.6 2,085.0  654.6  233.6  63.3  9.9  


3 34.40 86.64 555.1 207.4 56.9 11.7 1.9 984.6  350.4  120.6  33.6  5.2  


Se
a 
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e


 


4 23.30 165.49 779.6 779.6 26.1 5.9 1.0 1,125.3  295.6  76.7  10.0  2.5  


5 29.00 77.43 490.4 121.8 15.5 3.6 0.6 642.6  215.5  59.5  6.5  1.8  


6 37.20 22.01 154.1 37.8 5.3 1.4 0.2 232.6  74.3  17.8  2.6  0.8  
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2.50 970.80 563.0 378.4 234.2 109.9 0.0 1,753.7  325.4  176.6  92.3  29.7  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 


W
e


ll 
ID


 


Discharge 
Height Above 
Bottom Depth 


C
u


rr
e


n
t 


Sp
e


e
d


 


Es
ti


m
at


e
d


 P
ar


ti
cl


e
 


D
ia


m
e


te
r Deposition Thickness of Drill Cutting 


(m) 


Sea 
Floor 


Sea 
Surface 


At 10, 30, 90, and 110 meters 
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0.07 


1 0.090 0.003 0.000 0.000 


4 0.074 0.005 0.002 0.002 


15 0.115 0.017 0.005 0.004 


50 0.064 0.007 0.000 0.000 


125 0.033 0.004 0.002 0.002 


250 0.338 0.051 0.002 0.000 


500 0.331 0.064 0.000 0.000 


1000 0.362 0.003 0.000 0.000 


3600 0.597 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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4 0.044 0.022 0.002 0.001 


15 0.074 0.034 0.003 0.002 


50 0.053 0.003 0.003 0.002 


125 0.024 0.010 0.000 0.000 


250 0.301 0.039 0.001 0.004 


500 0.296 0.007 0.040 0.024 


1000 0.277 0.007 0.000 0.000 


3600 0.459 0.117 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger V located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger V is 
located in block 6915 area of Posey. The depth of water is 44.8 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 165.49, 77.43, and 22.01 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 176.32, 88.26, and 32.84 bbls/hour, respectively.. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals  1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal)  and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger V well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 135 m, (iii) 1 kg/m2 at 390 m, (iv) 0.1 kg/m2 at 1,050 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.275, 0.646, 4.202, 17.487, and 128.812 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 206.2cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 50 m rectangle 
area (or 0.566 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.103, 0.196, and 0.516 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 280 m, (iii) 1 kg/m2 at 840 m, and (iv) 0.1 kg/m2 at 1,950 m distances approximately from 
the source towards the direction of the current. 
 
 The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.107, 0.344, 1.225, 3.501, 15.446, and 124.720 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 163.2 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 245 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 260 m x 40 m rectangle 
area (or 1.068 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.099, 0.278, and 1.068 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger V well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.516 ha at the mean currents and 1.068 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
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currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.3 to 234.2 mg/l at the mean currents and 17.8 to 
233.6 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 109.9 mg/l at the mean currents and 2.6 to 
92.3 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
V well by the drill ship Polar Pioneer can be classified as low. 
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EXECUTIVE SUMMARY 
 
The primary goal of this environmental numeric modeling was to conduct an assessments of the 
temperature associated with the non-contact cooling water discharges from the drilling operations to be 
performed by the drill ship the Noble Discoverer in the burger field, located in the Chuckchi Sea, by 
SHELL Alaska venture. The drill ship Noble Discoverer will discharge approximately 107,314.29 barrels 
(bbls) per day (bbls/day) of the non-contact cooling water from six (6) different outlets located on this 
drill ship.  This constitutes the discharge described in the Permit No.: AKG-28-8100 as Discharge 009 
(non-contact cooling water). 
 
Numeric modeling for the thermal dispersion were conducted using the US EPA Visual Plumes Model to 
characterize the temperature associated with the non-contact cooling water discharges (Discharge 009) 
both for the mean and maximum currents speed from the drilling operations to be conducted in the 
burger field by the drill rig Noble Discoverer.  This provides a sensitivity analysis of the numeric model 
results to the model input parameter: currents speed.  The numeric simulations were conducted for six 
(6) point discharge sources from the drill rig Noble Discoverer.  The six point discharge sources are 
identified as: engine room, motor control center (MCC) room, generator room (diesel generator I), 
generator room (diesel generator II), silicon controlled rectifier (SCR) room, and main deck. The volumes 
of the non-contact cooling water discharges from the engine room, MCC room, diesel generator I 
(generator room), diesel generator II (generator room), SCR room, and main deck are approximately: 
34,285.71, 17,142.86, 17,485.71, 17,485.71, 20,571.43, and 342.86 bbls/day, respectively. The total 
non-contact cooling water discharges (Discharge 009) from these six sources is 107,314.29 bbls/day.  
  
The thermal dispersion simulations were performed using the effluent and ambient data for the planned 
drilling period.  The planned drilling period is within the open water season of July thru October. The 
direction of the discharge was assumed to be aligned with the ambient flow direction for the modeling 
purpose since the current bends the plume in the direction of flow (Frick 2003).  
 
The potential impact assessments of the excess temperature of 0.05 degrees Celsius (°C) on the ambient 
water quality based on the US EPA Visual Plumes thermal dispersion numeric simulations both for the 
mean and maximum currents speed indicate that the discharge plume sinks deeper into the ambient 
and also wider at mean currents. It travels farther at the maximum currents. The higher ambient flow 
velocity induces enhanced mixing of the plume at the maximum currents.  Hence, the plume cools to 
within 0.05 °C of the ambient sooner after the cessation of the discharge at the maximum currents 
speed than at the mean currents speed. The areas affected by the excess temperature of 0.05 ºC at the 
maximum currents speed are generally less than those at the mean currents speed.  Therefore, mean 
currents speed represents the worst case scenario. 
 
The Visual Plumes model estimates: maximum plume depth is 5.0 meters (m); maximum plume width is 
54.0 m; maximum distance from the source is 218.0 m; maximum duration for the plume to cool within 
0.05 °C of the ambient after the cessation of the discharge is 56.0 minutes; and total area affected is 
1.34 hectares (ha). These estimates indicate low impacts on the ambient water quality from the 
temperature associated with the Discharge 009 (non-contact cooling water) of approximately 
107,314.29 bbls/day from the six (6) different outlets located on the drill ship Noble Discoverer. 
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Section 1: Introduction 
 
This technical report describes the assessments of the temperature associated with the non-contact 
cooling water discharges from the drilling operations to be performed by the drill ship the Noble 
Discoverer in the burger field, located in the Chuckchi Sea, by SHELL Alaska Venture. The drill ship Noble 
Discoverer will discharge approximately 107,314.29 barrels (bbls) per day (bbls/day) of the non-contact 
cooling water from six (6) different outlets located on this drill ship.  This constitutes the discharge 
described in Permit No.: AKG-28-8100 as Discharge 009 (non-contact cooling water). 
 
Numeric simulations for the thermal dispersion were conducted using the US EPA Visual Plumes Model 
to characterize the temperature associated with the non-contact cooling water discharges (Discharge 
009) both at the mean and maximum currents speeds during the drilling operations to be conducted in 
the burger field by the drill rig Noble Discoverer.  This provides a sensitivity analysis of the numeric 
model results to the model input parameter: currents speed. The location of the burger field in the 
Chukchi Sea is presented in Figure 1. The numeric simulations were conducted for six (6) point discharge 
sources from the drill rig Noble Discoverer as listed in Table 1.  The six point discharge sources are 
identified as: engine room, motor control center (MCC) room, generator room (diesel generator I), 
generator room (diesel generator II), silicon controlled rectifier (SCR) room, and main deck.  


 
Figure 1-1: Location of the Burger Field 
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Table 1: Non-Contact Cooling Water Discharges (009) from the Drill Rig Noble Discoverer 
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Effluent 
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Temp 
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Salinity 
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0
0
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A/C Cooling 
Water Engine 


Room 
(Starboard) Sh


ar
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d
 


1,000  34,285.71 24 6.00 5.1 30 HVAC A/C 
Cooling 
Water 


Hydraulic 
Unit, 


Compressor 
Chiller & Rig 


Brake 
Cooling 
Water 


MCC Room 
(Port) 


  500  17,142.86 24 4.00 4.2 30 


Diesel 
Generators I 


Cooling 
Water 


Generator 
Room 


(Forward 
M/C Space 


(Port))   


510  17,485.71 24 8.00 16.1 30 


Diesel 
Generators II 


Cooling 
Water 


Generator 
Room 


(Forward 
M/C Space 


(Starboard)) 


Sh
ar


e
d


 


510  17,485.71 24 8.00 16.1 30 
Diesel 


Generators II 
Re-


circulation 
Cooling 
Water 


SCR Room 
A/C Cooling 


Water 


SCR Room 
(Starboard 
/Mid Ship) 


  600  20,571.43 24 4.00 4.2 30 


Halliburton 
Cement Unit 


Cooling 
Water 


Main Deck 
(Port) 


In
te


rm
it


te
n


t 
fl


o
w


s 


10  342.86 18 - 24 4.00 12.0 30 


Total   107,314.29   bbls/day 
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1.1 The US EPA Visual Plumes Model 


 
The Visual Plumes is a mixing zone model developed by the US EPA’s Ecosystems Research Division, 
National Exposure Research Laboratory (Frick 2003). The PDS module of the Visual Plumes model was 
used for the numeric simulations of the thermal dispersion for all point discharges listed in Table 1. The 
PDS is a three-dimensional plume model that applies to the point discharges to the water bodies. The 
PDS module provides simulations for the temperature and dilution over a wide range of discharge 
conditions. It is an Eulerian integral flux model for the surface discharge into a moving ambient body of 
water that includes the effects of the surface heat transfer. The initial discharge momentum causes the 
plume to penetrate the ambient at the same time that the current bends the plume in the direction of 
flow (Frick 2003). 
  
1.2 Eff luent Data 


 
The estimated volumes of the non-contact cooling water discharges from the engine room, MCC room, 
diesel generator I (generator room), diesel generator II (generator room), SCR room, and main deck are: 
34,285.71, 17,142.86, 17,485.71, 17,485.71, 20,571.43, and 342.86 bbls/day, respectively as listed in 
Table 1. The durations of the discharge are 24 hours per day. The temperatures of the effluents to be 
discharged from the different discharge locations vary from a low of 4.2 degrees Celsius (°C) to a high of 
16.1 °C as presented in Table 1. The salinities for all the effluents are 30 Practical Salinity Scale Unit 
(psu). The discharge pipe internal diameters vary from 4.0 inches to 8.0 inches.  All effluent discharges 
occur at or the near the sea surface for the modeling purpose.  
 
1.3 Ambient Data 


 
The ambient water depth at the prospect well Burger J within the burger field location in the Chukchi 
Sea is 43.9 meters (m). The mean and maximum currents speed are approximately 0.07 and 0.25 meter 
per second (m/sec), respectively with a prevailing direction of flow to the east for the planned drilling 
period.  The temperature of the ambient water varies from 4 °C at the surface stratum to - 0.5 °C at the 
bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of the ambient 
water varies from 30 psu at the surface stratum to 32 psu at the bottom stratum, with a significant 
stratification occurring at 15 m depth.      
 
Table 2: Ambient Data for the Burger Field, Chukchi Sea  
 


Water 
Depth 


Temperature Salinity  Mean Currents Maximum Currents 


m °C Psu 
Speed 
(m/s) 


Direction 
Speed 
(m/s) 


Direction 


0 4.0 30 0.07 to the East  0.25 to the East  


43.9-45.7 -0.5 32 0.07 to the East  0.25 to the East  


 


 







4 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Section 2: Thermal Dispersion Modeling 
 
Thermal dispersion numeric simulations were performed for the six point discharge sources listed 
below.  Each discharge sources were modeled using the US EPA Visual Plumes model as described in 
Section 1. The modeling results for each source are described in details in the followings sections 3-8. 
Section 9 presents the summary and conclusion for all the point discharge sources listed below. Section 
10 lists the references cited in this report. Appendices A, B, C, D, E, F, and G describe: model input data, 
model outputs for engine room, model outputs for MCC room, model outputs for diesel generators I, 
model outputs for diesel generators II, model outputs for SCR room, and model outputs for main deck, 
respectively. 
 
The six (6) point non-contact cooling water discharge (Discharge 009) sources are: 
 


1. A/C and HVAC A/C cooling water from engine room 
2. Hydraulic unit, compressor chiller, and rig brake cooling water from MCC room 
3. Diesel generators I cooling water from the generator room 
4. Diesel generators II cooling water from the generator room 
5. SCR room A/C cooling water from SCR room 
6. Halliburton cement unit cooling water from main deck 
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Section 3: Thermal Dispersion Modeling – Engine Room 
 
The total volume of the non-contact cooling water discharges from the A/C and HVAC A/C, located in 
the engine room is 34,285.71 bbls/day. The duration of the discharge is 24 hours/day. The temperature 


and salinity of the effluent are 5.1 °C and 30 psu, respectively.  The discharge occurs from a 6.0-inch 
internal diameter pipe at or near the sea surface.  The direction of the discharge is assumed to be 
aligned with the ambient flow direction for the modeling purpose since the current bends the plume in 
the direction of flow (Frick 2003). Thermal dispersion numeric simulations were performed both for the 
mean and maximum currents. The model results both for the mean and maximum currents are 
described below. 


3.1 Non-contact Cooling Water from Engine Room at Mean Currents 


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay currents are presented in Figures 3-1, 
3-2, 3-3, 3-4, and 3-5 respectively. Figures 3-6 and 3-7 present the duration of the excess temperature 
and the area affected. 
 
Figure 3-1: Ambient and Plume Properties – Engine Room Cooling Water at Mean Currents 
 


 
 
Figure 3-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT = 23.68 kg/m3) plume to sink into the ambient to a depth of approximately 5.0 m.  
Figure 3-2 presents the width of the plume. The maximum width of the plume is approximately 40 m at 
a distance of approximately 180 m from the source. The plume trajectory presented in Figure 3-3 also 
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shows that the plume reaches a depth of 5.0 m at a distance of approximately 180 m from the source 
and attains an average dilution factor of 400 as seen in Figure 3-4. The plume center line dilution factor 
is 200. The plume temperature decay presented in Figure 3-5 shows that it has cooled to within 0.05 ºC 
of the ambient temperature (4 ºC) at a distance of approximately 15 m from the source. It takes 
approximately 1 minute after the cessation of the discharge for the plume to cool to within 0.05 °C of 
the ambient as presented in Figure 3-6. The area affected by the excess temperature of 0.05 °C or higher 
is limited to 50 square meters approximately as seen in Figure 3-7. Based on these findings, the impact 
of this release of the non-contact cooling water on the ambient is low and limited to an area of 50 
square meters only. 
 
Figure 3-2: Plume Path - Engine Room Cooling Water at Mean Currents 
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Figure 3-3: Plume Trajectory - Engine Room Cooling Water at Mean Currents 
 


 


 
 
Figure 3-4: Plume Dilution - Engine Room Cooling Water at Mean Currents 
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Figure 3-5: Plume Temperature Decay - Engine Room Cooling Water at Mean Currents 
 


 
 
 
Figure 3-6: Duration of Excess Temperature - Engine Room Cooling Water at Mean Currents 
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Figure 3-7: Area Affected by Excess Temperature - Engine Room Cooling Water at Mean Currents 
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3.2 Non-contact Cooling Water from Engine Room at Maximum Currents 


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 3-8, 3-9, 
3-10, 3-11, and 3-12 respectively. Figures 3-13 and 3-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 3-8: Ambient and Plume Properties - Engine Room Cooling Water at Maximum Currents 
 


 
 
Figure 3-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT = 23.68 kg/m3) plume to sink into the ambient to a depth of approximately 3.0 m.  
Figure 3-9 presents the width of the plume. The maximum width of the plume is approximately 20 m at 
a distance of approximately 200 m from the source. The plume trajectory presented in Figure 3-10 also 
shows that the plume reaches a depth of 3.0 m at a distance of approximately 200 m from the source 
and attains an average dilution factor of 400 as seen in Figure 3-11. The plume center line dilution factor 
is 200. The plume temperature decay presented in Figure 3-12 shows that it has cooled to within 0.05 ºC 
of the ambient temperature (4 ºC) at a distance of approximately 17 m from the source. It takes 
approximately 0.5 minutes after the cessation of the discharge for the plume to cool to within 0.05 °C of 
the ambient as presented in Figure 3-13. The area affected by the excess temperature of 0.05 °C or 
higher is limited to 30 square meters approximately as seen in Figure 3-14. Based on these findings, the 
impact of this release of the non-contact cooling water on the ambient is low and limited to an area of 
30 square meters only.  
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Figure 3-9: Plume Path - Engine Room Cooling Water at Maximum Currents 
 


 
 
Figure 3-10: Plume Trajectory - Engine Room Cooling Water at Maximum Currents 
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Figure 3-11: Plume Dilution - Engine Room Cooling Water at Maximum Currents 
 


 
 
Figure 3-12: Plume Temperature Decay - Engine Room Cooling Water at Maximum Currents 
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Figure 3-13: Duration of Excess Temperature - Engine Room Cooling Water at Maximum Currents 


 


 
Figure 3-14: Area Affected by Excess Temperature - Engine Room Cooling Water at Maximum Currents 
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Section 4: Thermal Dispersion Modeling – MCC Room 
 
The volume of the non-contact cooling water discharge from the hydraulic unit, compressor chiller & rig 
brake, located in the motor control center (MCC) room is 17,142.86 bbls/day. The duration of the 
discharge is 24 hours/day. The temperature and salinity of the effluent are 4.2 °C and 30 psu, 
respectively.  The discharge occurs from a 4.0-inch internal diameter pipe at or near the sea surface.  
The direction of the discharge is assumed to be aligned with the ambient flow direction for the modeling 
purpose since the current bends the plume in the direction of flow (Frick 2003). Thermal dispersion 
numeric simulations were performed both for the mean and maximum currents. The model results both 
for the mean and maximum currents are described below. 
 
4.1 Non-contact Cooling Water from MCC Room at Mean Currents  


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 4-1, 4-2, 4-3, 
4-4, and 4-5 respectively. Figures 4-6 and 4-7 present the duration of the excess temperature and the 
area affected.  
 
Figure 4-1: Ambient and Plume Properties - MCC Room Cooling Water at Mean Currents 
 


 
 
Figure 4-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 23.78 kg/m3) plume to sink into the ambient to a depth of approximately 4.2 m. 
Figure 4-2 presents the width of the plume. The maximum width of the plume is approximately 24 m at 
a distance of approximately 114 m from the source. The plume trajectory presented in Figure 4-3 also 
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shows that the plume reaches a depth of approximately 4.2 m at a distance of approximately 114 m 
from the source and attains an average dilution factor of 400 approximately as seen in Figure 4-4. The 
plume center line dilution factor is 200. The plume temperature decay presented in Figure 4-5 shows 
that it has cooled to within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 2 m 
from the source. It takes approximately less than 1 minute after the cessation of the discharge for the 
plume to cool to within 0.05 °C of the ambient as presented in Figure 4-6. The area affected by the 
excess temperature of 0.05 °C or higher is limited to 0.5 square meters approximately as seen in Figure 
4-7. Based on these findings, the impact of this release of the non-contact cooling water on the ambient 
is low and limited to a total area of 0.5 square meters only. 
 
Figure 4-2: Plume Path - MCC Room Cooling Water at Mean Currents 
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Figure 4-3: Plume Trajectory - MCC Room Cooling Water at Mean Currents 
 


 


 
Figure 4-4: Plume Dilution - MCC Room Cooling Water at Mean Currents 
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Figure 4-5: Plume Temperature Decay - MCC Room Cooling Water at Mean Currents 
 


 


 
Figure 4-6: Duration of Excess Temperature - MCC Room Cooling Water at Mean Currents 
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Figure 4-7: Area Affected by Excess Temperature - MCC Room Cooling Water at Mean Currents 
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4.2 Non-contact Cooling Water from MCC Room at Maximum Currents   


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 4-8, 4-9, 
4-10, 4-11, and 4-12 respectively. Figures 4-13 and 4-14 present the duration of the excess temperature 
and the area affected.  
 
Figure 4-8: Ambient and Plume Properties - MCC Room Cooling Water at Maximum Currents 
 


 
 
Figure 4-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 23.78 kg/m3) plume to sink into the ambient to a depth of approximately 2.5 m. 
Figure 4-9 presents the width of the plume. The maximum width of the plume is approximately 12.5 m 
at a distance of approximately 133 m from the source. The plume trajectory presented in Figure 4-10 
also shows that the plume reaches a depth of approximately 2.5 m at a distance of approximately 133 m 
from the source and attains an average dilution factor of 400 approximately as seen in Figure 4-11. The 
plume center line dilution factor is 200. The plume temperature decay presented in Figure 4-12 shows 
that it has cooled to within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 2 m 
from the source. It takes approximately less than 1 minute after the cessation of the discharge for the 
plume to cool to within 0.05 °C of the ambient as presented in Figure 4-13. The area affected by the 
excess temperature of 0.05 °C or higher is less than 0.5 square meters approximately as seen in Figure 
4-14. Based on these findings, the impact of this release of the non-contact cooling water on the 
ambient is low and limited to a total area of 0.5 square meters only. 
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Figure 4-9: Plume Path - MCC Room Cooling Water at Maximum Currents 
 


 


 
Figure 4-10: Plume Trajectory - MCC Room Cooling Water at Maximum Currents 
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Figure 4-11: Plume Dilution - MCC Room Cooling Water at Maximum Currents 
 


 
 
Figure 4-12: Plume Temperature Decay - MCC Room Cooling Water at Maximum Currents 
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Figure 4-13: Duration of Excess Temperature - MCC Room Cooling Water at Maximum Currents 
 


 
 
Figure 4-14: Area Affected by Excess Temperature - MCC Room Cooling Water at Maximum Currents 
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Section 5: Thermal Dispersion Modeling – Diesel Generators I  
 
The volume of the non-contact cooling water discharge from the diesel generators I, located in 
generator room is 17,485.71 bbls/day. The duration of the discharge is 24 hours/day. The temperature 
and salinity of the effluent are 16.1 °C and 30 psu, respectively.  The discharge occurs from an 8.0-inch 
internal diameter pipe at or near the sea surface.  The direction of the discharge is assumed to be 
aligned with the ambient flow direction for the modeling purpose since the current bends the plume in 
the direction of flow (Frick 2003). Thermal dispersion numeric simulations were performed both for the 
mean and maximum currents. The model results both for the mean and maximum currents are 
described below. 


5.1 Non-contact Cooling Water from Diesel  Generators I  at Mean Currents 


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 5-1, 5-2, 5-3, 
5-4, and 5-5 respectively. Figures 5-6 and 5-7 present the duration of the excess temperature and the 
area affected. 
 
Figure 5-1: Ambient and Plume Properties - Diesel Generators I Cooling Water at Mean Currents 
 


 
 
Figure 5-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 21.89 kg/m3) plume to sink into the ambient only to a depth of approximately 2.0 m. 
Figure 5-2 presents the width of the plume. The maximum width of the plume is approximately 54 m at 
a distance of approximately 216 m from the source. The plume trajectory presented in Figure 5-3 also 
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shows that the plume reaches a depth of 2 m at a distance of approximately 216 m from the source and 
attains an average dilution factor of 390 as seen in Figure 5-4. The plume center line dilution factor is 
200. The plume temperature decay presented in Figure 5-5 shows that it has cooled to within 0.05 ºC of 
the ambient temperature (4 ºC) at a distance of approximately 216 m from the source. It takes 
approximately 56 minutes after the cessation of the discharge for the plume to cool to within 0.05 °C of 
the ambient as presented in Figure 5-6. The area affected by the excess temperature of 0.05 °C or higher 
is limited to approximately 6,500 square meters as seen in Figure 5-7. Based on these findings, the 
impact of this release of the non-contact cooling water on the ambient is low and limited to an area of 
6,500 square meters. 
 
Figure 5-2: Plume Path - Diesel Generators I Cooling Water at Mean Currents 
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Figure 5-3: Plume Trajectory - Diesel Generators I Cooling Water at Mean Currents 
 


 


 
Figure 5-4: Plume Dilution - Diesel Generators I Cooling Water at Mean Currents 
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Figure 5-5: Plume Temperature Decay - Diesel Generators I Cooling Water at Mean Currents 
 


 


 
Figure 5-6: Duration of Excess Temperature - Diesel Generators Cooling Water I at Mean Currents 
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Figure 5-7: Area Affected by Excess Temperature - Diesel Generators I Cooling Water at Mean Currents 
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5.2 Non-contact Cooling Water from Diesel  Generators I  at Maximum 


Currents 


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 5-8, 5-9, 
5-10, 5-11, and 5-12 respectively. Figures 5-13 and 5-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 5-8: Ambient and Plume Properties - Diesel Generators I Cooling Water at Maximum Currents 
 


 
 
Figure 5-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 21.89 kg/m3) plume to sink into the ambient only to a depth of approximately 1.5 m. 
Figure 5-9 presents the width of the plume. The maximum width of the plume is approximately 21.5 m 
at a distance of approximately 218 m from the source. The plume trajectory presented in Figure 5-10 
also shows that the plume reaches a depth of 1.5 m at a distance of approximately 218 m from the 
source and attains an average dilution factor of 400 as seen in Figure 5-11. The plume center line 
dilution factor is 200. The plume temperature decay presented in Figure 5-12 shows that it has cooled to 
within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 218 m from the source. 
It takes approximately 18 minutes after the cessation of the discharge for the plume to cool to within 
0.05 °C of the ambient as presented in Figure 5-13. The area affected by the excess temperature of 0.05 
°C or higher is limited to approximately 2,850 square meters as seen in Figure 5-14. Based on these 
findings, the impact of this release of the non-contact cooling water on the ambient is low and limited to 
an area of 2,850 square meters. 
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Figure 5-9: Plume Path - Diesel Generators I Cooling Water at Maximum Currents 
 


 
 


Figure 5-10: Plume Trajectory - Diesel Generators I Cooling Water at Maximum Currents 
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Figure 5-11: Plume Dilution - Diesel Generators I Cooling Water at Maximum Currents 
 


 
 
Figure 5-11: Plume Temperature Decay - Diesel Generators I Cooling Water at Maximum Currents 
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Figure 5-13: Duration of Excess Temperature - Diesel Generators I Cooling Water at Maximum 
Currents 


 


 


Figure 5-14: Area Affected by Excess Temperature - Diesel Generators I Cooling Water at Maximum 
Currents 


 


0.01


0.10


1.00


10.00


100.00


0 5 10 15 20


E
x


c
e


s
s


  
T
e


m
p


e
ra


tu
re


 (
°C


)


Time (minutes)


Excess Temperature vs. Time


Excess Temp ( °C )


0.01


0.10


1.00


10.00


100.00


0.01 0.10 1.00 10.00 100.00 1000.00 10000.00


E
x


c
e


s
s


  
T
e


m
p


e
ra


tu
re


 (
ºC


)


Area (m2)


Excess  Temperature  vs.  Area 


Excess Temp ( °C )







32 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Section 6: Thermal Dispersion Modeling – Diesel Generators II  
 
The volume of the non-contact cooling water discharge from the diesel generators II, located in 
generator room is 17,485.71 bbls/day. The duration of the discharge is 24 hours/day. The temperature 
and salinity of the effluent are 16.1 °C and 30 psu, respectively.  The discharge occurs from an 8.0-inch 
internal diameter pipe at or near the sea surface.  The direction of the discharge is assumed to be 
aligned with the ambient flow direction for the modeling purpose since the current bends the plume in 
the direction of flow (Frick 2003). Thermal dispersion numeric simulations were performed both for the 
mean and maximum currents. The model results both for the mean and maximum currents are 
described below. 


6.1 Non-contact Cooling Water from Diesel  Generators I I  at Mean Currents 


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 6-1, 6-2, 6-3, 
6-4, and 6-5 respectively. Figures 6-6 and 6-7 present the duration of the excess temperature and the 
area affected. 
 
Figure 6-1: Ambient and Plume Properties - Diesel Generators II Cooling Water at Mean Currents 
 


 
 
Figure 6-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 21.89 kg/m3) plume to sink into the ambient only to a depth of approximately 2.0 m. 
Figure 6-2 presents the width of the plume. The maximum width of the plume is approximately 54 m at 
a distance of approximately 216 m from the source. The plume trajectory presented in Figure 6-3 also 
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shows that the plume reaches a depth of 2 m at a distance of approximately 216 m from the source and 
attains an average dilution factor of 390 as seen in Figure 6-4. The plume center line dilution factor is 
200. The plume temperature decay presented in Figure 6-5 shows that it has cooled to within 0.05 ºC of 
the ambient temperature (4 ºC) at a distance of approximately 216 m from the source. It takes 
approximately 56 minutes after the cessation of the discharge for the plume to cool to within 0.05 °C of 
the ambient as presented in Figure 6-6. The area affected by the excess temperature of 0.05 °C or higher 
is limited to approximately 6,500 square meters as seen in Figure 6-7. Based on these findings, the 
impact of this release of the non-contact cooling water on the ambient is low and limited to an area of 
6,500 square meters. 
 
Figure 6-2: Plume Path - Diesel Generators II Cooling Water at Mean Currents 
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Figure 6-3: Plume Trajectory - Diesel Generators II Cooling Water at Mean Currents 
 


 


 
 
Figure 6-4: Plume Dilution - Diesel Generators II Cooling Water at Mean Currents 
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Figure 6-5: Plume Temperature Decay - Diesel Generators II Cooling Water at Mean Currents 
 


 


 


Figure 6-6: Duration of Excess Temperature - Diesel Generators II Cooling Water at Mean Currents 
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Figure 6-7: Area Affected by Excess Temperature - Diesel Generators II Cooling Water at Mean 
Currents 
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6.2 Non-contact Cooling Water from Diesel Generators I I  at Maximum 


Currents 


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 6-8, 6-9, 
6-10, 6-11, and 6-12 respectively. Figures 6-13 and 6-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 6-8: Ambient and Plume Properties - Diesel Generators II Cooling Water at Maximum Currents 
 


 
 
Figure 6-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 21.89 kg/m3) plume to sink into the ambient only to a depth of approximately 1.5 m. 
Figure 6-9 presents the width of the plume. The maximum width of the plume is approximately 21.5 m 
at a distance of approximately 218 m from the source. The plume trajectory presented in Figure 6-10 
also shows that the plume reaches a depth of 1.5 m at a distance of approximately 218 m from the 
source and attains an average dilution factor of 400 as seen in Figure 6-11. The plume center line 
dilution factor is 200. The plume temperature decay presented in Figure 6-12 shows that it has cooled to 
within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 218 m from the source. 
It takes approximately 18 minutes after the cessation of the discharge for the plume to cool to within 
0.05 °C of the ambient as presented in Figure 6-13. The area affected by the excess temperature of 0.05 
°C or higher is limited to approximately 2,850 square meters as seen in Figure 6-14. Based on these 
findings, the impact of this release of the non-contact cooling water on the ambient is low and limited to 
an area of 2,850 square meters. 
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Figure 6-9: Plume Path - Diesel Generators II Cooling Water at Maximum Currents 
 


 
 


Figure 6-10: Plume Trajectory - Diesel Generators II Cooling Water at Maximum Currents 
 


 







39 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-11: Plume Dilution - Diesel Generators II Cooling Water at Maximum Currents 
 


 
 
 
Figure 6-12: Plume Temperature Decay - Diesel Generators II Cooling Water at Maximum Currents 
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Figure 6-13: Duration of Excess Temperature - Diesel Generators II Cooling Water at Maximum 
Currents 


 


 
Figure 6-14: Area Affected by Excess Temperature - Diesel Generators II Cooling Water at Maximum 
Currents 
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Section 7: Thermal Dispersion Modeling – SCR Room 
 
The volume of the non-contact cooling water discharge from the silicon controlled rectifier (SCR) room 
A/C, located in SCR room is 20, 571.43 bbls/day. The duration of the discharge is 24 hours/day. The 
temperature and salinity of the effluent are 4.2 °C and 30 psu, respectively.  The discharge occurs from a 
4.0-inch internal diameter pipe at or near the sea surface.  The direction of the discharge is assumed to 
be aligned with the ambient flow direction for the modeling purpose since the current bends the plume 
in the direction of flow (Frick 2003). Thermal dispersion numeric simulations were performed both for 
the mean and maximum currents. The model results both for the mean and maximum currents are 
described below. 
 
7.1 Non-contact Cooling Water from SCR Room at Mean Currents  


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 7-1, 7-2, 7-3, 
7-4, and 7-5 respectively. Figures 7-6 and 7-7 present the duration of the excess temperature and the 
area affected. 
 
Figure 7-1: Ambient and Plume Properties – SCR Room Cooling Water at Mean Currents 
 


 
 
Figure 7-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 23.78 kg/m3) plume to sink into the ambient to a depth of approximately 5 m. Figure 
7-2 presents the width of the plume. The maximum width of the plume is approximately 25 m at a 
distance of approximately 112 m from the source. The plume trajectory presented in Figure 7-3 also 
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shows that the plume reaches a depth of 5 m at a distance of approximately 112 m from the source and 
attains an average dilution factor of 400 as seen in Figure 7-4. The plume center line dilution factor is 
200. The plume temperature decay presented in Figure 7-5 shows that it has cooled to within 0.05 ºC of 
the ambient temperature (4 ºC) at a distance less than 2 m from the source. It takes less than 1 minute 
after the cessation of the discharge for the plume to cool to within 0.05 °C of the ambient as presented 
in Figure 7-6. The area affected by the excess temperature of 0.05 °C or higher is limited to 
approximately 0.5 square meters only as seen in Figure 7-7. Based on these findings, the impact of this 
release of the non-contact cooling water on the ambient is low and limited to a total area of 0.5 square 
meters only. 
 
Figure 7-2: Plume Path - SCR Room Cooling Water at Mean Currents 
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Figure 7-3: Plume Trajectory - SCR Room Cooling Water at Mean Currents 
 


 
 
Figure 7-4: Plume Dilution - SCR Room Cooling Water at Mean Currents 
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Figure 7-5: Plume Temperature Decay - SCR Room Cooling Water at Mean Currents 
 


 


 
Figure 7-6: Duration of Excess Temperature - SCR Room Cooling Water at Mean Currents 
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Figure 7-7: Area Affected by Excess Temperature - SCR Room Cooling Water at Mean Currents 
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7.2 Non-contact Cooling Water from SCR Room at Maximum Currents 


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 7-8, 7-9, 
7-10, 7-11, and 7-12 respectively. Figures 7-13 and 7-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 7-8: Ambient and Plume Properties – SCR Room Cooling Water at Maximum Currents 
 


 
 
Figure 7-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the initial discharge momentum causes 
the effluent (σT  = 23.78 kg/m3) plume to sink into the ambient to a depth of approximately 2.75 m. 
Figure 7-9 presents the width of the plume. The maximum width of the plume is approximately 13.5 m 
at a distance of approximately 130 m from the source. The plume trajectory presented in Figure 7-10 
also shows that the plume reaches a depth of 2.75 m at a distance of approximately 130 m from the 
source and attains an average dilution factor of 400 as seen in Figure 7-11. The plume center line 
dilution factor is 200. The plume temperature decay presented in Figure 7-12 shows that it has cooled to 
within 0.05 ºC of the ambient temperature (4 ºC) at a distance less than 2 m from the source. It takes 
less than 1 minute after the cessation of the discharge for the plume to cool to within 0.05 °C of the 
ambient as presented in Figure 7-13. The area affected by the excess temperature of 0.05 °C or higher is 
limited to approximately 0.5 square meters only as seen in Figure 7-14. Based on these findings, the 
impact of this release of the non-contact cooling water on the ambient is low and limited to a total area 
of 0.5 square meters only. 
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Figure 7-9: Plume Path - SCR Room Cooling Water at Maximum Currents 
 


 
 
Figure 7-10: Plume Trajectory - SCR Room Cooling Water at Maximum Currents 
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Figure 7-11: Plume Dilution - SCR Room Cooling Water at Maximum Currents 
 


 
 
Figure 7-12: Plume Temperature Decay - SCR Room Cooling Water at Maximum Currents 
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Figure 7-13: Duration of Excess Temperature - SCR Room Cooling Water at Maximum Currents 
 


 
 
 
Figure 7-14: Area Affected by Excess Temperature - SCR Room Cooling Water at Mean Currents 
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Section 8: Thermal Dispersion Modeling – Main Deck 
 
The volume of the non-contact cooling water discharge from the Halliburton cement unit, located in 
main deck at the middle of the ship is 342.86 bbls/day. The duration of the discharge is between 18 and 
24 hours/day. The temperature and salinity of the effluent are 12.0 °C and 30 psu, respectively.  The 
discharge occurs from a 4.0-inch internal diameter pipe at or near the sea surface.  The direction of the 
discharge is assumed to be aligned with the ambient flow direction for the modeling purpose since the 
current bends the plume in the direction of flow (Frick 2003). Thermal dispersion numeric simulations 
were performed both for the mean and maximum currents. The model results both for the mean and 
maximum currents are described below. 
 
8.1 Non-contact Cooling Water from Main Deck at Mean Currents 


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 8-1, 8-2, 8-3, 
8-4, and 8-5 respectively. Figures 8-6 and 8-7 present the duration of the excess temperature and the 
area affected. 
 
Figure 8-1: Ambient and Plume Properties – Main Deck Cooling Water at Mean Currents 
 


 
 
Figure 8-1 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the weak initial discharge momentum 
causes the effluent (σT  = 22.69 kg/m3) plume to sink into the ambient only to a depth of approximately 
0.3 m. Figure 8-2 presents the width of the plume. The maximum width of the plume is approximately 7 
m at a distance of approximately 80 m from the source. The plume trajectory presented in Figure 8-3 
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also shows that the plume reaches a depth of approximately 0.3 m at a distance of approximately 80 m 
from the source and attains an average dilution factor of 400 as seen in Figure 8-4. The plume center 
line dilution factor is 200. The plume temperature decay presented in Figure 8-5 shows that it has 
cooled to within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 65 m from the 
source. It takes approximately 15 minutes after the cessation of the discharge for the plume to cool to 
within 0.05 °C of the ambient as presented in Figure 8-6. The area affected by the excess temperature of 
0.05 ºC is limited to approximately 320 square meters as seen in Figure 8-7. Based on these findings, the 
impact of this release of the non-contact cooling water on the ambient is low and limited to an area of 
320 square meters only. 
 
Figure 8-2: Plume Path - Main Deck Cooling Water at Mean Currents 
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Figure 8-3: Plume Trajectory - Main Deck Cooling Water at Mean Currents 
 


 
 
Figure 8-4: Plume Dilution - Main Deck Cooling Water at Mean Currents 
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Figure 8-5: Plume Temperature Decay - Main Deck Cooling Water at Mean Currents 
 


 


 
Figure 8-6: Duration of Excess Temperature - Main Deck Cooling Water at Mean Currents 
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Figure 8-7: Area Affected by Excess Temperature - Main Deck Cooling Water at Mean Currents 
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8.2 Non-contact Cooling Water from Main Deck at Maximum Currents  


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 8-8, 8-9, 
8-10, 8-11, and 8-12 respectively. Figures 8-13 and 8-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 8-8: Ambient and Plume Properties – Main Deck Cooling Water at Maximum Currents 
 


 
 
Figure 8-8 presents the ambient and plume densities (σT) versus the depth from the sea surface. The 
ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. As seen 
above, the thermal plume is released near the sea surface and the weak initial discharge momentum 
causes the effluent (σT  = 22.69 kg/m3) plume to sink into the ambient only to a depth of approximately 
0.2 m. Figure 8-9 presents the width of the plume. The maximum width of the plume is approximately 3 
m at a distance of approximately 105 m from the source. The plume trajectory presented in Figure 8-10 
also shows that the plume reaches a depth of approximately 0.2 m at a distance of approximately 105 m 
from the source and attains an average dilution factor of 400 as seen in Figure 8-11. The plume center 
line dilution factor is 200. The plume temperature decay presented in Figure 8-12 shows that it has 
cooled to within 0.05 ºC of the ambient temperature (4 ºC) at a distance of approximately 85 m from the 
source. It takes approximately 5.5 minutes after the cessation of the discharge for the plume to cool to 
within 0.05 °C of the ambient as presented in Figure 8-13. The area affected by the excess temperature 
of 0.05 ºC is limited to approximately 115 square meters as seen in Figure 8-14. Based on these findings, 
the impact of this release of the non-contact cooling water on the ambient is low and limited to an area 
of 115 square meters only. 
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Figure 8-9: Plume Path - Main Deck Cooling Water at Maximum Currents 
 


 


 
Figure 8-10: Plume Trajectory - Main Deck Cooling Water at Maximum Currents 
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Figure 8-11: Plume Dilution - Main Deck Cooling Water at Maximum Currents 
 


 
 
Figure 8-12: Plume Temperature Decay - Main Deck Cooling Water at Maximum Currents 
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Figure 8-13: Duration of Excess Temperature - Main Deck Cooling Water at Maximum Currents 
 


 


Figure 8-14: Area Affected by Excess Temperature - Main Deck Cooling Water at Maximum Currents 
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Section 9: Summary and Conclusion 
 


9.1 Objective 


 
The primary objective of this environmental numeric modeling was to conduct an assessments of the 
temperature associated with the non-contact cooling water discharges from the drilling operations to be 
performed by the drill ship the Noble Discoverer in the burger field, located in the Chuckchi Sea, by 
SHELL Alaska Venture. The drill ship Noble Discoverer will discharge approximately 107,314.29 barrels 
(bbls) per day (bbls/day) of the non-contact cooling water from six (6) different outlets located on this 
drill ship.  This constitutes the discharge described in the Permit No.: AKG-28-8100 as Discharge 009 
(non-contact cooling water). 
 
9.2 Modeling Assessments  


  
Numeric modeling for the thermal dispersion were conducted using the US EPA Visual Plumes Model to 
characterize the temperature associated with the non-contact cooling water discharges (Discharge 009) 
both for the mean and maximum currents speed from the drilling operations to be conducted in the 
burger field by the drill rig Noble Discoverer.  This provides a sensitivity analysis of the numeric model 
results to the model input parameter: currents speed. The numeric simulations were conducted for six 
(6) point discharge sources from the drill rig Noble Discoverer.  The six point discharge sources are 
identified as: engine room, motor control center (MCC) room, generator room (diesel generator I), 
generator room (diesel generator II), silicon controlled rectifier (SCR) room, and main deck. The volumes 
of the non-contact cooling water discharges from the engine room, MCC room, diesel generator I 
(generator room), diesel generator II (generator room), SCR room, and main deck are approximately: 
34,285.71, 17,142.86, 17,485.71, 17,485.71, 20,571.43, and 342.86 bbls/day, respectively. The total 
non-contact cooling water discharges (Discharge 009) from these six sources is 107,314.29 bbls/day.  
  
The thermal dispersion simulations were performed using the effluent and ambient data for the planned 
drilling period.  The planned drilling period is within the open water season of July thru October. The 
direction of the discharge was assumed to be aligned with the ambient flow direction for the modeling 
purpose since the current bends the plume in the direction of flow (Frick 2003).  
 
The potential impact assessments of the excess temperature of 0.05 °C on the ambient water quality 
based on the US EPA Visual Plumes thermal dispersion numeric simulations both for the mean and 
maximum currents speed are presented in Table 3.  The discharge plume sinks deeper into the ambient 
and also wider at mean currents.  It travels farther at the maximum currents. The higher ambient flow 
velocity induces enhanced mixing of the plume at the maximum currents.  Hence, the plume cools to 
within 0.05 °C of the ambient sooner after the cessation of the discharge at the maximum currents 
speed than at the mean currents speed. The areas affected by the excess temperature of 0.05 ºC at the 
maximum currents speed are generally less than those at the mean currents speed.  Therefore, mean 
currents speed represents the worst case scenario. 
 
The Visual Plumes model estimates: maximum plume depth is 5.0 m; maximum plume width is 54.0 m; 
maximum distance from the source is 218.0 m; maximum duration for the plume to cool within 0.05 °C 
of the ambient after the cessation of the discharge is 56.0 minutes; and total area affected is 1.34 
hectares (ha). These estimates indicate low impacts on the ambient water quality from the temperature 
associated with the Discharge 009 (non-contact cooling water) of approximately 107,314.29 barrels 
(bbls) per day from the six (6) different outlets located on the drill ship Noble Discoverer. 
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Table 3: Impact Assessments of Discharge 009 on the Ambient Water Quality 
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Total Discharge =   107,314.29 bbls/day;  Total Maximum Area Affected = 1.34  Hectares Low 
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Appendix A: Model Input Data   
 


Table A.1: Input Data for Discharge 009 from Noble Discoverer, the Burger Field, Chukchi Sea 
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Description Location gpm bbls/day 
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Cooling 
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Total   107,314.29   bbls/day 
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Table A.2: Input Data for the Ambient, July – October, the Burger Field, Chukchi Sea 


 


Water 
Depth 


Temperature Salinity  Mean Currents Maximum Currents 


m °C psu 
Speed 
(m/s) 


Direction 
Speed 
(m/s) 


Direction 


0 4 30 0.07 to the East  0.25 to the East  


43.9-45.7 -0.5 32 0.07 to the East  0.25 to the East  
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Appendix B: Model Outputs for Engine Room 
 
Table B.1: Visual Plumes Model Output Data for Engine Room at Mean Currents 
 


- FLOATING WARM WATER JETS -- June 1999PAGE 1 
       1 : case # 


            


                


                AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; VEL.   
    HEAT CONVECTION = 2 


    
0.07 M/S 


      


                DISCHARGE CONDITIONS : TEMP. = 5.1 C; DEPTH = 0.14 M.      


ANGLE 0 DEG ; DISCHARGE RATE = 0.06 CU-M/S 
       DISCHARGE DENSIMENTRIC FROUDE NO. = 228.29 


          ; WIDTH = 0.13 M. 
           


                X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)             (DEG. C) (SEC.) (DILU.)   


        


                0.12 0 1.116 3.23E-02 2 1 0.21 0.21 
        0.13 0 1.087 3.51E-02 2.05 1.03 0.21 0.22 
        0.14 0 1.06 3.81E-02 2.11 1.05 0.21 0.22 
        0.15 0 1.035 4.11E-02 2.16 1.08 0.21 0.23 
        0.16 0 1.012 4.41E-02 2.21 1.1 0.22 0.24 
        0.17 0 0.99 4.73E-02 2.25 1.13 0.22 0.25 
        0.18 0 0.97 5.05E-02 2.3 1.15 0.22 0.26 
        0.2 0 0.932 5.71E-02 2.39 1.2 0.22 0.28 
        0.22 0 0.898 6.39E-02 2.48 1.24 0.22 0.3 
        0.24 0 0.868 7.10E-02 2.57 1.29 0.23 0.31 
        0.26 0 0.84 7.84E-02 2.66 1.33 0.23 0.33 
        0.3 0 0.791 9.37E-02 2.82 1.41 0.23 0.36 
        0.34 0 0.749 1.10E-01 2.98 1.49 0.24 0.4 
        0.38 0 0.712 1.27E-01 3.14 1.57 0.24 0.43 
        0.43 0 0.679 1.45E-01 3.29 1.64 0.25 0.46 
        0.51 0 0.623 1.83E-01 3.58 1.79 0.26 0.52 
        0.59 0 0.577 2.24E-01 3.87 1.93 0.27 0.58 
        0.67 0 0.539 2.69E-01 4.15 2.07 0.28 0.63 
        0.75 0 0.505 3.16E-01 4.42 2.21 0.29 0.69 
        0.92 0 0.451 4.19E-01 4.96 2.48 0.32 0.8 
        1.08 0 0.408 5.33E-01 5.49 2.74 0.34 0.9 
        1.25 0 0.373 6.58E-01 6.01 3 0.36 1.01 
        1.41 0 0.343 7.94E-01 6.52 3.26 0.38 1.11 
        1.58 0 0.318 9.40E-01 7.03 3.52 0.4 1.21 
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1.74 0 0.297 1.10E+00 7.54 3.77 0.43 1.31 
        2.07 0 0.262 1.44E+00 8.55 4.27 0.47 1.5 
        2.4 0 0.235 1.82E+00 9.55 4.77 0.51 1.69 
        2.73 0 0.213 2.24E+00 10.54 5.27 0.55 1.87 
        3.06 0 0.195 2.70E+00 11.53 5.76 0.59 2.05 
        3.39 0 0.179 3.19E+00 12.51 6.25 0.63 2.23 
        3.72 0 0.166 3.72E+00 13.48 6.74 0.67 2.41 
        4.37 0 0.146 4.89E+00 15.42 7.71 0.75 2.75 
        5.03 0 0.13 6.18E+00 17.34 8.67 0.82 3.09 
        5.69 0 0.117 7.61E+00 19.25 9.62 0.89 3.42 
        6.35 0 0.106 9.16E+00 21.14 10.57 0.95 3.74 
        7.01 0 0.098 1.08E+01 23.01 11.51 1.01 4.05 
        7.66 0 0.09 1.26E+01 24.88 12.44 1.07 4.36 
        8.32 0 0.084 1.45E+01 26.73 13.36 1.13 4.66 
        8.98 0 0.079 1.65E+01 28.57 14.28 1.19 4.96 
        9.64 0 0.074 1.86E+01 30.4 15.2 1.24 5.25 
        10.3 0 0.07 2.08E+01 32.22 16.11 1.29 5.53 
        10.95 0 0.066 2.31E+01 34.02 17.01 1.34 5.82 
        11.61 0 0.063 2.55E+01 35.82 17.91 1.39 6.09 
        12.27 0 0.06 2.80E+01 37.61 18.8 1.44 6.37 
        12.93 0 0.057 3.06E+01 39.39 19.69 1.49 6.64 
        13.58 0 0.055 3.33E+01 41.16 20.58 1.53 6.9 
        14.24 0 0.052 3.60E+01 42.92 21.46 1.57 7.17 
        14.9 0 0.05 3.89E+01 44.67 22.33 1.61 7.42 
        15.56 0 0.048 4.18E+01 46.41 23.21 1.65 7.68 
        16.22 0 0.047 4.47E+01 48.15 24.07 1.69 7.93 
        16.87 0 0.045 4.78E+01 49.88 24.94 1.73 8.18 
        17.53 0 0.043 5.09E+01 51.6 25.8 1.77 8.43 
        18.19 0 0.042 5.41E+01 53.31 26.66 1.81 8.67 
        18.85 0 0.041 5.74E+01 55.02 27.51 1.84 8.91 
        19.51 0 0.04 6.07E+01 56.72 28.36 1.88 9.15 
        20.16 0 0.038 6.41E+01 58.41 29.2 1.91 9.38 
        20.82 0 0.037 6.76E+01 60.09 30.05 1.94 9.62 
        21.48 0 0.036 7.11E+01 61.77 30.89 1.98 9.85 
        22.14 0 0.035 7.47E+01 63.45 31.72 2.01 10.07 
        22.8 0 0.034 7.84E+01 65.12 32.56 2.04 10.3 
        23.45 0 0.034 8.21E+01 66.78 33.39 2.07 10.52 
        24.11 0 0.033 8.58E+01 68.43 34.22 2.1 10.74 
        24.77 0 0.032 8.96E+01 70.08 35.04 2.13 10.96 
        25.43 0 0.031 9.35E+01 71.73 35.86 2.16 11.18 
        26.09 0 0.031 9.74E+01 73.37 36.68 2.18 11.4 
        26.74 0 0.03 1.01E+02 75 37.5 2.21 11.61 
        27.4 0 0.029 1.05E+02 76.63 38.32 2.24 11.82 
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28.06 0 0.029 1.09E+02 78.26 39.13 2.26 12.03 
        28.72 0 0.028 1.14E+02 79.88 39.94 2.29 12.24 
        29.38 0 0.027 1.18E+02 81.49 40.75 2.32 12.45 
        30.03 0 0.027 1.22E+02 83.1 41.55 2.34 12.65 
        30.69 0 0.026 1.26E+02 84.71 42.35 2.37 12.85 
        31.35 0 0.026 1.31E+02 86.31 43.15 2.39 13.05 
        32.01 0 0.025 1.35E+02 87.9 43.95 2.41 13.25 
        32.67 0 0.025 1.39E+02 89.5 44.75 2.44 13.45 
        33.32 0 0.025 1.44E+02 91.08 45.54 2.46 13.65 
        33.98 0 0.024 1.48E+02 92.67 46.33 2.48 13.84 
        34.64 0 0.024 1.53E+02 94.25 47.12 2.51 14.04 
        35.3 0 0.023 1.57E+02 95.82 47.91 2.53 14.23 
        35.96 0 0.023 1.62E+02 97.4 48.7 2.55 14.42 
        36.61 0 0.023 1.66E+02 98.96 49.48 2.57 14.61 
        37.27 0 0.022 1.71E+02 100.53 50.26 2.59 14.8 
        37.93 0 0.022 1.76E+02 102.09 51.05 2.61 14.99 
        38.59 0 0.022 1.81E+02 103.65 51.82 2.63 15.17 
        39.24 0 0.021 1.85E+02 105.2 52.6 2.65 15.36 
        39.9 0 0.021 1.90E+02 106.75 53.38 2.67 15.54 
        40.56 0 0.021 1.95E+02 108.3 54.15 2.69 15.72 
        41.22 0 0.02 2.00E+02 109.84 54.92 2.71 15.9 
        41.88 0 0.02 2.05E+02 111.39 55.69 2.73 16.08 
        42.53 0 0.02 2.10E+02 112.92 56.46 2.75 16.26 
        43.19 0 0.02 2.15E+02 114.46 57.23 2.77 16.44 
        43.85 0 0.019 2.20E+02 115.99 57.99 2.79 16.62 
        44.51 0 0.019 2.25E+02 117.52 58.76 2.81 16.79 
        45.17 0 0.019 2.30E+02 119.04 59.52 2.83 16.97 
        45.82 0 0.019 2.35E+02 120.57 60.28 2.84 17.14 
        46.48 0 0.018 2.40E+02 122.09 61.04 2.86 17.31 
        47.14 0 0.018 2.45E+02 123.6 61.8 2.88 17.48 
        47.8 0 0.018 2.50E+02 125.12 62.56 2.9 17.66 
        48.46 0 0.018 2.56E+02 126.63 63.31 2.91 17.83 
        49.11 0 0.017 2.61E+02 128.14 64.07 2.93 17.99 
        49.77 0 0.017 2.66E+02 129.64 64.82 2.95 18.16 
        50.43 0 0.017 2.71E+02 131.15 65.57 2.96 18.33 
        51.09 0 0.017 2.77E+02 132.65 66.32 2.98 18.5 
        51.75 0 0.017 2.82E+02 134.15 67.07 3 18.66 
        52.4 0 0.016 2.87E+02 135.64 67.82 3.01 18.82 
        53.06 0 0.016 2.93E+02 137.14 68.57 3.03 18.99 
        53.72 0 0.016 2.98E+02 138.63 69.31 3.04 19.15 
        54.38 0 0.016 3.04E+02 140.12 70.06 3.06 19.31 
        55.04 0 0.016 3.09E+02 141.6 70.8 3.08 19.47 
        55.69 0 0.016 3.15E+02 143.09 71.54 3.09 19.63 
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56.35 0 0.015 3.20E+02 144.57 72.29 3.11 19.79 
        57.01 0 0.015 3.26E+02 146.05 73.03 3.12 19.95 
        57.67 0 0.015 3.31E+02 147.53 73.76 3.14 20.11 
        58.33 0 0.015 3.37E+02 149.01 74.5 3.15 20.27 
        58.98 0 0.015 3.42E+02 150.48 75.24 3.17 20.42 
        59.64 0 0.015 3.48E+02 151.95 75.98 3.18 20.58 
        60.3 0 0.015 3.54E+02 153.42 76.71 3.19 20.74 
        60.96 0 0.014 3.59E+02 154.89 77.44 3.21 20.89 
        61.62 0 0.014 3.65E+02 156.36 78.18 3.22 21.04 
        62.27 0 0.014 3.71E+02 157.82 78.91 3.24 21.2 
        62.93 0 0.014 3.77E+02 159.28 79.64 3.25 21.35 
        63.59 0 0.014 3.82E+02 160.74 80.37 3.26 21.5 
        64.25 0 0.014 3.88E+02 162.2 81.1 3.28 21.65 
        64.9 0 0.014 3.94E+02 163.66 81.83 3.29 21.8 
        65.56 0 0.013 4.00E+02 165.11 82.56 3.31 21.95 
        66.22 0 0.013 4.06E+02 166.57 83.28 3.32 22.1 
        66.88 0 0.013 4.11E+02 168.02 84.01 3.33 22.25 
        67.54 0 0.013 4.17E+02 169.47 84.73 3.35 22.4 
        68.19 0 0.013 4.23E+02 170.92 85.46 3.36 22.54 
        68.85 0 0.013 4.29E+02 172.36 86.18 3.37 22.69 
        69.51 0 0.013 4.35E+02 173.81 86.9 3.38 22.84 
        70.17 0 0.013 4.41E+02 175.25 87.62 3.4 22.98 
        70.83 0 0.013 4.47E+02 176.69 88.35 3.41 23.13 
        71.48 0 0.012 4.53E+02 178.13 89.07 3.42 23.27 
        72.14 0 0.012 4.59E+02 179.57 89.79 3.44 23.41 
        72.8 0 0.012 4.65E+02 181.01 90.5 3.45 23.56 
        73.46 0 0.012 4.71E+02 182.44 91.22 3.46 23.7 
        74.12 0 0.012 4.77E+02 183.88 91.94 3.47 23.84 
        74.77 0 0.012 4.83E+02 185.31 92.66 3.48 23.98 
        75.43 0 0.012 4.89E+02 186.74 93.37 3.5 24.13 
        76.09 0 0.012 4.95E+02 188.17 94.09 3.51 24.27 
        76.75 0 0.012 5.02E+02 189.6 94.8 3.52 24.41 
        77.41 0 0.012 5.08E+02 191.03 95.51 3.53 24.55 
        78.06 0 0.012 5.14E+02 192.45 96.23 3.54 24.68 
        78.72 0 0.011 5.20E+02 193.88 96.94 3.56 24.82 
        79.38 0 0.011 5.26E+02 195.3 97.65 3.57 24.96 
        80.04 0 0.011 5.32E+02 196.72 98.36 3.58 25.1 
        80.7 0 0.011 5.39E+02 198.14 99.07 3.59 25.24 
        81.35 0 0.011 5.45E+02 199.56 99.78 3.6 25.37 
        82.01 0 0.011 5.51E+02 200.98 100.49 3.61 25.51 
        82.67 0 0.011 5.57E+02 202.4 101.2 3.63 25.64 
        83.33 0 0.011 5.64E+02 203.82 101.91 3.64 25.78 
        83.99 0 0.011 5.70E+02 205.23 102.62 3.65 25.91 
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84.64 0 0.011 5.76E+02 206.64 103.32 3.66 26.05 
        85.3 0 0.011 5.83E+02 208.06 104.03 3.67 26.18 
        85.96 0 0.011 5.89E+02 209.47 104.73 3.68 26.31 
        86.62 0 0.011 5.95E+02 210.88 105.44 3.69 26.45 
        87.27 0 0.01 6.02E+02 212.29 106.14 3.7 26.58 
        87.93 0 0.01 6.08E+02 213.7 106.85 3.71 26.71 
        88.59 0 0.01 6.14E+02 215.1 107.55 3.73 26.84 
        89.25 0 0.01 6.21E+02 216.51 108.25 3.74 26.97 
        89.91 0 0.01 6.27E+02 217.91 108.96 3.75 27.1 
        90.56 0 0.01 6.34E+02 219.32 109.66 3.76 27.24 
        91.22 0 0.01 6.40E+02 220.72 110.36 3.77 27.37 
        91.88 0 0.01 6.47E+02 222.12 111.06 3.78 27.49 
        92.54 0 0.01 6.53E+02 223.52 111.76 3.79 27.62 
        93.2 0 0.01 6.60E+02 224.92 112.46 3.8 27.75 
        93.85 0 0.01 6.66E+02 226.32 113.16 3.81 27.88 
        94.51 0 0.01 6.73E+02 227.72 113.86 3.82 28.01 
        95.17 0 0.01 6.79E+02 229.12 114.56 3.83 28.14 
        95.83 0 0.01 6.86E+02 230.51 115.26 3.84 28.26 
        96.49 0 0.01 6.92E+02 231.91 115.95 3.85 28.39 
        97.14 0 0.01 6.99E+02 233.3 116.65 3.86 28.52 
        97.8 0 0.009 7.05E+02 234.7 117.35 3.87 28.64 
        98.46 0 0.009 7.12E+02 236.09 118.05 3.88 28.77 
        99.12 0 0.009 7.19E+02 237.48 118.74 3.89 28.89 
        99.78 0 0.009 7.25E+02 238.87 119.44 3.9 29.02 
        100.43 0 0.009 7.32E+02 240.26 120.13 3.91 29.14 
        101.09 0 0.009 7.38E+02 241.65 120.83 3.92 29.27 
        101.75 0 0.009 7.45E+02 243.04 121.52 3.93 29.39 
        102.41 0 0.009 7.52E+02 244.43 122.22 3.94 29.51 
        103.07 0 0.009 7.58E+02 245.82 122.91 3.95 29.64 
        103.72 0 0.009 7.65E+02 247.2 123.6 3.96 29.76 
        104.38 0 0.009 7.72E+02 248.59 124.29 3.97 29.88 
        105.04 0 0.009 7.78E+02 249.97 124.99 3.98 30 
        105.7 0 0.009 7.85E+02 251.36 125.68 3.99 30.13 
        106.36 0 0.009 7.92E+02 252.74 126.37 4 30.25 
        107.01 0 0.009 7.99E+02 254.12 127.06 4.01 30.37 
        107.67 0 0.009 8.05E+02 255.51 127.75 4.02 30.49 
        108.33 0 0.009 8.12E+02 256.89 128.44 4.03 30.61 
        108.99 0 0.009 8.19E+02 258.27 129.13 4.04 30.73 
        109.65 0 0.009 8.26E+02 259.65 129.82 4.05 30.85 
        110.3 0 0.008 8.32E+02 261.03 130.51 4.05 30.97 
        110.96 0 0.008 8.39E+02 262.41 131.2 4.06 31.09 
        111.62 0 0.008 8.46E+02 263.78 131.89 4.07 31.21 
        112.28 0 0.008 8.53E+02 265.16 132.58 4.08 31.33 
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112.93 0 0.008 8.60E+02 266.54 133.27 4.09 31.44 
        113.59 0 0.008 8.66E+02 267.91 133.96 4.1 31.56 
        114.25 0 0.008 8.73E+02 269.29 134.64 4.11 31.68 
        114.91 0 0.008 8.80E+02 270.66 135.33 4.12 31.8 
        115.57 0 0.008 8.87E+02 272.04 136.02 4.13 31.91 
        116.22 0 0.008 8.94E+02 273.41 136.71 4.14 32.03 
        116.88 0 0.008 9.01E+02 274.79 137.39 4.15 32.15 
        117.54 0 0.008 9.08E+02 276.16 138.08 4.15 32.26 
        118.2 0 0.008 9.15E+02 277.53 138.76 4.16 32.38 
        118.86 0 0.008 9.21E+02 278.9 139.45 4.17 32.5 
        119.51 0 0.008 9.28E+02 280.27 140.14 4.18 32.61 
        120.17 0 0.008 9.35E+02 281.64 140.82 4.19 32.73 
        120.83 0 0.008 9.42E+02 283.01 141.51 4.2 32.84 
        121.49 0 0.008 9.49E+02 284.38 142.19 4.21 32.96 
        122.15 0 0.008 9.56E+02 285.75 142.88 4.22 33.07 
        122.8 0 0.008 9.63E+02 287.12 143.56 4.23 33.18 
        123.46 0 0.008 9.70E+02 288.49 144.24 4.23 33.3 
        124.12 0 0.008 9.77E+02 289.85 144.93 4.24 33.41 
        124.78 0 0.008 9.84E+02 291.22 145.61 4.25 33.52 
        125.44 0 0.008 9.91E+02 292.59 146.29 4.26 33.64 
        126.09 0 0.008 9.98E+02 293.95 146.98 4.27 33.75 
        126.75 0 0.007 1.00E+03 295.32 147.66 4.28 33.86 
        127.41 0 0.007 1.01E+03 296.68 148.34 4.28 33.97 
        128.07 0 0.007 1.02E+03 298.05 149.02 4.29 34.09 
        128.73 0 0.007 1.03E+03 299.41 149.71 4.3 34.2 
        129.38 0 0.007 1.03E+03 300.77 150.39 4.31 34.31 
        130.04 0 0.007 1.04E+03 302.14 151.07 4.32 34.42 
        130.7 0 0.007 1.05E+03 303.5 151.75 4.33 34.53 
        131.36 0 0.007 1.05E+03 304.86 152.43 4.34 34.64 
        132.02 0 0.007 1.06E+03 306.22 153.11 4.34 34.75 
        132.67 0 0.007 1.07E+03 307.59 153.79 4.35 34.86 
        133.33 0 0.007 1.08E+03 308.95 154.47 4.36 34.97 
        133.99 0 0.007 1.08E+03 310.31 155.15 4.37 35.08 
        134.65 0 0.007 1.09E+03 311.67 155.83 4.38 35.19 
        135.3 0 0.007 1.10E+03 313.03 156.51 4.38 35.3 
        135.96 0 0.007 1.10E+03 314.39 157.19 4.39 35.41 
        136.62 0 0.007 1.11E+03 315.75 157.87 4.4 35.52 
        137.28 0 0.007 1.12E+03 317.11 158.55 4.41 35.63 
        137.94 0 0.007 1.13E+03 318.46 159.23 4.42 35.74 
        138.59 0 0.007 1.13E+03 319.82 159.91 4.43 35.84 
        139.25 0 0.007 1.14E+03 321.18 160.59 4.43 35.95 
        139.91 0 0.007 1.15E+03 322.54 161.27 4.44 36.06 
        140.57 0 0.007 1.15E+03 323.89 161.95 4.45 36.17 
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141.23 0 0.007 1.16E+03 325.25 162.63 4.46 36.27 
        141.88 0 0.007 1.17E+03 326.61 163.3 4.47 36.38 
        142.54 0 0.007 1.18E+03 327.96 163.98 4.47 36.49 
        143.2 0 0.007 1.18E+03 329.32 164.66 4.48 36.59 
        143.86 0 0.007 1.19E+03 330.68 165.34 4.49 36.7 
        144.52 0 0.007 1.20E+03 332.03 166.02 4.5 36.81 
        145.17 0 0.007 1.20E+03 333.39 166.69 4.5 36.91 
        145.83 0 0.007 1.21E+03 334.74 167.37 4.51 37.02 
        146.49 0 0.007 1.22E+03 336.09 168.05 4.52 37.12 
        147.15 0 0.007 1.23E+03 337.45 168.72 4.53 37.23 
        147.81 0 0.007 1.23E+03 338.8 169.4 4.54 37.33 
        148.46 0 0.006 1.24E+03 340.16 170.08 4.54 37.44 
        149.12 0 0.006 1.25E+03 341.51 170.75 4.55 37.54 
        149.78 0 0.006 1.26E+03 342.86 171.43 4.56 37.65 
        150.44 0 0.006 1.26E+03 344.21 172.11 4.57 37.75 
        151.1 0 0.006 1.27E+03 345.57 172.78 4.57 37.85 
        151.75 0 0.006 1.28E+03 346.92 173.46 4.58 37.96 
        152.41 0 0.006 1.28E+03 348.27 174.14 4.59 38.06 
        153.07 0 0.006 1.29E+03 349.62 174.81 4.6 38.17 
        153.73 0 0.006 1.30E+03 350.97 175.49 4.6 38.27 
        154.39 0 0.006 1.31E+03 352.33 176.16 4.61 38.37 
        155.04 0 0.006 1.31E+03 353.68 176.84 4.62 38.47 
        155.7 0 0.006 1.32E+03 355.03 177.51 4.63 38.58 
        156.36 0 0.006 1.33E+03 356.38 178.19 4.63 38.68 
        157.02 0 0.006 1.34E+03 357.73 178.86 4.64 38.78 
        157.68 0 0.006 1.34E+03 359.08 179.54 4.65 38.88 
        158.33 0 0.006 1.35E+03 360.43 180.21 4.66 38.99 
        158.99 0 0.006 1.36E+03 361.78 180.89 4.66 39.09 
        159.65 0 0.006 1.36E+03 363.13 181.56 4.67 39.19 
        160.31 0 0.006 1.37E+03 364.48 182.24 4.68 39.29 
        160.97 0 0.006 1.38E+03 365.83 182.91 4.69 39.39 
        161.62 0 0.006 1.39E+03 367.18 183.59 4.69 39.49 
        162.28 0 0.006 1.39E+03 368.52 184.26 4.7 39.59 
        162.94 0 0.006 1.40E+03 369.87 184.94 4.71 39.69 
        163.6 0 0.006 1.41E+03 371.22 185.61 4.72 39.79 
        164.25 0 0.006 1.42E+03 372.57 186.28 4.72 39.89 
        164.91 0 0.006 1.42E+03 373.92 186.96 4.73 39.99 
        165.57 0 0.006 1.43E+03 375.26 187.63 4.74 40.09 
        166.23 0 0.006 1.44E+03 376.61 188.31 4.74 40.19 
        166.89 0 0.006 1.45E+03 377.96 188.98 4.75 40.29 
        167.54 0 0.006 1.45E+03 379.31 189.65 4.76 40.39 
        168.2 0 0.006 1.46E+03 380.65 190.33 4.77 40.49 
        168.86 0 0.006 1.47E+03 382 191 4.77 40.59 
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169.52 0 0.006 1.48E+03 383.35 191.67 4.78 40.69 
        170.18 0 0.006 1.48E+03 384.7 192.35 4.79 40.79 
        170.83 0 0.006 1.49E+03 386.04 193.02 4.8 40.89 
        171.49 0 0.006 1.50E+03 387.39 193.69 4.8 40.98 
        172.15 0 0.006 1.51E+03 388.73 194.37 4.81 41.08 
        172.81 0 0.006 1.51E+03 390.08 195.04 4.82 41.18 
        173.47 0 0.006 1.52E+03 391.43 195.71 4.82 41.28 
        174.12 0 0.006 1.53E+03 392.77 196.39 4.83 41.38 
        174.78 0 0.006 1.54E+03 394.12 197.06 4.84 41.47 
        


                


                


                
A R E A S OF E X C E       


1 : case # 
            


                


                EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
         (DEG. C) (SQ. M) 


              0.06 3.05E+01 
              0.11 7.10E+00 
              0.17 2.81E+00 
              0.22 1.45E+00 
              0.28 8.40E-01 
              0.33 5.14E-01 
              0.39 3.35E-01 
              0.45 2.26E-01 
              0.5 1.58E-01 
              0.56 1.12E-01 
              0.61 8.21E-02 
              0.67 6.14E-02 
              0.73 4.52E-02 
              0.78 3.49E-02 
              0.84 2.70E-02 
              0.89 2.12E-02 
              0.95 1.69E-02 
              1 1.36E-02 
              1.06 1.09E-02 
              1.12 7.53E-03 
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Table B.2: Visual Plumes Model Output Data for Engine Room at Maximum Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
   1 : case # 


        


            


            AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; VEL. 0.25 M/S 


HEAT CONVECTION = 2 
        


            DISCHARGE CONDITIONS : TEMP. = 5.1 C; DEPTH = 0.14 M. 
 ; WIDTH = 0.13 M. 


       
ANGLE 0 DEG ; DISCHARGE RATE = 0.06 


CU-
M/S 


   DISCHARGE DENSIMENTRIC FROUDE NO. = 228.29 
      


            


            X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 
DEPTH (M.) WIDTH (M.) 


        (DEG. C) (SEC.) (DILU.)   


    


            0.12 0 1.116 3.23E-02 2 1 0.21 0.2 
    0.13 0 1.087 3.51E-02 2.05 1.03 0.21 0.21 
    0.14 0 1.061 3.80E-02 2.1 1.05 0.21 0.22 
    0.15 0 1.037 4.10E-02 2.15 1.08 0.21 0.23 
    0.16 0 1.014 4.41E-02 2.2 1.1 0.21 0.24 
    0.17 0 0.992 4.72E-02 2.25 1.12 0.21 0.24 
    0.18 0 0.972 5.04E-02 2.3 1.15 0.21 0.25 
    0.2 0 0.935 5.69E-02 2.39 1.19 0.21 0.27 
    0.22 0 0.902 6.37E-02 2.47 1.24 0.22 0.28 
    0.24 0 0.872 7.06E-02 2.56 1.28 0.22 0.3 
    0.26 0 0.844 7.78E-02 2.64 1.32 0.22 0.31 
    0.3 0 0.796 9.28E-02 2.8 1.4 0.22 0.34 
    0.34 0 0.754 1.09E-01 2.96 1.48 0.23 0.37 
    0.38 0 0.717 1.25E-01 3.11 1.56 0.23 0.4 
    0.43 0 0.685 1.42E-01 3.26 1.63 0.24 0.43 
    0.51 0 0.63 1.79E-01 3.54 1.77 0.25 0.48 
    0.59 0 0.584 2.18E-01 3.82 1.91 0.26 0.53 
    0.67 0 0.546 2.60E-01 4.09 2.04 0.26 0.58 
    0.75 0 0.513 3.04E-01 4.35 2.18 0.27 0.62 
    0.92 0 0.46 3.99E-01 4.87 2.43 0.29 0.71 
    1.08 0 0.417 5.04E-01 5.37 2.68 0.31 0.8 
    1.25 0 0.382 6.16E-01 5.86 2.93 0.32 0.88 
    1.41 0 0.353 7.37E-01 6.34 3.17 0.34 0.96 
    1.58 0 0.328 8.65E-01 6.82 3.41 0.35 1.03 
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1.74 0 0.307 1.00E+00 7.3 3.65 0.37 1.11 
    2.07 0 0.272 1.29E+00 8.23 4.12 0.4 1.25 
    2.4 0 0.245 1.61E+00 9.15 4.58 0.43 1.38 
    2.73 0 0.223 1.95E+00 10.06 5.03 0.46 1.51 
    3.06 0 0.205 2.32E+00 10.96 5.48 0.48 1.63 
    3.39 0 0.189 2.71E+00 11.85 5.92 0.51 1.75 
    3.72 0 0.176 3.12E+00 12.73 6.37 0.53 1.87 
    4.37 0 0.155 4.00E+00 14.47 7.24 0.57 2.09 
    5.03 0 0.139 4.94E+00 16.19 8.09 0.62 2.29 
    5.69 0 0.126 5.96E+00 17.88 8.94 0.66 2.49 
    6.35 0 0.115 7.03E+00 19.56 9.78 0.69 2.68 
    7.01 0 0.106 8.16E+00 21.21 10.61 0.73 2.86 
    7.66 0 0.098 9.34E+00 22.85 11.43 0.76 3.03 
    8.32 0 0.092 1.06E+01 24.48 12.24 0.79 3.19 
    8.98 0 0.086 1.18E+01 26.09 13.04 0.82 3.35 
    9.64 0 0.081 1.31E+01 27.69 13.84 0.85 3.51 
    10.3 0 0.077 1.45E+01 29.27 14.64 0.88 3.66 
    10.95 0 0.073 1.59E+01 30.85 15.42 0.9 3.81 
    11.61 0 0.069 1.73E+01 32.41 16.2 0.93 3.95 
    12.27 0 0.066 1.87E+01 33.96 16.98 0.95 4.09 
    12.93 0 0.063 2.02E+01 35.51 17.75 0.98 4.22 
    13.58 0 0.061 2.17E+01 37.04 18.52 1 4.35 
    14.24 0 0.058 2.33E+01 38.57 19.29 1.02 4.48 
    14.9 0 0.056 2.48E+01 40.09 20.04 1.04 4.61 
    15.56 0 0.054 2.64E+01 41.6 20.8 1.07 4.73 
    16.22 0 0.052 2.80E+01 43.11 21.55 1.09 4.85 
    16.87 0 0.05 2.96E+01 44.6 22.3 1.11 4.97 
    17.53 0 0.049 3.13E+01 46.09 23.05 1.12 5.09 
    18.19 0 0.047 3.29E+01 47.58 23.79 1.14 5.2 
    18.85 0 0.046 3.46E+01 49.06 24.53 1.16 5.32 
    19.51 0 0.044 3.63E+01 50.53 25.26 1.18 5.43 
    20.16 0 0.043 3.80E+01 52 26 1.2 5.54 
    20.82 0 0.042 3.98E+01 53.46 26.73 1.21 5.64 
    21.48 0 0.041 4.15E+01 54.91 27.46 1.23 5.75 
    22.14 0 0.04 4.33E+01 56.37 28.18 1.25 5.85 
    22.8 0 0.039 4.51E+01 57.81 28.91 1.26 5.96 
    23.45 0 0.038 4.69E+01 59.25 29.63 1.28 6.06 
    24.11 0 0.037 4.87E+01 60.69 30.35 1.29 6.16 
    24.77 0 0.036 5.05E+01 62.12 31.06 1.31 6.26 
    25.43 0 0.035 5.24E+01 63.55 31.78 1.32 6.35 
    26.09 0 0.034 5.42E+01 64.98 32.49 1.34 6.45 
    26.74 0 0.034 5.61E+01 66.4 33.2 1.35 6.54 
    27.4 0 0.033 5.80E+01 67.81 33.91 1.37 6.64 
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28.06 0 0.032 5.98E+01 69.23 34.61 1.38 6.73 
    28.72 0 0.032 6.17E+01 70.63 35.32 1.4 6.82 
    29.38 0 0.031 6.36E+01 72.04 36.02 1.41 6.91 
    30.03 0 0.03 6.56E+01 73.44 36.72 1.42 7 
    30.69 0 0.03 6.75E+01 74.84 37.42 1.44 7.09 
    31.35 0 0.029 6.94E+01 76.24 38.12 1.45 7.18 
    32.01 0 0.029 7.14E+01 77.63 38.81 1.46 7.27 
    32.67 0 0.028 7.33E+01 79.02 39.51 1.47 7.35 
    33.32 0 0.028 7.53E+01 80.4 40.2 1.49 7.44 
    33.98 0 0.027 7.73E+01 81.79 40.89 1.5 7.52 
    34.64 0 0.027 7.92E+01 83.17 41.58 1.51 7.61 
    35.3 0 0.026 8.12E+01 84.54 42.27 1.52 7.69 
    35.96 0 0.026 8.32E+01 85.92 42.96 1.53 7.77 
    36.61 0 0.026 8.52E+01 87.29 43.64 1.55 7.86 
    37.27 0 0.025 8.72E+01 88.66 44.33 1.56 7.94 
    37.93 0 0.025 8.93E+01 90.02 45.01 1.57 8.02 
    38.59 0 0.024 9.13E+01 91.39 45.69 1.58 8.1 
    39.24 0 0.024 9.33E+01 92.75 46.37 1.59 8.17 
    39.9 0 0.024 9.54E+01 94.11 47.05 1.6 8.25 
    40.56 0 0.023 9.74E+01 95.47 47.73 1.61 8.33 
    41.22 0 0.023 9.95E+01 96.82 48.41 1.62 8.41 
    41.88 0 0.023 1.02E+02 98.17 49.09 1.63 8.48 
    42.53 0 0.022 1.04E+02 99.52 49.76 1.64 8.56 
    43.19 0 0.022 1.06E+02 100.87 50.43 1.65 8.64 
    43.85 0 0.022 1.08E+02 102.21 51.11 1.66 8.71 
    44.51 0 0.022 1.10E+02 103.56 51.78 1.67 8.78 
    45.17 0 0.021 1.12E+02 104.9 52.45 1.68 8.86 
    45.82 0 0.021 1.14E+02 106.24 53.12 1.69 8.93 
    46.48 0 0.021 1.16E+02 107.58 53.79 1.7 9 
    47.14 0 0.021 1.18E+02 108.91 54.46 1.71 9.08 
    47.8 0 0.02 1.20E+02 110.24 55.12 1.72 9.15 
    48.46 0 0.02 1.22E+02 111.58 55.79 1.73 9.22 
    49.11 0 0.02 1.25E+02 112.91 56.45 1.74 9.29 
    49.77 0 0.02 1.27E+02 114.23 57.12 1.75 9.36 
    50.43 0 0.019 1.29E+02 115.56 57.78 1.76 9.43 
    51.09 0 0.019 1.31E+02 116.88 58.44 1.77 9.5 
    51.75 0 0.019 1.33E+02 118.21 59.1 1.78 9.57 
    52.4 0 0.019 1.35E+02 119.53 59.76 1.79 9.64 
    53.06 0 0.018 1.37E+02 120.85 60.42 1.8 9.7 
    53.72 0 0.018 1.40E+02 122.16 61.08 1.81 9.77 
    54.38 0 0.018 1.42E+02 123.48 61.74 1.82 9.84 
    55.04 0 0.018 1.44E+02 124.79 62.4 1.83 9.91 
    55.69 0 0.018 1.46E+02 126.11 63.05 1.83 9.97 
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56.35 0 0.018 1.48E+02 127.42 63.71 1.84 10.04 
    57.01 0 0.017 1.50E+02 128.73 64.36 1.85 10.11 
    57.67 0 0.017 1.53E+02 130.04 65.02 1.86 10.17 
    58.33 0 0.017 1.55E+02 131.34 65.67 1.87 10.24 
    58.98 0 0.017 1.57E+02 132.65 66.32 1.88 10.3 
    59.64 0 0.017 1.59E+02 133.95 66.98 1.89 10.37 
    60.3 0 0.017 1.61E+02 135.26 67.63 1.89 10.43 
    60.96 0 0.016 1.63E+02 136.56 68.28 1.9 10.49 
    61.62 0 0.016 1.66E+02 137.86 68.93 1.91 10.56 
    62.27 0 0.016 1.68E+02 139.15 69.58 1.92 10.62 
    62.93 0 0.016 1.70E+02 140.45 70.23 1.93 10.68 
    63.59 0 0.016 1.72E+02 141.75 70.87 1.93 10.74 
    64.25 0 0.016 1.74E+02 143.04 71.52 1.94 10.81 
    64.9 0 0.015 1.77E+02 144.33 72.17 1.95 10.87 
    65.56 0 0.015 1.79E+02 145.63 72.81 1.96 10.93 
    66.22 0 0.015 1.81E+02 146.92 73.46 1.97 10.99 
    66.88 0 0.015 1.83E+02 148.21 74.1 1.97 11.05 
    67.54 0 0.015 1.86E+02 149.5 74.75 1.98 11.11 
    68.19 0 0.015 1.88E+02 150.78 75.39 1.99 11.17 
    68.85 0 0.015 1.90E+02 152.07 76.03 2 11.23 
    69.51 0 0.015 1.92E+02 153.35 76.68 2 11.29 
    70.17 0 0.014 1.95E+02 154.64 77.32 2.01 11.35 
    70.83 0 0.014 1.97E+02 155.92 77.96 2.02 11.41 
    71.48 0 0.014 1.99E+02 157.2 78.6 2.03 11.47 
    72.14 0 0.014 2.01E+02 158.48 79.24 2.03 11.53 
    72.8 0 0.014 2.04E+02 159.76 79.88 2.04 11.59 
    73.46 0 0.014 2.06E+02 161.04 80.52 2.05 11.65 
    74.12 0 0.014 2.08E+02 162.31 81.16 2.06 11.71 
    74.77 0 0.014 2.10E+02 163.59 81.8 2.06 11.76 
    75.43 0 0.014 2.13E+02 164.87 82.43 2.07 11.82 
    76.09 0 0.013 2.15E+02 166.14 83.07 2.08 11.88 
    76.75 0 0.013 2.17E+02 167.41 83.71 2.08 11.93 
    77.41 0 0.013 2.19E+02 168.68 84.34 2.09 11.99 
    78.06 0 0.013 2.22E+02 169.96 84.98 2.1 12.05 
    78.72 0 0.013 2.24E+02 171.23 85.61 2.11 12.1 
    79.38 0 0.013 2.26E+02 172.49 86.25 2.11 12.16 
    80.04 0 0.013 2.28E+02 173.76 86.88 2.12 12.22 
    80.7 0 0.013 2.31E+02 175.03 87.52 2.13 12.27 
    81.35 0 0.013 2.33E+02 176.3 88.15 2.13 12.33 
    82.01 0 0.013 2.35E+02 177.56 88.78 2.14 12.38 
    82.67 0 0.012 2.38E+02 178.83 89.41 2.15 12.44 
    83.33 0 0.012 2.40E+02 180.09 90.04 2.15 12.49 
    83.99 0 0.012 2.42E+02 181.35 90.68 2.16 12.55 
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84.64 0 0.012 2.44E+02 182.61 91.31 2.17 12.6 
    85.3 0 0.012 2.47E+02 183.88 91.94 2.17 12.66 
    85.96 0 0.012 2.49E+02 185.14 92.57 2.18 12.71 
    86.62 0 0.012 2.51E+02 186.39 93.2 2.19 12.76 
    87.27 0 0.012 2.54E+02 187.65 93.83 2.19 12.82 
    87.93 0 0.012 2.56E+02 188.91 94.46 2.2 12.87 
    88.59 0 0.012 2.58E+02 190.17 95.08 2.21 12.92 
    89.25 0 0.012 2.60E+02 191.42 95.71 2.21 12.98 
    89.91 0 0.012 2.63E+02 192.68 96.34 2.22 13.03 
    90.56 0 0.011 2.65E+02 193.93 96.97 2.23 13.08 
    91.22 0 0.011 2.67E+02 195.19 97.59 2.23 13.14 
    91.88 0 0.011 2.70E+02 196.44 98.22 2.24 13.19 
    92.54 0 0.011 2.72E+02 197.69 98.85 2.25 13.24 
    93.2 0 0.011 2.74E+02 198.94 99.47 2.25 13.29 
    93.85 0 0.011 2.77E+02 200.19 100.1 2.26 13.34 
    94.51 0 0.011 2.79E+02 201.44 100.72 2.26 13.4 
    95.17 0 0.011 2.81E+02 202.69 101.35 2.27 13.45 
    95.83 0 0.011 2.84E+02 203.94 101.97 2.28 13.5 
    96.49 0 0.011 2.86E+02 205.19 102.59 2.28 13.55 
    97.14 0 0.011 2.88E+02 206.44 103.22 2.29 13.6 
    97.8 0 0.011 2.91E+02 207.68 103.84 2.29 13.65 
    98.46 0 0.011 2.93E+02 208.93 104.46 2.3 13.7 
    99.12 0 0.011 2.95E+02 210.17 105.09 2.31 13.75 
    99.78 0 0.011 2.98E+02 211.42 105.71 2.31 13.8 
    100.43 0 0.01 3.00E+02 212.66 106.33 2.32 13.85 
    101.09 0 0.01 3.02E+02 213.9 106.95 2.32 13.9 
    101.75 0 0.01 3.05E+02 215.15 107.57 2.33 13.95 
    102.41 0 0.01 3.07E+02 216.39 108.19 2.34 14 
    103.07 0 0.01 3.09E+02 217.63 108.81 2.34 14.05 
    103.72 0 0.01 3.12E+02 218.87 109.43 2.35 14.1 
    104.38 0 0.01 3.14E+02 220.11 110.05 2.35 14.15 
    105.04 0 0.01 3.16E+02 221.35 110.67 2.36 14.2 
    105.7 0 0.01 3.19E+02 222.59 111.29 2.37 14.25 
    106.36 0 0.01 3.21E+02 223.83 111.91 2.37 14.3 
    107.01 0 0.01 3.23E+02 225.06 112.53 2.38 14.35 
    107.67 0 0.01 3.26E+02 226.3 113.15 2.38 14.39 
    108.33 0 0.01 3.28E+02 227.54 113.77 2.39 14.44 
    108.99 0 0.01 3.30E+02 228.77 114.39 2.39 14.49 
    109.65 0 0.01 3.33E+02 230.01 115 2.4 14.54 
    110.3 0 0.01 3.35E+02 231.24 115.62 2.41 14.59 
    110.96 0 0.01 3.37E+02 232.47 116.24 2.41 14.64 
    111.62 0 0.01 3.40E+02 233.71 116.85 2.42 14.68 
    112.28 0 0.009 3.42E+02 234.94 117.47 2.42 14.73 
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112.93 0 0.009 3.45E+02 236.17 118.09 2.43 14.78 
    113.59 0 0.009 3.47E+02 237.4 118.7 2.43 14.83 
    114.25 0 0.009 3.49E+02 238.63 119.32 2.44 14.87 
    114.91 0 0.009 3.52E+02 239.87 119.93 2.44 14.92 
    115.57 0 0.009 3.54E+02 241.1 120.55 2.45 14.97 
    116.22 0 0.009 3.56E+02 242.32 121.16 2.46 15.01 
    116.88 0 0.009 3.59E+02 243.55 121.78 2.46 15.06 
    117.54 0 0.009 3.61E+02 244.78 122.39 2.47 15.11 
    118.2 0 0.009 3.63E+02 246.01 123.01 2.47 15.15 
    118.86 0 0.009 3.66E+02 247.24 123.62 2.48 15.2 
    119.51 0 0.009 3.68E+02 248.46 124.23 2.48 15.25 
    120.17 0 0.009 3.71E+02 249.69 124.85 2.49 15.29 
    120.83 0 0.009 3.73E+02 250.92 125.46 2.49 15.34 
    121.49 0 0.009 3.75E+02 252.14 126.07 2.5 15.38 
    122.15 0 0.009 3.78E+02 253.37 126.68 2.5 15.43 
    122.8 0 0.009 3.80E+02 254.59 127.3 2.51 15.47 
    123.46 0 0.009 3.82E+02 255.82 127.91 2.52 15.52 
    124.12 0 0.009 3.85E+02 257.04 128.52 2.52 15.57 
    124.78 0 0.009 3.87E+02 258.26 129.13 2.53 15.61 
    125.44 0 0.009 3.90E+02 259.48 129.74 2.53 15.66 
    126.09 0 0.009 3.92E+02 260.71 130.35 2.54 15.7 
    126.75 0 0.008 3.94E+02 261.93 130.96 2.54 15.75 
    127.41 0 0.008 3.97E+02 263.15 131.57 2.55 15.79 
    128.07 0 0.008 3.99E+02 264.37 132.19 2.55 15.84 
    128.73 0 0.008 4.02E+02 265.59 132.8 2.56 15.88 
    129.38 0 0.008 4.04E+02 266.81 133.41 2.56 15.92 
    130.04 0 0.008 4.06E+02 268.03 134.02 2.57 15.97 
    130.7 0 0.008 4.09E+02 269.25 134.62 2.57 16.01 
    131.36 0 0.008 4.11E+02 270.47 135.23 2.58 16.06 
    132.02 0 0.008 4.14E+02 271.69 135.84 2.58 16.1 
    132.67 0 0.008 4.16E+02 272.9 136.45 2.59 16.15 
    133.33 0 0.008 4.18E+02 274.12 137.06 2.59 16.19 
    133.99 0 0.008 4.21E+02 275.34 137.67 2.6 16.23 
    134.65 0 0.008 4.23E+02 276.56 138.28 2.6 16.28 
    135.3 0 0.008 4.25E+02 277.77 138.89 2.61 16.32 
    135.96 0 0.008 4.28E+02 278.99 139.49 2.61 16.36 
    136.62 0 0.008 4.30E+02 280.2 140.1 2.62 16.41 
    137.28 0 0.008 4.33E+02 281.42 140.71 2.62 16.45 
    137.94 0 0.008 4.35E+02 282.63 141.32 2.63 16.49 
    138.59 0 0.008 4.38E+02 283.85 141.92 2.63 16.54 
    139.25 0 0.008 4.40E+02 285.06 142.53 2.64 16.58 
    139.91 0 0.008 4.42E+02 286.27 143.14 2.64 16.62 
    140.57 0 0.008 4.45E+02 287.49 143.74 2.65 16.66 
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141.23 0 0.008 4.47E+02 288.7 144.35 2.65 16.71 
    141.88 0 0.008 4.50E+02 289.91 144.96 2.66 16.75 
    142.54 0 0.008 4.52E+02 291.12 145.56 2.66 16.79 
    143.2 0 0.008 4.54E+02 292.34 146.17 2.67 16.83 
    143.86 0 0.008 4.57E+02 293.55 146.77 2.67 16.88 
    144.52 0 0.008 4.59E+02 294.76 147.38 2.68 16.92 
    145.17 0 0.008 4.62E+02 295.97 147.98 2.68 16.96 
    145.83 0 0.007 4.64E+02 297.18 148.59 2.69 17 
    146.49 0 0.007 4.66E+02 298.39 149.19 2.69 17.05 
    147.15 0 0.007 4.69E+02 299.6 149.8 2.7 17.09 
    147.81 0 0.007 4.71E+02 300.81 150.4 2.7 17.13 
    148.46 0 0.007 4.74E+02 302.02 151.01 2.7 17.17 
    149.12 0 0.007 4.76E+02 303.22 151.61 2.71 17.21 
    149.78 0 0.007 4.78E+02 304.43 152.22 2.71 17.25 
    150.44 0 0.007 4.81E+02 305.64 152.82 2.72 17.3 
    151.1 0 0.007 4.83E+02 306.85 153.42 2.72 17.34 
    151.75 0 0.007 4.86E+02 308.05 154.03 2.73 17.38 
    152.41 0 0.007 4.88E+02 309.26 154.63 2.73 17.42 
    153.07 0 0.007 4.91E+02 310.47 155.23 2.74 17.46 
    153.73 0 0.007 4.93E+02 311.67 155.84 2.74 17.5 
    154.39 0 0.007 4.95E+02 312.88 156.44 2.75 17.54 
    155.04 0 0.007 4.98E+02 314.09 157.04 2.75 17.58 
    155.7 0 0.007 5.00E+02 315.29 157.65 2.76 17.62 
    156.36 0 0.007 5.03E+02 316.5 158.25 2.76 17.66 
    157.02 0 0.007 5.05E+02 317.7 158.85 2.77 17.71 
    157.68 0 0.007 5.08E+02 318.91 159.45 2.77 17.75 
    158.33 0 0.007 5.10E+02 320.11 160.05 2.77 17.79 
    158.99 0 0.007 5.12E+02 321.31 160.66 2.78 17.83 
    159.65 0 0.007 5.15E+02 322.52 161.26 2.78 17.87 
    160.31 0 0.007 5.17E+02 323.72 161.86 2.79 17.91 
    160.97 0 0.007 5.20E+02 324.92 162.46 2.79 17.95 
    161.62 0 0.007 5.22E+02 326.13 163.06 2.8 17.99 
    162.28 0 0.007 5.25E+02 327.33 163.66 2.8 18.03 
    162.94 0 0.007 5.27E+02 328.53 164.26 2.81 18.07 
    163.6 0 0.007 5.29E+02 329.73 164.87 2.81 18.11 
    164.25 0 0.007 5.32E+02 330.93 165.47 2.81 18.15 
    164.91 0 0.007 5.34E+02 332.13 166.07 2.82 18.19 
    165.57 0 0.007 5.37E+02 333.34 166.67 2.82 18.23 
    166.23 0 0.007 5.39E+02 334.54 167.27 2.83 18.27 
    166.89 0 0.007 5.42E+02 335.74 167.87 2.83 18.3 
    167.54 0 0.007 5.44E+02 336.94 168.47 2.84 18.34 
    168.2 0 0.007 5.46E+02 338.14 169.07 2.84 18.38 
    168.86 0 0.007 5.49E+02 339.34 169.67 2.85 18.42 
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169.52 0 0.007 5.51E+02 340.54 170.27 2.85 18.46 
    170.18 0 0.006 5.54E+02 341.74 170.87 2.85 18.5 
    170.83 0 0.006 5.56E+02 342.93 171.47 2.86 18.54 
    171.49 0 0.006 5.59E+02 344.13 172.07 2.86 18.58 
    172.15 0 0.006 5.61E+02 345.33 172.67 2.87 18.62 
    172.81 0 0.006 5.64E+02 346.53 173.26 2.87 18.66 
    173.47 0 0.006 5.66E+02 347.73 173.86 2.88 18.7 
    174.12 0 0.006 5.68E+02 348.92 174.46 2.88 18.73 
    174.78 0 0.006 5.71E+02 350.12 175.06 2.88 18.77 
    175.44 0 0.006 5.73E+02 351.32 175.66 2.89 18.81 
    176.1 0 0.006 5.76E+02 352.52 176.26 2.89 18.85 
    176.76 0 0.006 5.78E+02 353.71 176.86 2.9 18.89 
    177.41 0 0.006 5.81E+02 354.91 177.45 2.9 18.93 
    178.07 0 0.006 5.83E+02 356.11 178.05 2.91 18.96 
    178.73 0 0.006 5.86E+02 357.3 178.65 2.91 19 
    179.39 0 0.006 5.88E+02 358.5 179.25 2.91 19.04 
    180.05 0 0.006 5.90E+02 359.69 179.85 2.92 19.08 
    180.7 0 0.006 5.93E+02 360.89 180.44 2.92 19.12 
    181.36 0 0.006 5.95E+02 362.08 181.04 2.93 19.16 
    182.02 0 0.006 5.98E+02 363.28 181.64 2.93 19.19 
    182.68 0 0.006 6.00E+02 364.47 182.24 2.94 19.23 
    183.34 0 0.006 6.03E+02 365.67 182.83 2.94 19.27 
    183.99 0 0.006 6.05E+02 366.86 183.43 2.94 19.31 
    184.65 0 0.006 6.08E+02 368.06 184.03 2.95 19.34 
    185.31 0 0.006 6.10E+02 369.25 184.63 2.95 19.38 
    185.97 0 0.006 6.12E+02 370.44 185.22 2.96 19.42 
    186.63 0 0.006 6.15E+02 371.64 185.82 2.96 19.46 
    187.28 0 0.006 6.17E+02 372.83 186.42 2.97 19.49 
    187.94 0 0.006 6.20E+02 374.02 187.01 2.97 19.53 
    188.6 0 0.006 6.22E+02 375.22 187.61 2.97 19.57 
    189.26 0 0.006 6.25E+02 376.41 188.2 2.98 19.61 
    189.91 0 0.006 6.27E+02 377.6 188.8 2.98 19.64 
    190.57 0 0.006 6.30E+02 378.79 189.4 2.99 19.68 
    191.23 0 0.006 6.32E+02 379.99 189.99 2.99 19.72 
    191.89 0 0.006 6.35E+02 381.18 190.59 2.99 19.75 
    192.55 0 0.006 6.37E+02 382.37 191.19 3 19.79 
    193.2 0 0.006 6.39E+02 383.56 191.78 3 19.83 
    193.86 0 0.006 6.42E+02 384.75 192.38 3.01 19.86 
    194.52 0 0.006 6.44E+02 385.94 192.97 3.01 19.9 
    195.18 0 0.006 6.47E+02 387.14 193.57 3.01 19.94 
    195.84 0 0.006 6.49E+02 388.33 194.16 3.02 19.97 
    196.49 0 0.006 6.52E+02 389.52 194.76 3.02 20.01 
    197.15 0 0.006 6.54E+02 390.71 195.35 3.03 20.05 
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197.81 0 0.006 6.57E+02 391.9 195.95 3.03 20.08 
    198.47 0 0.006 6.59E+02 393.09 196.54 3.03 20.12 
    199.13 0 0.006 6.62E+02 394.28 197.14 3.04 20.16 
    199.78 0 0.006 6.64E+02 395.47 197.73 3.04 20.19 
    200.44 0 0.006 6.67E+02 396.66 198.33 3.05 20.23 
    201.1 0 0.006 6.69E+02 397.85 198.92 3.05 20.27 
    


            


            


            A R E A S OF E X C E S S 


1 : case # 
        


            


            EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
     (DEG. C) (SQ. M) 


          0.06 2.65E+01 
          0.11 6.54E+00 
          0.17 2.74E+00 
          0.22 1.35E+00 
          0.28 7.87E-01 
          0.33 4.91E-01 
          0.39 3.20E-01 
          0.45 2.22E-01 
          0.5 1.57E-01 
          0.56 1.09E-01 
          0.61 8.05E-02 
          0.67 6.04E-02 
          0.73 4.42E-02 
          0.78 3.44E-02 
          0.84 2.69E-02 
          0.89 2.10E-02 
          0.95 1.67E-02 
          1 1.35E-02 
          1.06 1.09E-02 
          1.12 7.53E-03 
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Appendix C: Model Outputs for MCC Room 
 
Table C.1: Visual Plumes Model Output Data for MCC Room at Mean Currents 


 


PDSWIN - FLOATING WARM WATER JETS -- June 1999PAGE 1 
 


 


1 : case # 
      


           


           


 


AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; VEL. 


 
HEAT CONVECTION = 2 


      


           


 


DISCHARGE CONDITIONS : TEMP. = 4.2 C; DEPTH = 0.09 


 
ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 


 
 


DISCHARGE DENSIMENTRIC FROUDE NO. = 697.63 
    


           


           


 


X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)   


 


    (DEG. C) (SEC.) (DILU.)   


  


           


 


0.05 0 0.216 1.32E-02 2 1 0.14 0.14 
  


 


0.06 0 0.213 1.41E-02 2.03 1.01 0.14 0.14 
  


 


0.06 0 0.21 1.49E-02 2.05 1.03 0.14 0.14 
  


 


0.06 0 0.207 1.58E-02 2.08 1.04 0.14 0.15 
  


 


0.07 0 0.205 1.67E-02 2.11 1.05 0.14 0.15 
  


 


0.07 0 0.202 1.75E-02 2.13 1.07 0.14 0.15 
  


 


0.07 0 0.2 1.84E-02 2.16 1.08 0.14 0.16 
  


 


0.08 0 0.195 2.03E-02 2.21 1.1 0.14 0.16 
  


 


0.09 0 0.191 2.21E-02 2.26 1.13 0.15 0.17 
  


 


0.1 0 0.187 2.40E-02 2.3 1.15 0.15 0.17 
  


 


0.1 0 0.183 2.60E-02 2.35 1.18 0.15 0.18 
  


 


0.12 0 0.176 3.00E-02 2.44 1.22 0.15 0.19 
  


 


0.13 0 0.17 3.41E-02 2.53 1.27 0.15 0.2 
  


 


0.14 0 0.165 3.84E-02 2.62 1.31 0.15 0.21 
  


 


0.16 0 0.159 4.28E-02 2.71 1.35 0.16 0.22 
  


 


0.18 0 0.15 5.21E-02 2.87 1.44 0.16 0.25 
  


 


0.21 0 0.142 6.19E-02 3.03 1.52 0.16 0.27 
  


 


0.24 0 0.135 7.22E-02 3.19 1.59 0.17 0.29 
  


 


0.27 0 0.129 8.30E-02 3.34 1.67 0.17 0.31 
  


 


0.32 0 0.118 1.06E-01 3.64 1.82 0.18 0.35 
  


 


0.38 0 0.11 1.31E-01 3.93 1.96 0.19 0.39 
  


 


0.43 0 0.102 1.58E-01 4.21 2.11 0.19 0.42 
  


 


0.49 0 0.096 1.86E-01 4.49 2.25 0.2 0.46 
  


 


0.6 0 0.086 2.48E-01 5.04 2.52 0.22 0.53 
  


 


0.71 0 0.078 3.17E-01 5.57 2.79 0.24 0.6 
  


 


0.81 0 0.071 3.93E-01 6.1 3.05 0.25 0.67 
  


 


0.92 0 0.065 4.74E-01 6.62 3.31 0.27 0.73 
  


 


1.14 0 0.057 6.57E-01 7.66 3.83 0.3 0.86 
    1.36 0 0.05 8.63E-01 8.68 4.34 0.33 0.99     


  1.58 0 0.045 1.09E+00 9.69 4.85 0.36 1.11     


 
1.8 0 0.041 1.35E+00 10.7 5.35 0.39 1.23 
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2.02 0 0.037 1.63E+00 11.7 5.85 0.42 1.35 
  


 


2.24 0 0.034 1.93E+00 12.69 6.35 0.45 1.47 
  


 


2.68 0 0.03 2.59E+00 14.67 7.33 0.51 1.69 
  


 


3.12 0 0.026 3.34E+00 16.63 8.31 0.56 1.91 
  


 


3.56 0 0.024 4.17E+00 18.57 9.28 0.61 2.12 
  


 


3.99 0 0.021 5.07E+00 20.5 10.25 0.66 2.33 
  


 


4.43 0 0.02 6.06E+00 22.42 11.21 0.71 2.53 
  


 


4.87 0 0.018 7.11E+00 24.32 12.16 0.76 2.72 
  


 


5.31 0 0.017 8.24E+00 26.22 13.11 0.81 2.92 
  


 


5.75 0 0.016 9.43E+00 28.1 14.05 0.85 3.1 
  


 


6.19 0 0.015 1.07E+01 29.97 14.99 0.9 3.29 
  


 


6.63 0 0.014 1.20E+01 31.84 15.92 0.94 3.47 
  


 


7.06 0 0.013 1.34E+01 33.69 16.85 0.98 3.64 
  


 


7.5 0 0.012 1.49E+01 35.53 17.77 1.02 3.82 
  


 


7.94 0 0.012 1.64E+01 37.37 18.69 1.06 3.99 
  


 


8.38 0 0.011 1.79E+01 39.2 19.6 1.1 4.15 
  


 


8.82 0 0.011 1.95E+01 41.02 20.51 1.13 4.32 
  


 


9.26 0 0.01 2.12E+01 42.83 21.41 1.17 4.48 
  


 


9.7 0 0.01 2.29E+01 44.63 22.32 1.21 4.64 
  


 


10.13 0 0.009 2.47E+01 46.43 23.21 1.24 4.8 
  


 


10.57 0 0.009 2.66E+01 48.22 24.11 1.27 4.95 
  


 


11.01 0 0.009 2.84E+01 50 25 1.31 5.1 
  


 


11.45 0 0.008 3.03E+01 51.78 25.89 1.34 5.25 
  


 


11.89 0 0.008 3.23E+01 53.54 26.77 1.37 5.4 
  


 


12.33 0 0.008 3.43E+01 55.31 27.65 1.4 5.55 
  


 


12.77 0 0.008 3.64E+01 57.06 28.53 1.43 5.69 
  


 


13.2 0 0.007 3.85E+01 58.81 29.41 1.46 5.83 
  


 


13.64 0 0.007 4.06E+01 60.56 30.28 1.49 5.97 
  


 


14.08 0 0.007 4.28E+01 62.3 31.15 1.52 6.11 
  


 


14.52 0 0.007 4.50E+01 64.03 32.01 1.55 6.25 
  


 


14.96 0 0.007 4.73E+01 65.76 32.88 1.58 6.38 
  


 


15.4 0 0.006 4.96E+01 67.48 33.74 1.6 6.52 
  


 


15.84 0 0.006 5.19E+01 69.2 34.6 1.63 6.65 
  


 


16.28 0 0.006 5.43E+01 70.91 35.45 1.66 6.78 
  


 


16.71 0 0.006 5.67E+01 72.62 36.31 1.68 6.91 
  


 


17.15 0 0.006 5.91E+01 74.32 37.16 1.71 7.04 
  


 


17.59 0 0.006 6.16E+01 76.02 38.01 1.73 7.17 
  


 


18.03 0 0.006 6.41E+01 77.71 38.85 1.76 7.29 
  


 


18.47 0 0.006 6.67E+01 79.4 39.7 1.78 7.42 
  


 


18.91 0 0.005 6.92E+01 81.08 40.54 1.81 7.54 
  


 


19.35 0 0.005 7.19E+01 82.76 41.38 1.83 7.66 
  


 


19.78 0 0.005 7.45E+01 84.44 42.22 1.85 7.78 
  


 


20.22 0 0.005 7.72E+01 86.11 43.05 1.88 7.9 
  


 


20.66 0 0.005 7.99E+01 87.77 43.89 1.9 8.02 
  


 


21.1 0 0.005 8.26E+01 89.44 44.72 1.92 8.14 
  


 


21.54 0 0.005 8.53E+01 91.1 45.55 1.94 8.25 
  


 


21.98 0 0.005 8.81E+01 92.75 46.38 1.96 8.37 
  


 


22.42 0 0.005 9.09E+01 94.4 47.2 1.98 8.48 
  


 


22.85 0 0.005 9.38E+01 96.05 48.03 2.01 8.6 
  


 


23.29 0 0.004 9.66E+01 97.69 48.85 2.03 8.71 
  







84 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


 


23.73 0 0.004 9.95E+01 99.34 49.67 2.05 8.82 
  


 


24.17 0 0.004 1.02E+02 100.97 50.49 2.07 8.93 
  


 


24.61 0 0.004 1.05E+02 102.61 51.3 2.09 9.04 
  


 


25.05 0 0.004 1.08E+02 104.24 52.12 2.11 9.15 
  


 


25.49 0 0.004 1.11E+02 105.86 52.93 2.13 9.26 
  


 


25.92 0 0.004 1.14E+02 107.49 53.74 2.15 9.36 
  


 


26.36 0 0.004 1.17E+02 109.11 54.55 2.16 9.47 
  


 


26.8 0 0.004 1.20E+02 110.72 55.36 2.18 9.58 
  


 


27.24 0 0.004 1.24E+02 112.34 56.17 2.2 9.68 
  


 


27.68 0 0.004 1.27E+02 113.95 56.97 2.22 9.79 
  


 


28.12 0 0.004 1.30E+02 115.56 57.78 2.24 9.89 
  


 


28.56 0 0.004 1.33E+02 117.16 58.58 2.26 9.99 
  


 


28.99 0 0.004 1.36E+02 118.77 59.38 2.27 10.09 
  


 


29.43 0 0.004 1.39E+02 120.36 60.18 2.29 10.2 
  


 


29.87 0 0.004 1.43E+02 121.96 60.98 2.31 10.3 
  


 


30.31 0 0.004 1.46E+02 123.55 61.78 2.33 10.4 
  


 


30.75 0 0.003 1.49E+02 125.15 62.57 2.34 10.5 
  


 


31.19 0 0.003 1.52E+02 126.73 63.37 2.36 10.59 
  


 


31.63 0 0.003 1.56E+02 128.32 64.16 2.38 10.69 
  


 


32.06 0 0.003 1.59E+02 129.9 64.95 2.39 10.79 
  


 


32.5 0 0.003 1.62E+02 131.48 65.74 2.41 10.89 
  


 


32.94 0 0.003 1.66E+02 133.06 66.53 2.43 10.98 
  


 


33.38 0 0.003 1.69E+02 134.64 67.32 2.44 11.08 
  


 


33.82 0 0.003 1.72E+02 136.21 68.1 2.46 11.17 
  


 


34.26 0 0.003 1.76E+02 137.78 68.89 2.48 11.27 
  


 


34.7 0 0.003 1.79E+02 139.35 69.67 2.49 11.36 
  


 


35.13 0 0.003 1.83E+02 140.91 70.46 2.51 11.46 
  


 


35.57 0 0.003 1.86E+02 142.48 71.24 2.52 11.55 
  


 


36.01 0 0.003 1.90E+02 144.04 72.02 2.54 11.64 
  


 


36.45 0 0.003 1.93E+02 145.6 72.8 2.55 11.73 
  


 


36.89 0 0.003 1.97E+02 147.15 73.58 2.57 11.83 
  


 


37.33 0 0.003 2.00E+02 148.71 74.35 2.58 11.92 
  


 


37.77 0 0.003 2.04E+02 150.26 75.13 2.6 12.01 
  


 


38.2 0 0.003 2.07E+02 151.81 75.9 2.61 12.1 
  


 


38.64 0 0.003 2.11E+02 153.36 76.68 2.63 12.19 
  


 


39.08 0 0.003 2.14E+02 154.9 77.45 2.64 12.28 
  


 


39.52 0 0.003 2.18E+02 156.44 78.22 2.65 12.36 
  


 


39.96 0 0.003 2.22E+02 157.99 78.99 2.67 12.45 
  


 


40.4 0 0.003 2.25E+02 159.53 79.76 2.68 12.54 
  


 


40.84 0 0.003 2.29E+02 161.06 80.53 2.7 12.63 
  


 


41.27 0 0.003 2.33E+02 162.6 81.3 2.71 12.71 
  


 


41.71 0 0.003 2.36E+02 164.13 82.07 2.72 12.8 
  


 


42.15 0 0.003 2.40E+02 165.66 82.83 2.74 12.89 
  


 


42.59 0 0.003 2.44E+02 167.19 83.6 2.75 12.97 
  


 


43.03 0 0.003 2.47E+02 168.72 84.36 2.77 13.06 
  


 


43.47 0 0.003 2.51E+02 170.25 85.12 2.78 13.14 
  


 


43.91 0 0.003 2.55E+02 171.77 85.88 2.79 13.23 
  


 


44.34 0 0.003 2.59E+02 173.29 86.65 2.81 13.31 
  


 


44.78 0 0.002 2.62E+02 174.81 87.41 2.82 13.39 
  


 


45.22 0 0.002 2.66E+02 176.33 88.17 2.83 13.48 
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45.66 0 0.002 2.70E+02 177.85 88.92 2.84 13.56 
  


 


46.1 0 0.002 2.74E+02 179.36 89.68 2.86 13.64 
  


 


46.54 0 0.002 2.78E+02 180.88 90.44 2.87 13.72 
  


 


46.98 0 0.002 2.81E+02 182.39 91.19 2.88 13.81 
  


 


47.41 0 0.002 2.85E+02 183.9 91.95 2.89 13.89 
  


 


47.85 0 0.002 2.89E+02 185.4 92.7 2.91 13.97 
  


 


48.29 0 0.002 2.93E+02 186.91 93.46 2.92 14.05 
  


 


48.73 0 0.002 2.97E+02 188.42 94.21 2.93 14.13 
  


 


49.17 0 0.002 3.01E+02 189.92 94.96 2.94 14.21 
  


 


49.61 0 0.002 3.05E+02 191.42 95.71 2.96 14.29 
  


 


50.05 0 0.002 3.09E+02 192.92 96.46 2.97 14.37 
  


 


50.48 0 0.002 3.13E+02 194.42 97.21 2.98 14.45 
  


 


50.92 0 0.002 3.16E+02 195.92 97.96 2.99 14.53 
  


 


51.36 0 0.002 3.20E+02 197.41 98.71 3 14.6 
  


 


51.8 0 0.002 3.24E+02 198.9 99.45 3.02 14.68 
  


 


52.24 0 0.002 3.28E+02 200.4 100.2 3.03 14.76 
  


 


52.68 0 0.002 3.32E+02 201.89 100.94 3.04 14.84 
  


 


53.12 0 0.002 3.36E+02 203.38 101.69 3.05 14.92 
  


 


53.55 0 0.002 3.40E+02 204.86 102.43 3.06 14.99 
  


 


53.99 0 0.002 3.44E+02 206.35 103.17 3.07 15.07 
  


 


54.43 0 0.002 3.48E+02 207.83 103.92 3.08 15.14 
  


 


54.87 0 0.002 3.52E+02 209.32 104.66 3.1 15.22 
  


 


55.31 0 0.002 3.57E+02 210.8 105.4 3.11 15.3 
  


 


55.75 0 0.002 3.61E+02 212.28 106.14 3.12 15.37 
  


 


56.19 0 0.002 3.65E+02 213.76 106.88 3.13 15.45 
  


 


56.63 0 0.002 3.69E+02 215.24 107.62 3.14 15.52 
  


 


57.06 0 0.002 3.73E+02 216.71 108.36 3.15 15.6 
  


 


57.5 0 0.002 3.77E+02 218.19 109.09 3.16 15.67 
  


 


57.94 0 0.002 3.81E+02 219.66 109.83 3.17 15.74 
  


 


58.38 0 0.002 3.85E+02 221.13 110.57 3.18 15.82 
  


 


58.82 0 0.002 3.89E+02 222.61 111.3 3.19 15.89 
  


 


59.26 0 0.002 3.93E+02 224.07 112.04 3.21 15.97 
  


 


59.7 0 0.002 3.98E+02 225.54 112.77 3.22 16.04 
  


 


60.13 0 0.002 4.02E+02 227.01 113.51 3.23 16.11 
  


 


60.57 0 0.002 4.06E+02 228.48 114.24 3.24 16.18 
  


 


61.01 0 0.002 4.10E+02 229.94 114.97 3.25 16.26 
  


 


61.45 0 0.002 4.14E+02 231.4 115.7 3.26 16.33 
  


 


61.89 0 0.002 4.18E+02 232.87 116.43 3.27 16.4 
  


 


62.33 0 0.002 4.23E+02 234.33 117.16 3.28 16.47 
  


 


62.77 0 0.002 4.27E+02 235.79 117.89 3.29 16.54 
  


 


63.2 0 0.002 4.31E+02 237.24 118.62 3.3 16.61 
  


 


63.64 0 0.002 4.35E+02 238.7 119.35 3.31 16.68 
  


 


64.08 0 0.002 4.40E+02 240.16 120.08 3.32 16.75 
  


 


64.52 0 0.002 4.44E+02 241.61 120.81 3.33 16.83 
  


 


64.96 0 0.002 4.48E+02 243.07 121.53 3.34 16.9 
  


 


65.4 0 0.002 4.52E+02 244.52 122.26 3.35 16.97 
  


 


65.84 0 0.002 4.57E+02 245.97 122.99 3.36 17.03 
  


 


66.27 0 0.002 4.61E+02 247.42 123.71 3.37 17.1 
  


 


66.71 0 0.002 4.65E+02 248.87 124.43 3.38 17.17 
  


 


67.15 0 0.002 4.69E+02 250.32 125.16 3.39 17.24 
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67.59 0 0.002 4.74E+02 251.76 125.88 3.4 17.31 
  


 


68.03 0 0.002 4.78E+02 253.21 126.6 3.41 17.38 
  


 


68.47 0 0.002 4.82E+02 254.65 127.33 3.42 17.45 
  


 


68.91 0 0.002 4.87E+02 256.1 128.05 3.43 17.52 
  


 


69.34 0 0.002 4.91E+02 257.54 128.77 3.44 17.58 
  


 


69.78 0 0.002 4.95E+02 258.98 129.49 3.45 17.65 
  


 


70.22 0 0.002 5.00E+02 260.42 130.21 3.45 17.72 
  


 


70.66 0 0.002 5.04E+02 261.86 130.93 3.46 17.79 
  


 


71.1 0 0.002 5.08E+02 263.3 131.65 3.47 17.85 
  


 


71.54 0 0.002 5.13E+02 264.74 132.37 3.48 17.92 
  


 


71.98 0 0.002 5.17E+02 266.17 133.09 3.49 17.99 
  


 


72.41 0 0.002 5.21E+02 267.61 133.8 3.5 18.05 
  


 


72.85 0 0.002 5.26E+02 269.04 134.52 3.51 18.12 
  


 


73.29 0 0.002 5.30E+02 270.47 135.24 3.52 18.19 
  


 


73.73 0 0.002 5.35E+02 271.91 135.95 3.53 18.25 
  


 


74.17 0 0.002 5.39E+02 273.34 136.67 3.54 18.32 
  


 


74.61 0 0.002 5.44E+02 274.77 137.38 3.55 18.38 
  


 


75.05 0 0.002 5.48E+02 276.2 138.1 3.56 18.45 
  


 


75.48 0 0.002 5.52E+02 277.63 138.81 3.56 18.52 
  


 


75.92 0 0.002 5.57E+02 279.05 139.53 3.57 18.58 
  


 


76.36 0 0.002 5.61E+02 280.48 140.24 3.58 18.65 
  


 


76.8 0 0.002 5.66E+02 281.9 140.95 3.59 18.71 
  


 


77.24 0 0.002 5.70E+02 283.33 141.66 3.6 18.77 
  


 


77.68 0 0.002 5.75E+02 284.75 142.38 3.61 18.84 
  


 


78.12 0 0.002 5.79E+02 286.17 143.09 3.62 18.9 
  


 


78.55 0 0.002 5.84E+02 287.6 143.8 3.63 18.97 
  


 


78.99 0 0.001 5.88E+02 289.02 144.51 3.63 19.03 
  


 


79.43 0 0.001 5.93E+02 290.44 145.22 3.64 19.1 
  


 


79.87 0 0.001 5.97E+02 291.85 145.93 3.65 19.16 
  


 


80.31 0 0.001 6.02E+02 293.27 146.64 3.66 19.22 
  


 


80.75 0 0.001 6.06E+02 294.69 147.34 3.67 19.29 
  


 


81.19 0 0.001 6.11E+02 296.1 148.05 3.68 19.35 
  


 


81.62 0 0.001 6.15E+02 297.52 148.76 3.69 19.41 
  


 


82.06 0 0.001 6.20E+02 298.93 149.47 3.69 19.47 
  


 


82.5 0 0.001 6.24E+02 300.35 150.17 3.7 19.54 
  


 


82.94 0 0.001 6.29E+02 301.76 150.88 3.71 19.6 
  


 


83.38 0 0.001 6.33E+02 303.17 151.59 3.72 19.66 
  


 


83.82 0 0.001 6.38E+02 304.58 152.29 3.73 19.72 
  


 


84.26 0 0.001 6.42E+02 305.99 153 3.74 19.79 
  


 


84.69 0 0.001 6.47E+02 307.4 153.7 3.74 19.85 
  


 


85.13 0 0.001 6.51E+02 308.81 154.41 3.75 19.91 
  


 


85.57 0 0.001 6.56E+02 310.22 155.11 3.76 19.97 
  


 


86.01 0 0.001 6.61E+02 311.62 155.81 3.77 20.03 
  


 


86.45 0 0.001 6.65E+02 313.03 156.51 3.78 20.09 
  


 


86.89 0 0.001 6.70E+02 314.43 157.22 3.79 20.15 
  


 


87.33 0 0.001 6.74E+02 315.84 157.92 3.79 20.21 
  


 


87.76 0 0.001 6.79E+02 317.24 158.62 3.8 20.28 
  


 


88.2 0 0.001 6.84E+02 318.65 159.32 3.81 20.34 
  


 


88.64 0 0.001 6.88E+02 320.05 160.02 3.82 20.4 
  


 


89.08 0 0.001 6.93E+02 321.45 160.72 3.83 20.46 
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89.52 0 0.001 6.97E+02 322.85 161.42 3.83 20.52 
  


 


89.96 0 0.001 7.02E+02 324.25 162.12 3.84 20.58 
  


 


90.4 0 0.001 7.07E+02 325.65 162.82 3.85 20.64 
  


 


90.83 0 0.001 7.11E+02 327.04 163.52 3.86 20.7 
  


 


91.27 0 0.001 7.16E+02 328.44 164.22 3.86 20.76 
  


 


91.71 0 0.001 7.21E+02 329.84 164.92 3.87 20.82 
  


 


92.15 0 0.001 7.25E+02 331.23 165.62 3.88 20.88 
  


 


92.59 0 0.001 7.30E+02 332.63 166.31 3.89 20.93 
  


 


93.03 0 0.001 7.35E+02 334.02 167.01 3.9 20.99 
  


 


93.47 0 0.001 7.39E+02 335.42 167.71 3.9 21.05 
  


 


93.9 0 0.001 7.44E+02 336.81 168.4 3.91 21.11 
  


 


94.34 0 0.001 7.49E+02 338.2 169.1 3.92 21.17 
  


 


94.78 0 0.001 7.53E+02 339.59 169.8 3.93 21.23 
  


 


95.22 0 0.001 7.58E+02 340.98 170.49 3.93 21.29 
  


 


95.66 0 0.001 7.63E+02 342.37 171.19 3.94 21.34 
  


 


96.1 0 0.001 7.67E+02 343.76 171.88 3.95 21.4 
  


 


96.54 0 0.001 7.72E+02 345.15 172.57 3.96 21.46 
  


 


96.98 0 0.001 7.77E+02 346.54 173.27 3.96 21.52 
  


 


97.41 0 0.001 7.81E+02 347.92 173.96 3.97 21.58 
  


 


97.85 0 0.001 7.86E+02 349.31 174.65 3.98 21.63 
  


 


98.29 0 0.001 7.91E+02 350.69 175.35 3.99 21.69 
  


 


98.73 0 0.001 7.96E+02 352.08 176.04 3.99 21.75 
  


 


99.17 0 0.001 8.00E+02 353.46 176.73 4 21.81 
  


 


99.61 0 0.001 8.05E+02 354.85 177.42 4.01 21.86 
  


 


100.05 0 0.001 8.10E+02 356.23 178.11 4.02 21.92 
  


 


100.48 0 0.001 8.14E+02 357.61 178.81 4.02 21.98 
  


 


100.92 0 0.001 8.19E+02 358.99 179.5 4.03 22.03 
  


 


101.36 0 0.001 8.24E+02 360.37 180.19 4.04 22.09 
  


 


101.8 0 0.001 8.29E+02 361.75 180.88 4.04 22.15 
  


 


102.24 0 0.001 8.33E+02 363.13 181.57 4.05 22.2 
  


 


102.68 0 0.001 8.38E+02 364.51 182.26 4.06 22.26 
  


 


103.12 0 0.001 8.43E+02 365.89 182.94 4.07 22.32 
  


 


103.55 0 0.001 8.48E+02 367.27 183.63 4.07 22.37 
  


 


103.99 0 0.001 8.53E+02 368.64 184.32 4.08 22.43 
  


 


104.43 0 0.001 8.57E+02 370.02 185.01 4.09 22.49 
  


 


104.87 0 0.001 8.62E+02 371.39 185.7 4.09 22.54 
  


 


105.31 0 0.001 8.67E+02 372.77 186.38 4.1 22.6 
  


 


105.75 0 0.001 8.72E+02 374.14 187.07 4.11 22.65 
  


 


106.19 0 0.001 8.77E+02 375.52 187.76 4.12 22.71 
  


 


106.62 0 0.001 8.81E+02 376.89 188.45 4.12 22.76 
  


 


107.06 0 0.001 8.86E+02 378.26 189.13 4.13 22.82 
  


 


107.5 0 0.001 8.91E+02 379.63 189.82 4.14 22.87 
  


 


107.94 0 0.001 8.96E+02 381.01 190.5 4.14 22.93 
  


 


108.38 0 0.001 9.01E+02 382.38 191.19 4.15 22.98 
  


 


108.82 0 0.001 9.05E+02 383.75 191.87 4.16 23.04 
  


 


109.26 0 0.001 9.10E+02 385.12 192.56 4.16 23.09 
  


 


109.69 0 0.001 9.15E+02 386.48 193.24 4.17 23.15 
  


 


110.13 0 0.001 9.20E+02 387.85 193.93 4.18 23.2 
  


 


110.57 0 0.001 9.25E+02 389.22 194.61 4.18 23.26 
  


 


111.01 0 0.001 9.30E+02 390.59 195.29 4.19 23.31 
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111.45 0 0.001 9.34E+02 391.95 195.98 4.2 23.36 
  


 


111.89 0 0.001 9.39E+02 393.32 196.66 4.2 23.42 
  


 


112.33 0 0.001 9.44E+02 394.68 197.34 4.21 23.47 
  


 


112.76 0 0.001 9.49E+02 396.05 198.02 4.22 23.53 
  


 


113.2 0 0.001 9.54E+02 397.41 198.71 4.23 23.58 
  


 


113.64 0 0.001 9.59E+02 398.78 199.39 4.23 23.63 
  


 


114.08 0 0.001 9.64E+02 400.14 200.07 4.24 23.69 
  


 


  


 
         


           


           


 


A R E A S OF E X C E 


 
1 : case # 


      


           


           


 


EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
   


 


(DEG. C) (SQ. M) 


        


 


0.01 1.30E+01 
        


 


0.02 3.01E+00 
        


 


0.03 1.26E+00 
        


 


0.04 6.28E-01 
        


 


0.05 3.60E-01 
        


 


0.06 2.21E-01 
        


 


0.08 1.42E-01 
        


 


0.09 9.10E-02 
        


 


0.1 6.41E-02 
        


 


0.11 4.62E-02 
        


 


0.12 3.18E-02 
        


 


0.13 2.36E-02 
        


 


0.14 1.77E-02 
        


 


0.15 1.29E-02 
        


 


0.16 9.87E-03 
        


 


0.17 7.49E-03 
        


 


0.18 5.73E-03 
        


 


0.19 4.45E-03 
        


 


0.2 3.43E-03 
        


 


0.22 2.31E-03 
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Table C.2: Visual Plumes Model Output Data for MCC Room at Maximum Currents 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
   1 : case # 


        


            


            AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; VEL. 0.25 M/S 


HEAT CONVECTION = 2 
        


            DISCHARGE CONDITIONS : TEMP. = 4.2 C; DEPTH = 0.09 M. 
 ; WIDTH = 0.09 M. 


       ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 
   DISCHARGE DENSIMENTRIC FROUDE NO. = 697.63 


      


            


            X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 
DEPTH (M.) WIDTH (M.) 


        (DEG. C) (SEC.) (DILU.)   


    


            0.05 0 0.216 1.32E-02 2 1 0.14 0.13 
    0.06 0 0.21 1.49E-02 2.05 1.03 0.14 0.14 
    0.07 0 0.205 1.67E-02 2.1 1.05 0.14 0.15 
    0.07 0 0.2 1.84E-02 2.15 1.08 0.14 0.15 
    0.08 0 0.196 2.02E-02 2.2 1.1 0.14 0.16 
    0.09 0 0.192 2.21E-02 2.25 1.13 0.14 0.16 
    0.1 0 0.188 2.40E-02 2.3 1.15 0.14 0.17 
    0.11 0 0.18 2.79E-02 2.39 1.2 0.14 0.18 
    0.12 0 0.174 3.19E-02 2.48 1.24 0.15 0.19 
    0.14 0 0.168 3.60E-02 2.57 1.28 0.15 0.2 
    0.15 0 0.163 4.03E-02 2.65 1.33 0.15 0.21 
    0.18 0 0.153 4.93E-02 2.82 1.41 0.15 0.23 
    0.2 0 0.145 5.87E-02 2.98 1.49 0.16 0.25 
    0.23 0 0.138 6.86E-02 3.13 1.56 0.16 0.27 
    0.26 0 0.132 7.89E-02 3.28 1.64 0.16 0.28 
    0.31 0 0.121 1.01E-01 3.57 1.79 0.17 0.32 
    0.37 0 0.112 1.24E-01 3.85 1.93 0.18 0.35 
    0.42 0 0.105 1.50E-01 4.13 2.06 0.18 0.38 
    0.48 0 0.098 1.76E-01 4.39 2.2 0.19 0.42 
    0.59 0 0.088 2.34E-01 4.92 2.46 0.2 0.47 
    0.7 0 0.08 2.97E-01 5.43 2.72 0.21 0.53 
    0.81 0 0.073 3.65E-01 5.93 2.97 0.23 0.59 
    0.92 0 0.067 4.38E-01 6.43 3.21 0.24 0.64 
    1.14 0 0.059 5.99E-01 7.4 3.7 0.26 0.74 
    1.36 0 0.052 7.77E-01 8.36 4.18 0.28 0.83 
    1.58 0 0.047 9.72E-01 9.3 4.65 0.3 0.92 
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1.79 0 0.043 1.18E+00 10.22 5.11 0.32 1.01 
    2.01 0 0.039 1.41E+00 11.14 5.57 0.34 1.09 
    2.23 0 0.036 1.65E+00 12.05 6.03 0.36 1.17 
    2.67 0 0.032 2.17E+00 13.85 6.92 0.4 1.32 
    3.11 0 0.028 2.73E+00 15.61 7.81 0.43 1.46 
    3.55 0 0.025 3.34E+00 17.36 8.68 0.46 1.6 
    3.99 0 0.023 4.00E+00 19.08 9.54 0.49 1.72 
    4.43 0 0.021 4.68E+00 20.78 10.39 0.52 1.84 
    4.86 0 0.02 5.41E+00 22.47 11.23 0.55 1.96 
    5.3 0 0.018 6.16E+00 24.14 12.07 0.57 2.07 
    5.74 0 0.017 6.95E+00 25.8 12.9 0.6 2.17 
    6.18 0 0.016 7.76E+00 27.44 13.72 0.62 2.28 
    6.62 0 0.015 8.60E+00 29.07 14.53 0.64 2.38 
    7.06 0 0.014 9.47E+00 30.69 15.34 0.66 2.47 
    7.5 0 0.014 1.04E+01 32.29 16.15 0.68 2.57 
    7.94 0 0.013 1.13E+01 33.89 16.94 0.7 2.66 
    8.37 0 0.012 1.22E+01 35.48 17.74 0.72 2.74 
    8.81 0 0.012 1.31E+01 37.05 18.53 0.74 2.83 
    9.25 0 0.011 1.41E+01 38.62 19.31 0.76 2.91 
    9.69 0 0.011 1.51E+01 40.18 20.09 0.78 3 
    10.13 0 0.01 1.61E+01 41.74 20.87 0.8 3.08 
    10.57 0 0.01 1.71E+01 43.28 21.64 0.81 3.15 
    11.01 0 0.01 1.81E+01 44.82 22.41 0.83 3.23 
    11.44 0 0.009 1.92E+01 46.35 23.17 0.85 3.31 
    11.88 0 0.009 2.03E+01 47.87 23.94 0.86 3.38 
    12.32 0 0.009 2.13E+01 49.39 24.7 0.88 3.45 
    12.76 0 0.009 2.24E+01 50.9 25.45 0.89 3.52 
    13.2 0 0.008 2.35E+01 52.41 26.2 0.91 3.59 
    13.64 0 0.008 2.46E+01 53.91 26.95 0.92 3.66 
    14.08 0 0.008 2.57E+01 55.4 27.7 0.93 3.73 
    14.51 0 0.008 2.69E+01 56.89 28.45 0.95 3.79 
    14.95 0 0.007 2.80E+01 58.38 29.19 0.96 3.86 
    15.39 0 0.007 2.92E+01 59.86 29.93 0.97 3.92 
    15.83 0 0.007 3.03E+01 61.33 30.67 0.99 3.99 
    16.27 0 0.007 3.15E+01 62.8 31.4 1 4.05 
    16.71 0 0.007 3.27E+01 64.27 32.13 1.01 4.11 
    17.15 0 0.007 3.39E+01 65.73 32.86 1.03 4.17 
    17.58 0 0.007 3.51E+01 67.19 33.59 1.04 4.23 
    18.02 0 0.006 3.63E+01 68.64 34.32 1.05 4.29 
    18.46 0 0.006 3.75E+01 70.09 35.04 1.06 4.35 
    18.9 0 0.006 3.87E+01 71.54 35.77 1.07 4.41 
    19.34 0 0.006 4.00E+01 72.98 36.49 1.08 4.46 
    19.78 0 0.006 4.12E+01 74.41 37.21 1.1 4.52 
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20.22 0 0.006 4.24E+01 75.85 37.92 1.11 4.58 
    20.65 0 0.006 4.37E+01 77.28 38.64 1.12 4.63 
    21.09 0 0.006 4.50E+01 78.71 39.35 1.13 4.69 
    21.53 0 0.005 4.62E+01 80.13 40.07 1.14 4.74 
    21.97 0 0.005 4.75E+01 81.55 40.78 1.15 4.79 
    22.41 0 0.005 4.88E+01 82.97 41.49 1.16 4.85 
    22.85 0 0.005 5.01E+01 84.39 42.19 1.17 4.9 
    23.29 0 0.005 5.13E+01 85.8 42.9 1.18 4.95 
    23.72 0 0.005 5.26E+01 87.21 43.6 1.19 5 
    24.16 0 0.005 5.39E+01 88.62 44.31 1.2 5.05 
    24.6 0 0.005 5.52E+01 90.02 45.01 1.21 5.1 
    25.04 0 0.005 5.66E+01 91.42 45.71 1.22 5.15 
    25.48 0 0.005 5.79E+01 92.82 46.41 1.23 5.2 
    25.92 0 0.005 5.92E+01 94.21 47.11 1.24 5.25 
    26.36 0 0.005 6.05E+01 95.61 47.8 1.25 5.3 
    26.79 0 0.005 6.18E+01 97 48.5 1.26 5.35 
    27.23 0 0.004 6.32E+01 98.39 49.19 1.27 5.4 
    27.67 0 0.004 6.45E+01 99.77 49.89 1.28 5.44 
    28.11 0 0.004 6.59E+01 101.16 50.58 1.28 5.49 
    28.55 0 0.004 6.72E+01 102.54 51.27 1.29 5.54 
    28.99 0 0.004 6.86E+01 103.92 51.96 1.3 5.58 
    29.43 0 0.004 6.99E+01 105.29 52.65 1.31 5.63 
    29.86 0 0.004 7.13E+01 106.67 53.33 1.32 5.67 
    30.3 0 0.004 7.26E+01 108.04 54.02 1.33 5.72 
    30.74 0 0.004 7.40E+01 109.41 54.7 1.34 5.76 
    31.18 0 0.004 7.54E+01 110.78 55.39 1.35 5.81 
    31.62 0 0.004 7.67E+01 112.14 56.07 1.35 5.85 
    32.06 0 0.004 7.81E+01 113.51 56.75 1.36 5.9 
    32.5 0 0.004 7.95E+01 114.87 57.44 1.37 5.94 
    32.93 0 0.004 8.09E+01 116.23 58.12 1.38 5.98 
    33.37 0 0.004 8.23E+01 117.59 58.8 1.39 6.03 
    33.81 0 0.004 8.37E+01 118.95 59.47 1.39 6.07 
    34.25 0 0.004 8.51E+01 120.3 60.15 1.4 6.11 
    34.69 0 0.004 8.65E+01 121.66 60.83 1.41 6.15 
    35.13 0 0.004 8.79E+01 123.01 61.5 1.42 6.19 
    35.57 0 0.004 8.93E+01 124.36 62.18 1.43 6.24 
    36 0 0.003 9.07E+01 125.7 62.85 1.43 6.28 
    36.44 0 0.003 9.21E+01 127.05 63.53 1.44 6.32 
    36.88 0 0.003 9.35E+01 128.4 64.2 1.45 6.36 
    37.32 0 0.003 9.49E+01 129.74 64.87 1.46 6.4 
    37.76 0 0.003 9.63E+01 131.08 65.54 1.46 6.44 
    38.2 0 0.003 9.78E+01 132.42 66.21 1.47 6.48 
    38.64 0 0.003 9.92E+01 133.76 66.88 1.48 6.52 
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39.07 0 0.003 1.01E+02 135.09 67.55 1.49 6.56 
    39.51 0 0.003 1.02E+02 136.43 68.21 1.49 6.6 
    39.95 0 0.003 1.03E+02 137.76 68.88 1.5 6.64 
    40.39 0 0.003 1.05E+02 139.1 69.55 1.51 6.68 
    40.83 0 0.003 1.06E+02 140.43 70.21 1.51 6.72 
    41.27 0 0.003 1.08E+02 141.76 70.88 1.52 6.75 
    41.71 0 0.003 1.09E+02 143.08 71.54 1.53 6.79 
    42.14 0 0.003 1.11E+02 144.41 72.21 1.53 6.83 
    42.58 0 0.003 1.12E+02 145.74 72.87 1.54 6.87 
    43.02 0 0.003 1.14E+02 147.06 73.53 1.55 6.91 
    43.46 0 0.003 1.15E+02 148.38 74.19 1.56 6.94 
    43.9 0 0.003 1.16E+02 149.7 74.85 1.56 6.98 
    44.34 0 0.003 1.18E+02 151.02 75.51 1.57 7.02 
    44.78 0 0.003 1.19E+02 152.34 76.17 1.58 7.05 
    45.21 0 0.003 1.21E+02 153.66 76.83 1.58 7.09 
    45.65 0 0.003 1.22E+02 154.98 77.49 1.59 7.13 
    46.09 0 0.003 1.24E+02 156.29 78.14 1.6 7.16 
    46.53 0 0.003 1.25E+02 157.6 78.8 1.6 7.2 
    46.97 0 0.003 1.27E+02 158.92 79.46 1.61 7.24 
    47.41 0 0.003 1.28E+02 160.23 80.11 1.61 7.27 
    47.85 0 0.003 1.30E+02 161.54 80.77 1.62 7.31 
    48.29 0 0.003 1.31E+02 162.85 81.42 1.63 7.34 
    48.72 0 0.003 1.33E+02 164.15 82.08 1.63 7.38 
    49.16 0 0.003 1.34E+02 165.46 82.73 1.64 7.41 
    49.6 0 0.003 1.36E+02 166.77 83.38 1.65 7.45 
    50.04 0 0.003 1.37E+02 168.07 84.04 1.65 7.48 
    50.48 0 0.003 1.39E+02 169.37 84.69 1.66 7.52 
    50.92 0 0.003 1.40E+02 170.68 85.34 1.67 7.55 
    51.36 0 0.003 1.42E+02 171.98 85.99 1.67 7.59 
    51.79 0 0.003 1.43E+02 173.28 86.64 1.68 7.62 
    52.23 0 0.002 1.45E+02 174.58 87.29 1.68 7.66 
    52.67 0 0.002 1.46E+02 175.87 87.94 1.69 7.69 
    53.11 0 0.002 1.47E+02 177.17 88.59 1.7 7.72 
    53.55 0 0.002 1.49E+02 178.47 89.23 1.7 7.76 
    53.99 0 0.002 1.50E+02 179.76 89.88 1.71 7.79 
    54.43 0 0.002 1.52E+02 181.06 90.53 1.71 7.82 
    54.86 0 0.002 1.53E+02 182.35 91.17 1.72 7.86 
    55.3 0 0.002 1.55E+02 183.64 91.82 1.73 7.89 
    55.74 0 0.002 1.56E+02 184.93 92.47 1.73 7.92 
    56.18 0 0.002 1.58E+02 186.22 93.11 1.74 7.96 
    56.62 0 0.002 1.59E+02 187.51 93.76 1.74 7.99 
    57.06 0 0.002 1.61E+02 188.8 94.4 1.75 8.02 
    57.5 0 0.002 1.63E+02 190.09 95.04 1.75 8.05 
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57.93 0 0.002 1.64E+02 191.37 95.69 1.76 8.09 
    58.37 0 0.002 1.66E+02 192.66 96.33 1.77 8.12 
    58.81 0 0.002 1.67E+02 193.94 96.97 1.77 8.15 
    59.25 0 0.002 1.69E+02 195.23 97.61 1.78 8.18 
    59.69 0 0.002 1.70E+02 196.51 98.25 1.78 8.21 
    60.13 0 0.002 1.72E+02 197.79 98.9 1.79 8.25 
    60.57 0 0.002 1.73E+02 199.07 99.54 1.79 8.28 
    61 0 0.002 1.75E+02 200.35 100.18 1.8 8.31 
    61.44 0 0.002 1.76E+02 201.63 100.82 1.8 8.34 
    61.88 0 0.002 1.78E+02 202.91 101.45 1.81 8.37 
    62.32 0 0.002 1.79E+02 204.19 102.09 1.82 8.4 
    62.76 0 0.002 1.81E+02 205.46 102.73 1.82 8.43 
    63.2 0 0.002 1.82E+02 206.74 103.37 1.83 8.46 
    63.64 0 0.002 1.84E+02 208.01 104.01 1.83 8.5 
    64.07 0 0.002 1.85E+02 209.29 104.64 1.84 8.53 
    64.51 0 0.002 1.87E+02 210.56 105.28 1.84 8.56 
    64.95 0 0.002 1.88E+02 211.84 105.92 1.85 8.59 
    65.39 0 0.002 1.90E+02 213.11 106.55 1.85 8.62 
    65.83 0 0.002 1.91E+02 214.38 107.19 1.86 8.65 
    66.27 0 0.002 1.93E+02 215.65 107.82 1.86 8.68 
    66.71 0 0.002 1.95E+02 216.92 108.46 1.87 8.71 
    67.14 0 0.002 1.96E+02 218.19 109.09 1.87 8.74 
    67.58 0 0.002 1.98E+02 219.46 109.73 1.88 8.77 
    68.02 0 0.002 1.99E+02 220.72 110.36 1.88 8.8 
    68.46 0 0.002 2.01E+02 221.99 111 1.89 8.83 
    68.9 0 0.002 2.02E+02 223.26 111.63 1.89 8.86 
    69.34 0 0.002 2.04E+02 224.52 112.26 1.9 8.89 
    69.78 0 0.002 2.05E+02 225.79 112.89 1.9 8.92 
    70.21 0 0.002 2.07E+02 227.05 113.53 1.91 8.95 
    70.65 0 0.002 2.08E+02 228.31 114.16 1.91 8.98 
    71.09 0 0.002 2.10E+02 229.58 114.79 1.92 9 
    71.53 0 0.002 2.11E+02 230.84 115.42 1.92 9.03 
    71.97 0 0.002 2.13E+02 232.1 116.05 1.93 9.06 
    72.41 0 0.002 2.15E+02 233.36 116.68 1.93 9.09 
    72.85 0 0.002 2.16E+02 234.62 117.31 1.94 9.12 
    73.28 0 0.002 2.18E+02 235.88 117.94 1.94 9.15 
    73.72 0 0.002 2.19E+02 237.14 118.57 1.95 9.18 
    74.16 0 0.002 2.21E+02 238.39 119.2 1.95 9.21 
    74.6 0 0.002 2.22E+02 239.65 119.83 1.96 9.23 
    75.04 0 0.002 2.24E+02 240.91 120.45 1.96 9.26 
    75.48 0 0.002 2.25E+02 242.16 121.08 1.97 9.29 
    75.92 0 0.002 2.27E+02 243.42 121.71 1.97 9.32 
    76.35 0 0.002 2.29E+02 244.67 122.34 1.98 9.35 
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76.79 0 0.002 2.30E+02 245.93 122.96 1.98 9.38 
    77.23 0 0.002 2.32E+02 247.18 123.59 1.99 9.4 
    77.67 0 0.002 2.33E+02 248.43 124.22 1.99 9.43 
    78.11 0 0.002 2.35E+02 249.68 124.84 2 9.46 
    78.55 0 0.002 2.36E+02 250.94 125.47 2 9.49 
    78.99 0 0.002 2.38E+02 252.19 126.09 2.01 9.51 
    79.42 0 0.002 2.39E+02 253.44 126.72 2.01 9.54 
    79.86 0 0.002 2.41E+02 254.69 127.34 2.02 9.57 
    80.3 0 0.002 2.43E+02 255.94 127.97 2.02 9.6 
    80.74 0 0.002 2.44E+02 257.18 128.59 2.03 9.62 
    81.18 0 0.002 2.46E+02 258.43 129.22 2.03 9.65 
    81.62 0 0.002 2.47E+02 259.68 129.84 2.03 9.68 
    82.06 0 0.002 2.49E+02 260.93 130.46 2.04 9.71 
    82.49 0 0.002 2.50E+02 262.17 131.09 2.04 9.73 
    82.93 0 0.002 2.52E+02 263.42 131.71 2.05 9.76 
    83.37 0 0.002 2.54E+02 264.66 132.33 2.05 9.79 
    83.81 0 0.002 2.55E+02 265.91 132.95 2.06 9.81 
    84.25 0 0.002 2.57E+02 267.15 133.57 2.06 9.84 
    84.69 0 0.002 2.58E+02 268.39 134.2 2.07 9.87 
    85.13 0 0.002 2.60E+02 269.64 134.82 2.07 9.89 
    85.56 0 0.002 2.61E+02 270.88 135.44 2.08 9.92 
    86 0 0.002 2.63E+02 272.12 136.06 2.08 9.95 
    86.44 0 0.002 2.65E+02 273.36 136.68 2.08 9.97 
    86.88 0 0.002 2.66E+02 274.6 137.3 2.09 10 
    87.32 0 0.002 2.68E+02 275.84 137.92 2.09 10.03 
    87.76 0 0.002 2.69E+02 277.08 138.54 2.1 10.05 
    88.2 0 0.002 2.71E+02 278.32 139.16 2.1 10.08 
    88.64 0 0.002 2.73E+02 279.56 139.78 2.11 10.1 
    89.07 0 0.002 2.74E+02 280.8 140.4 2.11 10.13 
    89.51 0 0.002 2.76E+02 282.03 141.02 2.12 10.16 
    89.95 0 0.002 2.77E+02 283.27 141.64 2.12 10.18 
    90.39 0 0.002 2.79E+02 284.51 142.25 2.12 10.21 
    90.83 0 0.002 2.80E+02 285.74 142.87 2.13 10.23 
    91.27 0 0.002 2.82E+02 286.98 143.49 2.13 10.26 
    91.71 0 0.002 2.84E+02 288.21 144.11 2.14 10.29 
    92.14 0 0.002 2.85E+02 289.45 144.72 2.14 10.31 
    92.58 0 0.001 2.87E+02 290.68 145.34 2.15 10.34 
    93.02 0 0.001 2.88E+02 291.91 145.96 2.15 10.36 
    93.46 0 0.001 2.90E+02 293.15 146.57 2.15 10.39 
    93.9 0 0.001 2.92E+02 294.38 147.19 2.16 10.41 
    94.34 0 0.001 2.93E+02 295.61 147.81 2.16 10.44 
    94.78 0 0.001 2.95E+02 296.84 148.42 2.17 10.46 
    95.21 0 0.001 2.96E+02 298.07 149.04 2.17 10.49 
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95.65 0 0.001 2.98E+02 299.3 149.65 2.18 10.51 
    96.09 0 0.001 2.99E+02 300.53 150.27 2.18 10.54 
    96.53 0 0.001 3.01E+02 301.76 150.88 2.18 10.56 
    96.97 0 0.001 3.03E+02 302.99 151.5 2.19 10.59 
    97.41 0 0.001 3.04E+02 304.22 152.11 2.19 10.61 
    97.85 0 0.001 3.06E+02 305.45 152.73 2.2 10.64 
    98.28 0 0.001 3.07E+02 306.68 153.34 2.2 10.66 
    98.72 0 0.001 3.09E+02 307.91 153.95 2.2 10.69 
    99.16 0 0.001 3.11E+02 309.13 154.57 2.21 10.71 
    99.6 0 0.001 3.12E+02 310.36 155.18 2.21 10.74 
    100.04 0 0.001 3.14E+02 311.58 155.79 2.22 10.76 
    100.48 0 0.001 3.15E+02 312.81 156.41 2.22 10.79 
    100.92 0 0.001 3.17E+02 314.04 157.02 2.22 10.81 
    101.35 0 0.001 3.19E+02 315.26 157.63 2.23 10.83 
    101.79 0 0.001 3.20E+02 316.48 158.24 2.23 10.86 
    102.23 0 0.001 3.22E+02 317.71 158.85 2.24 10.88 
    102.67 0 0.001 3.23E+02 318.93 159.47 2.24 10.91 
    103.11 0 0.001 3.25E+02 320.15 160.08 2.24 10.93 
    103.55 0 0.001 3.27E+02 321.38 160.69 2.25 10.96 
    103.99 0 0.001 3.28E+02 322.6 161.3 2.25 10.98 
    104.42 0 0.001 3.30E+02 323.82 161.91 2.26 11 
    104.86 0 0.001 3.31E+02 325.04 162.52 2.26 11.03 
    105.3 0 0.001 3.33E+02 326.26 163.13 2.26 11.05 
    105.74 0 0.001 3.35E+02 327.48 163.74 2.27 11.08 
    106.18 0 0.001 3.36E+02 328.7 164.35 2.27 11.1 
    106.62 0 0.001 3.38E+02 329.92 164.96 2.28 11.12 
    107.06 0 0.001 3.39E+02 331.14 165.57 2.28 11.15 
    107.49 0 0.001 3.41E+02 332.36 166.18 2.28 11.17 
    107.93 0 0.001 3.43E+02 333.58 166.79 2.29 11.19 
    108.37 0 0.001 3.44E+02 334.8 167.4 2.29 11.22 
    108.81 0 0.001 3.46E+02 336.02 168.01 2.3 11.24 
    109.25 0 0.001 3.47E+02 337.23 168.62 2.3 11.27 
    109.69 0 0.001 3.49E+02 338.45 169.22 2.3 11.29 
    110.13 0 0.001 3.51E+02 339.67 169.83 2.31 11.31 
    110.56 0 0.001 3.52E+02 340.88 170.44 2.31 11.34 
    111 0 0.001 3.54E+02 342.1 171.05 2.32 11.36 
    111.44 0 0.001 3.56E+02 343.31 171.66 2.32 11.38 
    111.88 0 0.001 3.57E+02 344.53 172.26 2.32 11.41 
    112.32 0 0.001 3.59E+02 345.74 172.87 2.33 11.43 
    112.76 0 0.001 3.60E+02 346.96 173.48 2.33 11.45 
    113.2 0 0.001 3.62E+02 348.17 174.09 2.33 11.48 
    113.63 0 0.001 3.64E+02 349.38 174.69 2.34 11.5 
    114.07 0 0.001 3.65E+02 350.6 175.3 2.34 11.52 
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114.51 0 0.001 3.67E+02 351.81 175.9 2.35 11.54 
    114.95 0 0.001 3.68E+02 353.02 176.51 2.35 11.57 
    115.39 0 0.001 3.70E+02 354.23 177.12 2.35 11.59 
    115.83 0 0.001 3.72E+02 355.45 177.72 2.36 11.61 
    116.27 0 0.001 3.73E+02 356.66 178.33 2.36 11.64 
    116.7 0 0.001 3.75E+02 357.87 178.93 2.36 11.66 
    117.14 0 0.001 3.77E+02 359.08 179.54 2.37 11.68 
    117.58 0 0.001 3.78E+02 360.29 180.14 2.37 11.7 
    118.02 0 0.001 3.80E+02 361.5 180.75 2.38 11.73 
    118.46 0 0.001 3.81E+02 362.71 181.35 2.38 11.75 
    118.9 0 0.001 3.83E+02 363.92 181.96 2.38 11.77 
    119.34 0 0.001 3.85E+02 365.12 182.56 2.39 11.79 
    119.77 0 0.001 3.86E+02 366.33 183.17 2.39 11.82 
    120.21 0 0.001 3.88E+02 367.54 183.77 2.39 11.84 
    120.65 0 0.001 3.89E+02 368.75 184.37 2.4 11.86 
    121.09 0 0.001 3.91E+02 369.96 184.98 2.4 11.88 
    121.53 0 0.001 3.93E+02 371.16 185.58 2.4 11.91 
    121.97 0 0.001 3.94E+02 372.37 186.18 2.41 11.93 
    122.41 0 0.001 3.96E+02 373.58 186.79 2.41 11.95 
    122.84 0 0.001 3.98E+02 374.78 187.39 2.42 11.97 
    123.28 0 0.001 3.99E+02 375.99 187.99 2.42 11.99 
    123.72 0 0.001 4.01E+02 377.19 188.6 2.42 12.02 
    124.16 0 0.001 4.02E+02 378.4 189.2 2.43 12.04 
    124.6 0 0.001 4.04E+02 379.6 189.8 2.43 12.06 
    125.04 0 0.001 4.06E+02 380.81 190.4 2.43 12.08 
    125.48 0 0.001 4.07E+02 382.01 191.01 2.44 12.1 
    125.91 0 0.001 4.09E+02 383.21 191.61 2.44 12.13 
    126.35 0 0.001 4.11E+02 384.42 192.21 2.44 12.15 
    126.79 0 0.001 4.12E+02 385.62 192.81 2.45 12.17 
    127.23 0 0.001 4.14E+02 386.82 193.41 2.45 12.19 
    127.67 0 0.001 4.15E+02 388.03 194.01 2.45 12.21 
    128.11 0 0.001 4.17E+02 389.23 194.61 2.46 12.24 
    128.55 0 0.001 4.19E+02 390.43 195.21 2.46 12.26 
    128.99 0 0.001 4.20E+02 391.63 195.82 2.47 12.28 
    129.42 0 0.001 4.22E+02 392.83 196.42 2.47 12.3 
    129.86 0 0.001 4.24E+02 394.03 197.02 2.47 12.32 
    130.3 0 0.001 4.25E+02 395.23 197.62 2.48 12.34 
    130.74 0 0.001 4.27E+02 396.43 198.22 2.48 12.37 
    131.18 0 0.001 4.28E+02 397.63 198.82 2.48 12.39 
    131.62 0 0.001 4.30E+02 398.83 199.42 2.49 12.41 
    132.06 0 0.001 4.32E+02 400.03 200.02 2.49 12.43 
    132.49 0 0.001 4.33E+02 401.23 200.62 2.49 12.45 
    132.93 0 0.001 4.35E+02 402.43 201.21 2.5 12.47 
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            A R E A S OF E X C E S S 


1 : case # 
        


            


            EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
     (DEG. C) (SQ. M) 


          0.01 1.15E+01 
          0.02 2.83E+00 
          0.03 1.15E+00 
          0.04 5.88E-01 
          0.05 3.40E-01 
          0.06 2.17E-01 
          0.08 1.37E-01 
          0.09 9.32E-02 
          0.1 6.50E-02 
          0.11 4.51E-02 
          0.12 3.28E-02 
          0.13 2.41E-02 
          0.14 1.74E-02 
          0.15 1.31E-02 
          0.16 9.89E-03 
          0.17 7.46E-03 
          0.18 5.72E-03 
          0.19 4.42E-03 
          0.2 3.41E-03 
          0.22 2.31E-03 
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Appendix D: Model Outputs for Diesel Generators I 
 
Table D.1: Visual Plumes Model Output Data for Diesel Generators I at Mean Currents 
 


PDSWIN - FLOATING WARM WATER JETS -- June 1999PAGE 1 
  


 
1 : case # 


       


            


            


 
AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; 0.07 M/S 


 
HEAT CONVECTION = 2 


       


            


 
DISCHARGE CONDITIONS : TEMP. = 16.1 C; DEPTH = M. 


 


 
; WIDTH = 0.17 M. 


      


 
ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 


  


 
DISCHARGE DENSIMENTRIC FROUDE NO. = 13.76 


     


            


            


 


X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)    


 


    (DEG. C) (SEC.) (DILU.)   


   


            


 
0.4 0 12.116 3.80E-01 2 1 0.21 0.35 


   


 
0.41 0 11.894 3.93E-01 2.04 1.02 0.21 0.36 


   


 
0.42 0 11.684 4.06E-01 2.07 1.04 0.21 0.38 


   


 
0.44 0 11.486 4.20E-01 2.11 1.05 0.21 0.39 


   


 
0.45 0 11.298 4.34E-01 2.14 1.07 0.21 0.4 


   


 
0.46 0 11.119 4.48E-01 2.18 1.09 0.21 0.42 


   


 
0.48 0 10.948 4.63E-01 2.21 1.11 0.21 0.43 


   


 
0.51 0 10.628 4.92E-01 2.28 1.14 0.21 0.46 


   


 
0.53 0 10.332 5.22E-01 2.35 1.17 0.21 0.48 


   


 
0.56 0 10.058 5.53E-01 2.41 1.2 0.21 0.51 


   


 
0.59 0 9.802 5.85E-01 2.47 1.24 0.21 0.53 


   


 
0.64 0 9.337 6.50E-01 2.6 1.3 0.21 0.58 


   


 
0.7 0 8.923 7.19E-01 2.72 1.36 0.21 0.62 


   


 
0.75 0 8.55 7.90E-01 2.83 1.42 0.21 0.67 


   


 
0.81 0 8.211 8.64E-01 2.95 1.48 0.21 0.71 


   


 
0.92 0 7.618 1.02E+00 3.18 1.59 0.22 0.8 


   


 
1.03 0 7.111 1.19E+00 3.41 1.7 0.22 0.88 


   


 
1.14 0 6.672 1.36E+00 3.63 1.82 0.23 0.96 


   


 
1.25 0 6.288 1.55E+00 3.85 1.93 0.24 1.04 


   


 
1.36 0 5.948 1.75E+00 4.07 2.04 0.24 1.12 


   


 
1.46 0 5.645 1.96E+00 4.29 2.15 0.25 1.19 


   


 
1.57 0 5.373 2.17E+00 4.51 2.26 0.26 1.27 


   


 
1.68 0 5.128 2.40E+00 4.73 2.36 0.26 1.35 


   


 
1.9 0 4.703 2.87E+00 5.15 2.58 0.28 1.5 


   


 
2.12 0 4.348 3.39E+00 5.57 2.79 0.29 1.64 


   


 
2.34 0 4.046 3.94E+00 5.99 2.99 0.3 1.79 


   


 
2.56 0 3.786 4.52E+00 6.4 3.2 0.31 1.93 


   


 
3 0 3.364 5.77E+00 7.21 3.6 0.33 2.21 


   


 
3.44 0 3.033 7.14E+00 7.99 4 0.35 2.48 


   


 
3.88 0 2.768 8.63E+00 8.76 4.38 0.37 2.75 


   







99 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


 
4.32 0 2.549 1.02E+01 9.51 4.76 0.38 3.01 


   


 
4.75 0 2.366 1.19E+01 10.25 5.12 0.4 3.27 


   


 
5.19 0 2.211 1.37E+01 10.97 5.48 0.41 3.52 


   


 
6.07 0 1.961 1.75E+01 12.38 6.19 0.44 4.01 


   


 
6.95 0 1.767 2.17E+01 13.73 6.87 0.46 4.49 


   


 
7.82 0 1.612 2.61E+01 15.06 7.53 0.48 4.95 


   


 
8.7 0 1.484 3.08E+01 16.35 8.17 0.49 5.4 


   


 
9.58 0 1.377 3.58E+01 17.62 8.81 0.51 5.83 


   


 
10.46 0 1.286 4.10E+01 18.86 9.43 0.53 6.25 


   


 
11.33 0 1.207 4.64E+01 20.1 10.05 0.54 6.67 


   


 
12.21 0 1.137 5.20E+01 21.32 10.66 0.55 7.07 


   


 
13.09 0 1.076 5.79E+01 22.53 11.27 0.57 7.47 


   


 
13.96 0 1.021 6.38E+01 23.73 11.87 0.58 7.85 


   


 
14.84 0 0.972 7.00E+01 24.93 12.47 0.59 8.23 


   


 
15.72 0 0.928 7.63E+01 26.12 13.06 0.6 8.61 


   


 
16.59 0 0.887 8.28E+01 27.31 13.66 0.61 8.97 


   


 
17.47 0 0.85 8.95E+01 28.5 14.25 0.62 9.33 


   


 
18.35 0 0.816 9.63E+01 29.69 14.84 0.63 9.68 


   


 
19.23 0 0.784 1.03E+02 30.88 15.44 0.64 10.03 


   


 
20.1 0 0.755 1.10E+02 32.06 16.03 0.65 10.37 


   


 
20.98 0 0.728 1.17E+02 33.25 16.63 0.67 10.71 


   


 
21.86 0 0.703 1.25E+02 34.45 17.22 0.68 11.05 


   


 
22.73 0 0.679 1.32E+02 35.64 17.82 0.68 11.37 


   


 
23.61 0 0.657 1.40E+02 36.84 18.42 0.69 11.7 


   


 
24.49 0 0.636 1.47E+02 38.04 19.02 0.7 12.02 


     25.37 0 0.616 1.55E+02 39.24 19.62 0.71 12.34       


 
26.24 0 0.598 1.63E+02 40.45 20.23 0.72 12.65 


   


 
27.12 0 0.58 1.71E+02 41.66 20.83 0.73 12.96 


   


 
28 0 0.564 1.79E+02 42.88 21.44 0.74 13.26 


   


 
28.87 0 0.548 1.87E+02 44.1 22.05 0.75 13.57 


   


 
29.75 0 0.533 1.95E+02 45.32 22.66 0.76 13.87 


   


 
30.63 0 0.519 2.03E+02 46.55 23.27 0.77 14.16 


   


 
31.51 0 0.506 2.12E+02 47.78 23.89 0.78 14.46 


   


 
32.38 0 0.493 2.20E+02 49.01 24.51 0.79 14.75 


   


 
33.26 0 0.481 2.29E+02 50.25 25.12 0.79 15.03 


   


 
34.14 0 0.469 2.37E+02 51.49 25.75 0.8 15.32 


   


 
35.01 0 0.458 2.46E+02 52.74 26.37 0.81 15.6 


   


 
35.89 0 0.447 2.55E+02 53.99 26.99 0.82 15.88 


   


 
36.77 0 0.437 2.64E+02 55.24 27.62 0.83 16.16 


   


 
37.65 0 0.427 2.73E+02 56.5 28.25 0.84 16.44 


   


 
38.52 0 0.418 2.82E+02 57.76 28.88 0.85 16.71 


   


 
39.4 0 0.409 2.91E+02 59.03 29.51 0.85 16.98 


   


 
40.28 0 0.4 3.00E+02 60.3 30.15 0.86 17.25 


   


 
41.15 0 0.392 3.09E+02 61.57 30.79 0.87 17.52 


   


 
42.03 0 0.384 3.18E+02 62.85 31.43 0.88 17.78 


   


 
42.91 0 0.376 3.27E+02 64.13 32.07 0.89 18.05 


   


 
43.78 0 0.369 3.37E+02 65.42 32.71 0.89 18.31 


   


 
44.66 0 0.361 3.46E+02 66.71 33.36 0.9 18.57 


   


 
45.54 0 0.354 3.55E+02 68.01 34.01 0.91 18.82 


   


 
46.42 0 0.348 3.65E+02 69.31 34.66 0.92 19.08 
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47.29 0 0.341 3.74E+02 70.62 35.31 0.92 19.33 


   


 
48.17 0 0.335 3.84E+02 71.93 35.96 0.93 19.59 


   


 
49.05 0 0.329 3.94E+02 73.24 36.62 0.94 19.84 


   


 
49.92 0 0.323 4.03E+02 74.56 37.28 0.95 20.09 


   


 
50.8 0 0.317 4.13E+02 75.88 37.94 0.95 20.33 


   


 
51.68 0 0.312 4.23E+02 77.21 38.6 0.96 20.58 


   


 
52.56 0 0.307 4.32E+02 78.54 39.27 0.97 20.82 


   


 
53.43 0 0.301 4.42E+02 79.88 39.94 0.98 21.07 


   


 
54.31 0 0.296 4.52E+02 81.22 40.61 0.98 21.31 


   


 
55.19 0 0.292 4.62E+02 82.56 41.28 0.99 21.55 


   


 
56.06 0 0.287 4.72E+02 83.91 41.96 1 21.79 


   


 
56.94 0 0.282 4.82E+02 85.27 42.63 1.01 22.02 


   


 
57.82 0 0.278 4.92E+02 86.63 43.31 1.01 22.26 


   


 
58.7 0 0.273 5.02E+02 87.99 44 1.02 22.49 


   


 
59.57 0 0.269 5.12E+02 89.36 44.68 1.03 22.73 


   


 
60.45 0 0.265 5.22E+02 90.73 45.37 1.04 22.96 


   


 
61.33 0 0.261 5.33E+02 92.11 46.05 1.04 23.19 


   


 
62.2 0 0.257 5.43E+02 93.49 46.74 1.05 23.42 


   


 
63.08 0 0.253 5.53E+02 94.88 47.44 1.06 23.65 


   


 
63.96 0 0.25 5.63E+02 96.27 48.13 1.06 23.88 


   


 
64.84 0 0.246 5.74E+02 97.66 48.83 1.07 24.1 


   


 
65.71 0 0.243 5.84E+02 99.06 49.53 1.08 24.33 


   


 
66.59 0 0.239 5.94E+02 100.46 50.23 1.09 24.55 


   


 
67.47 0 0.236 6.05E+02 101.87 50.94 1.09 24.78 


   


 
68.34 0 0.233 6.15E+02 103.28 51.64 1.1 25 


   


 
69.22 0 0.229 6.26E+02 104.7 52.35 1.11 25.22 


   


 
70.1 0 0.226 6.36E+02 106.12 53.06 1.11 25.44 


   


 
70.97 0 0.223 6.47E+02 107.55 53.77 1.12 25.66 


   


 
71.85 0 0.22 6.57E+02 108.98 54.49 1.13 25.87 


   


 
72.73 0 0.217 6.68E+02 110.41 55.21 1.13 26.09 


   


 
73.61 0 0.215 6.78E+02 111.85 55.93 1.14 26.31 


   


 
74.48 0 0.212 6.89E+02 113.3 56.65 1.15 26.52 


   


 
75.36 0 0.209 7.00E+02 114.74 57.37 1.15 26.74 


   


 
76.24 0 0.207 7.10E+02 116.2 58.1 1.16 26.95 


   


 
77.11 0 0.204 7.21E+02 117.65 58.83 1.17 27.16 


   


 
77.99 0 0.201 7.32E+02 119.11 59.56 1.17 27.37 


   


 
78.87 0 0.199 7.42E+02 120.58 60.29 1.18 27.58 


   


 
79.75 0 0.197 7.53E+02 122.05 61.02 1.19 27.79 


   


 
80.62 0 0.194 7.64E+02 123.52 61.76 1.19 28 


   


 
81.5 0 0.192 7.75E+02 125 62.5 1.2 28.21 


   


 
82.38 0 0.19 7.86E+02 126.48 63.24 1.21 28.42 


   


 
83.25 0 0.187 7.96E+02 127.97 63.98 1.21 28.62 


   


 
84.13 0 0.185 8.07E+02 129.46 64.73 1.22 28.83 


   


 
85.01 0 0.183 8.18E+02 130.95 65.48 1.23 29.03 


   


 
85.89 0 0.181 8.29E+02 132.45 66.22 1.23 29.24 


   


 
86.76 0 0.179 8.40E+02 133.95 66.98 1.24 29.44 


   


 
87.64 0 0.177 8.51E+02 135.46 67.73 1.25 29.64 


   


 
88.52 0 0.175 8.62E+02 136.97 68.48 1.25 29.85 


   


 
89.39 0 0.173 8.73E+02 138.48 69.24 1.26 30.05 


   


 
90.27 0 0.171 8.84E+02 140 70 1.27 30.25 
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91.15 0 0.169 8.95E+02 141.53 70.76 1.27 30.45 


   


 
92.03 0 0.167 9.06E+02 143.06 71.53 1.28 30.65 


   


 
92.9 0 0.166 9.17E+02 144.59 72.29 1.29 30.84 


   


 
93.78 0 0.164 9.28E+02 146.12 73.06 1.29 31.04 


   


 
94.66 0 0.162 9.39E+02 147.66 73.83 1.3 31.24 


   


 
95.53 0 0.16 9.50E+02 149.21 74.6 1.31 31.43 


   


 
96.41 0 0.159 9.62E+02 150.75 75.38 1.31 31.63 


   


 
97.29 0 0.157 9.73E+02 152.3 76.15 1.32 31.82 


   


 
98.16 0 0.156 9.84E+02 153.86 76.93 1.33 32.02 


   


 
99.04 0 0.154 9.95E+02 155.42 77.71 1.33 32.21 


   


 
99.92 0 0.152 1.01E+03 156.98 78.49 1.34 32.4 


   


 
100.8 0 0.151 1.02E+03 158.55 79.27 1.34 32.6 


   


 
101.67 0 0.149 1.03E+03 160.12 80.06 1.35 32.79 


   


 
102.55 0 0.148 1.04E+03 161.69 80.85 1.36 32.98 


   


 
103.43 0 0.146 1.05E+03 163.27 81.64 1.36 33.17 


   


 
104.3 0 0.145 1.06E+03 164.86 82.43 1.37 33.36 


   


 
105.18 0 0.144 1.07E+03 166.44 83.22 1.38 33.55 


   


 
106.06 0 0.142 1.08E+03 168.03 84.02 1.38 33.74 


   


 
106.94 0 0.141 1.10E+03 169.63 84.81 1.39 33.93 


   


 
107.81 0 0.14 1.11E+03 171.22 85.61 1.39 34.11 


   


 
108.69 0 0.138 1.12E+03 172.82 86.41 1.4 34.3 


   


 
109.57 0 0.137 1.13E+03 174.43 87.21 1.41 34.49 


   


 
110.44 0 0.136 1.14E+03 176.04 88.02 1.41 34.67 


   


 
111.32 0 0.134 1.15E+03 177.65 88.83 1.42 34.86 


   


 
112.2 0 0.133 1.16E+03 179.27 89.63 1.43 35.04 


   


 
113.08 0 0.132 1.18E+03 180.89 90.44 1.43 35.23 


   


 
113.95 0 0.131 1.19E+03 182.51 91.26 1.44 35.41 


   


 
114.83 0 0.13 1.20E+03 184.14 92.07 1.44 35.59 


   


 
115.71 0 0.129 1.21E+03 185.77 92.88 1.45 35.78 


   


 
116.58 0 0.127 1.22E+03 187.4 93.7 1.46 35.96 


   


 
117.46 0 0.126 1.23E+03 189.04 94.52 1.46 36.14 


   


 
118.34 0 0.125 1.24E+03 190.68 95.34 1.47 36.32 


   


 
119.22 0 0.124 1.26E+03 192.33 96.16 1.47 36.5 


   


 
120.09 0 0.123 1.27E+03 193.97 96.99 1.48 36.68 


   


 
120.97 0 0.122 1.28E+03 195.63 97.81 1.49 36.86 


   


 
121.85 0 0.121 1.29E+03 197.28 98.64 1.49 37.04 


   


 
122.72 0 0.12 1.30E+03 198.94 99.47 1.5 37.22 


   


 
123.6 0 0.119 1.31E+03 200.6 100.3 1.5 37.4 


   


 
124.48 0 0.118 1.32E+03 202.27 101.13 1.51 37.58 


   


 
125.35 0 0.117 1.34E+03 203.94 101.97 1.52 37.76 


   


 
126.23 0 0.116 1.35E+03 205.61 102.81 1.52 37.93 


   


 
127.11 0 0.115 1.36E+03 207.29 103.64 1.53 38.11 


   


 
127.99 0 0.114 1.37E+03 208.97 104.48 1.53 38.28 


   


 
128.86 0 0.113 1.38E+03 210.65 105.32 1.54 38.46 


   


 
129.74 0 0.112 1.39E+03 212.33 106.17 1.55 38.64 


   


 
130.62 0 0.111 1.41E+03 214.02 107.01 1.55 38.81 


   


 
131.49 0 0.111 1.42E+03 215.72 107.86 1.56 38.98 


   


 
132.37 0 0.11 1.43E+03 217.41 108.71 1.56 39.16 


   


 
133.25 0 0.109 1.44E+03 219.11 109.56 1.57 39.33 


   


 
134.13 0 0.108 1.45E+03 220.82 110.41 1.58 39.5 
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135 0 0.107 1.46E+03 222.52 111.26 1.58 39.68 


   


 
135.88 0 0.106 1.48E+03 224.23 112.12 1.59 39.85 


   


 
136.76 0 0.105 1.49E+03 225.94 112.97 1.59 40.02 


   


 
137.63 0 0.105 1.50E+03 227.66 113.83 1.6 40.19 


   


 
138.51 0 0.104 1.51E+03 229.38 114.69 1.6 40.36 


   


 
139.39 0 0.103 1.52E+03 231.1 115.55 1.61 40.53 


   


 
140.27 0 0.102 1.53E+03 232.82 116.41 1.62 40.7 


   


 
141.14 0 0.102 1.55E+03 234.55 117.28 1.62 40.87 


   


 
142.02 0 0.101 1.56E+03 236.28 118.14 1.63 41.04 


   


 
142.9 0 0.1 1.57E+03 238.02 119.01 1.63 41.21 


   


 
143.77 0 0.099 1.58E+03 239.76 119.88 1.64 41.38 


   


 
144.65 0 0.099 1.59E+03 241.5 120.75 1.64 41.55 


   


 
145.53 0 0.098 1.60E+03 243.24 121.62 1.65 41.72 


   


 
146.41 0 0.097 1.62E+03 244.99 122.49 1.66 41.89 


   


 
147.28 0 0.096 1.63E+03 246.74 123.37 1.66 42.05 


   


 
148.16 0 0.096 1.64E+03 248.49 124.24 1.67 42.22 


   


 
149.04 0 0.095 1.65E+03 250.25 125.12 1.67 42.39 


   


 
149.91 0 0.094 1.66E+03 252 126 1.68 42.55 


   


 
150.79 0 0.094 1.67E+03 253.77 126.88 1.68 42.72 


   


 
151.67 0 0.093 1.69E+03 255.53 127.77 1.69 42.88 


   


 
152.54 0 0.092 1.70E+03 257.3 128.65 1.7 43.05 


   


 
153.42 0 0.092 1.71E+03 259.07 129.54 1.7 43.21 


   


 
154.3 0 0.091 1.72E+03 260.84 130.42 1.71 43.38 


   


 
155.18 0 0.091 1.73E+03 262.62 131.31 1.71 43.54 


   


 
156.05 0 0.09 1.75E+03 264.4 132.2 1.72 43.7 


   


 
156.93 0 0.089 1.76E+03 266.18 133.09 1.72 43.87 


   


 
157.81 0 0.089 1.77E+03 267.97 133.98 1.73 44.03 


   


 
158.68 0 0.088 1.78E+03 269.76 134.88 1.74 44.19 


   


 
159.56 0 0.088 1.79E+03 271.55 135.77 1.74 44.36 


   


 
160.44 0 0.087 1.80E+03 273.34 136.67 1.75 44.52 


   


 
161.32 0 0.086 1.82E+03 275.14 137.57 1.75 44.68 


   


 
162.19 0 0.086 1.83E+03 276.94 138.47 1.76 44.84 


   


 
163.07 0 0.085 1.84E+03 278.74 139.37 1.76 45 


   


 
163.95 0 0.085 1.85E+03 280.55 140.27 1.77 45.16 


   


 
164.82 0 0.084 1.86E+03 282.36 141.18 1.77 45.32 


   


 
165.7 0 0.084 1.88E+03 284.17 142.08 1.78 45.48 


   


 
166.58 0 0.083 1.89E+03 285.98 142.99 1.79 45.64 


   


 
167.46 0 0.083 1.90E+03 287.8 143.9 1.79 45.8 


   


 
168.33 0 0.082 1.91E+03 289.62 144.81 1.8 45.96 


   


 
169.21 0 0.082 1.92E+03 291.44 145.72 1.8 46.12 


   


 
170.09 0 0.081 1.94E+03 293.26 146.63 1.81 46.28 


   


 
170.96 0 0.08 1.95E+03 295.09 147.55 1.81 46.44 


   


 
171.84 0 0.08 1.96E+03 296.92 148.46 1.82 46.6 


   


 
172.72 0 0.079 1.97E+03 298.75 149.38 1.82 46.75 


   


 
173.6 0 0.079 1.98E+03 300.59 150.29 1.83 46.91 


   


 
174.47 0 0.079 2.00E+03 302.43 151.21 1.83 47.07 


   


 
175.35 0 0.078 2.01E+03 304.27 152.13 1.84 47.22 


   


 
176.23 0 0.078 2.02E+03 306.11 153.06 1.85 47.38 


   


 
177.1 0 0.077 2.03E+03 307.96 153.98 1.85 47.54 


   


 
177.98 0 0.077 2.04E+03 309.81 154.9 1.86 47.69 


   







103 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


 
178.86 0 0.076 2.05E+03 311.66 155.83 1.86 47.85 


   


 
179.73 0 0.076 2.07E+03 313.51 156.76 1.87 48 


   


 
180.61 0 0.075 2.08E+03 315.37 157.68 1.87 48.16 


   


 
181.49 0 0.075 2.09E+03 317.23 158.61 1.88 48.31 


   


 
182.37 0 0.074 2.10E+03 319.09 159.54 1.88 48.47 


   


 
183.24 0 0.074 2.11E+03 320.95 160.48 1.89 48.62 


   


 
184.12 0 0.073 2.13E+03 322.82 161.41 1.89 48.78 


   


 
185 0 0.073 2.14E+03 324.69 162.34 1.9 48.93 


   


 
185.87 0 0.073 2.15E+03 326.56 163.28 1.9 49.08 


   


 
186.75 0 0.072 2.16E+03 328.43 164.22 1.91 49.24 


   


 
187.63 0 0.072 2.17E+03 330.31 165.16 1.92 49.39 


   


 
188.51 0 0.071 2.19E+03 332.19 166.1 1.92 49.54 


   


 
189.38 0 0.071 2.20E+03 334.07 167.04 1.93 49.69 


   


 
190.26 0 0.071 2.21E+03 335.96 167.98 1.93 49.85 


   


 
191.14 0 0.07 2.22E+03 337.84 168.92 1.94 50 


   


 
192.01 0 0.07 2.23E+03 339.73 169.87 1.94 50.15 


   


 
192.89 0 0.069 2.25E+03 341.62 170.81 1.95 50.3 


   


 
193.77 0 0.069 2.26E+03 343.52 171.76 1.95 50.45 


   


 
194.65 0 0.069 2.27E+03 345.41 172.71 1.96 50.6 


   


 
195.52 0 0.068 2.28E+03 347.31 173.66 1.96 50.75 


   


 
196.4 0 0.068 2.30E+03 349.21 174.61 1.97 50.9 


   


 
197.28 0 0.067 2.31E+03 351.12 175.56 1.97 51.05 


   


 
198.15 0 0.067 2.32E+03 353.02 176.51 1.98 51.2 


   


 
199.03 0 0.067 2.33E+03 354.93 177.47 1.98 51.35 


   


 
199.91 0 0.066 2.34E+03 356.84 178.42 1.99 51.5 


   


 
200.78 0 0.066 2.36E+03 358.75 179.38 1.99 51.65 


   


 
201.66 0 0.066 2.37E+03 360.67 180.33 2 51.8 


   


 
202.54 0 0.065 2.38E+03 362.59 181.29 2 51.95 


   


 
203.42 0 0.065 2.39E+03 364.51 182.25 2.01 52.1 


   


 
204.29 0 0.065 2.40E+03 366.43 183.21 2.01 52.25 


   


 
205.17 0 0.064 2.42E+03 368.35 184.18 2.02 52.39 


   


 
206.05 0 0.064 2.43E+03 370.28 185.14 2.03 52.54 


   


 
206.92 0 0.064 2.44E+03 372.21 186.11 2.03 52.69 


   


 
207.8 0 0.063 2.45E+03 374.14 187.07 2.04 52.84 


   


 
208.68 0 0.063 2.46E+03 376.08 188.04 2.04 52.98 


   


 
209.56 0 0.063 2.48E+03 378.01 189.01 2.05 53.13 


   


 
210.43 0 0.062 2.49E+03 379.95 189.97 2.05 53.28 


   


 
211.31 0 0.062 2.50E+03 381.89 190.94 2.06 53.42 


   


 
212.19 0 0.062 2.51E+03 383.83 191.92 2.06 53.57 


   


 
213.06 0 0.061 2.52E+03 385.78 192.89 2.07 53.72 


   


 
213.94 0 0.061 2.54E+03 387.72 193.86 2.07 53.86 


   


 
214.82 0 0.061 2.55E+03 389.67 194.84 2.08 54.01 


   


 
215.7 0 0.06 2.56E+03 391.63 195.81 2.08 54.15 
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EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
    


 


(DEG. C) (SQ. M) 


         


 
0.61 1.11E+02 


         


 
1.21 2.34E+01 


         


 
1.82 8.94E+00 


         


 
2.42 4.44E+00 


         


 
3.03 2.52E+00 


         


 
3.63 1.65E+00 


         


 
4.24 1.08E+00 


         


 
4.85 7.50E-01 


         


 
5.45 5.36E-01 


         


 
6.06 3.96E-01 


         


 
6.66 2.97E-01 


         


 
7.27 2.29E-01 


         


 
7.88 1.80E-01 


         


 
8.48 1.42E-01 


         


 
9.09 1.14E-01 


         


 
9.69 9.37E-02 


         


 
10.3 7.65E-02 


         


 
10.9 6.34E-02 


         


 
11.51 5.15E-02 


         


 
12.12 3.38E-02 
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Table D.2: Visual Plumes Model Output Data for Diesel Generators I at Maximum Currents 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
   1 : case # 


        


            


            AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,;    


HEAT CONVECTION = 2 
  


VEL. 0.25 M/S 


   


            DISCHARGE CONDITIONS : TEMP. = 16.1 C; 
     DEPTH = 0.18 M. ; WIDTH = 0.17 M. 


   ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 
   DISCHARGE DENSIMENTRIC FROUDE NO. = 13.76 


      


            


            X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 
DEPTH (M.) WIDTH (M.) 


        (DEG. C) (SEC.) (DILU.)   


    


            0.4 0 12.116 3.79E-01 2 1 0.2 0.32 
    0.41 0 11.913 3.92E-01 2.03 1.02 0.19 0.33 
    0.42 0 11.722 4.05E-01 2.07 1.03 0.19 0.34 
    0.44 0 11.54 4.19E-01 2.1 1.05 0.19 0.35 
    0.45 0 11.368 4.33E-01 2.13 1.07 0.19 0.37 
    0.46 0 11.203 4.47E-01 2.16 1.08 0.19 0.38 
    0.48 0 11.045 4.61E-01 2.19 1.1 0.19 0.39 
    0.51 0 10.748 4.89E-01 2.25 1.13 0.19 0.4 
    0.53 0 10.474 5.18E-01 2.31 1.16 0.19 0.42 
    0.56 0 10.22 5.47E-01 2.37 1.19 0.19 0.44 
    0.59 0 9.981 5.78E-01 2.43 1.21 0.19 0.46 
    0.64 0 9.547 6.39E-01 2.54 1.27 0.19 0.49 
    0.7 0 9.159 7.03E-01 2.65 1.32 0.19 0.53 
    0.75 0 8.809 7.68E-01 2.75 1.38 0.19 0.56 
    0.81 0 8.49 8.35E-01 2.85 1.43 0.19 0.59 
    0.92 0 7.928 9.75E-01 3.06 1.53 0.19 0.65 
    1.03 0 7.445 1.12E+00 3.25 1.63 0.19 0.71 
    1.14 0 7.024 1.27E+00 3.45 1.73 0.19 0.76 
    1.25 0 6.652 1.43E+00 3.64 1.82 0.2 0.81 
    1.36 0 6.321 1.59E+00 3.83 1.92 0.2 0.86 
    1.46 0 6.024 1.76E+00 4.02 2.01 0.2 0.91 
    1.57 0 5.755 1.93E+00 4.21 2.11 0.21 0.96 
    1.68 0 5.511 2.11E+00 4.4 2.2 0.21 1 
    1.9 0 5.083 2.48E+00 4.77 2.38 0.21 1.09 
    2.12 0 4.721 2.86E+00 5.13 2.57 0.22 1.18 
    2.34 0 4.409 3.26E+00 5.5 2.75 0.23 1.26 
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2.56 0 4.138 3.68E+00 5.86 2.93 0.23 1.34 
    3 0 3.69 4.55E+00 6.57 3.28 0.24 1.49 
    3.44 0 3.334 5.47E+00 7.27 3.64 0.25 1.63 
    3.88 0 3.043 6.43E+00 7.97 3.98 0.26 1.77 
    4.32 0 2.8 7.42E+00 8.66 4.33 0.27 1.9 
    4.75 0 2.595 8.46E+00 9.34 4.67 0.28 2.02 
    5.19 0 2.419 9.52E+00 10.02 5.01 0.29 2.14 
    6.07 0 2.134 1.17E+01 11.37 5.68 0.31 2.37 
    6.95 0 1.91 1.40E+01 12.7 6.35 0.32 2.59 
    7.82 0 1.729 1.64E+01 14.03 7.02 0.34 2.8 
    8.7 0 1.58 1.89E+01 15.35 7.68 0.35 2.99 
    9.58 0 1.455 2.14E+01 16.67 8.34 0.36 3.18 
    10.46 0 1.348 2.40E+01 17.99 8.99 0.37 3.37 
    11.33 0 1.256 2.66E+01 19.31 9.65 0.38 3.54 
    12.21 0 1.176 2.93E+01 20.63 10.32 0.4 3.71 
    13.09 0 1.105 3.20E+01 21.95 10.98 0.41 3.88 
    13.96 0 1.041 3.48E+01 23.28 11.64 0.42 4.04 
    14.84 0 0.985 3.76E+01 24.61 12.31 0.43 4.19 
    15.72 0 0.934 4.04E+01 25.95 12.98 0.44 4.35 
    16.59 0 0.888 4.32E+01 27.29 13.65 0.45 4.5 
    17.47 0 0.846 4.61E+01 28.64 14.32 0.46 4.64 
    18.35 0 0.808 4.90E+01 29.99 15 0.47 4.79 
    19.23 0 0.773 5.19E+01 31.35 15.68 0.47 4.93 
    20.1 0 0.741 5.49E+01 32.71 16.36 0.48 5.06 
    20.98 0 0.711 5.78E+01 34.08 17.04 0.49 5.2 
    21.86 0 0.683 6.08E+01 35.46 17.73 0.5 5.33 
    22.73 0 0.658 6.38E+01 36.84 18.42 0.51 5.46 
    23.61 0 0.634 6.68E+01 38.23 19.11 0.52 5.59 
    24.49 0 0.611 6.99E+01 39.62 19.81 0.53 5.72 
    25.37 0 0.591 7.29E+01 41.01 20.51 0.54 5.84 
    26.24 0 0.571 7.60E+01 42.42 21.21 0.54 5.97 
    27.12 0 0.553 7.90E+01 43.83 21.91 0.55 6.09 
    28 0 0.535 8.21E+01 45.24 22.62 0.56 6.21 
    28.87 0 0.519 8.52E+01 46.66 23.33 0.57 6.33 
    29.75 0 0.504 8.83E+01 48.08 24.04 0.58 6.44 
    30.63 0 0.489 9.15E+01 49.51 24.75 0.58 6.56 
    31.51 0 0.475 9.46E+01 50.94 25.47 0.59 6.67 
    32.38 0 0.462 9.77E+01 52.37 26.19 0.6 6.78 
    33.26 0 0.45 1.01E+02 53.81 26.91 0.61 6.9 
    34.14 0 0.438 1.04E+02 55.26 27.63 0.61 7.01 
    35.01 0 0.427 1.07E+02 56.7 28.35 0.62 7.12 
    35.89 0 0.416 1.10E+02 58.16 29.08 0.63 7.22 
    36.77 0 0.406 1.14E+02 59.61 29.81 0.63 7.33 
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37.65 0 0.396 1.17E+02 61.07 30.54 0.64 7.44 
    38.52 0 0.387 1.20E+02 62.53 31.27 0.65 7.54 
    39.4 0 0.378 1.23E+02 64 32 0.66 7.65 
    40.28 0 0.37 1.26E+02 65.47 32.73 0.66 7.75 
    41.15 0 0.361 1.30E+02 66.94 33.47 0.67 7.85 
    42.03 0 0.354 1.33E+02 68.42 34.21 0.68 7.95 
    42.91 0 0.346 1.36E+02 69.9 34.95 0.68 8.05 
    43.78 0 0.339 1.39E+02 71.38 35.69 0.69 8.15 
    44.66 0 0.332 1.42E+02 72.86 36.43 0.69 8.25 
    45.54 0 0.325 1.46E+02 74.35 37.18 0.7 8.35 
    46.42 0 0.319 1.49E+02 75.84 37.92 0.71 8.45 
    47.29 0 0.313 1.52E+02 77.34 38.67 0.71 8.54 
    48.17 0 0.307 1.55E+02 78.84 39.42 0.72 8.64 
    49.05 0 0.301 1.59E+02 80.33 40.17 0.73 8.73 
    49.92 0 0.295 1.62E+02 81.84 40.92 0.73 8.83 
    50.8 0 0.29 1.65E+02 83.34 41.67 0.74 8.92 
    51.68 0 0.285 1.69E+02 84.85 42.43 0.75 9.01 
    52.56 0 0.28 1.72E+02 86.36 43.18 0.75 9.11 
    53.43 0 0.275 1.75E+02 87.87 43.94 0.76 9.2 
    54.31 0 0.27 1.78E+02 89.39 44.69 0.76 9.29 
    55.19 0 0.266 1.82E+02 90.91 45.45 0.77 9.38 
    56.06 0 0.262 1.85E+02 92.43 46.21 0.77 9.47 
    56.94 0 0.257 1.88E+02 93.95 46.97 0.78 9.56 
    57.82 0 0.253 1.92E+02 95.47 47.74 0.79 9.65 
    58.7 0 0.249 1.95E+02 97 48.5 0.79 9.74 
    59.57 0 0.245 1.98E+02 98.53 49.27 0.8 9.82 
    60.45 0 0.242 2.02E+02 100.06 50.03 0.8 9.91 
    61.33 0 0.238 2.05E+02 101.6 50.8 0.81 10 
    62.2 0 0.234 2.08E+02 103.13 51.57 0.81 10.08 
    63.08 0 0.231 2.11E+02 104.67 52.34 0.82 10.17 
    63.96 0 0.227 2.15E+02 106.21 53.11 0.83 10.26 
    64.84 0 0.224 2.18E+02 107.76 53.88 0.83 10.34 
    65.71 0 0.221 2.21E+02 109.3 54.65 0.84 10.42 
    66.59 0 0.218 2.25E+02 110.85 55.42 0.84 10.51 
    67.47 0 0.215 2.28E+02 112.4 56.2 0.85 10.59 
    68.34 0 0.212 2.31E+02 113.95 56.97 0.85 10.67 
    69.22 0 0.209 2.35E+02 115.5 57.75 0.86 10.76 
    70.1 0 0.206 2.38E+02 117.06 58.53 0.86 10.84 
    70.97 0 0.204 2.41E+02 118.61 59.31 0.87 10.92 
    71.85 0 0.201 2.45E+02 120.17 60.09 0.87 11 
    72.73 0 0.198 2.48E+02 121.73 60.87 0.88 11.08 
    73.61 0 0.196 2.51E+02 123.29 61.65 0.88 11.16 
    74.48 0 0.193 2.55E+02 124.86 62.43 0.89 11.24 
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75.36 0 0.191 2.58E+02 126.42 63.21 0.89 11.32 
    76.24 0 0.189 2.62E+02 127.99 64 0.9 11.4 
    77.11 0 0.186 2.65E+02 129.56 64.78 0.9 11.48 
    77.99 0 0.184 2.68E+02 131.13 65.57 0.91 11.56 
    78.87 0 0.182 2.72E+02 132.71 66.35 0.91 11.64 
    79.75 0 0.18 2.75E+02 134.28 67.14 0.92 11.72 
    80.62 0 0.178 2.78E+02 135.86 67.93 0.92 11.79 
    81.5 0 0.176 2.82E+02 137.44 68.72 0.93 11.87 
    82.38 0 0.174 2.85E+02 139.02 69.51 0.93 11.95 
    83.25 0 0.172 2.88E+02 140.6 70.3 0.94 12.03 
    84.13 0 0.17 2.92E+02 142.18 71.09 0.94 12.1 
    85.01 0 0.168 2.95E+02 143.77 71.88 0.95 12.18 
    85.89 0 0.166 2.99E+02 145.35 72.68 0.95 12.25 
    86.76 0 0.164 3.02E+02 146.94 73.47 0.96 12.33 
    87.64 0 0.162 3.05E+02 148.53 74.26 0.96 12.4 
    88.52 0 0.161 3.09E+02 150.12 75.06 0.97 12.48 
    89.39 0 0.159 3.12E+02 151.71 75.86 0.97 12.55 
    90.27 0 0.157 3.15E+02 153.31 76.65 0.98 12.63 
    91.15 0 0.156 3.19E+02 154.9 77.45 0.98 12.7 
    92.03 0 0.154 3.22E+02 156.5 78.25 0.99 12.77 
    92.9 0 0.153 3.26E+02 158.1 79.05 0.99 12.85 
    93.78 0 0.151 3.29E+02 159.7 79.85 0.99 12.92 
    94.66 0 0.15 3.32E+02 161.3 80.65 1 12.99 
    95.53 0 0.148 3.36E+02 162.9 81.45 1 13.07 
    96.41 0 0.147 3.39E+02 164.51 82.25 1.01 13.14 
    97.29 0 0.145 3.43E+02 166.11 83.06 1.01 13.21 
    98.16 0 0.144 3.46E+02 167.72 83.86 1.02 13.28 
    99.04 0 0.142 3.49E+02 169.33 84.67 1.02 13.35 
    99.92 0 0.141 3.53E+02 170.94 85.47 1.03 13.42 
    100.8 0 0.14 3.56E+02 172.55 86.28 1.03 13.49 
    101.67 0 0.138 3.59E+02 174.17 87.08 1.03 13.56 
    102.55 0 0.137 3.63E+02 175.78 87.89 1.04 13.64 
    103.43 0 0.136 3.66E+02 177.4 88.7 1.04 13.71 
    104.3 0 0.135 3.70E+02 179.01 89.51 1.05 13.78 
    105.18 0 0.133 3.73E+02 180.63 90.32 1.05 13.84 
    106.06 0 0.132 3.76E+02 182.25 91.13 1.06 13.91 
    106.94 0 0.131 3.80E+02 183.87 91.94 1.06 13.98 
    107.81 0 0.13 3.83E+02 185.49 92.75 1.06 14.05 
    108.69 0 0.129 3.87E+02 187.12 93.56 1.07 14.12 
    109.57 0 0.128 3.90E+02 188.74 94.37 1.07 14.19 
    110.44 0 0.127 3.93E+02 190.37 95.18 1.08 14.26 
    111.32 0 0.126 3.97E+02 192 96 1.08 14.33 
    112.2 0 0.124 4.00E+02 193.62 96.81 1.09 14.39 
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113.08 0 0.123 4.04E+02 195.25 97.63 1.09 14.46 
    113.95 0 0.122 4.07E+02 196.88 98.44 1.09 14.53 
    114.83 0 0.121 4.11E+02 198.52 99.26 1.1 14.6 
    115.71 0 0.12 4.14E+02 200.15 100.08 1.1 14.66 
    116.58 0 0.119 4.17E+02 201.79 100.89 1.11 14.73 
    117.46 0 0.118 4.21E+02 203.42 101.71 1.11 14.8 
    118.34 0 0.118 4.24E+02 205.06 102.53 1.11 14.86 
    119.22 0 0.117 4.28E+02 206.7 103.35 1.12 14.93 
    120.09 0 0.116 4.31E+02 208.34 104.17 1.12 15 
    120.97 0 0.115 4.34E+02 209.98 104.99 1.13 15.06 
    121.85 0 0.114 4.38E+02 211.62 105.81 1.13 15.13 
    122.72 0 0.113 4.41E+02 213.26 106.63 1.13 15.19 
    123.6 0 0.112 4.45E+02 214.9 107.45 1.14 15.26 
    124.48 0 0.111 4.48E+02 216.55 108.27 1.14 15.32 
    125.35 0 0.11 4.51E+02 218.2 109.1 1.15 15.39 
    126.23 0 0.11 4.55E+02 219.84 109.92 1.15 15.45 
    127.11 0 0.109 4.58E+02 221.49 110.75 1.15 15.52 
    127.99 0 0.108 4.62E+02 223.14 111.57 1.16 15.58 
    128.86 0 0.107 4.65E+02 224.79 112.4 1.16 15.65 
    129.74 0 0.106 4.69E+02 226.44 113.22 1.17 15.71 
    130.62 0 0.106 4.72E+02 228.1 114.05 1.17 15.77 
    131.49 0 0.105 4.75E+02 229.75 114.88 1.17 15.84 
    132.37 0 0.104 4.79E+02 231.41 115.7 1.18 15.9 
    133.25 0 0.103 4.82E+02 233.06 116.53 1.18 15.96 
    134.13 0 0.103 4.86E+02 234.72 117.36 1.19 16.03 
    135 0 0.102 4.89E+02 236.38 118.19 1.19 16.09 
    135.88 0 0.101 4.93E+02 238.04 119.02 1.19 16.15 
    136.76 0 0.1 4.96E+02 239.7 119.85 1.2 16.22 
    137.63 0 0.1 4.99E+02 241.36 120.68 1.2 16.28 
    138.51 0 0.099 5.03E+02 243.02 121.51 1.2 16.34 
    139.39 0 0.098 5.06E+02 244.68 122.34 1.21 16.4 
    140.27 0 0.098 5.10E+02 246.35 123.17 1.21 16.46 
    141.14 0 0.097 5.13E+02 248.01 124.01 1.22 16.53 
    142.02 0 0.096 5.17E+02 249.68 124.84 1.22 16.59 
    142.9 0 0.096 5.20E+02 251.35 125.67 1.22 16.65 
    143.77 0 0.095 5.23E+02 253.01 126.51 1.23 16.71 
    144.65 0 0.095 5.27E+02 254.68 127.34 1.23 16.77 
    145.53 0 0.094 5.30E+02 256.35 128.18 1.23 16.83 
    146.41 0 0.093 5.34E+02 258.02 129.01 1.24 16.89 
    147.28 0 0.093 5.37E+02 259.7 129.85 1.24 16.96 
    148.16 0 0.092 5.41E+02 261.37 130.69 1.24 17.02 
    149.04 0 0.092 5.44E+02 263.04 131.52 1.25 17.08 
    149.91 0 0.091 5.47E+02 264.72 132.36 1.25 17.14 
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150.79 0 0.09 5.51E+02 266.4 133.2 1.26 17.2 
    151.67 0 0.09 5.54E+02 268.07 134.04 1.26 17.26 
    152.54 0 0.089 5.58E+02 269.75 134.88 1.26 17.32 
    153.42 0 0.089 5.61E+02 271.43 135.71 1.27 17.38 
    154.3 0 0.088 5.65E+02 273.11 136.55 1.27 17.44 
    155.18 0 0.088 5.68E+02 274.79 137.39 1.27 17.5 
    156.05 0 0.087 5.71E+02 276.47 138.24 1.28 17.56 
    156.93 0 0.087 5.75E+02 278.15 139.08 1.28 17.61 
    157.81 0 0.086 5.78E+02 279.84 139.92 1.28 17.67 
    158.68 0 0.085 5.82E+02 281.52 140.76 1.29 17.73 
    159.56 0 0.085 5.85E+02 283.21 141.6 1.29 17.79 
    160.44 0 0.084 5.89E+02 284.89 142.45 1.29 17.85 
    161.32 0 0.084 5.92E+02 286.58 143.29 1.3 17.91 
    162.19 0 0.083 5.96E+02 288.27 144.13 1.3 17.97 
    163.07 0 0.083 5.99E+02 289.96 144.98 1.31 18.03 
    163.95 0 0.082 6.02E+02 291.65 145.82 1.31 18.08 
    164.82 0 0.082 6.06E+02 293.34 146.67 1.31 18.14 
    165.7 0 0.082 6.09E+02 295.03 147.51 1.32 18.2 
    166.58 0 0.081 6.13E+02 296.72 148.36 1.32 18.26 
    167.46 0 0.081 6.16E+02 298.41 149.21 1.32 18.32 
    168.33 0 0.08 6.20E+02 300.11 150.05 1.33 18.37 
    169.21 0 0.08 6.23E+02 301.8 150.9 1.33 18.43 
    170.09 0 0.079 6.27E+02 303.5 151.75 1.33 18.49 
    170.96 0 0.079 6.30E+02 305.19 152.6 1.34 18.55 
    171.84 0 0.078 6.33E+02 306.89 153.45 1.34 18.6 
    172.72 0 0.078 6.37E+02 308.59 154.29 1.34 18.66 
    173.6 0 0.078 6.40E+02 310.29 155.14 1.35 18.72 
    174.47 0 0.077 6.44E+02 311.99 155.99 1.35 18.77 
    175.35 0 0.077 6.47E+02 313.69 156.84 1.35 18.83 
    176.23 0 0.076 6.51E+02 315.39 157.69 1.36 18.89 
    177.1 0 0.076 6.54E+02 317.09 158.55 1.36 18.94 
    177.98 0 0.075 6.58E+02 318.79 159.4 1.36 19 
    178.86 0 0.075 6.61E+02 320.5 160.25 1.37 19.06 
    179.73 0 0.075 6.64E+02 322.2 161.1 1.37 19.11 
    180.61 0 0.074 6.68E+02 323.91 161.95 1.37 19.17 
    181.49 0 0.074 6.71E+02 325.62 162.81 1.38 19.22 
    182.37 0 0.073 6.75E+02 327.32 163.66 1.38 19.28 
    183.24 0 0.073 6.78E+02 329.03 164.52 1.38 19.34 
    184.12 0 0.073 6.82E+02 330.74 165.37 1.39 19.39 
    185 0 0.072 6.85E+02 332.45 166.22 1.39 19.45 
    185.87 0 0.072 6.89E+02 334.16 167.08 1.39 19.5 
    186.75 0 0.072 6.92E+02 335.87 167.93 1.4 19.56 
    187.63 0 0.071 6.96E+02 337.58 168.79 1.4 19.61 
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188.51 0 0.071 6.99E+02 339.29 169.65 1.4 19.67 
    189.38 0 0.07 7.02E+02 341.01 170.5 1.41 19.72 
    190.26 0 0.07 7.06E+02 342.72 171.36 1.41 19.78 
    191.14 0 0.07 7.09E+02 344.44 172.22 1.41 19.83 
    192.01 0 0.069 7.13E+02 346.15 173.08 1.41 19.89 
    192.89 0 0.069 7.16E+02 347.87 173.93 1.42 19.94 
    193.77 0 0.069 7.20E+02 349.59 174.79 1.42 20 
    194.65 0 0.068 7.23E+02 351.3 175.65 1.42 20.05 
    195.52 0 0.068 7.27E+02 353.02 176.51 1.43 20.1 
    196.4 0 0.068 7.30E+02 354.74 177.37 1.43 20.16 
    197.28 0 0.067 7.33E+02 356.46 178.23 1.43 20.21 
    198.15 0 0.067 7.37E+02 358.18 179.09 1.44 20.27 
    199.03 0 0.067 7.40E+02 359.9 179.95 1.44 20.32 
    199.91 0 0.066 7.44E+02 361.63 180.81 1.44 20.37 
    200.78 0 0.066 7.47E+02 363.35 181.67 1.45 20.43 
    201.66 0 0.066 7.51E+02 365.07 182.54 1.45 20.48 
    202.54 0 0.065 7.54E+02 366.8 183.4 1.45 20.54 
    203.42 0 0.065 7.58E+02 368.52 184.26 1.46 20.59 
    204.29 0 0.065 7.61E+02 370.25 185.12 1.46 20.64 
    205.17 0 0.065 7.65E+02 371.97 185.99 1.46 20.7 
    206.05 0 0.064 7.68E+02 373.7 186.85 1.46 20.75 
    206.92 0 0.064 7.71E+02 375.43 187.71 1.47 20.8 
    207.8 0 0.064 7.75E+02 377.16 188.58 1.47 20.85 
    208.68 0 0.063 7.78E+02 378.89 189.44 1.47 20.91 
    209.56 0 0.063 7.82E+02 380.62 190.31 1.48 20.96 
    210.43 0 0.063 7.85E+02 382.35 191.17 1.48 21.01 
    211.31 0 0.063 7.89E+02 384.08 192.04 1.48 21.07 
    212.19 0 0.062 7.92E+02 385.81 192.91 1.49 21.12 
    213.06 0 0.062 7.96E+02 387.55 193.77 1.49 21.17 
    213.94 0 0.062 7.99E+02 389.28 194.64 1.49 21.22 
    214.82 0 0.061 8.03E+02 391.01 195.51 1.5 21.28 
    215.7 0 0.061 8.06E+02 392.75 196.37 1.5 21.33 
    216.57 0 0.061 8.10E+02 394.48 197.24 1.5 21.38 
    217.45 0 0.061 8.13E+02 396.22 198.11 1.5 21.43 
    218.33 0 0.06 8.16E+02 397.96 198.98 1.51 21.48 
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A R E A S OF E X C E S S 


1 : case # 
        


            EXC. TEMP. AREA 


          (DEG. C) (SQ. M) (DEG. C) AREA (SQ. M) 
     


            0.61 5.83E+01 
          1.21 1.64E+01 
          1.82 7.28E+00 
          2.42 3.85E+00 
          3.03 2.35E+00 
          3.63 1.54E+00 
          4.24 1.04E+00 
          4.85 7.31E-01 
          5.45 5.36E-01 
          6.06 3.88E-01 
          6.66 2.91E-01 
          7.27 2.28E-01 
          7.88 1.77E-01 
          8.48 1.39E-01 
          9.09 1.12E-01 
          9.69 9.09E-02 
          10.3 7.45E-02 
          10.9 6.18E-02 
          11.51 5.05E-02 
          12.12 3.38E-02 
            







113 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Appendix E: Model Outputs for Diesel Generators II 
 
Table E.1: Visual Plumes Model Output Data for Diesel Generators II at Mean Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
   1 : case # 


        


            


            AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,;    


HEAT CONVECTION = 2 
 


VEL. 0.07 M/S 
    


            DISCHARGE CONDITIONS : TEMP. = 16.1 C; DEPTH = 0.18 M. 
 ; WIDTH = 0.17 M. 


       ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 
   DISCHARGE DENSIMENTRIC FROUDE NO. = 13.76 


      


            


            X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)         (DEG. C) (SEC.) (DILU.)   


    


            0.4 0 12.116 3.80E-01 2 1 0.21 0.35 
    0.41 0 11.894 3.93E-01 2.04 1.02 0.21 0.36 
    0.42 0 11.684 4.06E-01 2.07 1.04 0.21 0.38 
    0.44 0 11.486 4.20E-01 2.11 1.05 0.21 0.39 
    0.45 0 11.298 4.34E-01 2.14 1.07 0.21 0.4 
    0.46 0 11.119 4.48E-01 2.18 1.09 0.21 0.42 
    0.48 0 10.948 4.63E-01 2.21 1.11 0.21 0.43 
    0.51 0 10.628 4.92E-01 2.28 1.14 0.21 0.46 
    0.53 0 10.332 5.22E-01 2.35 1.17 0.21 0.48 
    0.56 0 10.058 5.53E-01 2.41 1.2 0.21 0.51 
    0.59 0 9.802 5.85E-01 2.47 1.24 0.21 0.53 
    0.64 0 9.337 6.50E-01 2.6 1.3 0.21 0.58 
    0.7 0 8.923 7.19E-01 2.72 1.36 0.21 0.62 
    0.75 0 8.55 7.90E-01 2.83 1.42 0.21 0.67 
    0.81 0 8.211 8.64E-01 2.95 1.48 0.21 0.71 
    0.92 0 7.618 1.02E+00 3.18 1.59 0.22 0.8 
    1.03 0 7.111 1.19E+00 3.41 1.7 0.22 0.88 
    1.14 0 6.672 1.36E+00 3.63 1.82 0.23 0.96 
    1.25 0 6.288 1.55E+00 3.85 1.93 0.24 1.04 
    1.36 0 5.948 1.75E+00 4.07 2.04 0.24 1.12 
    1.46 0 5.645 1.96E+00 4.29 2.15 0.25 1.19 
    1.57 0 5.373 2.17E+00 4.51 2.26 0.26 1.27 
    1.68 0 5.128 2.40E+00 4.73 2.36 0.26 1.35 
    1.9 0 4.703 2.87E+00 5.15 2.58 0.28 1.5 
    2.12 0 4.348 3.39E+00 5.57 2.79 0.29 1.64 
    2.34 0 4.046 3.94E+00 5.99 2.99 0.3 1.79 
    2.56 0 3.786 4.52E+00 6.4 3.2 0.31 1.93 
    3 0 3.364 5.77E+00 7.21 3.6 0.33 2.21 
    3.44 0 3.033 7.14E+00 7.99 4 0.35 2.48 
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3.88 0 2.768 8.63E+00 8.76 4.38 0.37 2.75 
    4.32 0 2.549 1.02E+01 9.51 4.76 0.38 3.01 
    4.75 0 2.366 1.19E+01 10.25 5.12 0.4 3.27 
    5.19 0 2.211 1.37E+01 10.97 5.48 0.41 3.52 
    6.07 0 1.961 1.75E+01 12.38 6.19 0.44 4.01 
    6.95 0 1.767 2.17E+01 13.73 6.87 0.46 4.49 
    7.82 0 1.612 2.61E+01 15.06 7.53 0.48 4.95 
    8.7 0 1.484 3.08E+01 16.35 8.17 0.49 5.4 
    9.58 0 1.377 3.58E+01 17.62 8.81 0.51 5.83 
    10.46 0 1.286 4.10E+01 18.86 9.43 0.53 6.25 
    11.33 0 1.207 4.64E+01 20.1 10.05 0.54 6.67 
    12.21 0 1.137 5.20E+01 21.32 10.66 0.55 7.07 
    13.09 0 1.076 5.79E+01 22.53 11.27 0.57 7.47 
    13.96 0 1.021 6.38E+01 23.73 11.87 0.58 7.85 
    14.84 0 0.972 7.00E+01 24.93 12.47 0.59 8.23 
    15.72 0 0.928 7.63E+01 26.12 13.06 0.6 8.61 
    16.59 0 0.887 8.28E+01 27.31 13.66 0.61 8.97 
    17.47 0 0.85 8.95E+01 28.5 14.25 0.62 9.33 
    18.35 0 0.816 9.63E+01 29.69 14.84 0.63 9.68 
    19.23 0 0.784 1.03E+02 30.88 15.44 0.64 10.03 
    20.1 0 0.755 1.10E+02 32.06 16.03 0.65 10.37 
    20.98 0 0.728 1.17E+02 33.25 16.63 0.67 10.71 
    21.86 0 0.703 1.25E+02 34.45 17.22 0.68 11.05 
    22.73 0 0.679 1.32E+02 35.64 17.82 0.68 11.37 
    23.61 0 0.657 1.40E+02 36.84 18.42 0.69 11.7 
    24.49 0 0.636 1.47E+02 38.04 19.02 0.7 12.02 
    25.37 0 0.616 1.55E+02 39.24 19.62 0.71 12.34 
    26.24 0 0.598 1.63E+02 40.45 20.23 0.72 12.65 
    27.12 0 0.58 1.71E+02 41.66 20.83 0.73 12.96 
    28 0 0.564 1.79E+02 42.88 21.44 0.74 13.26 
    28.87 0 0.548 1.87E+02 44.1 22.05 0.75 13.57 
    29.75 0 0.533 1.95E+02 45.32 22.66 0.76 13.87 
    30.63 0 0.519 2.03E+02 46.55 23.27 0.77 14.16 
    31.51 0 0.506 2.12E+02 47.78 23.89 0.78 14.46 
    32.38 0 0.493 2.20E+02 49.01 24.51 0.79 14.75 
    33.26 0 0.481 2.29E+02 50.25 25.12 0.79 15.03 
    34.14 0 0.469 2.37E+02 51.49 25.75 0.8 15.32 
    35.01 0 0.458 2.46E+02 52.74 26.37 0.81 15.6 
    35.89 0 0.447 2.55E+02 53.99 26.99 0.82 15.88 
    36.77 0 0.437 2.64E+02 55.24 27.62 0.83 16.16 
    37.65 0 0.427 2.73E+02 56.5 28.25 0.84 16.44 
    38.52 0 0.418 2.82E+02 57.76 28.88 0.85 16.71 
    39.4 0 0.409 2.91E+02 59.03 29.51 0.85 16.98 
    40.28 0 0.4 3.00E+02 60.3 30.15 0.86 17.25 
    41.15 0 0.392 3.09E+02 61.57 30.79 0.87 17.52 
    42.03 0 0.384 3.18E+02 62.85 31.43 0.88 17.78 
    42.91 0 0.376 3.27E+02 64.13 32.07 0.89 18.05 
    43.78 0 0.369 3.37E+02 65.42 32.71 0.89 18.31 
    44.66 0 0.361 3.46E+02 66.71 33.36 0.9 18.57 
    45.54 0 0.354 3.55E+02 68.01 34.01 0.91 18.82 
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46.42 0 0.348 3.65E+02 69.31 34.66 0.92 19.08 
    47.29 0 0.341 3.74E+02 70.62 35.31 0.92 19.33 
    48.17 0 0.335 3.84E+02 71.93 35.96 0.93 19.59 
    49.05 0 0.329 3.94E+02 73.24 36.62 0.94 19.84 
    49.92 0 0.323 4.03E+02 74.56 37.28 0.95 20.09 
    50.8 0 0.317 4.13E+02 75.88 37.94 0.95 20.33 
    51.68 0 0.312 4.23E+02 77.21 38.6 0.96 20.58 
    52.56 0 0.307 4.32E+02 78.54 39.27 0.97 20.82 
    53.43 0 0.301 4.42E+02 79.88 39.94 0.98 21.07 
    54.31 0 0.296 4.52E+02 81.22 40.61 0.98 21.31 
    55.19 0 0.292 4.62E+02 82.56 41.28 0.99 21.55 
    56.06 0 0.287 4.72E+02 83.91 41.96 1 21.79 
    56.94 0 0.282 4.82E+02 85.27 42.63 1.01 22.02 
    57.82 0 0.278 4.92E+02 86.63 43.31 1.01 22.26 
    58.7 0 0.273 5.02E+02 87.99 44 1.02 22.49 
    59.57 0 0.269 5.12E+02 89.36 44.68 1.03 22.73 
    60.45 0 0.265 5.22E+02 90.73 45.37 1.04 22.96 
    61.33 0 0.261 5.33E+02 92.11 46.05 1.04 23.19 
    62.2 0 0.257 5.43E+02 93.49 46.74 1.05 23.42 
    63.08 0 0.253 5.53E+02 94.88 47.44 1.06 23.65 
    63.96 0 0.25 5.63E+02 96.27 48.13 1.06 23.88 
    64.84 0 0.246 5.74E+02 97.66 48.83 1.07 24.1 
    65.71 0 0.243 5.84E+02 99.06 49.53 1.08 24.33 
    66.59 0 0.239 5.94E+02 100.46 50.23 1.09 24.55 
    67.47 0 0.236 6.05E+02 101.87 50.94 1.09 24.78 
    68.34 0 0.233 6.15E+02 103.28 51.64 1.1 25 
    69.22 0 0.229 6.26E+02 104.7 52.35 1.11 25.22 
    70.1 0 0.226 6.36E+02 106.12 53.06 1.11 25.44 
    70.97 0 0.223 6.47E+02 107.55 53.77 1.12 25.66 
    71.85 0 0.22 6.57E+02 108.98 54.49 1.13 25.87 
    72.73 0 0.217 6.68E+02 110.41 55.21 1.13 26.09 
    73.61 0 0.215 6.78E+02 111.85 55.93 1.14 26.31 
    74.48 0 0.212 6.89E+02 113.3 56.65 1.15 26.52 
    75.36 0 0.209 7.00E+02 114.74 57.37 1.15 26.74 
    76.24 0 0.207 7.10E+02 116.2 58.1 1.16 26.95 
    77.11 0 0.204 7.21E+02 117.65 58.83 1.17 27.16 
    77.99 0 0.201 7.32E+02 119.11 59.56 1.17 27.37 
    78.87 0 0.199 7.42E+02 120.58 60.29 1.18 27.58 
    79.75 0 0.197 7.53E+02 122.05 61.02 1.19 27.79 
    80.62 0 0.194 7.64E+02 123.52 61.76 1.19 28 
    81.5 0 0.192 7.75E+02 125 62.5 1.2 28.21 
    82.38 0 0.19 7.86E+02 126.48 63.24 1.21 28.42 
    83.25 0 0.187 7.96E+02 127.97 63.98 1.21 28.62 
    84.13 0 0.185 8.07E+02 129.46 64.73 1.22 28.83 
    85.01 0 0.183 8.18E+02 130.95 65.48 1.23 29.03 
    85.89 0 0.181 8.29E+02 132.45 66.22 1.23 29.24 
    86.76 0 0.179 8.40E+02 133.95 66.98 1.24 29.44 
    87.64 0 0.177 8.51E+02 135.46 67.73 1.25 29.64 
    88.52 0 0.175 8.62E+02 136.97 68.48 1.25 29.85 
    89.39 0 0.173 8.73E+02 138.48 69.24 1.26 30.05 
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90.27 0 0.171 8.84E+02 140 70 1.27 30.25 
    91.15 0 0.169 8.95E+02 141.53 70.76 1.27 30.45 
    92.03 0 0.167 9.06E+02 143.06 71.53 1.28 30.65 
    92.9 0 0.166 9.17E+02 144.59 72.29 1.29 30.84 
    93.78 0 0.164 9.28E+02 146.12 73.06 1.29 31.04 
    94.66 0 0.162 9.39E+02 147.66 73.83 1.3 31.24 
    95.53 0 0.16 9.50E+02 149.21 74.6 1.31 31.43 
    96.41 0 0.159 9.62E+02 150.75 75.38 1.31 31.63 
    97.29 0 0.157 9.73E+02 152.3 76.15 1.32 31.82 
    98.16 0 0.156 9.84E+02 153.86 76.93 1.33 32.02 
    99.04 0 0.154 9.95E+02 155.42 77.71 1.33 32.21 
    99.92 0 0.152 1.01E+03 156.98 78.49 1.34 32.4 
    100.8 0 0.151 1.02E+03 158.55 79.27 1.34 32.6 
    101.67 0 0.149 1.03E+03 160.12 80.06 1.35 32.79 
    102.55 0 0.148 1.04E+03 161.69 80.85 1.36 32.98 
    103.43 0 0.146 1.05E+03 163.27 81.64 1.36 33.17 
    104.3 0 0.145 1.06E+03 164.86 82.43 1.37 33.36 
    105.18 0 0.144 1.07E+03 166.44 83.22 1.38 33.55 
    106.06 0 0.142 1.08E+03 168.03 84.02 1.38 33.74 
    106.94 0 0.141 1.10E+03 169.63 84.81 1.39 33.93 
    107.81 0 0.14 1.11E+03 171.22 85.61 1.39 34.11 
    108.69 0 0.138 1.12E+03 172.82 86.41 1.4 34.3 
    109.57 0 0.137 1.13E+03 174.43 87.21 1.41 34.49 
    110.44 0 0.136 1.14E+03 176.04 88.02 1.41 34.67 
    111.32 0 0.134 1.15E+03 177.65 88.83 1.42 34.86 
    112.2 0 0.133 1.16E+03 179.27 89.63 1.43 35.04 
    113.08 0 0.132 1.18E+03 180.89 90.44 1.43 35.23 
    113.95 0 0.131 1.19E+03 182.51 91.26 1.44 35.41 
    114.83 0 0.13 1.20E+03 184.14 92.07 1.44 35.59 
    115.71 0 0.129 1.21E+03 185.77 92.88 1.45 35.78 
    116.58 0 0.127 1.22E+03 187.4 93.7 1.46 35.96 
    117.46 0 0.126 1.23E+03 189.04 94.52 1.46 36.14 
    118.34 0 0.125 1.24E+03 190.68 95.34 1.47 36.32 
    119.22 0 0.124 1.26E+03 192.33 96.16 1.47 36.5 
    120.09 0 0.123 1.27E+03 193.97 96.99 1.48 36.68 
    120.97 0 0.122 1.28E+03 195.63 97.81 1.49 36.86 
    121.85 0 0.121 1.29E+03 197.28 98.64 1.49 37.04 
    122.72 0 0.12 1.30E+03 198.94 99.47 1.5 37.22 
    123.6 0 0.119 1.31E+03 200.6 100.3 1.5 37.4 
    124.48 0 0.118 1.32E+03 202.27 101.13 1.51 37.58 
    125.35 0 0.117 1.34E+03 203.94 101.97 1.52 37.76 
    126.23 0 0.116 1.35E+03 205.61 102.81 1.52 37.93 
    127.11 0 0.115 1.36E+03 207.29 103.64 1.53 38.11 
    127.99 0 0.114 1.37E+03 208.97 104.48 1.53 38.28 
    128.86 0 0.113 1.38E+03 210.65 105.32 1.54 38.46 
    129.74 0 0.112 1.39E+03 212.33 106.17 1.55 38.64 
    130.62 0 0.111 1.41E+03 214.02 107.01 1.55 38.81 
    131.49 0 0.111 1.42E+03 215.72 107.86 1.56 38.98 
    132.37 0 0.11 1.43E+03 217.41 108.71 1.56 39.16 
    133.25 0 0.109 1.44E+03 219.11 109.56 1.57 39.33 
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134.13 0 0.108 1.45E+03 220.82 110.41 1.58 39.5 
    135 0 0.107 1.46E+03 222.52 111.26 1.58 39.68 
    135.88 0 0.106 1.48E+03 224.23 112.12 1.59 39.85 
    136.76 0 0.105 1.49E+03 225.94 112.97 1.59 40.02 
    137.63 0 0.105 1.50E+03 227.66 113.83 1.6 40.19 
    138.51 0 0.104 1.51E+03 229.38 114.69 1.6 40.36 
    139.39 0 0.103 1.52E+03 231.1 115.55 1.61 40.53 
    140.27 0 0.102 1.53E+03 232.82 116.41 1.62 40.7 
    141.14 0 0.102 1.55E+03 234.55 117.28 1.62 40.87 
    142.02 0 0.101 1.56E+03 236.28 118.14 1.63 41.04 
    142.9 0 0.1 1.57E+03 238.02 119.01 1.63 41.21 
    143.77 0 0.099 1.58E+03 239.76 119.88 1.64 41.38 
    144.65 0 0.099 1.59E+03 241.5 120.75 1.64 41.55 
    145.53 0 0.098 1.60E+03 243.24 121.62 1.65 41.72 
    146.41 0 0.097 1.62E+03 244.99 122.49 1.66 41.89 
    147.28 0 0.096 1.63E+03 246.74 123.37 1.66 42.05 
    148.16 0 0.096 1.64E+03 248.49 124.24 1.67 42.22 
    149.04 0 0.095 1.65E+03 250.25 125.12 1.67 42.39 
    149.91 0 0.094 1.66E+03 252 126 1.68 42.55 
    150.79 0 0.094 1.67E+03 253.77 126.88 1.68 42.72 
    151.67 0 0.093 1.69E+03 255.53 127.77 1.69 42.88 
    152.54 0 0.092 1.70E+03 257.3 128.65 1.7 43.05 
    153.42 0 0.092 1.71E+03 259.07 129.54 1.7 43.21 
    154.3 0 0.091 1.72E+03 260.84 130.42 1.71 43.38 
    155.18 0 0.091 1.73E+03 262.62 131.31 1.71 43.54 
    156.05 0 0.09 1.75E+03 264.4 132.2 1.72 43.7 
    156.93 0 0.089 1.76E+03 266.18 133.09 1.72 43.87 
    157.81 0 0.089 1.77E+03 267.97 133.98 1.73 44.03 
    158.68 0 0.088 1.78E+03 269.76 134.88 1.74 44.19 
    159.56 0 0.088 1.79E+03 271.55 135.77 1.74 44.36 
    160.44 0 0.087 1.80E+03 273.34 136.67 1.75 44.52 
    161.32 0 0.086 1.82E+03 275.14 137.57 1.75 44.68 
    162.19 0 0.086 1.83E+03 276.94 138.47 1.76 44.84 
    163.07 0 0.085 1.84E+03 278.74 139.37 1.76 45 
    163.95 0 0.085 1.85E+03 280.55 140.27 1.77 45.16 
    164.82 0 0.084 1.86E+03 282.36 141.18 1.77 45.32 
    165.7 0 0.084 1.88E+03 284.17 142.08 1.78 45.48 
    166.58 0 0.083 1.89E+03 285.98 142.99 1.79 45.64 
    167.46 0 0.083 1.90E+03 287.8 143.9 1.79 45.8 
    168.33 0 0.082 1.91E+03 289.62 144.81 1.8 45.96 
    169.21 0 0.082 1.92E+03 291.44 145.72 1.8 46.12 
    170.09 0 0.081 1.94E+03 293.26 146.63 1.81 46.28 
    170.96 0 0.08 1.95E+03 295.09 147.55 1.81 46.44 
    171.84 0 0.08 1.96E+03 296.92 148.46 1.82 46.6 
    172.72 0 0.079 1.97E+03 298.75 149.38 1.82 46.75 
    173.6 0 0.079 1.98E+03 300.59 150.29 1.83 46.91 
    174.47 0 0.079 2.00E+03 302.43 151.21 1.83 47.07 
    175.35 0 0.078 2.01E+03 304.27 152.13 1.84 47.22 
    176.23 0 0.078 2.02E+03 306.11 153.06 1.85 47.38 
    177.1 0 0.077 2.03E+03 307.96 153.98 1.85 47.54 
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177.98 0 0.077 2.04E+03 309.81 154.9 1.86 47.69 
    178.86 0 0.076 2.05E+03 311.66 155.83 1.86 47.85 
    179.73 0 0.076 2.07E+03 313.51 156.76 1.87 48 
    180.61 0 0.075 2.08E+03 315.37 157.68 1.87 48.16 
    181.49 0 0.075 2.09E+03 317.23 158.61 1.88 48.31 
    182.37 0 0.074 2.10E+03 319.09 159.54 1.88 48.47 
    183.24 0 0.074 2.11E+03 320.95 160.48 1.89 48.62 
    184.12 0 0.073 2.13E+03 322.82 161.41 1.89 48.78 
    185 0 0.073 2.14E+03 324.69 162.34 1.9 48.93 
    185.87 0 0.073 2.15E+03 326.56 163.28 1.9 49.08 
    186.75 0 0.072 2.16E+03 328.43 164.22 1.91 49.24 
    187.63 0 0.072 2.17E+03 330.31 165.16 1.92 49.39 
    188.51 0 0.071 2.19E+03 332.19 166.1 1.92 49.54 
    189.38 0 0.071 2.20E+03 334.07 167.04 1.93 49.69 
    190.26 0 0.071 2.21E+03 335.96 167.98 1.93 49.85 
    191.14 0 0.07 2.22E+03 337.84 168.92 1.94 50 
    192.01 0 0.07 2.23E+03 339.73 169.87 1.94 50.15 
    192.89 0 0.069 2.25E+03 341.62 170.81 1.95 50.3 
    193.77 0 0.069 2.26E+03 343.52 171.76 1.95 50.45 
    194.65 0 0.069 2.27E+03 345.41 172.71 1.96 50.6 
    195.52 0 0.068 2.28E+03 347.31 173.66 1.96 50.75 
    196.4 0 0.068 2.30E+03 349.21 174.61 1.97 50.9 
    197.28 0 0.067 2.31E+03 351.12 175.56 1.97 51.05 
    198.15 0 0.067 2.32E+03 353.02 176.51 1.98 51.2 
    199.03 0 0.067 2.33E+03 354.93 177.47 1.98 51.35 
    199.91 0 0.066 2.34E+03 356.84 178.42 1.99 51.5 
    200.78 0 0.066 2.36E+03 358.75 179.38 1.99 51.65 
    201.66 0 0.066 2.37E+03 360.67 180.33 2 51.8 
    202.54 0 0.065 2.38E+03 362.59 181.29 2 51.95 
    203.42 0 0.065 2.39E+03 364.51 182.25 2.01 52.1 
    204.29 0 0.065 2.40E+03 366.43 183.21 2.01 52.25 
    205.17 0 0.064 2.42E+03 368.35 184.18 2.02 52.39 
    206.05 0 0.064 2.43E+03 370.28 185.14 2.03 52.54 
    206.92 0 0.064 2.44E+03 372.21 186.11 2.03 52.69 
    207.8 0 0.063 2.45E+03 374.14 187.07 2.04 52.84 
    208.68 0 0.063 2.46E+03 376.08 188.04 2.04 52.98 
    209.56 0 0.063 2.48E+03 378.01 189.01 2.05 53.13 
    210.43 0 0.062 2.49E+03 379.95 189.97 2.05 53.28 
    211.31 0 0.062 2.50E+03 381.89 190.94 2.06 53.42 
    212.19 0 0.062 2.51E+03 383.83 191.92 2.06 53.57 
    213.06 0 0.061 2.52E+03 385.78 192.89 2.07 53.72 
    213.94 0 0.061 2.54E+03 387.72 193.86 2.07 53.86 
    214.82 0 0.061 2.55E+03 389.67 194.84 2.08 54.01 
    215.7 0 0.06 2.56E+03 391.63 195.81 2.08 54.15 
    


            


            


                        


            


1 : case # 
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            EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
     (DEG. C) (SQ. M) 


          0.61 1.11E+02 
          1.21 2.34E+01 
          1.82 8.94E+00 
          2.42 4.44E+00 
          3.03 2.52E+00 
          3.63 1.65E+00 
          4.24 1.08E+00 
          4.85 7.50E-01 
          5.45 5.36E-01 
          6.06 3.96E-01 
          6.66 2.97E-01 
          7.27 2.29E-01 
          7.88 1.80E-01 
          8.48 1.42E-01 
          9.09 1.14E-01 
          9.69 9.37E-02 
          10.3 7.65E-02 
          10.9 6.34E-02 
          11.51 5.15E-02 
          12.12 3.38E-02 
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Table E.2: Visual Plumes Model Output Data for Diesel Generators II at Maximum Currents 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 


1 : case # 
     AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C 


 HEAT CONVECTION = 2 
 


,; VEL. 0.25 M/S 


         DISCHARGE CONDITIONS : TEMP. = 16.1 C; 
  DEPTH = 0.18 M. ; WIDTH = 0.17 M. 


ANGLE 0 DEG ; DISCHARGE RATE = 0.03 CU-M/S 


DISCHARGE DENSIMENTRIC FROUDE NO. = 13.76 
   


         


         X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 
DEPTH (M.) WIDTH (M.) 


     (DEG. C) (SEC.) (DILU.)   


 


         0.4 0 12.116 3.79E-01 2 1 0.2 0.32 
 0.41 0 11.913 3.92E-01 2.03 1.02 0.19 0.33 
 0.42 0 11.722 4.05E-01 2.07 1.03 0.19 0.34 
 0.44 0 11.54 4.19E-01 2.1 1.05 0.19 0.35 
 0.45 0 11.368 4.33E-01 2.13 1.07 0.19 0.37 
 0.46 0 11.203 4.47E-01 2.16 1.08 0.19 0.38 
 0.48 0 11.045 4.61E-01 2.19 1.1 0.19 0.39 
 0.51 0 10.748 4.89E-01 2.25 1.13 0.19 0.4 
 0.53 0 10.474 5.18E-01 2.31 1.16 0.19 0.42 
 0.56 0 10.22 5.47E-01 2.37 1.19 0.19 0.44 
 0.59 0 9.981 5.78E-01 2.43 1.21 0.19 0.46 
 0.64 0 9.547 6.39E-01 2.54 1.27 0.19 0.49 
 0.7 0 9.159 7.03E-01 2.65 1.32 0.19 0.53 
 0.75 0 8.809 7.68E-01 2.75 1.38 0.19 0.56 
 0.81 0 8.49 8.35E-01 2.85 1.43 0.19 0.59 
 0.92 0 7.928 9.75E-01 3.06 1.53 0.19 0.65 
 1.03 0 7.445 1.12E+00 3.25 1.63 0.19 0.71 
 1.14 0 7.024 1.27E+00 3.45 1.73 0.19 0.76 
 1.25 0 6.652 1.43E+00 3.64 1.82 0.2 0.81 
 1.36 0 6.321 1.59E+00 3.83 1.92 0.2 0.86 
 1.46 0 6.024 1.76E+00 4.02 2.01 0.2 0.91 
 1.57 0 5.755 1.93E+00 4.21 2.11 0.21 0.96 
 1.68 0 5.511 2.11E+00 4.4 2.2 0.21 1 
 1.9 0 5.083 2.48E+00 4.77 2.38 0.21 1.09 
 2.12 0 4.721 2.86E+00 5.13 2.57 0.22 1.18 
 2.34 0 4.409 3.26E+00 5.5 2.75 0.23 1.26 
 2.56 0 4.138 3.68E+00 5.86 2.93 0.23 1.34 
 3 0 3.69 4.55E+00 6.57 3.28 0.24 1.49 
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3.44 0 3.334 5.47E+00 7.27 3.64 0.25 1.63 
 3.88 0 3.043 6.43E+00 7.97 3.98 0.26 1.77 
 4.32 0 2.8 7.42E+00 8.66 4.33 0.27 1.9 
 4.75 0 2.595 8.46E+00 9.34 4.67 0.28 2.02 
 5.19 0 2.419 9.52E+00 10.02 5.01 0.29 2.14 
 6.07 0 2.134 1.17E+01 11.37 5.68 0.31 2.37 
 6.95 0 1.91 1.40E+01 12.7 6.35 0.32 2.59 
 7.82 0 1.729 1.64E+01 14.03 7.02 0.34 2.8 
 8.7 0 1.58 1.89E+01 15.35 7.68 0.35 2.99 
 9.58 0 1.455 2.14E+01 16.67 8.34 0.36 3.18 
 10.46 0 1.348 2.40E+01 17.99 8.99 0.37 3.37 
 11.33 0 1.256 2.66E+01 19.31 9.65 0.38 3.54 
 12.21 0 1.176 2.93E+01 20.63 10.32 0.4 3.71 
 13.09 0 1.105 3.20E+01 21.95 10.98 0.41 3.88 
 13.96 0 1.041 3.48E+01 23.28 11.64 0.42 4.04 
 14.84 0 0.985 3.76E+01 24.61 12.31 0.43 4.19 
 15.72 0 0.934 4.04E+01 25.95 12.98 0.44 4.35 
 16.59 0 0.888 4.32E+01 27.29 13.65 0.45 4.5 
 17.47 0 0.846 4.61E+01 28.64 14.32 0.46 4.64 
 18.35 0 0.808 4.90E+01 29.99 15 0.47 4.79 
 19.23 0 0.773 5.19E+01 31.35 15.68 0.47 4.93 
 20.1 0 0.741 5.49E+01 32.71 16.36 0.48 5.06 
 20.98 0 0.711 5.78E+01 34.08 17.04 0.49 5.2 
 21.86 0 0.683 6.08E+01 35.46 17.73 0.5 5.33 
 22.73 0 0.658 6.38E+01 36.84 18.42 0.51 5.46 
 23.61 0 0.634 6.68E+01 38.23 19.11 0.52 5.59 
 24.49 0 0.611 6.99E+01 39.62 19.81 0.53 5.72 
 25.37 0 0.591 7.29E+01 41.01 20.51 0.54 5.84 
 26.24 0 0.571 7.60E+01 42.42 21.21 0.54 5.97 
 27.12 0 0.553 7.90E+01 43.83 21.91 0.55 6.09 
 28 0 0.535 8.21E+01 45.24 22.62 0.56 6.21 
 28.87 0 0.519 8.52E+01 46.66 23.33 0.57 6.33 
 29.75 0 0.504 8.83E+01 48.08 24.04 0.58 6.44 
 30.63 0 0.489 9.15E+01 49.51 24.75 0.58 6.56 
 31.51 0 0.475 9.46E+01 50.94 25.47 0.59 6.67 
 32.38 0 0.462 9.77E+01 52.37 26.19 0.6 6.78 
 33.26 0 0.45 1.01E+02 53.81 26.91 0.61 6.9 
 34.14 0 0.438 1.04E+02 55.26 27.63 0.61 7.01 
 35.01 0 0.427 1.07E+02 56.7 28.35 0.62 7.12 
 35.89 0 0.416 1.10E+02 58.16 29.08 0.63 7.22 
 36.77 0 0.406 1.14E+02 59.61 29.81 0.63 7.33 
 37.65 0 0.396 1.17E+02 61.07 30.54 0.64 7.44 
 38.52 0 0.387 1.20E+02 62.53 31.27 0.65 7.54 
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39.4 0 0.378 1.23E+02 64 32 0.66 7.65 
 40.28 0 0.37 1.26E+02 65.47 32.73 0.66 7.75 
 41.15 0 0.361 1.30E+02 66.94 33.47 0.67 7.85 
 42.03 0 0.354 1.33E+02 68.42 34.21 0.68 7.95 
 42.91 0 0.346 1.36E+02 69.9 34.95 0.68 8.05 
 43.78 0 0.339 1.39E+02 71.38 35.69 0.69 8.15 
 44.66 0 0.332 1.42E+02 72.86 36.43 0.69 8.25 
 45.54 0 0.325 1.46E+02 74.35 37.18 0.7 8.35 
 46.42 0 0.319 1.49E+02 75.84 37.92 0.71 8.45 
 47.29 0 0.313 1.52E+02 77.34 38.67 0.71 8.54 
 48.17 0 0.307 1.55E+02 78.84 39.42 0.72 8.64 
 49.05 0 0.301 1.59E+02 80.33 40.17 0.73 8.73 
 49.92 0 0.295 1.62E+02 81.84 40.92 0.73 8.83 
 50.8 0 0.29 1.65E+02 83.34 41.67 0.74 8.92 
 51.68 0 0.285 1.69E+02 84.85 42.43 0.75 9.01 
 52.56 0 0.28 1.72E+02 86.36 43.18 0.75 9.11 
 53.43 0 0.275 1.75E+02 87.87 43.94 0.76 9.2 
 54.31 0 0.27 1.78E+02 89.39 44.69 0.76 9.29 
 55.19 0 0.266 1.82E+02 90.91 45.45 0.77 9.38 
 56.06 0 0.262 1.85E+02 92.43 46.21 0.77 9.47 
 56.94 0 0.257 1.88E+02 93.95 46.97 0.78 9.56 
 57.82 0 0.253 1.92E+02 95.47 47.74 0.79 9.65 
 58.7 0 0.249 1.95E+02 97 48.5 0.79 9.74 
 59.57 0 0.245 1.98E+02 98.53 49.27 0.8 9.82 
 60.45 0 0.242 2.02E+02 100.06 50.03 0.8 9.91 
 61.33 0 0.238 2.05E+02 101.6 50.8 0.81 10 
 62.2 0 0.234 2.08E+02 103.13 51.57 0.81 10.08 
 63.08 0 0.231 2.11E+02 104.67 52.34 0.82 10.17 
 63.96 0 0.227 2.15E+02 106.21 53.11 0.83 10.26 
 64.84 0 0.224 2.18E+02 107.76 53.88 0.83 10.34 
 65.71 0 0.221 2.21E+02 109.3 54.65 0.84 10.42 
 66.59 0 0.218 2.25E+02 110.85 55.42 0.84 10.51 
 67.47 0 0.215 2.28E+02 112.4 56.2 0.85 10.59 
 68.34 0 0.212 2.31E+02 113.95 56.97 0.85 10.67 
 69.22 0 0.209 2.35E+02 115.5 57.75 0.86 10.76 
 70.1 0 0.206 2.38E+02 117.06 58.53 0.86 10.84 
 70.97 0 0.204 2.41E+02 118.61 59.31 0.87 10.92 
 71.85 0 0.201 2.45E+02 120.17 60.09 0.87 11 
 72.73 0 0.198 2.48E+02 121.73 60.87 0.88 11.08 
 73.61 0 0.196 2.51E+02 123.29 61.65 0.88 11.16 
 74.48 0 0.193 2.55E+02 124.86 62.43 0.89 11.24 
 75.36 0 0.191 2.58E+02 126.42 63.21 0.89 11.32 
 76.24 0 0.189 2.62E+02 127.99 64 0.9 11.4 
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77.11 0 0.186 2.65E+02 129.56 64.78 0.9 11.48 
 77.99 0 0.184 2.68E+02 131.13 65.57 0.91 11.56 
 78.87 0 0.182 2.72E+02 132.71 66.35 0.91 11.64 
 79.75 0 0.18 2.75E+02 134.28 67.14 0.92 11.72 
 80.62 0 0.178 2.78E+02 135.86 67.93 0.92 11.79 
 81.5 0 0.176 2.82E+02 137.44 68.72 0.93 11.87 
 82.38 0 0.174 2.85E+02 139.02 69.51 0.93 11.95 
 83.25 0 0.172 2.88E+02 140.6 70.3 0.94 12.03 
 84.13 0 0.17 2.92E+02 142.18 71.09 0.94 12.1 
 85.01 0 0.168 2.95E+02 143.77 71.88 0.95 12.18 
 85.89 0 0.166 2.99E+02 145.35 72.68 0.95 12.25 
 86.76 0 0.164 3.02E+02 146.94 73.47 0.96 12.33 
 87.64 0 0.162 3.05E+02 148.53 74.26 0.96 12.4 
 88.52 0 0.161 3.09E+02 150.12 75.06 0.97 12.48 
 89.39 0 0.159 3.12E+02 151.71 75.86 0.97 12.55 
 90.27 0 0.157 3.15E+02 153.31 76.65 0.98 12.63 
 91.15 0 0.156 3.19E+02 154.9 77.45 0.98 12.7 
 92.03 0 0.154 3.22E+02 156.5 78.25 0.99 12.77 
 92.9 0 0.153 3.26E+02 158.1 79.05 0.99 12.85 
 93.78 0 0.151 3.29E+02 159.7 79.85 0.99 12.92 
 94.66 0 0.15 3.32E+02 161.3 80.65 1 12.99 
 95.53 0 0.148 3.36E+02 162.9 81.45 1 13.07 
 96.41 0 0.147 3.39E+02 164.51 82.25 1.01 13.14 
 97.29 0 0.145 3.43E+02 166.11 83.06 1.01 13.21 
 98.16 0 0.144 3.46E+02 167.72 83.86 1.02 13.28 
 99.04 0 0.142 3.49E+02 169.33 84.67 1.02 13.35 
 99.92 0 0.141 3.53E+02 170.94 85.47 1.03 13.42 
 100.8 0 0.14 3.56E+02 172.55 86.28 1.03 13.49 
 101.67 0 0.138 3.59E+02 174.17 87.08 1.03 13.56 
 102.55 0 0.137 3.63E+02 175.78 87.89 1.04 13.64 
 103.43 0 0.136 3.66E+02 177.4 88.7 1.04 13.71 
 104.3 0 0.135 3.70E+02 179.01 89.51 1.05 13.78 
 105.18 0 0.133 3.73E+02 180.63 90.32 1.05 13.84 
 106.06 0 0.132 3.76E+02 182.25 91.13 1.06 13.91 
 106.94 0 0.131 3.80E+02 183.87 91.94 1.06 13.98 
 107.81 0 0.13 3.83E+02 185.49 92.75 1.06 14.05 
 108.69 0 0.129 3.87E+02 187.12 93.56 1.07 14.12 
 109.57 0 0.128 3.90E+02 188.74 94.37 1.07 14.19 
 110.44 0 0.127 3.93E+02 190.37 95.18 1.08 14.26 
 111.32 0 0.126 3.97E+02 192 96 1.08 14.33 
 112.2 0 0.124 4.00E+02 193.62 96.81 1.09 14.39 
 113.08 0 0.123 4.04E+02 195.25 97.63 1.09 14.46 
 113.95 0 0.122 4.07E+02 196.88 98.44 1.09 14.53 
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114.83 0 0.121 4.11E+02 198.52 99.26 1.1 14.6 
 115.71 0 0.12 4.14E+02 200.15 100.08 1.1 14.66 
 116.58 0 0.119 4.17E+02 201.79 100.89 1.11 14.73 
 117.46 0 0.118 4.21E+02 203.42 101.71 1.11 14.8 
 118.34 0 0.118 4.24E+02 205.06 102.53 1.11 14.86 
 119.22 0 0.117 4.28E+02 206.7 103.35 1.12 14.93 
 120.09 0 0.116 4.31E+02 208.34 104.17 1.12 15 
 120.97 0 0.115 4.34E+02 209.98 104.99 1.13 15.06 
 121.85 0 0.114 4.38E+02 211.62 105.81 1.13 15.13 
 122.72 0 0.113 4.41E+02 213.26 106.63 1.13 15.19 
 123.6 0 0.112 4.45E+02 214.9 107.45 1.14 15.26 
 124.48 0 0.111 4.48E+02 216.55 108.27 1.14 15.32 
 125.35 0 0.11 4.51E+02 218.2 109.1 1.15 15.39 
 126.23 0 0.11 4.55E+02 219.84 109.92 1.15 15.45 
 127.11 0 0.109 4.58E+02 221.49 110.75 1.15 15.52 
 127.99 0 0.108 4.62E+02 223.14 111.57 1.16 15.58 
 128.86 0 0.107 4.65E+02 224.79 112.4 1.16 15.65 
 129.74 0 0.106 4.69E+02 226.44 113.22 1.17 15.71 
 130.62 0 0.106 4.72E+02 228.1 114.05 1.17 15.77 
 131.49 0 0.105 4.75E+02 229.75 114.88 1.17 15.84 
 132.37 0 0.104 4.79E+02 231.41 115.7 1.18 15.9 
 133.25 0 0.103 4.82E+02 233.06 116.53 1.18 15.96 
 134.13 0 0.103 4.86E+02 234.72 117.36 1.19 16.03 
 135 0 0.102 4.89E+02 236.38 118.19 1.19 16.09 
 135.88 0 0.101 4.93E+02 238.04 119.02 1.19 16.15 
 136.76 0 0.1 4.96E+02 239.7 119.85 1.2 16.22 
 137.63 0 0.1 4.99E+02 241.36 120.68 1.2 16.28 
 138.51 0 0.099 5.03E+02 243.02 121.51 1.2 16.34 
 139.39 0 0.098 5.06E+02 244.68 122.34 1.21 16.4 
 140.27 0 0.098 5.10E+02 246.35 123.17 1.21 16.46 
 141.14 0 0.097 5.13E+02 248.01 124.01 1.22 16.53 
 142.02 0 0.096 5.17E+02 249.68 124.84 1.22 16.59 
 142.9 0 0.096 5.20E+02 251.35 125.67 1.22 16.65 
 143.77 0 0.095 5.23E+02 253.01 126.51 1.23 16.71 
 144.65 0 0.095 5.27E+02 254.68 127.34 1.23 16.77 
 145.53 0 0.094 5.30E+02 256.35 128.18 1.23 16.83 
 146.41 0 0.093 5.34E+02 258.02 129.01 1.24 16.89 
 147.28 0 0.093 5.37E+02 259.7 129.85 1.24 16.96 
 148.16 0 0.092 5.41E+02 261.37 130.69 1.24 17.02 
 149.04 0 0.092 5.44E+02 263.04 131.52 1.25 17.08 
 149.91 0 0.091 5.47E+02 264.72 132.36 1.25 17.14 
 150.79 0 0.09 5.51E+02 266.4 133.2 1.26 17.2 
 151.67 0 0.09 5.54E+02 268.07 134.04 1.26 17.26 
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152.54 0 0.089 5.58E+02 269.75 134.88 1.26 17.32 
 153.42 0 0.089 5.61E+02 271.43 135.71 1.27 17.38 
 154.3 0 0.088 5.65E+02 273.11 136.55 1.27 17.44 
 155.18 0 0.088 5.68E+02 274.79 137.39 1.27 17.5 
 156.05 0 0.087 5.71E+02 276.47 138.24 1.28 17.56 
 156.93 0 0.087 5.75E+02 278.15 139.08 1.28 17.61 
 157.81 0 0.086 5.78E+02 279.84 139.92 1.28 17.67 
 158.68 0 0.085 5.82E+02 281.52 140.76 1.29 17.73 
 159.56 0 0.085 5.85E+02 283.21 141.6 1.29 17.79 
 160.44 0 0.084 5.89E+02 284.89 142.45 1.29 17.85 
 161.32 0 0.084 5.92E+02 286.58 143.29 1.3 17.91 
 162.19 0 0.083 5.96E+02 288.27 144.13 1.3 17.97 
 163.07 0 0.083 5.99E+02 289.96 144.98 1.31 18.03 
 163.95 0 0.082 6.02E+02 291.65 145.82 1.31 18.08 
 164.82 0 0.082 6.06E+02 293.34 146.67 1.31 18.14 
 165.7 0 0.082 6.09E+02 295.03 147.51 1.32 18.2 
 166.58 0 0.081 6.13E+02 296.72 148.36 1.32 18.26 
 167.46 0 0.081 6.16E+02 298.41 149.21 1.32 18.32 
 168.33 0 0.08 6.20E+02 300.11 150.05 1.33 18.37 
 169.21 0 0.08 6.23E+02 301.8 150.9 1.33 18.43 
 170.09 0 0.079 6.27E+02 303.5 151.75 1.33 18.49 
 170.96 0 0.079 6.30E+02 305.19 152.6 1.34 18.55 
 171.84 0 0.078 6.33E+02 306.89 153.45 1.34 18.6 
 172.72 0 0.078 6.37E+02 308.59 154.29 1.34 18.66 
 173.6 0 0.078 6.40E+02 310.29 155.14 1.35 18.72 
 174.47 0 0.077 6.44E+02 311.99 155.99 1.35 18.77 
 175.35 0 0.077 6.47E+02 313.69 156.84 1.35 18.83 
 176.23 0 0.076 6.51E+02 315.39 157.69 1.36 18.89 
 177.1 0 0.076 6.54E+02 317.09 158.55 1.36 18.94 
 177.98 0 0.075 6.58E+02 318.79 159.4 1.36 19 
 178.86 0 0.075 6.61E+02 320.5 160.25 1.37 19.06 
 179.73 0 0.075 6.64E+02 322.2 161.1 1.37 19.11 
 180.61 0 0.074 6.68E+02 323.91 161.95 1.37 19.17 
 181.49 0 0.074 6.71E+02 325.62 162.81 1.38 19.22 
 182.37 0 0.073 6.75E+02 327.32 163.66 1.38 19.28 
 183.24 0 0.073 6.78E+02 329.03 164.52 1.38 19.34 
 184.12 0 0.073 6.82E+02 330.74 165.37 1.39 19.39 
 185 0 0.072 6.85E+02 332.45 166.22 1.39 19.45 
 185.87 0 0.072 6.89E+02 334.16 167.08 1.39 19.5 
 186.75 0 0.072 6.92E+02 335.87 167.93 1.4 19.56 
 187.63 0 0.071 6.96E+02 337.58 168.79 1.4 19.61 
 188.51 0 0.071 6.99E+02 339.29 169.65 1.4 19.67 
 189.38 0 0.07 7.02E+02 341.01 170.5 1.41 19.72 
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190.26 0 0.07 7.06E+02 342.72 171.36 1.41 19.78 
 191.14 0 0.07 7.09E+02 344.44 172.22 1.41 19.83 
 192.01 0 0.069 7.13E+02 346.15 173.08 1.41 19.89 
 192.89 0 0.069 7.16E+02 347.87 173.93 1.42 19.94 
 193.77 0 0.069 7.20E+02 349.59 174.79 1.42 20 
 194.65 0 0.068 7.23E+02 351.3 175.65 1.42 20.05 
 195.52 0 0.068 7.27E+02 353.02 176.51 1.43 20.1 
 196.4 0 0.068 7.30E+02 354.74 177.37 1.43 20.16 
 197.28 0 0.067 7.33E+02 356.46 178.23 1.43 20.21 
 198.15 0 0.067 7.37E+02 358.18 179.09 1.44 20.27 
 199.03 0 0.067 7.40E+02 359.9 179.95 1.44 20.32 
 199.91 0 0.066 7.44E+02 361.63 180.81 1.44 20.37 
 200.78 0 0.066 7.47E+02 363.35 181.67 1.45 20.43 
 201.66 0 0.066 7.51E+02 365.07 182.54 1.45 20.48 
 202.54 0 0.065 7.54E+02 366.8 183.4 1.45 20.54 
 203.42 0 0.065 7.58E+02 368.52 184.26 1.46 20.59 
 204.29 0 0.065 7.61E+02 370.25 185.12 1.46 20.64 
 205.17 0 0.065 7.65E+02 371.97 185.99 1.46 20.7 
 206.05 0 0.064 7.68E+02 373.7 186.85 1.46 20.75 
 206.92 0 0.064 7.71E+02 375.43 187.71 1.47 20.8 
 207.8 0 0.064 7.75E+02 377.16 188.58 1.47 20.85 
 208.68 0 0.063 7.78E+02 378.89 189.44 1.47 20.91 
 209.56 0 0.063 7.82E+02 380.62 190.31 1.48 20.96 
 210.43 0 0.063 7.85E+02 382.35 191.17 1.48 21.01 
 211.31 0 0.063 7.89E+02 384.08 192.04 1.48 21.07 
 212.19 0 0.062 7.92E+02 385.81 192.91 1.49 21.12 
 213.06 0 0.062 7.96E+02 387.55 193.77 1.49 21.17 
 213.94 0 0.062 7.99E+02 389.28 194.64 1.49 21.22 
 214.82 0 0.061 8.03E+02 391.01 195.51 1.5 21.28 
 215.7 0 0.061 8.06E+02 392.75 196.37 1.5 21.33 
 216.57 0 0.061 8.10E+02 394.48 197.24 1.5 21.38 
 217.45 0 0.061 8.13E+02 396.22 198.11 1.5 21.43 
 218.33 0 0.06 8.16E+02 397.96 198.98 1.51 21.48 
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         A R E A S OF E X C 


1 : case # 
     


         


         EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
  (DEG. C) (SQ. M) 


       0.61 5.83E+01 
       1.21 1.64E+01 
       1.82 7.28E+00 
       2.42 3.85E+00 
       3.03 2.35E+00 
       3.63 1.54E+00 
       4.24 1.04E+00 
       4.85 7.31E-01 
       5.45 5.36E-01 
       6.06 3.88E-01 
       6.66 2.91E-01 
       7.27 2.28E-01 
       7.88 1.77E-01 
       8.48 1.39E-01 
       9.09 1.12E-01 
       9.69 9.09E-02 
       10.3 7.45E-02 
       10.9 6.18E-02 
       11.51 5.05E-02 
       12.12 3.38E-02 
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Appendix F: Model Outputs for SCR Room 
 
Table F.1: Visual Plumes Model Output Data for SCR Room at Mean Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
    1 : case # 


         


             


             AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,;    
 HEAT CONVECTION = 2 


 
VEL. 0.07 M/S 


     


             DISCHARGE CONDITIONS : TEMP. = 4.2 C; DEPTH = 0.09 M. 
  ; WIDTH = 0.09 M. 


        ANGLE 0 DEG ; DISCHARGE RATE = 0.04 CU-M/S 
    DISCHARGE DENSIMENTRIC FROUDE NO. = 837.16 


       


             


             X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 
DEPTH (M.) WIDTH (M.) 


         (DEG. C) (SEC.) (DILU.)   


     


             0.05 0 0.216 1.04E-02 2 1 0.14 0.14 
     0.05 0 0.213 1.11E-02 2.03 1.01 0.14 0.14 
     0.06 0 0.21 1.18E-02 2.05 1.03 0.14 0.14 
     0.06 0 0.207 1.25E-02 2.08 1.04 0.14 0.15 
     0.06 0 0.205 1.32E-02 2.11 1.05 0.14 0.15 
     0.07 0 0.202 1.40E-02 2.13 1.07 0.14 0.15 
     0.07 0 0.2 1.47E-02 2.16 1.08 0.14 0.16 
     0.08 0 0.195 1.62E-02 2.21 1.1 0.15 0.16 
     0.09 0 0.191 1.78E-02 2.26 1.13 0.15 0.17 
     0.09 0 0.187 1.94E-02 2.31 1.15 0.15 0.17 
     0.1 0 0.183 2.10E-02 2.35 1.18 0.15 0.18 
     0.11 0 0.176 2.43E-02 2.44 1.22 0.15 0.19 
     0.13 0 0.17 2.78E-02 2.53 1.27 0.15 0.2 
     0.14 0 0.164 3.13E-02 2.62 1.31 0.15 0.21 
     0.15 0 0.159 3.50E-02 2.71 1.35 0.16 0.23 
     0.18 0 0.15 4.28E-02 2.87 1.44 0.16 0.25 
     0.21 0 0.142 5.09E-02 3.04 1.52 0.16 0.27 
     0.24 0 0.135 5.95E-02 3.19 1.6 0.17 0.29 
     0.26 0 0.129 6.86E-02 3.35 1.67 0.17 0.31 
     0.32 0 0.118 8.78E-02 3.64 1.82 0.18 0.35 
     0.37 0 0.11 1.09E-01 3.93 1.97 0.19 0.39 
     0.43 0 0.102 1.31E-01 4.22 2.11 0.2 0.43 
     0.48 0 0.096 1.55E-01 4.5 2.25 0.2 0.46 
     0.59 0 0.086 2.07E-01 5.05 2.52 0.22 0.53 
     0.7 0 0.077 2.64E-01 5.58 2.79 0.24 0.6 
     0.81 0 0.071 3.28E-01 6.11 3.06 0.25 0.67 
     0.92 0 0.065 3.97E-01 6.64 3.32 0.27 0.74 
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1.14 0 0.057 5.50E-01 7.68 3.84 0.3 0.87 
     1.36 0 0.05 7.24E-01 8.71 4.35 0.33 1 
     1.58 0 0.045 9.19E-01 9.73 4.86 0.37 1.13 
     1.8 0 0.041 1.13E+00 10.74 5.37 0.4 1.25 
     2.02 0 0.037 1.37E+00 11.75 5.87 0.43 1.37 
     2.24 0 0.034 1.62E+00 12.75 6.38 0.46 1.49 
     2.68 0 0.03 2.19E+00 14.75 7.37 0.52 1.72 
     3.11 0 0.026 2.82E+00 16.73 8.36 0.58 1.94 
     3.55 0 0.024 3.53E+00 18.69 9.35 0.63 2.16 
     3.99 0 0.021 4.31E+00 20.64 10.32 0.69 2.38 
     4.43 0 0.019 5.15E+00 22.58 11.29 0.74 2.59 
     4.87 0 0.018 6.06E+00 24.51 12.26 0.79 2.79 
     5.31 0 0.017 7.03E+00 26.43 13.22 0.84 2.99 
     5.75 0 0.015 8.06E+00 28.34 14.17 0.89 3.19 
     6.18 0 0.014 9.16E+00 30.25 15.12 0.93 3.38 
     6.62 0 0.014 1.03E+01 32.14 16.07 0.98 3.57 
     7.06 0 0.013 1.15E+01 34.02 17.01 1.03 3.76 
     7.5 0 0.012 1.28E+01 35.89 17.95 1.07 3.94 
     7.94 0 0.012 1.41E+01 37.76 18.88 1.11 4.12 
     8.38 0 0.011 1.55E+01 39.62 19.81 1.15 4.3 
     8.82 0 0.011 1.69E+01 41.47 20.73 1.19 4.48 
     9.25 0 0.01 1.83E+01 43.31 21.66 1.23 4.65 
     9.69 0 0.01 1.99E+01 45.15 22.57 1.27 4.82 
     10.13 0 0.009 2.14E+01 46.98 23.49 1.31 4.98 
     10.57 0 0.009 2.30E+01 48.8 24.4 1.35 5.15 
     11.01 0 0.009 2.47E+01 50.61 25.31 1.39 5.31 
     11.45 0 0.008 2.64E+01 52.42 26.21 1.42 5.47 
     11.89 0 0.008 2.81E+01 54.23 27.11 1.46 5.63 
     12.32 0 0.008 2.99E+01 56.02 28.01 1.49 5.78 
     12.76 0 0.008 3.17E+01 57.81 28.91 1.52 5.94 
     13.2 0 0.007 3.36E+01 59.6 29.8 1.56 6.09 
     13.64 0 0.007 3.55E+01 61.38 30.69 1.59 6.24 
     14.08 0 0.007 3.74E+01 63.15 31.58 1.62 6.39 
     14.52 0 0.007 3.94E+01 64.92 32.46 1.65 6.54 
     14.96 0 0.007 4.14E+01 66.68 33.34 1.69 6.68 
     15.39 0 0.006 4.35E+01 68.44 34.22 1.72 6.83 
     15.83 0 0.006 4.56E+01 70.19 35.1 1.75 6.97 
     16.27 0 0.006 4.77E+01 71.94 35.97 1.78 7.11 
     16.71 0 0.006 4.99E+01 73.69 36.84 1.8 7.25 
     17.15 0 0.006 5.21E+01 75.42 37.71 1.83 7.39 
     17.59 0 0.006 5.43E+01 77.16 38.58 1.86 7.52 
     18.03 0 0.006 5.65E+01 78.89 39.44 1.89 7.66 
     18.46 0 0.005 5.88E+01 80.61 40.31 1.92 7.79 
     18.9 0 0.005 6.12E+01 82.33 41.17 1.94 7.92 
     19.34 0 0.005 6.35E+01 84.05 42.02 1.97 8.06 
     19.78 0 0.005 6.59E+01 85.76 42.88 2 8.19 
     20.22 0 0.005 6.83E+01 87.47 43.73 2.02 8.32 
     20.66 0 0.005 7.07E+01 89.17 44.59 2.05 8.44 
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21.1 0 0.005 7.32E+01 90.87 45.44 2.07 8.57 
     21.53 0 0.005 7.57E+01 92.57 46.29 2.1 8.7 
     21.97 0 0.005 7.82E+01 94.26 47.13 2.12 8.82 
     22.41 0 0.005 8.08E+01 95.95 47.98 2.15 8.94 
     22.85 0 0.004 8.33E+01 97.64 48.82 2.17 9.07 
     23.29 0 0.004 8.60E+01 99.32 49.66 2.19 9.19 
     23.73 0 0.004 8.86E+01 101 50.5 2.22 9.31 
     24.17 0 0.004 9.12E+01 102.67 51.33 2.24 9.43 
     24.61 0 0.004 9.39E+01 104.34 52.17 2.26 9.55 
     25.04 0 0.004 9.66E+01 106.01 53 2.28 9.67 
     25.48 0 0.004 9.94E+01 107.67 53.84 2.31 9.78 
     25.92 0 0.004 1.02E+02 109.33 54.67 2.33 9.9 
     26.36 0 0.004 1.05E+02 110.99 55.5 2.35 10.01 
     26.8 0 0.004 1.08E+02 112.65 56.32 2.37 10.13 
     27.24 0 0.004 1.11E+02 114.3 57.15 2.39 10.24 
     27.68 0 0.004 1.13E+02 115.94 57.97 2.41 10.36 
     28.11 0 0.004 1.16E+02 117.59 58.8 2.43 10.47 
     28.55 0 0.004 1.19E+02 119.23 59.62 2.45 10.58 
     28.99 0 0.004 1.22E+02 120.87 60.44 2.47 10.69 
     29.43 0 0.004 1.25E+02 122.51 61.25 2.5 10.8 
     29.87 0 0.004 1.28E+02 124.14 62.07 2.51 10.91 
     30.31 0 0.003 1.31E+02 125.77 62.89 2.53 11.02 
     30.75 0 0.003 1.34E+02 127.4 63.7 2.55 11.13 
     31.18 0 0.003 1.37E+02 129.03 64.51 2.57 11.23 
     31.62 0 0.003 1.40E+02 130.65 65.32 2.59 11.34 
     32.06 0 0.003 1.43E+02 132.27 66.13 2.61 11.45 
     32.5 0 0.003 1.46E+02 133.89 66.94 2.63 11.55 
     32.94 0 0.003 1.49E+02 135.5 67.75 2.65 11.66 
     33.38 0 0.003 1.52E+02 137.11 68.56 2.67 11.76 
     33.82 0 0.003 1.55E+02 138.72 69.36 2.69 11.86 
     34.25 0 0.003 1.58E+02 140.33 70.17 2.7 11.97 
     34.69 0 0.003 1.62E+02 141.94 70.97 2.72 12.07 
     35.13 0 0.003 1.65E+02 143.54 71.77 2.74 12.17 
     35.57 0 0.003 1.68E+02 145.14 72.57 2.76 12.27 
     36.01 0 0.003 1.71E+02 146.74 73.37 2.77 12.37 
     36.45 0 0.003 1.74E+02 148.33 74.17 2.79 12.47 
     36.89 0 0.003 1.78E+02 149.92 74.96 2.81 12.57 
     37.32 0 0.003 1.81E+02 151.52 75.76 2.83 12.67 
     37.76 0 0.003 1.84E+02 153.1 76.55 2.84 12.77 
     38.2 0 0.003 1.88E+02 154.69 77.35 2.86 12.87 
     38.64 0 0.003 1.91E+02 156.27 78.14 2.88 12.96 
     39.08 0 0.003 1.94E+02 157.86 78.93 2.89 13.06 
     39.52 0 0.003 1.98E+02 159.44 79.72 2.91 13.16 
     39.96 0 0.003 2.01E+02 161.01 80.51 2.93 13.25 
     40.39 0 0.003 2.04E+02 162.59 81.3 2.94 13.35 
     40.83 0 0.003 2.08E+02 164.16 82.08 2.96 13.44 
     41.27 0 0.003 2.11E+02 165.74 82.87 2.97 13.54 
     41.71 0 0.003 2.15E+02 167.31 83.65 2.99 13.63 
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42.15 0 0.003 2.18E+02 168.87 84.44 3 13.73 
     42.59 0 0.003 2.21E+02 170.44 85.22 3.02 13.82 
     43.03 0 0.003 2.25E+02 172 86 3.04 13.91 
     43.46 0 0.003 2.28E+02 173.56 86.78 3.05 14 
     43.9 0 0.002 2.32E+02 175.12 87.56 3.07 14.1 
     44.34 0 0.002 2.35E+02 176.68 88.34 3.08 14.19 
     44.78 0 0.002 2.39E+02 178.24 89.12 3.1 14.28 
     45.22 0 0.002 2.42E+02 179.79 89.9 3.11 14.37 
     45.66 0 0.002 2.46E+02 181.35 90.67 3.13 14.46 
     46.1 0 0.002 2.50E+02 182.9 91.45 3.14 14.55 
     46.53 0 0.002 2.53E+02 184.45 92.22 3.15 14.64 
     46.97 0 0.002 2.57E+02 185.99 93 3.17 14.73 
     47.41 0 0.002 2.60E+02 187.54 93.77 3.18 14.82 
     47.85 0 0.002 2.64E+02 189.08 94.54 3.2 14.9 
     48.29 0 0.002 2.68E+02 190.62 95.31 3.21 14.99 
     48.73 0 0.002 2.71E+02 192.16 96.08 3.23 15.08 
     49.17 0 0.002 2.75E+02 193.7 96.85 3.24 15.17 
     49.6 0 0.002 2.78E+02 195.24 97.62 3.25 15.25 
     50.04 0 0.002 2.82E+02 196.77 98.39 3.27 15.34 
     50.48 0 0.002 2.86E+02 198.31 99.15 3.28 15.43 
     50.92 0 0.002 2.90E+02 199.84 99.92 3.29 15.51 
     51.36 0 0.002 2.93E+02 201.37 100.69 3.31 15.6 
     51.8 0 0.002 2.97E+02 202.9 101.45 3.32 15.68 
     52.24 0 0.002 3.01E+02 204.43 102.21 3.33 15.77 
     52.67 0 0.002 3.04E+02 205.95 102.98 3.35 15.85 
     53.11 0 0.002 3.08E+02 207.48 103.74 3.36 15.94 
     53.55 0 0.002 3.12E+02 209 104.5 3.37 16.02 
     53.99 0 0.002 3.16E+02 210.52 105.26 3.39 16.1 
     54.43 0 0.002 3.19E+02 212.04 106.02 3.4 16.19 
     54.87 0 0.002 3.23E+02 213.56 106.78 3.41 16.27 
     55.31 0 0.002 3.27E+02 215.08 107.54 3.43 16.35 
     55.74 0 0.002 3.31E+02 216.59 108.3 3.44 16.43 
     56.18 0 0.002 3.35E+02 218.11 109.05 3.45 16.51 
     56.62 0 0.002 3.39E+02 219.62 109.81 3.46 16.6 
     57.06 0 0.002 3.42E+02 221.13 110.56 3.48 16.68 
     57.5 0 0.002 3.46E+02 222.64 111.32 3.49 16.76 
     57.94 0 0.002 3.50E+02 224.15 112.07 3.5 16.84 
     58.38 0 0.002 3.54E+02 225.65 112.83 3.51 16.92 
     58.81 0 0.002 3.58E+02 227.16 113.58 3.53 17 
     59.25 0 0.002 3.62E+02 228.66 114.33 3.54 17.08 
     59.69 0 0.002 3.66E+02 230.17 115.08 3.55 17.16 
     60.13 0 0.002 3.70E+02 231.67 115.83 3.56 17.24 
     60.57 0 0.002 3.74E+02 233.17 116.58 3.57 17.32 
     61.01 0 0.002 3.78E+02 234.67 117.33 3.59 17.4 
     61.45 0 0.002 3.81E+02 236.16 118.08 3.6 17.47 
     61.88 0 0.002 3.85E+02 237.66 118.83 3.61 17.55 
     62.32 0 0.002 3.89E+02 239.15 119.58 3.62 17.63 
     62.76 0 0.002 3.93E+02 240.65 120.32 3.63 17.71 
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63.2 0 0.002 3.97E+02 242.14 121.07 3.65 17.79 
     63.64 0 0.002 4.01E+02 243.63 121.82 3.66 17.86 
     64.08 0 0.002 4.05E+02 245.12 122.56 3.67 17.94 
     64.52 0 0.002 4.09E+02 246.61 123.31 3.68 18.02 
     64.96 0 0.002 4.13E+02 248.1 124.05 3.69 18.09 
     65.39 0 0.002 4.17E+02 249.58 124.79 3.7 18.17 
     65.83 0 0.002 4.21E+02 251.07 125.53 3.71 18.25 
     66.27 0 0.002 4.25E+02 252.55 126.28 3.73 18.32 
     66.71 0 0.002 4.30E+02 254.04 127.02 3.74 18.4 
     67.15 0 0.002 4.34E+02 255.52 127.76 3.75 18.47 
     67.59 0 0.002 4.38E+02 257 128.5 3.76 18.55 
     68.03 0 0.002 4.42E+02 258.48 129.24 3.77 18.62 
     68.46 0 0.002 4.46E+02 259.96 129.98 3.78 18.7 
     68.9 0 0.002 4.50E+02 261.43 130.72 3.79 18.77 
     69.34 0 0.002 4.54E+02 262.91 131.45 3.8 18.85 
     69.78 0 0.002 4.58E+02 264.38 132.19 3.81 18.92 
     70.22 0 0.002 4.62E+02 265.86 132.93 3.82 18.99 
     70.66 0 0.002 4.66E+02 267.33 133.66 3.83 19.07 
     71.1 0 0.002 4.70E+02 268.8 134.4 3.85 19.14 
     71.53 0 0.002 4.75E+02 270.27 135.14 3.86 19.21 
     71.97 0 0.002 4.79E+02 271.74 135.87 3.87 19.29 
     72.41 0 0.002 4.83E+02 273.21 136.6 3.88 19.36 
     72.85 0 0.002 4.87E+02 274.68 137.34 3.89 19.43 
     73.29 0 0.002 4.91E+02 276.14 138.07 3.9 19.5 
     73.73 0 0.002 4.95E+02 277.61 138.8 3.91 19.58 
     74.17 0 0.002 5.00E+02 279.07 139.54 3.92 19.65 
     74.6 0 0.002 5.04E+02 280.53 140.27 3.93 19.72 
     75.04 0 0.002 5.08E+02 282 141 3.94 19.79 
     75.48 0 0.002 5.12E+02 283.46 141.73 3.95 19.86 
     75.92 0 0.002 5.16E+02 284.92 142.46 3.96 19.93 
     76.36 0 0.002 5.21E+02 286.38 143.19 3.97 20 
     76.8 0 0.002 5.25E+02 287.83 143.92 3.98 20.07 
     77.24 0 0.001 5.29E+02 289.29 144.64 3.99 20.14 
     77.67 0 0.001 5.33E+02 290.75 145.37 4 20.21 
     78.11 0 0.001 5.38E+02 292.2 146.1 4.01 20.28 
     78.55 0 0.001 5.42E+02 293.65 146.83 4.02 20.35 
     78.99 0 0.001 5.46E+02 295.11 147.55 4.03 20.42 
     79.43 0 0.001 5.50E+02 296.56 148.28 4.04 20.49 
     79.87 0 0.001 5.55E+02 298.01 149.01 4.05 20.56 
     80.31 0 0.001 5.59E+02 299.46 149.73 4.06 20.63 
     80.74 0 0.001 5.63E+02 300.91 150.46 4.07 20.7 
     81.18 0 0.001 5.68E+02 302.36 151.18 4.08 20.77 
     81.62 0 0.001 5.72E+02 303.81 151.9 4.09 20.84 
     82.06 0 0.001 5.76E+02 305.25 152.63 4.1 20.91 
     82.5 0 0.001 5.80E+02 306.7 153.35 4.11 20.97 
     82.94 0 0.001 5.85E+02 308.14 154.07 4.12 21.04 
     83.38 0 0.001 5.89E+02 309.59 154.79 4.13 21.11 
     83.81 0 0.001 5.93E+02 311.03 155.51 4.14 21.18 
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84.25 0 0.001 5.98E+02 312.47 156.24 4.15 21.25 
     84.69 0 0.001 6.02E+02 313.91 156.96 4.16 21.31 
     85.13 0 0.001 6.07E+02 315.35 157.68 4.16 21.38 
     85.57 0 0.001 6.11E+02 316.79 158.4 4.17 21.45 
     86.01 0 0.001 6.15E+02 318.23 159.11 4.18 21.51 
     86.45 0 0.001 6.20E+02 319.67 159.83 4.19 21.58 
     86.88 0 0.001 6.24E+02 321.1 160.55 4.2 21.65 
     87.32 0 0.001 6.28E+02 322.54 161.27 4.21 21.71 
     87.76 0 0.001 6.33E+02 323.97 161.99 4.22 21.78 
     88.2 0 0.001 6.37E+02 325.41 162.7 4.23 21.85 
     88.64 0 0.001 6.42E+02 326.84 163.42 4.24 21.91 
     89.08 0 0.001 6.46E+02 328.27 164.14 4.25 21.98 
     89.52 0 0.001 6.50E+02 329.71 164.85 4.26 22.04 
     89.95 0 0.001 6.55E+02 331.14 165.57 4.27 22.11 
     90.39 0 0.001 6.59E+02 332.57 166.28 4.27 22.18 
     90.83 0 0.001 6.64E+02 334 167 4.28 22.24 
     91.27 0 0.001 6.68E+02 335.42 167.71 4.29 22.31 
     91.71 0 0.001 6.72E+02 336.85 168.43 4.3 22.37 
     92.15 0 0.001 6.77E+02 338.28 169.14 4.31 22.44 
     92.59 0 0.001 6.81E+02 339.71 169.85 4.32 22.5 
     93.02 0 0.001 6.86E+02 341.13 170.57 4.33 22.56 
     93.46 0 0.001 6.90E+02 342.55 171.28 4.34 22.63 
     93.9 0 0.001 6.95E+02 343.98 171.99 4.34 22.69 
     94.34 0 0.001 6.99E+02 345.4 172.7 4.35 22.76 
     94.78 0 0.001 7.04E+02 346.82 173.41 4.36 22.82 
     95.22 0 0.001 7.08E+02 348.24 174.12 4.37 22.88 
     95.66 0 0.001 7.13E+02 349.67 174.83 4.38 22.95 
     96.09 0 0.001 7.17E+02 351.09 175.54 4.39 23.01 
     96.53 0 0.001 7.22E+02 352.5 176.25 4.4 23.07 
     96.97 0 0.001 7.26E+02 353.92 176.96 4.41 23.14 
     97.41 0 0.001 7.31E+02 355.34 177.67 4.41 23.2 
     97.85 0 0.001 7.35E+02 356.76 178.38 4.42 23.26 
     98.29 0 0.001 7.40E+02 358.17 179.09 4.43 23.33 
     98.73 0 0.001 7.44E+02 359.59 179.79 4.44 23.39 
     99.16 0 0.001 7.49E+02 361 180.5 4.45 23.45 
     99.6 0 0.001 7.53E+02 362.42 181.21 4.46 23.51 
     100.04 0 0.001 7.58E+02 363.83 181.92 4.46 23.58 
     100.48 0 0.001 7.62E+02 365.24 182.62 4.47 23.64 
     100.92 0 0.001 7.67E+02 366.65 183.33 4.48 23.7 
     101.36 0 0.001 7.71E+02 368.07 184.03 4.49 23.76 
     101.8 0 0.001 7.76E+02 369.48 184.74 4.5 23.82 
     102.23 0 0.001 7.81E+02 370.89 185.44 4.51 23.89 
     102.67 0 0.001 7.85E+02 372.29 186.15 4.51 23.95 
     103.11 0 0.001 7.90E+02 373.7 186.85 4.52 24.01 
     103.55 0 0.001 7.94E+02 375.11 187.56 4.53 24.07 
     103.99 0 0.001 7.99E+02 376.52 188.26 4.54 24.13 
     104.43 0 0.001 8.03E+02 377.92 188.96 4.55 24.19 
     104.87 0 0.001 8.08E+02 379.33 189.66 4.55 24.25 
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105.31 0 0.001 8.13E+02 380.73 190.37 4.56 24.31 
     105.74 0 0.001 8.17E+02 382.14 191.07 4.57 24.37 
     106.18 0 0.001 8.22E+02 383.54 191.77 4.58 24.43 
     106.62 0 0.001 8.26E+02 384.95 192.47 4.59 24.5 
     107.06 0 0.001 8.31E+02 386.35 193.17 4.59 24.56 
     107.5 0 0.001 8.36E+02 387.75 193.87 4.6 24.62 
     107.94 0 0.001 8.40E+02 389.15 194.57 4.61 24.68 
     108.38 0 0.001 8.45E+02 390.55 195.28 4.62 24.74 
     108.81 0 0.001 8.50E+02 391.95 195.97 4.63 24.8 
     109.25 0 0.001 8.54E+02 393.35 196.67 4.63 24.86 
     109.69 0 0.001 8.59E+02 394.75 197.37 4.64 24.91 
     110.13 0 0.001 8.64E+02 396.14 198.07 4.65 24.97 
     110.57 0 0.001 8.68E+02 397.54 198.77 4.66 25.03 
     111.01 0 0.001 8.73E+02 398.94 199.47 4.66 25.09 
     111.45 0 0.001 8.77E+02 400.33 200.17 4.67 25.15 
     


             


             


             A R E A S OF E X C E S 
  T E M P E R A T U R E 
  1 : case # 


         


             


             EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
      (DEG. C) (SQ. M) 


           0.01 1.31E+01 
           0.02 3.02E+00 
           0.03 1.26E+00 
           0.04 6.28E-01 
           0.05 3.60E-01 
           0.06 2.19E-01 
           0.08 1.41E-01 
           0.09 9.07E-02 
           0.1 6.38E-02 
           0.11 4.59E-02 
           0.12 3.15E-02 
           0.13 2.33E-02 
           0.14 1.75E-02 
           0.15 1.26E-02 
           0.16 9.62E-03 
           0.17 7.26E-03 
           0.18 5.50E-03 
           0.19 4.25E-03 
           0.2 3.25E-03 
           0.22 2.18E-03 
              







135 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table F.2: Visual Plumes Model Output Data for SCR Room at Maximum Currents 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
   1 : case # 


        


            


            AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,; VEL. 0.25 M/S 


HEAT CONVECTION = 2 
        


            DISCHARGE CONDITIONS : TEMP. = 4.2 C; DEPTH = 0.09 M. 
 ; WIDTH = 0.09 M. 


       DEPTH = 0.09 M. ; WIDTH = 0.09 M. 
   


ANGLE 0 DEG ; DISCHARGE RATE = 0.04 
CU-
M/S 


   DISCHARGE DENSIMENTRIC FROUDE NO. = 837.16 
      


            


            X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)         (DEG. C) (SEC.) (DILU.)   


    


            0.05 0 0.216 1.04E-02 2 1 0.14 0.13 
    0.06 0 0.21 1.18E-02 2.05 1.03 0.14 0.14 
    0.06 0 0.205 1.32E-02 2.1 1.05 0.14 0.15 
    0.07 0 0.2 1.47E-02 2.16 1.08 0.14 0.15 
    0.08 0 0.196 1.62E-02 2.2 1.1 0.14 0.16 
    0.09 0 0.191 1.78E-02 2.25 1.13 0.14 0.16 
    0.09 0 0.187 1.93E-02 2.3 1.15 0.14 0.17 
    0.11 0 0.18 2.26E-02 2.39 1.2 0.15 0.18 
    0.12 0 0.174 2.59E-02 2.48 1.24 0.15 0.19 
    0.13 0 0.168 2.94E-02 2.57 1.29 0.15 0.2 
    0.15 0 0.162 3.30E-02 2.66 1.33 0.15 0.21 
    0.17 0 0.153 4.04E-02 2.82 1.41 0.15 0.23 
    0.2 0 0.145 4.83E-02 2.98 1.49 0.16 0.25 
    0.23 0 0.138 5.66E-02 3.14 1.57 0.16 0.27 
    0.26 0 0.131 6.53E-02 3.29 1.64 0.16 0.29 
    0.31 0 0.121 8.37E-02 3.58 1.79 0.17 0.32 
    0.37 0 0.112 1.04E-01 3.86 1.93 0.18 0.36 
    0.42 0 0.104 1.25E-01 4.14 2.07 0.19 0.39 
    0.48 0 0.098 1.47E-01 4.41 2.21 0.19 0.42 
    0.59 0 0.087 1.96E-01 4.94 2.47 0.21 0.48 
    0.7 0 0.079 2.49E-01 5.46 2.73 0.22 0.54 
    0.8 0 0.072 3.07E-01 5.97 2.98 0.23 0.6 
    0.91 0 0.067 3.70E-01 6.47 3.23 0.24 0.66 
    1.13 0 0.058 5.07E-01 7.46 3.73 0.27 0.76 
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1.35 0 0.052 6.60E-01 8.42 4.21 0.29 0.86 
    1.57 0 0.047 8.28E-01 9.38 4.69 0.32 0.96 
    1.79 0 0.042 1.01E+00 10.33 5.16 0.34 1.05 
    2.01 0 0.039 1.21E+00 11.26 5.63 0.36 1.14 
    2.23 0 0.036 1.42E+00 12.19 6.09 0.38 1.22 
    2.67 0 0.031 1.87E+00 14.02 7.01 0.42 1.38 
    3.11 0 0.028 2.37E+00 15.82 7.91 0.46 1.53 
    3.55 0 0.025 2.91E+00 17.6 8.8 0.49 1.68 
    3.98 0 0.023 3.49E+00 19.36 9.68 0.52 1.82 
    4.42 0 0.021 4.11E+00 21.11 10.55 0.55 1.95 
    4.86 0 0.019 4.75E+00 22.83 11.42 0.58 2.07 
    5.3 0 0.018 5.43E+00 24.54 12.27 0.61 2.19 
    5.74 0 0.017 6.14E+00 26.24 13.12 0.64 2.31 
    6.18 0 0.016 6.88E+00 27.92 13.96 0.67 2.42 
    6.62 0 0.015 7.64E+00 29.59 14.8 0.69 2.53 
    7.05 0 0.014 8.43E+00 31.25 15.62 0.72 2.63 
    7.49 0 0.013 9.24E+00 32.89 16.45 0.74 2.74 
    7.93 0 0.013 1.01E+01 34.53 17.27 0.76 2.84 
    8.37 0 0.012 1.09E+01 36.16 18.08 0.78 2.93 
    8.81 0 0.012 1.18E+01 37.78 18.89 0.8 3.03 
    9.25 0 0.011 1.27E+01 39.38 19.69 0.83 3.12 
    9.69 0 0.011 1.36E+01 40.98 20.49 0.85 3.21 
    10.12 0 0.01 1.45E+01 42.57 21.29 0.87 3.3 
    10.56 0 0.01 1.55E+01 44.16 22.08 0.88 3.38 
    11 0 0.01 1.64E+01 45.74 22.87 0.9 3.47 
    11.44 0 0.009 1.74E+01 47.3 23.65 0.92 3.55 
    11.88 0 0.009 1.84E+01 48.87 24.43 0.94 3.63 
    12.32 0 0.009 1.94E+01 50.42 25.21 0.96 3.71 
    12.76 0 0.008 2.04E+01 51.97 25.99 0.97 3.79 
    13.19 0 0.008 2.14E+01 53.52 26.76 0.99 3.86 
    13.63 0 0.008 2.25E+01 55.06 27.53 1.01 3.94 
    14.07 0 0.008 2.35E+01 56.59 28.29 1.02 4.01 
    14.51 0 0.008 2.46E+01 58.11 29.06 1.04 4.09 
    14.95 0 0.007 2.56E+01 59.64 29.82 1.05 4.16 
    15.39 0 0.007 2.67E+01 61.15 30.58 1.07 4.23 
    15.83 0 0.007 2.78E+01 62.66 31.33 1.08 4.3 
    16.27 0 0.007 2.89E+01 64.17 32.09 1.1 4.37 
    16.7 0 0.007 3.00E+01 65.67 32.84 1.11 4.44 
    17.14 0 0.007 3.12E+01 67.17 33.59 1.12 4.5 
    17.58 0 0.006 3.23E+01 68.66 34.33 1.14 4.57 
    18.02 0 0.006 3.34E+01 70.15 35.08 1.15 4.64 
    18.46 0 0.006 3.46E+01 71.64 35.82 1.17 4.7 
    18.9 0 0.006 3.57E+01 73.12 36.56 1.18 4.76 
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19.34 0 0.006 3.69E+01 74.6 37.3 1.19 4.83 
    19.77 0 0.006 3.81E+01 76.07 38.03 1.2 4.89 
    20.21 0 0.006 3.93E+01 77.54 38.77 1.22 4.95 
    20.65 0 0.006 4.04E+01 79 39.5 1.23 5.01 
    21.09 0 0.005 4.16E+01 80.47 40.23 1.24 5.07 
    21.53 0 0.005 4.28E+01 81.93 40.96 1.25 5.13 
    21.97 0 0.005 4.40E+01 83.38 41.69 1.27 5.19 
    22.41 0 0.005 4.53E+01 84.83 42.42 1.28 5.25 
    22.84 0 0.005 4.65E+01 86.28 43.14 1.29 5.3 
    23.28 0 0.005 4.77E+01 87.73 43.86 1.3 5.36 
    23.72 0 0.005 4.89E+01 89.17 44.59 1.31 5.42 
    24.16 0 0.005 5.02E+01 90.61 45.31 1.32 5.47 
    24.6 0 0.005 5.14E+01 92.05 46.02 1.33 5.53 
    25.04 0 0.005 5.27E+01 93.48 46.74 1.34 5.58 
    25.48 0 0.005 5.39E+01 94.91 47.46 1.36 5.64 
    25.91 0 0.005 5.52E+01 96.34 48.17 1.37 5.69 
    26.35 0 0.004 5.65E+01 97.77 48.88 1.38 5.75 
    26.79 0 0.004 5.77E+01 99.19 49.6 1.39 5.8 
    27.23 0 0.004 5.90E+01 100.61 50.31 1.4 5.85 
    27.67 0 0.004 6.03E+01 102.03 51.02 1.41 5.9 
    28.11 0 0.004 6.16E+01 103.45 51.72 1.42 5.96 
    28.55 0 0.004 6.29E+01 104.86 52.43 1.43 6.01 
    28.98 0 0.004 6.42E+01 106.27 53.14 1.44 6.06 
    29.42 0 0.004 6.55E+01 107.68 53.84 1.45 6.11 
    29.86 0 0.004 6.68E+01 109.09 54.54 1.46 6.16 
    30.3 0 0.004 6.81E+01 110.49 55.25 1.47 6.21 
    30.74 0 0.004 6.94E+01 111.89 55.95 1.48 6.26 
    31.18 0 0.004 7.07E+01 113.29 56.65 1.49 6.31 
    31.62 0 0.004 7.20E+01 114.69 57.35 1.5 6.35 
    32.05 0 0.004 7.34E+01 116.09 58.04 1.51 6.4 
    32.49 0 0.004 7.47E+01 117.48 58.74 1.51 6.45 
    32.93 0 0.004 7.60E+01 118.87 59.44 1.52 6.5 
    33.37 0 0.004 7.74E+01 120.26 60.13 1.53 6.55 
    33.81 0 0.004 7.87E+01 121.65 60.82 1.54 6.59 
    34.25 0 0.004 8.00E+01 123.03 61.52 1.55 6.64 
    34.69 0 0.004 8.14E+01 124.42 62.21 1.56 6.69 
    35.12 0 0.003 8.27E+01 125.8 62.9 1.57 6.73 
    35.56 0 0.003 8.41E+01 127.18 63.59 1.58 6.78 
    36 0 0.003 8.54E+01 128.56 64.28 1.59 6.82 
    36.44 0 0.003 8.68E+01 129.93 64.97 1.59 6.87 
    36.88 0 0.003 8.82E+01 131.31 65.65 1.6 6.91 
    37.32 0 0.003 8.95E+01 132.68 66.34 1.61 6.96 
    37.76 0 0.003 9.09E+01 134.05 67.03 1.62 7 
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38.19 0 0.003 9.23E+01 135.42 67.71 1.63 7.05 
    38.63 0 0.003 9.37E+01 136.79 68.4 1.64 7.09 
    39.07 0 0.003 9.50E+01 138.16 69.08 1.64 7.13 
    39.51 0 0.003 9.64E+01 139.52 69.76 1.65 7.18 
    39.95 0 0.003 9.78E+01 140.88 70.44 1.66 7.22 
    40.39 0 0.003 9.92E+01 142.25 71.12 1.67 7.26 
    40.83 0 0.003 1.01E+02 143.61 71.8 1.68 7.3 
    41.26 0 0.003 1.02E+02 144.96 72.48 1.68 7.35 
    41.7 0 0.003 1.03E+02 146.32 73.16 1.69 7.39 
    42.14 0 0.003 1.05E+02 147.68 73.84 1.7 7.43 
    42.58 0 0.003 1.06E+02 149.03 74.52 1.71 7.47 
    43.02 0 0.003 1.08E+02 150.38 75.19 1.72 7.51 
    43.46 0 0.003 1.09E+02 151.73 75.87 1.72 7.55 
    43.9 0 0.003 1.10E+02 153.08 76.54 1.73 7.6 
    44.33 0 0.003 1.12E+02 154.43 77.22 1.74 7.64 
    44.77 0 0.003 1.13E+02 155.78 77.89 1.75 7.68 
    45.21 0 0.003 1.15E+02 157.13 78.56 1.75 7.72 
    45.65 0 0.003 1.16E+02 158.47 79.23 1.76 7.76 
    46.09 0 0.003 1.17E+02 159.81 79.91 1.77 7.8 
    46.53 0 0.003 1.19E+02 161.15 80.58 1.78 7.84 
    46.97 0 0.003 1.20E+02 162.49 81.25 1.78 7.88 
    47.4 0 0.003 1.22E+02 163.83 81.92 1.79 7.92 
    47.84 0 0.003 1.23E+02 165.17 82.59 1.8 7.96 
    48.28 0 0.003 1.25E+02 166.51 83.25 1.81 7.99 
    48.72 0 0.003 1.26E+02 167.84 83.92 1.81 8.03 
    49.16 0 0.003 1.27E+02 169.18 84.59 1.82 8.07 
    49.6 0 0.003 1.29E+02 170.51 85.26 1.83 8.11 
    50.04 0 0.003 1.30E+02 171.84 85.92 1.83 8.15 
    50.47 0 0.003 1.32E+02 173.17 86.59 1.84 8.19 
    50.91 0 0.002 1.33E+02 174.5 87.25 1.85 8.22 
    51.35 0 0.002 1.35E+02 175.83 87.92 1.85 8.26 
    51.79 0 0.002 1.36E+02 177.16 88.58 1.86 8.3 
    52.23 0 0.002 1.38E+02 178.48 89.24 1.87 8.34 
    52.67 0 0.002 1.39E+02 179.81 89.9 1.87 8.37 
    53.11 0 0.002 1.40E+02 181.13 90.57 1.88 8.41 
    53.54 0 0.002 1.42E+02 182.45 91.23 1.89 8.45 
    53.98 0 0.002 1.43E+02 183.78 91.89 1.89 8.49 
    54.42 0 0.002 1.45E+02 185.1 92.55 1.9 8.52 
    54.86 0 0.002 1.46E+02 186.42 93.21 1.91 8.56 
    55.3 0 0.002 1.48E+02 187.73 93.87 1.91 8.59 
    55.74 0 0.002 1.49E+02 189.05 94.53 1.92 8.63 
    56.18 0 0.002 1.51E+02 190.37 95.18 1.93 8.67 
    56.62 0 0.002 1.52E+02 191.68 95.84 1.93 8.7 
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57.05 0 0.002 1.54E+02 193 96.5 1.94 8.74 
    57.49 0 0.002 1.55E+02 194.31 97.16 1.95 8.77 
    57.93 0 0.002 1.57E+02 195.62 97.81 1.95 8.81 
    58.37 0 0.002 1.58E+02 196.94 98.47 1.96 8.85 
    58.81 0 0.002 1.60E+02 198.25 99.12 1.97 8.88 
    59.25 0 0.002 1.61E+02 199.56 99.78 1.97 8.92 
    59.69 0 0.002 1.63E+02 200.86 100.43 1.98 8.95 
    60.12 0 0.002 1.64E+02 202.17 101.09 1.99 8.99 
    60.56 0 0.002 1.65E+02 203.48 101.74 1.99 9.02 
    61 0 0.002 1.67E+02 204.79 102.39 2 9.05 
    61.44 0 0.002 1.68E+02 206.09 103.04 2 9.09 
    61.88 0 0.002 1.70E+02 207.39 103.7 2.01 9.12 
    62.32 0 0.002 1.71E+02 208.7 104.35 2.02 9.16 
    62.76 0 0.002 1.73E+02 210 105 2.02 9.19 
    63.19 0 0.002 1.74E+02 211.3 105.65 2.03 9.23 
    63.63 0 0.002 1.76E+02 212.6 106.3 2.03 9.26 
    64.07 0 0.002 1.77E+02 213.9 106.95 2.04 9.29 
    64.51 0 0.002 1.79E+02 215.2 107.6 2.05 9.33 
    64.95 0 0.002 1.80E+02 216.5 108.25 2.05 9.36 
    65.39 0 0.002 1.82E+02 217.8 108.9 2.06 9.39 
    65.83 0 0.002 1.83E+02 219.09 109.55 2.06 9.43 
    66.26 0 0.002 1.85E+02 220.39 110.19 2.07 9.46 
    66.7 0 0.002 1.86E+02 221.68 110.84 2.08 9.49 
    67.14 0 0.002 1.88E+02 222.98 111.49 2.08 9.53 
    67.58 0 0.002 1.89E+02 224.27 112.13 2.09 9.56 
    68.02 0 0.002 1.91E+02 225.56 112.78 2.09 9.59 
    68.46 0 0.002 1.92E+02 226.85 113.43 2.1 9.62 
    68.9 0 0.002 1.94E+02 228.14 114.07 2.1 9.66 
    69.33 0 0.002 1.95E+02 229.43 114.72 2.11 9.69 
    69.77 0 0.002 1.97E+02 230.72 115.36 2.12 9.72 
    70.21 0 0.002 1.98E+02 232.01 116.01 2.12 9.75 
    70.65 0 0.002 2.00E+02 233.3 116.65 2.13 9.79 
    71.09 0 0.002 2.01E+02 234.59 117.29 2.13 9.82 
    71.53 0 0.002 2.03E+02 235.87 117.94 2.14 9.85 
    71.97 0 0.002 2.04E+02 237.16 118.58 2.14 9.88 
    72.4 0 0.002 2.06E+02 238.44 119.22 2.15 9.91 
    72.84 0 0.002 2.07E+02 239.73 119.86 2.16 9.95 
    73.28 0 0.002 2.09E+02 241.01 120.5 2.16 9.98 
    73.72 0 0.002 2.11E+02 242.29 121.15 2.17 10.01 
    74.16 0 0.002 2.12E+02 243.57 121.79 2.17 10.04 
    74.6 0 0.002 2.14E+02 244.85 122.43 2.18 10.07 
    75.04 0 0.002 2.15E+02 246.13 123.07 2.18 10.1 
    75.47 0 0.002 2.17E+02 247.41 123.71 2.19 10.13 
    







140 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


75.91 0 0.002 2.18E+02 248.69 124.35 2.19 10.16 
    76.35 0 0.002 2.20E+02 249.97 124.99 2.2 10.19 
    76.79 0 0.002 2.21E+02 251.25 125.62 2.2 10.23 
    77.23 0 0.002 2.23E+02 252.53 126.26 2.21 10.26 
    77.67 0 0.002 2.24E+02 253.8 126.9 2.22 10.29 
    78.11 0 0.002 2.26E+02 255.08 127.54 2.22 10.32 
    78.54 0 0.002 2.27E+02 256.35 128.18 2.23 10.35 
    78.98 0 0.002 2.29E+02 257.63 128.81 2.23 10.38 
    79.42 0 0.002 2.30E+02 258.9 129.45 2.24 10.41 
    79.86 0 0.002 2.32E+02 260.18 130.09 2.24 10.44 
    80.3 0 0.002 2.33E+02 261.45 130.72 2.25 10.47 
    80.74 0 0.002 2.35E+02 262.72 131.36 2.25 10.5 
    81.18 0 0.002 2.37E+02 263.99 132 2.26 10.53 
    81.61 0 0.002 2.38E+02 265.26 132.63 2.26 10.56 
    82.05 0 0.002 2.40E+02 266.53 133.27 2.27 10.59 
    82.49 0 0.002 2.41E+02 267.8 133.9 2.27 10.62 
    82.93 0 0.002 2.43E+02 269.07 134.53 2.28 10.65 
    83.37 0 0.002 2.44E+02 270.34 135.17 2.28 10.68 
    83.81 0 0.002 2.46E+02 271.61 135.8 2.29 10.71 
    84.25 0 0.002 2.47E+02 272.87 136.44 2.29 10.74 
    84.68 0 0.002 2.49E+02 274.14 137.07 2.3 10.76 
    85.12 0 0.002 2.50E+02 275.4 137.7 2.3 10.79 
    85.56 0 0.002 2.52E+02 276.67 138.33 2.31 10.82 
    86 0 0.002 2.53E+02 277.93 138.97 2.31 10.85 
    86.44 0 0.002 2.55E+02 279.2 139.6 2.32 10.88 
    86.88 0 0.002 2.57E+02 280.46 140.23 2.32 10.91 
    87.32 0 0.002 2.58E+02 281.72 140.86 2.33 10.94 
    87.75 0 0.002 2.60E+02 282.99 141.49 2.33 10.97 
    88.19 0 0.002 2.61E+02 284.25 142.12 2.34 11 
    88.63 0 0.002 2.63E+02 285.51 142.75 2.34 11.02 
    89.07 0 0.002 2.64E+02 286.77 143.39 2.35 11.05 
    89.51 0 0.002 2.66E+02 288.03 144.02 2.35 11.08 
    89.95 0 0.002 2.67E+02 289.29 144.65 2.36 11.11 
    90.39 0 0.001 2.69E+02 290.55 145.27 2.36 11.14 
    90.82 0 0.001 2.71E+02 291.81 145.9 2.37 11.17 
    91.26 0 0.001 2.72E+02 293.07 146.53 2.37 11.19 
    91.7 0 0.001 2.74E+02 294.32 147.16 2.38 11.22 
    92.14 0 0.001 2.75E+02 295.58 147.79 2.38 11.25 
    92.58 0 0.001 2.77E+02 296.84 148.42 2.39 11.28 
    93.02 0 0.001 2.78E+02 298.09 149.05 2.39 11.31 
    93.46 0 0.001 2.80E+02 299.35 149.67 2.4 11.33 
    93.89 0 0.001 2.81E+02 300.6 150.3 2.4 11.36 
    94.33 0 0.001 2.83E+02 301.86 150.93 2.41 11.39 
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94.77 0 0.001 2.85E+02 303.11 151.55 2.41 11.42 
    95.21 0 0.001 2.86E+02 304.36 152.18 2.42 11.45 
    95.65 0 0.001 2.88E+02 305.62 152.81 2.42 11.47 
    96.09 0 0.001 2.89E+02 306.87 153.43 2.42 11.5 
    96.53 0 0.001 2.91E+02 308.12 154.06 2.43 11.53 
    96.97 0 0.001 2.92E+02 309.37 154.69 2.43 11.56 
    97.4 0 0.001 2.94E+02 310.62 155.31 2.44 11.58 
    97.84 0 0.001 2.96E+02 311.87 155.94 2.44 11.61 
    98.28 0 0.001 2.97E+02 313.12 156.56 2.45 11.64 
    98.72 0 0.001 2.99E+02 314.37 157.19 2.45 11.66 
    99.16 0 0.001 3.00E+02 315.62 157.81 2.46 11.69 
    99.6 0 0.001 3.02E+02 316.87 158.43 2.46 11.72 
    100.04 0 0.001 3.03E+02 318.12 159.06 2.47 11.75 
    100.47 0 0.001 3.05E+02 319.36 159.68 2.47 11.77 
    100.91 0 0.001 3.06E+02 320.61 160.3 2.48 11.8 
    101.35 0 0.001 3.08E+02 321.86 160.93 2.48 11.83 
    101.79 0 0.001 3.10E+02 323.1 161.55 2.48 11.85 
    102.23 0 0.001 3.11E+02 324.35 162.17 2.49 11.88 
    102.67 0 0.001 3.13E+02 325.59 162.8 2.49 11.91 
    103.11 0 0.001 3.14E+02 326.84 163.42 2.5 11.93 
    103.54 0 0.001 3.16E+02 328.08 164.04 2.5 11.96 
    103.98 0 0.001 3.18E+02 329.33 164.66 2.51 11.98 
    104.42 0 0.001 3.19E+02 330.57 165.28 2.51 12.01 
    104.86 0 0.001 3.21E+02 331.81 165.91 2.52 12.04 
    105.3 0 0.001 3.22E+02 333.05 166.53 2.52 12.06 
    105.74 0 0.001 3.24E+02 334.3 167.15 2.52 12.09 
    106.18 0 0.001 3.25E+02 335.54 167.77 2.53 12.12 
    106.61 0 0.001 3.27E+02 336.78 168.39 2.53 12.14 
    107.05 0 0.001 3.29E+02 338.02 169.01 2.54 12.17 
    107.49 0 0.001 3.30E+02 339.26 169.63 2.54 12.19 
    107.93 0 0.001 3.32E+02 340.5 170.25 2.55 12.22 
    108.37 0 0.001 3.33E+02 341.74 170.87 2.55 12.25 
    108.81 0 0.001 3.35E+02 342.98 171.49 2.55 12.27 
    109.25 0 0.001 3.36E+02 344.21 172.11 2.56 12.3 
    109.68 0 0.001 3.38E+02 345.45 172.73 2.56 12.32 
    110.12 0 0.001 3.40E+02 346.69 173.35 2.57 12.35 
    110.56 0 0.001 3.41E+02 347.93 173.96 2.57 12.37 
    111 0 0.001 3.43E+02 349.16 174.58 2.58 12.4 
    111.44 0 0.001 3.44E+02 350.4 175.2 2.58 12.43 
    111.88 0 0.001 3.46E+02 351.64 175.82 2.58 12.45 
    112.32 0 0.001 3.48E+02 352.87 176.44 2.59 12.48 
    112.75 0 0.001 3.49E+02 354.11 177.05 2.59 12.5 
    113.19 0 0.001 3.51E+02 355.34 177.67 2.6 12.53 
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113.63 0 0.001 3.52E+02 356.58 178.29 2.6 12.55 
    114.07 0 0.001 3.54E+02 357.81 178.91 2.61 12.58 
    114.51 0 0.001 3.55E+02 359.04 179.52 2.61 12.6 
    114.95 0 0.001 3.57E+02 360.28 180.14 2.61 12.63 
    115.39 0 0.001 3.59E+02 361.51 180.75 2.62 12.65 
    115.82 0 0.001 3.60E+02 362.74 181.37 2.62 12.68 
    116.26 0 0.001 3.62E+02 363.97 181.99 2.63 12.7 
    116.7 0 0.001 3.63E+02 365.21 182.6 2.63 12.73 
    117.14 0 0.001 3.65E+02 366.44 183.22 2.64 12.75 
    117.58 0 0.001 3.67E+02 367.67 183.83 2.64 12.78 
    118.02 0 0.001 3.68E+02 368.9 184.45 2.64 12.8 
    118.46 0 0.001 3.70E+02 370.13 185.06 2.65 12.83 
    118.89 0 0.001 3.71E+02 371.36 185.68 2.65 12.85 
    119.33 0 0.001 3.73E+02 372.59 186.29 2.66 12.88 
    119.77 0 0.001 3.75E+02 373.82 186.91 2.66 12.9 
    120.21 0 0.001 3.76E+02 375.04 187.52 2.66 12.93 
    120.65 0 0.001 3.78E+02 376.27 188.14 2.67 12.95 
    121.09 0 0.001 3.79E+02 377.5 188.75 2.67 12.97 
    121.53 0 0.001 3.81E+02 378.73 189.36 2.68 13 
    121.96 0 0.001 3.83E+02 379.95 189.98 2.68 13.02 
    122.4 0 0.001 3.84E+02 381.18 190.59 2.68 13.05 
    122.84 0 0.001 3.86E+02 382.41 191.2 2.69 13.07 
    123.28 0 0.001 3.87E+02 383.63 191.82 2.69 13.1 
    123.72 0 0.001 3.89E+02 384.86 192.43 2.7 13.12 
    124.16 0 0.001 3.91E+02 386.08 193.04 2.7 13.14 
    124.6 0 0.001 3.92E+02 387.31 193.65 2.7 13.17 
    125.03 0 0.001 3.94E+02 388.53 194.27 2.71 13.19 
    125.47 0 0.001 3.95E+02 389.76 194.88 2.71 13.22 
    125.91 0 0.001 3.97E+02 390.98 195.49 2.72 13.24 
    126.35 0 0.001 3.99E+02 392.21 196.1 2.72 13.26 
    126.79 0 0.001 4.00E+02 393.43 196.71 2.72 13.29 
    127.23 0 0.001 4.02E+02 394.65 197.33 2.73 13.31 
    127.67 0 0.001 4.03E+02 395.87 197.94 2.73 13.34 
    128.1 0 0.001 4.05E+02 397.1 198.55 2.74 13.36 
    128.54 0 0.001 4.07E+02 398.32 199.16 2.74 13.38 
    128.98 0 0.001 4.08E+02 399.54 199.77 2.74 13.41 
    129.42 0 0.001 4.10E+02 400.76 200.38 2.75 13.43 
    129.86 0 0.001 4.11E+02 401.98 200.99 2.75 13.45 
    


            


            


            A R E A S OF 
      E X C E S S 
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            EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
     (DEG. C) (SQ. M) 


          0.01 1.17E+01 
          0.02 2.88E+00 
          0.03 1.17E+00 
          0.04 5.94E-01 
          0.05 3.43E-01 
          0.06 2.18E-01 
          0.08 1.37E-01 
          0.09 9.27E-02 
          0.1 6.44E-02 
          0.11 4.49E-02 
          0.12 3.25E-02 
          0.13 2.39E-02 
          0.14 1.71E-02 
          0.15 1.29E-02 
          0.16 9.63E-03 
          0.17 7.23E-03 
          0.18 5.51E-03 
          0.19 4.22E-03 
          0.2 3.23E-03 
          0.22 2.18E-03 
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Appendix G: Model Outputs for Main Deck 
 
Table G.1: Visual Plumes Model Output Data for Main Deck at Mean Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1       


1 : case #                 


                        


                        


AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C ,;    


HEAT CONVECTION = 2   VEL. 0.07 M/S         


                        


DISCHARGE CONDITIONS : TEMP. = 12 C; DEPTH = 0.09 M.   


; WIDTH = 0.09 M.               


ANGLE 0 DEG ; DISCHARGE RATE = 0 CU-M/S       


DISCHARGE DENSIMENTRIC FROUDE NO. = 2             


                        


                        


X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.) 


        


    (DEG. C) (SEC.) (DILU.)           


                        


0.37 0 8.016 4.38E+00 2 1 0.03 0.39         


0.39 0 7.859 4.54E+00 2.04 1.02 0.03 0.4         


0.4 0 7.709 4.69E+00 2.08 1.04 0.03 0.4         


0.42 0 7.565 4.85E+00 2.12 1.06 0.03 0.4         


0.43 0 7.426 5.01E+00 2.16 1.08 0.03 0.41         


0.44 0 7.292 5.16E+00 2.2 1.1 0.03 0.41         


0.46 0 7.163 5.32E+00 2.24 1.12 0.03 0.42         


0.48 0 6.919 5.64E+00 2.32 1.16 0.03 0.42         


0.51 0 6.691 5.96E+00 2.4 1.2 0.03 0.43         


0.54 0 6.477 6.28E+00 2.47 1.24 0.03 0.44         


0.57 0 6.276 6.61E+00 2.55 1.28 0.03 0.45         


0.62 0 5.91 7.26E+00 2.71 1.36 0.03 0.46         


0.68 0 5.583 7.93E+00 2.87 1.44 0.03 0.48         


0.73 0 5.289 8.59E+00 3.03 1.52 0.03 0.49         


0.79 0 5.023 9.27E+00 3.19 1.6 0.03 0.51         


0.84 0 4.782 9.95E+00 3.35 1.68 0.03 0.52         


0.9 0 4.561 1.06E+01 3.51 1.76 0.04 0.54         


0.95 0 4.359 1.13E+01 3.68 1.84 0.04 0.55         


1 0 4.173 1.20E+01 3.84 1.92 0.04 0.56         


1.11 0 3.843 1.34E+01 4.17 2.09 0.04 0.59         


1.22 0 3.558 1.48E+01 4.5 2.25 0.04 0.62         


1.33 0 3.309 1.62E+01 4.84 2.42 0.04 0.64         


1.44 0 3.091 1.77E+01 5.18 2.59 0.04 0.67         


1.66 0 2.726 2.06E+01 5.88 2.94 0.05 0.72         


1.88 0 2.433 2.35E+01 6.59 3.29 0.05 0.77         


2.1 0 2.193 2.65E+01 7.31 3.65 0.05 0.81         


2.32 0 1.993 2.94E+01 8.04 4.02 0.05 0.86         


2.76 0 1.683 3.54E+01 9.54 4.77 0.06 0.94         


3.2 0 1.451 4.14E+01 11.09 5.54 0.06 1.02         


3.64 0 1.271 4.75E+01 12.66 6.33 0.07 1.1         
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4.07 0 1.128 5.36E+01 14.27 7.13 0.07 1.17         


4.51 0 1.012 5.98E+01 15.9 7.95 0.07 1.24         


4.95 0 0.916 6.59E+01 17.56 8.78 0.08 1.31         


5.39 0 0.835 7.21E+01 19.25 9.62 0.08 1.38         


5.83 0 0.767 7.82E+01 20.96 10.48 0.08 1.44         


6.27 0 0.709 8.44E+01 22.69 11.34 0.09 1.5         


6.71 0 0.658 9.06E+01 24.43 12.22 0.09 1.56         


7.14 0 0.614 9.68E+01 26.2 13.1 0.09 1.62         


7.58 0 0.574 1.03E+02 27.98 13.99 0.1 1.68         


8.02 0 0.54 1.09E+02 29.78 14.89 0.1 1.74         


8.46 0 0.509 1.15E+02 31.6 15.8 0.1 1.8         


8.9 0 0.481 1.22E+02 33.43 16.71 0.1 1.85         


9.34 0 0.456 1.28E+02 35.27 17.64 0.11 1.9         


9.78 0 0.433 1.34E+02 37.13 18.56 0.11 1.96         


10.22 0 0.412 1.40E+02 38.99 19.5 0.11 2.01         


10.65 0 0.393 1.47E+02 40.87 20.44 0.11 2.06         


11.09 0 0.376 1.53E+02 42.76 21.38 0.12 2.11         


11.53 0 0.36 1.59E+02 44.67 22.33 0.12 2.16         


11.97 0 0.345 1.65E+02 46.58 23.29 0.12 2.21         


12.41 0 0.331 1.72E+02 48.5 24.25 0.12 2.26         


12.85 0 0.319 1.78E+02 50.43 25.22 0.13 2.31         


13.29 0 0.307 1.84E+02 52.37 26.19 0.13 2.35         


13.72 0 0.296 1.90E+02 54.32 27.16 0.13 2.4         


14.16 0 0.285 1.97E+02 56.28 28.14 0.13 2.45         


14.6 0 0.276 2.03E+02 58.25 29.13 0.13 2.49         


15.04 0 0.267 2.09E+02 60.23 30.11 0.14 2.54         


15.48 0 0.258 2.15E+02 62.21 31.11 0.14 2.58         


15.92 0 0.25 2.22E+02 64.2 32.1 0.14 2.63         


16.36 0 0.243 2.28E+02 66.2 33.1 0.14 2.67         


16.79 0 0.235 2.34E+02 68.21 34.11 0.14 2.71         


17.23 0 0.229 2.41E+02 70.22 35.11 0.15 2.76         


17.67 0 0.222 2.47E+02 72.25 36.12 0.15 2.8         


18.11 0 0.216 2.53E+02 74.27 37.14 0.15 2.84         


18.55 0 0.21 2.59E+02 76.31 38.15 0.15 2.88         


18.99 0 0.205 2.66E+02 78.35 39.18 0.15 2.92         


19.43 0 0.2 2.72E+02 80.4 40.2 0.16 2.96         


19.86 0 0.195 2.78E+02 82.45 41.23 0.16 3.01         


20.3 0 0.19 2.84E+02 84.51 42.26 0.16 3.05         


20.74 0 0.185 2.91E+02 86.58 43.29 0.16 3.09         


21.18 0 0.181 2.97E+02 88.65 44.33 0.16 3.13         


21.62 0 0.177 3.03E+02 90.73 45.37 0.16 3.16         


22.06 0 0.173 3.09E+02 92.82 46.41 0.17 3.2         


22.5 0 0.169 3.16E+02 94.91 47.45 0.17 3.24         


22.93 0 0.165 3.22E+02 97 48.5 0.17 3.28         


23.37 0 0.162 3.28E+02 99.11 49.55 0.17 3.32         


23.81 0 0.159 3.35E+02 101.21 50.61 0.17 3.36         


24.25 0 0.155 3.41E+02 103.32 51.66 0.17 3.39         


24.69 0 0.152 3.47E+02 105.44 52.72 0.18 3.43         


25.13 0 0.149 3.53E+02 107.56 53.78 0.18 3.47         


25.57 0 0.146 3.60E+02 109.69 54.85 0.18 3.51         
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26 0 0.144 3.66E+02 111.82 55.91 0.18 3.54         


26.44 0 0.141 3.72E+02 113.96 56.98 0.18 3.58         


26.88 0 0.138 3.78E+02 116.1 58.05 0.18 3.62         


27.32 0 0.136 3.85E+02 118.25 59.12 0.19 3.65         


27.76 0 0.133 3.91E+02 120.4 60.2 0.19 3.69         


28.2 0 0.131 3.97E+02 122.55 61.28 0.19 3.72         


28.64 0 0.129 4.04E+02 124.71 62.36 0.19 3.76         


29.07 0 0.126 4.10E+02 126.88 63.44 0.19 3.79         


29.51 0 0.124 4.16E+02 129.05 64.52 0.19 3.83         


29.95 0 0.122 4.22E+02 131.22 65.61 0.2 3.86         


30.39 0 0.12 4.29E+02 133.4 66.7 0.2 3.9         


30.83 0 0.118 4.35E+02 135.58 67.79 0.2 3.93         


31.27 0 0.116 4.41E+02 137.76 68.88 0.2 3.97         


31.71 0 0.115 4.47E+02 139.95 69.98 0.2 4         


32.14 0 0.113 4.54E+02 142.14 71.07 0.2 4.03         


32.58 0 0.111 4.60E+02 144.34 72.17 0.2 4.07         


33.02 0 0.109 4.66E+02 146.54 73.27 0.21 4.1         


33.46 0 0.108 4.73E+02 148.75 74.37 0.21 4.13         


33.9 0 0.106 4.79E+02 150.96 75.48 0.21 4.17         


34.34 0 0.105 4.85E+02 153.17 76.58 0.21 4.2         


34.78 0 0.103 4.91E+02 155.38 77.69 0.21 4.23         


35.21 0 0.102 4.98E+02 157.6 78.8 0.21 4.27         


35.65 0 0.1 5.04E+02 159.83 79.91 0.21 4.3         


36.09 0 0.099 5.10E+02 162.05 81.03 0.21 4.33         


36.53 0 0.098 5.17E+02 164.28 82.14 0.22 4.36         


36.97 0 0.096 5.23E+02 166.52 83.26 0.22 4.4         


37.41 0 0.095 5.29E+02 168.75 84.38 0.22 4.43         


37.85 0 0.094 5.35E+02 170.99 85.5 0.22 4.46         


38.28 0 0.093 5.42E+02 173.24 86.62 0.22 4.49         


38.72 0 0.091 5.48E+02 175.49 87.74 0.22 4.52         


39.16 0 0.09 5.54E+02 177.74 88.87 0.22 4.55         


39.6 0 0.089 5.60E+02 179.99 89.99 0.23 4.59         


40.04 0 0.088 5.67E+02 182.25 91.12 0.23 4.62         


40.48 0 0.087 5.73E+02 184.51 92.25 0.23 4.65         


40.92 0 0.086 5.79E+02 186.77 93.38 0.23 4.68         


41.35 0 0.085 5.86E+02 189.04 94.52 0.23 4.71         


41.79 0 0.084 5.92E+02 191.31 95.65 0.23 4.74         


42.23 0 0.083 5.98E+02 193.58 96.79 0.23 4.77         


42.67 0 0.082 6.04E+02 195.85 97.93 0.23 4.8         


43.11 0 0.081 6.11E+02 198.13 99.07 0.24 4.83         


43.55 0 0.08 6.17E+02 200.41 100.21 0.24 4.86         


43.99 0 0.079 6.23E+02 202.7 101.35 0.24 4.89         


44.42 0 0.078 6.30E+02 204.98 102.49 0.24 4.92         


44.86 0 0.077 6.36E+02 207.28 103.64 0.24 4.95         


45.3 0 0.076 6.42E+02 209.57 104.78 0.24 4.98         


45.74 0 0.076 6.48E+02 211.86 105.93 0.24 5.01         


46.18 0 0.075 6.55E+02 214.16 107.08 0.24 5.04         


46.62 0 0.074 6.61E+02 216.46 108.23 0.25 5.07         


47.06 0 0.073 6.67E+02 218.77 109.38 0.25 5.1         


47.49 0 0.072 6.73E+02 221.08 110.54 0.25 5.13         
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47.93 0 0.072 6.80E+02 223.38 111.69 0.25 5.16         


48.37 0 0.071 6.86E+02 225.7 112.85 0.25 5.19         


48.81 0 0.07 6.92E+02 228.01 114.01 0.25 5.21         


49.25 0 0.07 6.99E+02 230.33 115.16 0.25 5.24         


49.69 0 0.069 7.05E+02 232.65 116.32 0.25 5.27         


50.13 0 0.068 7.11E+02 234.97 117.49 0.25 5.3         


50.57 0 0.068 7.17E+02 237.3 118.65 0.26 5.33         


51 0 0.067 7.24E+02 239.63 119.81 0.26 5.36         


51.44 0 0.066 7.30E+02 241.96 120.98 0.26 5.39         


51.88 0 0.066 7.36E+02 244.29 122.14 0.26 5.41         


52.32 0 0.065 7.43E+02 246.62 123.31 0.26 5.44         


52.76 0 0.064 7.49E+02 248.96 124.48 0.26 5.47         


53.2 0 0.064 7.55E+02 251.3 125.65 0.26 5.5         


53.64 0 0.063 7.61E+02 253.64 126.82 0.26 5.53         


54.07 0 0.063 7.68E+02 255.99 127.99 0.26 5.55         


54.51 0 0.062 7.74E+02 258.34 129.17 0.27 5.58         


54.95 0 0.061 7.80E+02 260.69 130.34 0.27 5.61         


55.39 0 0.061 7.86E+02 263.04 131.52 0.27 5.64         


55.83 0 0.06 7.93E+02 265.39 132.7 0.27 5.66         


56.27 0 0.06 7.99E+02 267.75 133.88 0.27 5.69         


56.71 0 0.059 8.05E+02 270.11 135.06 0.27 5.72         


57.14 0 0.059 8.12E+02 272.47 136.24 0.27 5.75         


57.58 0 0.058 8.18E+02 274.84 137.42 0.27 5.77         


58.02 0 0.058 8.24E+02 277.2 138.6 0.27 5.8         


58.46 0 0.057 8.30E+02 279.57 139.78 0.28 5.83         


58.9 0 0.057 8.37E+02 281.94 140.97 0.28 5.85         


59.34 0 0.056 8.43E+02 284.31 142.16 0.28 5.88         


59.78 0 0.056 8.49E+02 286.69 143.34 0.28 5.91         


60.21 0 0.055 8.56E+02 289.06 144.53 0.28 5.93         


60.65 0 0.055 8.62E+02 291.44 145.72 0.28 5.96         


61.09 0 0.055 8.68E+02 293.83 146.91 0.28 5.99         


61.53 0 0.054 8.74E+02 296.21 148.1 0.28 6.01         


61.97 0 0.054 8.81E+02 298.59 149.3 0.28 6.04         


62.41 0 0.053 8.87E+02 300.98 150.49 0.28 6.07         


62.85 0 0.053 8.93E+02 303.37 151.69 0.29 6.09         


63.28 0 0.052 8.99E+02 305.76 152.88 0.29 6.12         


63.72 0 0.052 9.06E+02 308.16 154.08 0.29 6.14         


64.16 0 0.052 9.12E+02 310.55 155.28 0.29 6.17         


64.6 0 0.051 9.18E+02 312.95 156.48 0.29 6.2         


65.04 0 0.051 9.25E+02 315.35 157.68 0.29 6.22         


65.48 0 0.05 9.31E+02 317.75 158.88 0.29 6.25         


65.92 0 0.05 9.37E+02 320.16 160.08 0.29 6.27         


66.35 0 0.05 9.43E+02 322.56 161.28 0.29 6.3         


66.79 0 0.049 9.50E+02 324.97 162.49 0.3 6.32         


67.23 0 0.049 9.56E+02 327.38 163.69 0.3 6.35         


67.67 0 0.049 9.62E+02 329.79 164.9 0.3 6.38         


68.11 0 0.048 9.69E+02 332.21 166.1 0.3 6.4         


68.55 0 0.048 9.75E+02 334.62 167.31 0.3 6.43         


68.99 0 0.047 9.81E+02 337.04 168.52 0.3 6.45         


69.42 0 0.047 9.87E+02 339.46 169.73 0.3 6.48         
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69.86 0 0.047 9.94E+02 341.88 170.94 0.3 6.5         


70.3 0 0.046 1.00E+03 344.3 172.15 0.3 6.53         


70.74 0 0.046 1.01E+03 346.73 173.36 0.3 6.55         


71.18 0 0.046 1.01E+03 349.16 174.58 0.3 6.58         


71.62 0 0.046 1.02E+03 351.59 175.79 0.31 6.6         


72.06 0 0.045 1.03E+03 354.02 177.01 0.31 6.63         


72.49 0 0.045 1.03E+03 356.45 178.22 0.31 6.65         


72.93 0 0.045 1.04E+03 358.88 179.44 0.31 6.68         


73.37 0 0.044 1.04E+03 361.32 180.66 0.31 6.7         


73.81 0 0.044 1.05E+03 363.76 181.88 0.31 6.73         


74.25 0 0.044 1.06E+03 366.2 183.1 0.31 6.75         


74.69 0 0.043 1.06E+03 368.64 184.32 0.31 6.77         


75.13 0 0.043 1.07E+03 371.08 185.54 0.31 6.8         


75.56 0 0.043 1.08E+03 373.53 186.76 0.31 6.82         


76 0 0.043 1.08E+03 375.97 187.99 0.32 6.85         


76.44 0 0.042 1.09E+03 378.42 189.21 0.32 6.87         


76.88 0 0.042 1.09E+03 380.87 190.44 0.32 6.9         


77.32 0 0.042 1.10E+03 383.32 191.66 0.32 6.92         


77.76 0 0.041 1.11E+03 385.78 192.89 0.32 6.95         


78.2 0 0.041 1.11E+03 388.23 194.12 0.32 6.97         


78.63 0 0.041 1.12E+03 390.69 195.35 0.32 6.99         


79.07 0 0.041 1.13E+03 393.15 196.57 0.32 7.02         


79.51 0 0.04 1.13E+03 395.61 197.8 0.32 7.04         


79.95 0 0.04 1.14E+03 398.07 199.04 0.32 7.07         


80.39 0 0.04 1.14E+03 400.54 200.27 0.32 7.09         
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A R E A S OF E X C E 
  T E M P E R A T U R 
 


  


1 : case #                 


                        


                        


EXC. TEMP. AREA (DEG. C) AREA (SQ. M)           


(DEG. C) (SQ. M)                     


0.4 1.00E+01                     


0.8 3.68E+00                     


1.2 2.01E+00                     


1.6 1.29E+00                     


2 8.73E-01                     


2.4 6.49E-01                     


2.81 4.89E-01                     


3.21 3.83E-01                     


3.61 3.01E-01                     


4.01 2.45E-01                     


4.41 1.97E-01                     


4.81 1.60E-01                     


5.21 1.32E-01                     


5.61 1.07E-01                     


6.01 8.89E-02                     


6.41 7.27E-02                     


6.81 5.88E-02                     


7.21 4.64E-02                     


7.61 3.47E-02                     


8.02 1.60E-02                     
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Table G.2: Visual Plumes Model Output Data for Main Deck at Maximum Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 1 
 1 : case # 


      


          


          AMBIENT CONDITIONS : TEMP. TA= 4 DEG. C 
  HEAT CONVECTION = 2 


 
,; VEL. 0.25 M/S 


 


          DISCHARGE CONDITIONS : TEMP. = 12 C; 
   DEPTH = 0.09 M. ; WIDTH = 0.09 M. 


 
ANGLE 0 DEG ; DISCHARGE RATE = 0 


CU-
M/S 


 DISCHARGE DENSIMENTRIC FROUDE NO. = 2 
    


          


          X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)       (DEG. C) (SEC.) (DILU.)   


                  
  0.37 0 8.016 4.32E+00 2 1 0.02 0.27 


  0.38 0 7.85 4.39E+00 2.04 1.02 0.02 0.27 
  0.39 0 7.691 4.46E+00 2.08 1.04 0.02 0.27 
  0.39 0 7.538 4.53E+00 2.13 1.06 0.02 0.27 
  0.4 0 7.392 4.60E+00 2.17 1.08 0.02 0.27 
  0.41 0 7.252 4.66E+00 2.21 1.11 0.02 0.27 
  0.42 0 7.118 4.73E+00 2.25 1.13 0.02 0.27 
  0.43 0 6.865 4.85E+00 2.34 1.17 0.02 0.27 
  0.44 0 6.633 4.97E+00 2.42 1.21 0.02 0.28 
  0.46 0 6.417 5.08E+00 2.5 1.25 0.02 0.28 
  0.47 0 6.218 5.19E+00 2.58 1.29 0.02 0.28 
  0.5 0 5.86 5.40E+00 2.74 1.37 0.02 0.28 
  0.52 0 5.547 5.60E+00 2.89 1.44 0.02 0.29 
  0.55 0 5.272 5.79E+00 3.04 1.52 0.02 0.29 
  0.58 0 5.028 5.98E+00 3.19 1.59 0.02 0.29 
  0.61 0 4.81 6.16E+00 3.33 1.67 0.02 0.3 
  0.63 0 4.613 6.33E+00 3.48 1.74 0.02 0.3 
  0.66 0 4.435 6.50E+00 3.61 1.81 0.02 0.3 
  0.69 0 4.272 6.67E+00 3.75 1.88 0.02 0.3 
  0.74 0 3.987 6.99E+00 4.02 2.01 0.02 0.31 
  0.8 0 3.744 7.31E+00 4.28 2.14 0.03 0.32 
  0.85 0 3.534 7.62E+00 4.54 2.27 0.03 0.32 
  0.91 0 3.35 7.92E+00 4.79 2.39 0.03 0.33 
  1.02 0 3.043 8.51E+00 5.27 2.63 0.03 0.34 
  1.13 0 2.795 9.08E+00 5.74 2.87 0.03 0.35 
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1.24 0 2.59 9.64E+00 6.19 3.1 0.03 0.36 
  1.35 0 2.417 1.02E+01 6.64 3.32 0.03 0.37 
  1.57 0 2.142 1.13E+01 7.5 3.75 0.03 0.38 
  1.79 0 1.928 1.23E+01 8.34 4.17 0.04 0.4 
  2.01 0 1.757 1.33E+01 9.16 4.58 0.04 0.42 
  2.22 0 1.615 1.43E+01 9.96 4.98 0.04 0.43 
  2.44 0 1.495 1.53E+01 10.75 5.38 0.04 0.45 
  2.66 0 1.394 1.63E+01 11.54 5.77 0.04 0.47 
  3.1 0 1.231 1.83E+01 13.09 6.55 0.04 0.49 
  3.54 0 1.103 2.02E+01 14.63 7.31 0.05 0.52 
  3.98 0 0.999 2.21E+01 16.15 8.07 0.05 0.55 
  4.42 0 0.913 2.40E+01 17.67 8.83 0.05 0.57 
  4.86 0 0.841 2.59E+01 19.18 9.59 0.05 0.6 
  5.29 0 0.779 2.78E+01 20.7 10.35 0.06 0.62 
  5.73 0 0.726 2.97E+01 22.21 11.11 0.06 0.65 
  6.17 0 0.68 3.15E+01 23.73 11.86 0.06 0.67 
  6.61 0 0.639 3.34E+01 25.25 12.62 0.06 0.69 
  7.05 0 0.602 3.52E+01 26.77 13.38 0.06 0.71 
  7.49 0 0.57 3.71E+01 28.3 14.15 0.06 0.73 
  7.93 0 0.541 3.89E+01 29.82 14.91 0.07 0.75 
  8.36 0 0.514 4.07E+01 31.35 15.68 0.07 0.77 
  8.8 0 0.49 4.25E+01 32.89 16.44 0.07 0.79 
  9.24 0 0.468 4.44E+01 34.42 17.21 0.07 0.81 
  9.68 0 0.448 4.62E+01 35.96 17.98 0.07 0.83 
  10.12 0 0.43 4.80E+01 37.51 18.75 0.07 0.85 
  10.56 0 0.413 4.98E+01 39.05 19.53 0.07 0.87 
  11 0 0.397 5.16E+01 40.6 20.3 0.07 0.88 
  11.43 0 0.382 5.34E+01 42.15 21.07 0.08 0.9 
  11.87 0 0.369 5.53E+01 43.7 21.85 0.08 0.92 
  12.31 0 0.356 5.71E+01 45.25 22.63 0.08 0.94 
  12.75 0 0.344 5.89E+01 46.81 23.4 0.08 0.95 
  13.19 0 0.333 6.07E+01 48.37 24.18 0.08 0.97 
  13.63 0 0.323 6.25E+01 49.93 24.96 0.08 0.99 
  14.07 0 0.313 6.43E+01 51.49 25.75 0.08 1 
  14.5 0 0.304 6.61E+01 53.06 26.53 0.08 1.02 
  14.94 0 0.295 6.79E+01 54.63 27.31 0.09 1.03 
  15.38 0 0.287 6.97E+01 56.2 28.1 0.09 1.05 
  15.82 0 0.279 7.15E+01 57.77 28.88 0.09 1.07 
  16.26 0 0.272 7.33E+01 59.34 29.67 0.09 1.08 
  16.7 0 0.265 7.50E+01 60.92 30.46 0.09 1.1 
  17.14 0 0.258 7.68E+01 62.5 31.25 0.09 1.11 
  17.58 0 0.251 7.86E+01 64.08 32.04 0.09 1.13 
  18.01 0 0.245 8.04E+01 65.66 32.83 0.09 1.14 
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18.45 0 0.24 8.22E+01 67.25 33.62 0.09 1.16 
  18.89 0 0.234 8.40E+01 68.83 34.42 0.1 1.17 
  19.33 0 0.229 8.58E+01 70.42 35.21 0.1 1.18 
  19.77 0 0.224 8.76E+01 72.01 36.01 0.1 1.2 
  20.21 0 0.219 8.94E+01 73.6 36.8 0.1 1.21 
  20.65 0 0.214 9.11E+01 75.2 37.6 0.1 1.23 
  21.08 0 0.21 9.29E+01 76.79 38.4 0.1 1.24 
  21.52 0 0.206 9.47E+01 78.39 39.2 0.1 1.25 
  21.96 0 0.201 9.65E+01 79.99 40 0.1 1.27 
  22.4 0 0.197 9.83E+01 81.59 40.8 0.1 1.28 
  22.84 0 0.194 1.00E+02 83.2 41.6 0.1 1.3 
  23.28 0 0.19 1.02E+02 84.8 42.4 0.1 1.31 
  23.72 0 0.186 1.04E+02 86.41 43.2 0.11 1.32 
  24.15 0 0.183 1.05E+02 88.02 44.01 0.11 1.33 
  24.59 0 0.18 1.07E+02 89.63 44.81 0.11 1.35 
  25.03 0 0.177 1.09E+02 91.24 45.62 0.11 1.36 
  25.47 0 0.174 1.11E+02 92.85 46.43 0.11 1.37 
  25.91 0 0.171 1.13E+02 94.47 47.23 0.11 1.39 
  26.35 0 0.168 1.14E+02 96.08 48.04 0.11 1.4 
  26.79 0 0.165 1.16E+02 97.7 48.85 0.11 1.41 
  27.22 0 0.162 1.18E+02 99.32 49.66 0.11 1.42 
  27.66 0 0.16 1.20E+02 100.94 50.47 0.11 1.44 
  28.1 0 0.157 1.21E+02 102.57 51.28 0.11 1.45 
  28.54 0 0.155 1.23E+02 104.19 52.09 0.12 1.46 
  28.98 0 0.152 1.25E+02 105.82 52.91 0.12 1.47 
  29.42 0 0.15 1.27E+02 107.44 53.72 0.12 1.49 
  29.86 0 0.148 1.29E+02 109.07 54.54 0.12 1.5 
  30.29 0 0.146 1.30E+02 110.7 55.35 0.12 1.51 
  30.73 0 0.143 1.32E+02 112.33 56.17 0.12 1.52 
  31.17 0 0.141 1.34E+02 113.97 56.98 0.12 1.53 
  31.61 0 0.139 1.36E+02 115.6 57.8 0.12 1.55 
  32.05 0 0.137 1.37E+02 117.24 58.62 0.12 1.56 
  32.49 0 0.135 1.39E+02 118.88 59.44 0.12 1.57 
  32.93 0 0.134 1.41E+02 120.52 60.26 0.12 1.58 
  33.36 0 0.132 1.43E+02 122.16 61.08 0.12 1.59 
  33.8 0 0.13 1.44E+02 123.8 61.9 0.12 1.6 
  34.24 0 0.128 1.46E+02 125.44 62.72 0.13 1.62 
  34.68 0 0.127 1.48E+02 127.09 63.54 0.13 1.63 
  35.12 0 0.125 1.50E+02 128.73 64.37 0.13 1.64 
  35.56 0 0.124 1.52E+02 130.38 65.19 0.13 1.65 
  36 0 0.122 1.53E+02 132.03 66.01 0.13 1.66 
  36.43 0 0.12 1.55E+02 133.68 66.84 0.13 1.67 
  36.87 0 0.119 1.57E+02 135.33 67.66 0.13 1.68 
  







153 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


37.31 0 0.118 1.59E+02 136.98 68.49 0.13 1.69 
  37.75 0 0.116 1.60E+02 138.64 69.32 0.13 1.71 
  38.19 0 0.115 1.62E+02 140.29 70.15 0.13 1.72 
  38.63 0 0.113 1.64E+02 141.95 70.97 0.13 1.73 
  39.07 0 0.112 1.66E+02 143.61 71.8 0.13 1.74 
  39.5 0 0.111 1.68E+02 145.26 72.63 0.13 1.75 
  39.94 0 0.11 1.69E+02 146.92 73.46 0.13 1.76 
  40.38 0 0.108 1.71E+02 148.59 74.29 0.14 1.77 
  40.82 0 0.107 1.73E+02 150.25 75.12 0.14 1.78 
  41.26 0 0.106 1.75E+02 151.91 75.96 0.14 1.79 
  41.7 0 0.105 1.76E+02 153.58 76.79 0.14 1.8 
  42.14 0 0.104 1.78E+02 155.24 77.62 0.14 1.81 
  42.57 0 0.103 1.80E+02 156.91 78.46 0.14 1.82 
  43.01 0 0.102 1.82E+02 158.58 79.29 0.14 1.83 
  43.45 0 0.1 1.83E+02 160.25 80.12 0.14 1.85 
  43.89 0 0.099 1.85E+02 161.92 80.96 0.14 1.86 
  44.33 0 0.098 1.87E+02 163.59 81.8 0.14 1.87 
  44.77 0 0.097 1.89E+02 165.27 82.63 0.14 1.88 
  45.21 0 0.096 1.91E+02 166.94 83.47 0.14 1.89 
  45.64 0 0.095 1.92E+02 168.62 84.31 0.14 1.9 
  46.08 0 0.095 1.94E+02 170.29 85.15 0.14 1.91 
  46.52 0 0.094 1.96E+02 171.97 85.98 0.14 1.92 
  46.96 0 0.093 1.98E+02 173.65 86.82 0.15 1.93 
  47.4 0 0.092 1.99E+02 175.33 87.66 0.15 1.94 
  47.84 0 0.091 2.01E+02 177.01 88.5 0.15 1.95 
  48.28 0 0.09 2.03E+02 178.69 89.35 0.15 1.96 
  48.71 0 0.089 2.05E+02 180.38 90.19 0.15 1.97 
  49.15 0 0.088 2.06E+02 182.06 91.03 0.15 1.98 
  49.59 0 0.088 2.08E+02 183.74 91.87 0.15 1.99 
  50.03 0 0.087 2.10E+02 185.43 92.72 0.15 2 
  50.47 0 0.086 2.12E+02 187.12 93.56 0.15 2.01 
  50.91 0 0.085 2.13E+02 188.81 94.4 0.15 2.02 
  51.35 0 0.085 2.15E+02 190.5 95.25 0.15 2.03 
  51.78 0 0.084 2.17E+02 192.19 96.09 0.15 2.04 
  52.22 0 0.083 2.19E+02 193.88 96.94 0.15 2.05 
  52.66 0 0.082 2.21E+02 195.57 97.79 0.15 2.06 
  53.1 0 0.082 2.22E+02 197.27 98.63 0.15 2.07 
  53.54 0 0.081 2.24E+02 198.96 99.48 0.15 2.08 
  53.98 0 0.08 2.26E+02 200.66 100.33 0.16 2.09 
  54.42 0 0.08 2.28E+02 202.35 101.18 0.16 2.09 
  54.85 0 0.079 2.29E+02 204.05 102.03 0.16 2.1 
  55.29 0 0.078 2.31E+02 205.75 102.87 0.16 2.11 
  55.73 0 0.078 2.33E+02 207.45 103.72 0.16 2.12 
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56.17 0 0.077 2.35E+02 209.15 104.57 0.16 2.13 
  56.61 0 0.076 2.36E+02 210.85 105.43 0.16 2.14 
  57.05 0 0.076 2.38E+02 212.55 106.28 0.16 2.15 
  57.49 0 0.075 2.40E+02 214.26 107.13 0.16 2.16 
  57.93 0 0.075 2.42E+02 215.96 107.98 0.16 2.17 
  58.36 0 0.074 2.44E+02 217.67 108.83 0.16 2.18 
  58.8 0 0.073 2.45E+02 219.37 109.69 0.16 2.19 
  59.24 0 0.073 2.47E+02 221.08 110.54 0.16 2.2 
  59.68 0 0.072 2.49E+02 222.79 111.39 0.16 2.21 
  60.12 0 0.072 2.51E+02 224.5 112.25 0.16 2.22 
  60.56 0 0.071 2.52E+02 226.21 113.1 0.16 2.23 
  61 0 0.071 2.54E+02 227.92 113.96 0.16 2.24 
  61.43 0 0.07 2.56E+02 229.63 114.82 0.16 2.24 
  61.87 0 0.07 2.58E+02 231.34 115.67 0.17 2.25 
  62.31 0 0.069 2.59E+02 233.06 116.53 0.17 2.26 
  62.75 0 0.069 2.61E+02 234.77 117.39 0.17 2.27 
  63.19 0 0.068 2.63E+02 236.49 118.24 0.17 2.28 
  63.63 0 0.068 2.65E+02 238.2 119.1 0.17 2.29 
  64.07 0 0.067 2.66E+02 239.92 119.96 0.17 2.3 
  64.5 0 0.067 2.68E+02 241.64 120.82 0.17 2.31 
  64.94 0 0.066 2.70E+02 243.36 121.68 0.17 2.32 
  65.38 0 0.066 2.72E+02 245.08 122.54 0.17 2.33 
  65.82 0 0.065 2.73E+02 246.8 123.4 0.17 2.33 
  66.26 0 0.065 2.75E+02 248.52 124.26 0.17 2.34 
  66.7 0 0.064 2.77E+02 250.24 125.12 0.17 2.35 
  67.14 0 0.064 2.79E+02 251.97 125.98 0.17 2.36 
  67.57 0 0.063 2.81E+02 253.69 126.85 0.17 2.37 
  68.01 0 0.063 2.82E+02 255.42 127.71 0.17 2.38 
  68.45 0 0.063 2.84E+02 257.14 128.57 0.17 2.39 
  68.89 0 0.062 2.86E+02 258.87 129.44 0.17 2.4 
  69.33 0 0.062 2.88E+02 260.6 130.3 0.17 2.4 
  69.77 0 0.061 2.89E+02 262.33 131.16 0.18 2.41 
  70.21 0 0.061 2.91E+02 264.06 132.03 0.18 2.42 
  70.64 0 0.061 2.93E+02 265.79 132.89 0.18 2.43 
  71.08 0 0.06 2.95E+02 267.52 133.76 0.18 2.44 
  71.52 0 0.06 2.96E+02 269.25 134.62 0.18 2.45 
  71.96 0 0.059 2.98E+02 270.98 135.49 0.18 2.46 
  72.4 0 0.059 3.00E+02 272.71 136.36 0.18 2.47 
  72.84 0 0.059 3.02E+02 274.45 137.22 0.18 2.47 
  73.28 0 0.058 3.03E+02 276.18 138.09 0.18 2.48 
  73.71 0 0.058 3.05E+02 277.92 138.96 0.18 2.49 
  74.15 0 0.058 3.07E+02 279.66 139.83 0.18 2.5 
  74.59 0 0.057 3.09E+02 281.39 140.7 0.18 2.51 
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75.03 0 0.057 3.11E+02 283.13 141.57 0.18 2.52 
  75.47 0 0.056 3.12E+02 284.87 142.44 0.18 2.52 
  75.91 0 0.056 3.14E+02 286.61 143.31 0.18 2.53 
  76.35 0 0.056 3.16E+02 288.35 144.18 0.18 2.54 
  76.78 0 0.055 3.18E+02 290.09 145.05 0.18 2.55 
  77.22 0 0.055 3.19E+02 291.84 145.92 0.18 2.56 
  77.66 0 0.055 3.21E+02 293.58 146.79 0.18 2.57 
  78.1 0 0.054 3.23E+02 295.32 147.66 0.18 2.57 
  78.54 0 0.054 3.25E+02 297.07 148.53 0.19 2.58 
  78.98 0 0.054 3.26E+02 298.81 149.41 0.19 2.59 
  79.42 0 0.054 3.28E+02 300.56 150.28 0.19 2.6 
  79.85 0 0.053 3.30E+02 302.3 151.15 0.19 2.61 
  80.29 0 0.053 3.32E+02 304.05 152.03 0.19 2.62 
  80.73 0 0.053 3.33E+02 305.8 152.9 0.19 2.62 
  81.17 0 0.052 3.35E+02 307.55 153.77 0.19 2.63 
  81.61 0 0.052 3.37E+02 309.3 154.65 0.19 2.64 
  82.05 0 0.052 3.39E+02 311.05 155.52 0.19 2.65 
  82.49 0 0.051 3.40E+02 312.8 156.4 0.19 2.66 
  82.92 0 0.051 3.42E+02 314.55 157.28 0.19 2.66 
  83.36 0 0.051 3.44E+02 316.31 158.15 0.19 2.67 
  83.8 0 0.051 3.46E+02 318.06 159.03 0.19 2.68 
  84.24 0 0.05 3.48E+02 319.81 159.91 0.19 2.69 
  84.68 0 0.05 3.49E+02 321.57 160.78 0.19 2.7 
  85.12 0 0.05 3.51E+02 323.32 161.66 0.19 2.71 
  85.56 0 0.049 3.53E+02 325.08 162.54 0.19 2.71 
  85.99 0 0.049 3.55E+02 326.84 163.42 0.19 2.72 
  86.43 0 0.049 3.56E+02 328.59 164.3 0.19 2.73 
  86.87 0 0.049 3.58E+02 330.35 165.18 0.19 2.74 
  87.31 0 0.048 3.60E+02 332.11 166.06 0.19 2.75 
  87.75 0 0.048 3.62E+02 333.87 166.94 0.2 2.75 
  88.19 0 0.048 3.63E+02 335.63 167.82 0.2 2.76 
  88.63 0 0.048 3.65E+02 337.39 168.7 0.2 2.77 
  89.06 0 0.047 3.67E+02 339.16 169.58 0.2 2.78 
  89.5 0 0.047 3.69E+02 340.92 170.46 0.2 2.78 
  89.94 0 0.047 3.70E+02 342.68 171.34 0.2 2.79 
  90.38 0 0.047 3.72E+02 344.44 172.22 0.2 2.8 
  90.82 0 0.046 3.74E+02 346.21 173.1 0.2 2.81 
  91.26 0 0.046 3.76E+02 347.97 173.99 0.2 2.82 
  91.7 0 0.046 3.77E+02 349.74 174.87 0.2 2.82 
  92.13 0 0.046 3.79E+02 351.51 175.75 0.2 2.83 
  92.57 0 0.046 3.81E+02 353.28 176.64 0.2 2.84 
  93.01 0 0.045 3.83E+02 355.04 177.52 0.2 2.85 
  93.45 0 0.045 3.85E+02 356.81 178.41 0.2 2.86 
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93.89 0 0.045 3.86E+02 358.58 179.29 0.2 2.86 
  94.33 0 0.045 3.88E+02 360.35 180.18 0.2 2.87 
  94.77 0 0.044 3.90E+02 362.12 181.06 0.2 2.88 
  95.2 0 0.044 3.92E+02 363.89 181.95 0.2 2.89 
  95.64 0 0.044 3.93E+02 365.67 182.83 0.2 2.89 
  96.08 0 0.044 3.95E+02 367.44 183.72 0.2 2.9 
  96.52 0 0.044 3.97E+02 369.21 184.61 0.2 2.91 
  96.96 0 0.043 3.99E+02 370.99 185.49 0.2 2.92 
  97.4 0 0.043 4.00E+02 372.76 186.38 0.21 2.92 
  97.84 0 0.043 4.02E+02 374.54 187.27 0.21 2.93 
  98.28 0 0.043 4.04E+02 376.31 188.16 0.21 2.94 
  98.71 0 0.043 4.06E+02 378.09 189.04 0.21 2.95 
  99.15 0 0.042 4.07E+02 379.87 189.93 0.21 2.95 
  99.59 0 0.042 4.09E+02 381.64 190.82 0.21 2.96 
  100.03 0 0.042 4.11E+02 383.42 191.71 0.21 2.97 
  100.47 0 0.042 4.13E+02 385.2 192.6 0.21 2.98 
  100.91 0 0.042 4.14E+02 386.98 193.49 0.21 2.98 
  101.35 0 0.041 4.16E+02 388.76 194.38 0.21 2.99 
  101.78 0 0.041 4.18E+02 390.54 195.27 0.21 3 
  102.22 0 0.041 4.20E+02 392.32 196.16 0.21 3.01 
  102.66 0 0.041 4.21E+02 394.11 197.05 0.21 3.01 
  103.1 0 0.041 4.23E+02 395.89 197.94 0.21 3.02 
  103.54 0 0.04 4.25E+02 397.67 198.84 0.21 3.03 
  103.98 0 0.04 4.27E+02 399.46 199.73 0.21 3.04 
  104.42 0 0.04 4.29E+02 401.24 200.62 0.21 3.04 
  104.85 0 0.04 4.30E+02 403.03 201.51 0.21 3.05 
  


          Area 159.89625 
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A R E A S OF 
    E X C E S S 
    TEMPERATURE 


        


          EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
   (DEG. C) (SQ. M) 


        0.4 4.67E+00 
        0.8 1.57E+00 
        1.2 8.14E-01 
        1.6 5.01E-01 
        2 3.46E-01 
        2.4 2.57E-01 
        2.81 1.96E-01 
        3.21 1.60E-01 
        3.61 1.31E-01 
        4.01 1.09E-01 
        4.41 9.35E-02 
        4.81 8.02E-02 
        5.21 7.00E-02 
        5.61 6.08E-02 
        6.01 5.34E-02 
        6.41 4.64E-02 
        6.81 4.03E-02 
        7.21 3.43E-02 
        7.61 2.80E-02 
        8.02 1.60E-02 
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EXECUTIVE SUMMARY 
 
The primary goal of this environmental numeric modeling was to conduct an assessments of the 
temperature associated with the non-contact cooling water discharges from the drilling operations to be 
performed by the drill ship Polar Pioneer in the burger field, located in the Chuckchi Sea, by SHELL 
Alaska Venture. The drill ship Polar Pioneer will discharge approximately 21,385.33 barrels (bbls) per day 
(bbls/day) of the non-contact cooling water from a single outlet located on this drill ship.  This 
constitutes the discharge described in the Permit No.: AKG-28-8100 as Discharge 009 (non-contact 
cooling water). 
 
Numeric modeling for the thermal dispersion were conducted using the US EPA Visual Plumes Model to 
characterize the temperature associated with the non-contact cooling water discharges (Discharge 009) 
both for the mean and maximum currents speed from the drilling operations to be conducted in the 
burger field by the drill rig Polar Pioneer. This provides a sensitivity analysis of the numeric model results 
to the model input parameter: currents speed.  The numeric simulation was conducted for the single 
point discharge source from the drill rig Polar Pioneer.  The non-contact cooling water is discharged out 
of a single 16.0 inch (outer diameter) discharge caisson that runs down the starboard # 4 column of the 
drill ship Polar Pioneer. The discharge caisson is approximately 9.0 meters (m) below the sea surface 
while at the drilling draft. 
 
The thermal dispersion simulations were performed using the effluent and ambient data for the planned 
drilling period.  The planned drilling period is within the open water season of July thru October. The 
direction of the discharge was assumed to be aligned with the ambient flow direction for the modeling 
purpose since the current bends the plume in the direction of flow (Frick 2003).  
 
The potential impact assessments of the excess temperature of 0.05 degrees Celsius (°C) on the ambient 
water quality based on the US EPA Visual Plumes thermal dispersion numeric simulations both for the 
mean and maximum currents speed indicate that the discharge plume sinks deeper into the ambient 
and also wider at mean currents. It travels slightly farther at the maximum currents. The higher ambient 
flow velocity induces enhanced mixing of the plume at the maximum currents. Hence, the plume cools 
to within 0.05 °C of the ambient significantly sooner after the cessation of the discharge at the 
maximum currents speed than at the mean currents speed. The areas affected by the excess 
temperature of 0.05 ºC at the maximum currents speed is significantly less than that at the mean 
currents speed. Therefore, mean currents speed represents the worst case scenario. 
 
The potential impact assessments of the excess temperature of 0.05 °C on the ambient water quality 
based on the US EPA Visual Plumes thermal dispersion numeric simulation are: maximum plume depth 
is 2.0 m; maximum plume width is 68.0 m; maximum distance from the source is 355 m; maximum 
duration is 78.0 minutes; and the total area affected is 1.4 hectares (ha). These estimates indicate low 
impacts on the ambient water quality from the temperature associated with the Discharge 009 (non-
contact cooling water) of approximately 21,385.33 bbls/day from the single outlet located on the drill 
ship. 
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Section 1: Introduction 
 
This technical report describes the assessments of the temperature associated with the non-contact 
cooling water discharges during the drilling operations to be performed by the drill ship Polar Pioneer in 
the burger field, located in the Chuckchi Sea, by SHELL Alaska Venture. The drill ship Polar Pioneer will 
discharge approximately 21,385.33 barrels (bbls) per day (bbls/day) of the non-contact cooling water 
from a single outlet located on this drill ship.  This constitutes the discharge described in the Permit No.: 
AKG-28-8100 as Discharge 009 (non-contact cooling water). 
 
Numeric simulations for the thermal dispersion were conducted using the US EPA Visual Plumes Model 
to characterize the temperature associated with the non-contact cooling water discharges (Discharge 
009) both at the mean and maximum currents speeds during the drilling operations to be conducted in 
the burger field by the drill rig Polar Pioneer. This provides a sensitivity analysis of the numeric model 
results to the model input parameter: currents speed. The location of the burger field in the Chukchi Sea 
is presented in Figure 1. The numeric simulations were conducted for the single point discharge source 
from the drill rig Polar Pioneer.  The non-contact cooling water is discharged out of a single 16.0 inch 
(outer diameter) discharge caisson that runs down the starboard # 4 column of the drill ship Polar 
Pioneer as listed in Table 1.  The internal diameter of the non-contact cooling water discharge caisson is 
15.25 inches based on a 0.75 inches of the total wall thickness. 


 
Figure 1-1: Location of the Burger Field 
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Table 1: Non-Contact Cooling Water Discharge (009) from the Drill Rig Polar Pioneer 
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1.1 The US EPA Visual Plumes Model 


 
The Visual Plumes is a mixing zone model developed by the US EPA’s Ecosystems Research Division, 
National Exposure Research Laboratory (Frick 2003). The PDS module of the Visual Plumes model was 
used for the numeric simulation of the thermal dispersion for the point discharge listed in Table 1. The 
PDS is a three-dimensional plume model that applies to the point discharges to the water bodies. The 
PDS module provides simulations for the temperature and dilution over a wide range of discharge 
conditions. It is an Eulerian integral flux model for the surface discharge into a moving ambient body of 
water that includes the effects of the surface heat transfer. The initial discharge momentum causes the 
plume to penetrate the ambient at the same time that the current bends the plume in the direction of 
flow (Frick 2003). 
  
1.2 Eff luent Data 


 
The estimated volumes of the non-contact cooling water discharges from the Polar Pioneer is 21,385.33 
bbls/day as listed in Table 1. The duration of the discharge is 24 hours per day. The temperature of the 
effluent to be discharged is 13.33 degrees Celsius (°C) as presented in Table 1. The salinity of the effluent 
is 30 Practical Salinity Scale Unit (psu). The discharge pipe internal diameter is 15.25 inches.  The 
discharge occurs approximately at 9.0 m below the sea surface for the modeling purpose.  
 
1.3 Ambient Data 


 
The ambient water depth at the prospect well Burger J within the burger field location in the Chukchi 
Sea is 43.9 meters (m). The mean and maximum currents speed are approximately 0.07 and 0.25 meters 
per second (m/sec), respectively with a prevailing direction of flow to the east for the planned drilling 
period.  The temperature of the ambient water varies from 4 °C at the surface stratum to - 0.5 °C at the 
bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of the ambient 
water varies from 30 psu at the surface stratum to 32 psu at the bottom stratum, with a significant 
stratification occurring at 15 m depth.      
 
Table 2: Ambient Data for the Burger Field, Chukchi Sea  
 


Water 
Depth 


Temperature Salinity  Mean Currents Maximum Currents 


m °C Psu 
Speed 
(m/s) 


Direction 
Speed 
(m/s) 


Direction 


0 4.0 30 0.07 to the East  0.25 to the East  


43.9-45.7 -0.5 32 0.07 to the East  0.25 to the East  
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Section 2: Thermal Dispersion Modeling  
 
Thermal dispersion numeric simulations were performed for the one point discharge source listed 
below.  The non-contact cooling water discharges was modeled using the US EPA Visual Plumes model 
as described in Section 1. The modeling results are described in details in Section 3.  Section 4 presents 
the summary and conclusion.  Section 5 lists the references cited in this report. Appendices A and B 
describe the model input data and outputs. 
 
The point non-contact cooling water discharge (Discharge 009) sources is: 
 


1. 16.0-inch discharge caisson located at starboard # 4 of the drill ship Polar Pioneer.  
  







5 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Section 3: Thermal Dispersion Modeling – Polar Pioneer 
 
3.1 Non-contact Cooling Water Discharges from the 16.0-inch Discharge 


Caisson 


 
The total volume of the non-contact cooling water discharges from the drill ship Polar Pioneer, from a 
16-inch discharge caisson located at starboard # 4 is approximately 21,385.33 bbls/day. The duration of 


the discharge is 24 hours/day. The temperature and salinity of the effluent are 13.33 °C and 30 psu, 
respectively.  The discharge occurs at 9.0 below the sea surface.  The direction of the discharge is 
assumed to be aligned with the ambient flow direction for the modeling purpose since the current 
bends the plume in the direction of flow (Frick 2003). Thermal dispersion numeric simulations were 
performed both for the mean and maximum currents. The model results both for the mean and 
maximum currents are described below. 
 
3.2 Non-contact Cooling Water Discharges at Mean Currents  


 
The Visual Plumes model results at the mean currents for: ambient and plume properties; plume path; 
plume trajectory; plume dilution; and plume temperature decay are presented in Figures 3-1, 3-2, 3-3, 
3-4, and 3-5 respectively. Figures 3-6 and 3-7 present the duration of the excess temperature and the 
area affected. 
 
Figure 3-1: Ambient and Plume Properties – 16.0-inch Discharge Caisson at Mean Currents 
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Figure 3-1 presents the ambient and plume densities (σT) versus the depth of water from the sea 
surface. The ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. 
As seen above, the thermal plume is released at 9.0 m below the sea surface and the initial discharge 
momentum causes the effluent (σT = 22.45 - 23.88 kg/m3) plume to sink into the ambient to a depth of 
approximately 2.0 m.  Figure 3-2 presents the width of the plume. The maximum width of the plume is 
approximately 68 m at a distance of approximately 350 m from the source. The plume trajectory 
presented in Figure 3-3 also shows that the plume reaches a depth of 2.0 m at a distance of 
approximately 350 m from the source and attains an average dilution factor of 400 as seen in Figure 3-4. 
The plume center line dilution factor is 200. The plume temperature decay presented in Figure 3-5 
shows that it has cooled to within 0.05 ºC of the ambient temperature (3.1 ºC at a depth of 11 m from 
the sea surface) at a distance of approximately 350 m from the source. It takes approximately 78 
minutes after the cessation of the discharge for the plume to cool to within 0.05 °C of the ambient as 
presented in Figure 3-6. The area affected by the excess temperature of 0.05 °C or higher is limited to 
14,000 square meters approximately as seen in Figure 3-7. Based on these findings, the impact of this 
release of the non-contact cooling water on the ambient is low and limited to an area of 1.4 hectares 
only. 
 
Figure 3-2: Plume Path – 16.0-inch Discharge Caisson at Mean Currents 
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Figure 3-3: Plume Trajectory – 16.0-inch Discharge Caisson at Mean Currents 
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Figure 3-4: Plume Dilution – 16.0-inch Discharge Caisson at Mean Currents 
 


 
 
 
Figure 3-5: Plume Temperature Decay – 16.0-inch Discharge Caisson at Mean Currents 
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Figure 3-6: Duration of Excess Temperature – 16.0-inch Discharge Caisson at Mean Currents 


 


Figure 3-7: Area Affected by Excess Temperature – 16.0-inch Discharge Caisson at Mean Currents 
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3.3 Non-contact Cooling Water Discharges at Maximum Currents  


 
The Visual Plumes model results at the maximum currents for: ambient and plume properties; plume 
path; plume trajectory; plume dilution; and plume temperature decay are presented in Figures 3-8, 3-9, 
3-10, 3-11, and 3-12 respectively. Figures 3-13 and 3-14 present the duration of the excess temperature 
and the area affected. 
 
Figure 3-8: Ambient and Plume Properties – 16.0-inch Discharge Caisson at Maximum Currents  


  
Figure 3-8 presents the ambient and plume densities (σT) versus the depth of water from the sea 
surface. The ambient density (σT) varies from 23.80 kg/m3 at the surface to 25.77 kg/m3 at the bottom. 
As seen above, the thermal plume is released at 9.0 m below the sea surface and the initial discharge 
momentum causes the effluent (σT = 22.45 - 23.88 kg/m3) plume to sink into the ambient to a depth of 
approximately 1.5 m.  Figure 3-9 presents the width of the plume. The maximum width of the plume is 
approximately 27 m at a distance of approximately 355 m from the source. The plume trajectory 
presented in Figure 3-10 also shows that the plume reaches a depth of 1.5 m at a distance of 
approximately 355 m from the source and attains an average dilution factor of 400 as seen in Figure 3-
11. The plume center line dilution factor is 200. The plume temperature decay presented in Figure 3-12 
shows that it has cooled to within 0.05 ºC of the ambient temperature (3.1 ºC at a depth of 11 m from 
the sea surface) at a distance of approximately 355 m from the source. It takes approximately 23 
minutes after the cessation of the discharge for the plume to cool to within 0.05 °C of the ambient as 
presented in Figure 3-13. The area affected by the excess temperature of 0.05 °C or higher is limited to 
6,000 square meters approximately as seen in Figure 3-14. Based on these findings, the impact of this 
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release of the non-contact cooling water on the ambient is low and limited to an area of 0.6 hectares 
only. 
 
Figure 3-9: Plume Path – 16.0-inch Discharge Caisson at Maximum Currents 
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Figure 3-10: Plume Trajectory – 16.0-inch Discharge Caisson at Maximum Currents 
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Figure 3-11: Plume Dilution – 16.0-inch Discharge Caisson at Maximum Currents 
 


 
 
 
Figure 3-12: Plume Temperature Decay – 16.0-inch Discharge Caisson at Maximum Currents 
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Figure 3-13: Duration of Excess Temperature – 16.0-inch Discharge Caisson at Maximum Currents 


 
 
Figure 3-14: Area Affected by Excess Temperature – 16.0-inch Discharge Caisson at Maximum Currents 
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Section 4: Summary and Conclusion 
 


4.1 Objective 


 
The primary goal of this environmental numeric modeling was to conduct an assessments of the 
temperature associated with the non-contact cooling water discharges from the drilling operations to be 
performed by the drill ship Polar Pioneer in the burger field, located in the Chuckchi Sea, by SHELL 
Alaska Venture. The drill ship Polar Pioneer will discharge approximately 21,385.33 bbls/day of the non-
contact cooling water from a single outlet located on this drill ship.  This constitutes the discharge 
described in the Permit No.: AKG-28-8100 as Discharge 009 (non-contact cooling water). 
 
4.2 Modeling Assessments  


  
Numeric simulations for the thermal dispersion were conducted using the US EPA Visual Plumes Model 
to characterize the temperature associated with the non-contact cooling water discharges (Discharge 
009) both for the mean and maximum currents speed during the drilling operations to be conducted in 
the burger field by the drill rig Polar Pioneer. This provides a sensitivity analysis of the numeric model 
results to the model input parameter: currents speed. The numeric simulation was conducted for the 
single point discharge source from the drill rig Polar Pioneer.  The non-contact cooling water is 
discharged out of a single 16.0 inch (outer diameter) discharge caisson that runs down the starboard # 4 
column of the drill ship Polar Pioneer. The discharge caisson is approximately 9.0 m below the sea 
surface while at the drilling draft. 
 
The thermal dispersion simulations were performed using the effluent and ambient data for the planned 
drilling period.  The planned drilling period is within the open water season of July thru October. The 
direction of the discharge was assumed to be aligned with the ambient flow direction for the modeling 
purpose since the current bends the plume in the direction of flow (Frick 2003).  
 
The potential impact assessments of the excess temperature of 0.05 °C on the ambient water quality 
based on the US EPA Visual Plumes thermal dispersion numeric simulations both for the mean and 
maximum currents speed are presented in Table 3. The discharge plume sinks deeper into the ambient 
and also wider at mean currents. It travels slightly farther at the maximum currents. The higher ambient 
flow velocity induces enhanced mixing of the plume at the maximum currents. Hence, the plume cools 
to within 0.05 °C of the ambient significantly sooner after the cessation of the discharge at the 
maximum currents speed than at the mean currents speed. The areas affected by the excess 
temperature of 0.05 ºC at the maximum currents speed is also significantly less than that at the mean 
currents speed. Therefore, mean currents speed represents the worst case scenario. 
 
The potential impact assessments of the excess temperature of 0.05 °C on the ambient water quality 
based on the US EPA Visual Plumes thermal dispersion numeric simulation are presented in Table 3. The 
estimates are: maximum plume depth is 2.0 m; maximum plume width is 68.0 m; maximum distance 
from the source is 355 m; maximum duration is 78.0 minutes; and the total area affected is 1.4 hectares 
(ha). These estimates indicate low impacts on the ambient water quality from the temperature 
associated with the Discharge 009 (non-contact cooling water) of approximately 21,385.33 bbls/day 
from the single outlet located on the drill ship. 
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Table 3: Impact Assessments of the Discharge 009 on the Ambient Water Quality 
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Appendix A: Model Input Data   
 


Table A.1: Input Data for Discharge 009 from Polar Pioneer, the Burger Field, Chukchi Sea 
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Table A.2: Input Data for the Ambient, July – October, the Burger Field, Chukchi Sea 


 


Water 
Depth 


Temperature Salinity  Mean Currents Maximum Currents 


m °C Psu 
Speed 
(m/s) 


Direction 
Speed 
(m/s) 


Direction 


0 4 30 0.07 to the East  0.25 to the East  


43.9-45.7 -0.5 32 0.07 to the East  0.25 to the East  
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Appendix B: Model Outputs for the 16.0-inch Discharge Caisson 
 
Table B.1: Visual Plumes Model Output for the 16.0-inch Discharge Caisson at Mean Currents 
 
 


PDSWIN FLOATING WARM WATER JETS -- June 1999PAGE 


 1 : case # 
      AMBIENT CONDITIONS : TEMP. TA= 3.1 DEG. C 0.07 M/S 


HEAT CONVECTION = 2 
      


          DISCHARGE CONDITIONS : TEMP. = 13.3 C; 
   DEPTH = 0.34 M. ; WIDTH = 0.33 


  ANGLE 0 DEG ; DISCHARGE RATE = 0.04 


  DISCHARGE DENSIMENTRIC FROUDE NO. = 3.65 
    


          X(M.) Y(M.) EX.TEMP TIME Q/Q0 QM/Q0 DEPTH 
(M.) 


WIDTH 
(M.)       (DEG. C) (SEC.) (DILU.)   


  


          1.17 0 10.253 3.33E+00 2 1 0.2 1.2 


  1.22 0 10.037 3.48E+00 2.04 1.02 0.2 1.24 


  1.27 0 9.832 3.63E+00 2.09 1.04 0.2 1.28 


  1.33 0 9.635 3.79E+00 2.13 1.06 0.2 1.32 


  1.38 0 9.446 3.94E+00 2.17 1.09 0.2 1.36 


  1.43 0 9.266 4.10E+00 2.21 1.11 0.2 1.4 


  1.48 0 9.093 4.27E+00 2.26 1.13 0.2 1.44 


  1.59 0 8.766 4.60E+00 2.34 1.17 0.2 1.51 


  1.69 0 8.465 4.95E+00 2.42 1.21 0.21 1.59 


  1.8 0 8.185 5.30E+00 2.5 1.25 0.21 1.66 


  1.9 0 7.926 5.66E+00 2.59 1.29 0.21 1.73 


  2.11 0 7.457 6.42E+00 2.75 1.37 0.22 1.87 


  2.32 0 7.047 7.20E+00 2.91 1.45 0.22 2.01 


  2.53 0 6.684 8.03E+00 3.07 1.53 0.23 2.14 


  2.74 0 6.362 8.89E+00 3.22 1.61 0.23 2.28 


  2.95 0 6.073 9.77E+00 3.38 1.69 0.23 2.41 


  3.15 0 5.812 1.07E+01 3.53 1.76 0.24 2.53 


  3.36 0 5.576 1.16E+01 3.68 1.84 0.24 2.66 


  3.57 0 5.361 1.26E+01 3.82 1.91 0.25 2.78 


  3.99 0 4.983 1.47E+01 4.11 2.06 0.25 3.03 


  4.41 0 4.661 1.68E+01 4.4 2.2 0.26 3.26 


  4.83 0 4.382 1.90E+01 4.68 2.34 0.27 3.5 


  5.24 0 4.139 2.14E+01 4.95 2.48 0.27 3.72 


  6.08 0 3.732 2.63E+01 5.49 2.75 0.28 4.16 


  6.92 0 3.405 3.15E+01 6.02 3.01 0.29 4.58 
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7.75 0 3.134 3.71E+01 6.54 3.27 0.3 4.99 


  8.59 0 2.904 4.29E+01 7.06 3.53 0.31 5.38 


  9.42 0 2.708 4.89E+01 7.57 3.78 0.32 5.77 


  10.26 0 2.537 5.52E+01 8.08 4.04 0.33 6.14 


  11.93 0 2.252 6.84E+01 9.1 4.55 0.34 6.86 


  13.6 0 2.027 8.24E+01 10.12 5.06 0.36 7.54 


  15.27 0 1.842 9.70E+01 11.13 5.56 0.37 8.2 


  16.95 0 1.688 1.12E+02 12.14 6.07 0.39 8.84 


  18.62 0 1.557 1.28E+02 13.16 6.58 0.4 9.46 


  20.29 0 1.444 1.44E+02 14.19 7.1 0.41 10.05 


  21.96 0 1.345 1.61E+02 15.23 7.61 0.43 10.63 


  23.63 0 1.259 1.78E+02 16.27 8.14 0.44 11.2 


  25.31 0 1.182 1.96E+02 17.33 8.66 0.45 11.75 


  26.98 0 1.113 2.14E+02 18.39 9.2 0.46 12.29 


  28.65 0 1.051 2.32E+02 19.47 9.73 0.47 12.82 


  30.32 0 0.996 2.50E+02 20.56 10.28 0.48 13.33 


  31.99 0 0.945 2.69E+02 21.66 10.83 0.49 13.84 


  33.66 0 0.898 2.88E+02 22.77 11.39 0.51 14.33 


  35.34 0 0.856 3.07E+02 23.9 11.95 0.52 14.82 


  37.01 0 0.817 3.27E+02 25.04 12.52 0.53 15.3 


  38.68 0 0.781 3.46E+02 26.19 13.1 0.54 15.77 


  40.35 0 0.747 3.66E+02 27.36 13.68 0.55 16.24 


  42.02 0 0.716 3.86E+02 28.54 14.27 0.56 16.7 


  43.69 0 0.687 4.07E+02 29.74 14.87 0.57 17.15 


  45.37 0 0.66 4.27E+02 30.94 15.47 0.58 17.6 


  47.04 0 0.635 4.48E+02 32.17 16.08 0.59 18.04 


  48.71 0 0.612 4.68E+02 33.4 16.7 0.6 18.47 


  50.38 0 0.59 4.89E+02 34.66 17.33 0.61 18.9 


  52.05 0 0.569 5.10E+02 35.92 17.96 0.62 19.32 


  53.73 0 0.549 5.31E+02 37.2 18.6 0.63 19.74 


  55.4 0 0.531 5.53E+02 38.49 19.25 0.64 20.16 


  57.07 0 0.513 5.74E+02 39.8 19.9 0.65 20.57 


  58.74 0 0.496 5.96E+02 41.12 20.56 0.67 20.97     


60.41 0 0.481 6.17E+02 42.45 21.23 0.68 21.38 


  62.08 0 0.466 6.39E+02 43.8 21.9 0.69 21.77 


  63.76 0 0.452 6.60E+02 45.16 22.58 0.7 22.17 


  65.43 0 0.438 6.82E+02 46.54 23.27 0.71 22.56 


  67.1 0 0.426 7.04E+02 47.92 23.96 0.72 22.95 


  68.77 0 0.414 7.26E+02 49.33 24.66 0.73 23.33 


  70.44 0 0.402 7.48E+02 50.74 25.37 0.74 23.71 


  72.12 0 0.391 7.71E+02 52.17 26.08 0.75 24.09 


  73.79 0 0.38 7.93E+02 53.61 26.8 0.76 24.47 


  75.46 0 0.37 8.15E+02 55.06 27.53 0.77 24.84 
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77.13 0 0.361 8.37E+02 56.53 28.26 0.78 25.21 


  78.8 0 0.351 8.60E+02 58.01 29 0.79 25.57 


  80.47 0 0.343 8.82E+02 59.5 29.75 0.8 25.94 


  82.15 0 0.334 9.05E+02 61 30.5 0.81 26.3 


  83.82 0 0.326 9.27E+02 62.52 31.26 0.82 26.66 


  85.49 0 0.318 9.50E+02 64.05 32.02 0.83 27.01 


  87.16 0 0.311 9.73E+02 65.59 32.79 0.84 27.37 


  88.83 0 0.303 9.95E+02 67.14 33.57 0.85 27.72 


  90.5 0 0.296 1.02E+03 68.7 34.35 0.86 28.07 


  92.18 0 0.29 1.04E+03 70.28 35.14 0.87 28.41 


  93.85 0 0.283 1.06E+03 71.86 35.93 0.88 28.76 


  95.52 0 0.277 1.09E+03 73.46 36.73 0.89 29.1 


  97.19 0 0.271 1.11E+03 75.07 37.54 0.89 29.44 


  98.86 0 0.265 1.13E+03 76.69 38.35 0.9 29.78 


  100.54 0 0.26 1.16E+03 78.32 39.16 0.91 30.12 


  102.21 0 0.255 1.18E+03 79.97 39.98 0.92 30.45 


  103.88 0 0.249 1.20E+03 81.62 40.81 0.93 30.78     


105.55 0 0.244 1.23E+03 83.28 41.64 0.94 31.11 


  107.22 0 0.24 1.25E+03 84.96 42.48 0.95 31.44 


  108.89 0 0.235 1.27E+03 86.64 43.32 0.96 31.77 


  110.57 0 0.23 1.29E+03 88.34 44.17 0.97 32.1 


  112.24 0 0.226 1.32E+03 90.04 45.02 0.98 32.42 


  113.91 0 0.222 1.34E+03 91.76 45.88 0.99 32.74 


  115.58 0 0.218 1.36E+03 93.48 46.74 1 33.06 


  117.25 0 0.214 1.39E+03 95.22 47.61 1.01 33.38 


  118.92 0 0.21 1.41E+03 96.96 48.48 1.02 33.7 


  120.6 0 0.206 1.43E+03 98.72 49.36 1.03 34.02 


  122.27 0 0.202 1.46E+03 100.48 50.24 1.04 34.33 


  123.94 0 0.199 1.48E+03 102.26 51.13 1.05 34.64 


  125.61 0 0.195 1.50E+03 104.04 52.02 1.06 34.96 


  127.28 0 0.192 1.53E+03 105.83 52.92 1.06 35.27 


  128.96 0 0.189 1.55E+03 107.64 53.82 1.07 35.58 


  130.63 0 0.186 1.58E+03 109.45 54.72 1.08 35.88 


  132.3 0 0.183 1.60E+03 111.27 55.63 1.09 36.19 


  133.97 0 0.18 1.62E+03 113.1 56.55 1.1 36.49 


  135.64 0 0.177 1.65E+03 114.93 57.47 1.11 36.8 


  137.31 0 0.174 1.67E+03 116.78 58.39 1.12 37.1 


  138.99 0 0.171 1.69E+03 118.63 59.32 1.13 37.4 


  140.66 0 0.169 1.72E+03 120.5 60.25 1.14 37.7 


  142.33 0 0.166 1.74E+03 122.37 61.18 1.15 38 


  144 0 0.163 1.76E+03 124.25 62.12 1.15 38.3 


  145.67 0 0.161 1.79E+03 126.14 63.07 1.16 38.59 


  147.34 0 0.159 1.81E+03 128.04 64.02 1.17 38.89 
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149.02 0 0.156 1.83E+03 129.94 64.97 1.18 39.18 


  150.69 0 0.154 1.86E+03 131.85 65.93 1.19 39.48 


  152.36 0 0.152 1.88E+03 133.77 66.89 1.2 39.77 


  154.03 0 0.15 1.91E+03 135.7 67.85 1.21 40.06 


  155.7 0 0.147 1.93E+03 137.64 68.82 1.22 40.35 


  157.38 0 0.145 1.95E+03 139.58 69.79 1.23 40.64 


  159.05 0 0.143 1.98E+03 141.53 70.77 1.23 40.92 


  160.72 0 0.141 2.00E+03 143.49 71.75 1.24 41.21 


  162.39 0 0.139 2.02E+03 145.46 72.73 1.25 41.49 


  164.06 0 0.138 2.05E+03 147.43 73.72 1.26 41.78 


  165.73 0 0.136 2.07E+03 149.42 74.71 1.27 42.06 


  167.41 0 0.134 2.10E+03 151.4 75.7 1.28 42.34 


  169.08 0 0.132 2.12E+03 153.4 76.7 1.29 42.63 


  170.75 0 0.131 2.14E+03 155.4 77.7 1.29 42.91 


  172.42 0 0.129 2.17E+03 157.41 78.71 1.3 43.19 


  174.09 0 0.127 2.19E+03 159.43 79.71 1.31 43.46 


  175.76 0 0.126 2.21E+03 161.45 80.73 1.32 43.74 


  177.44 0 0.124 2.24E+03 163.48 81.74 1.33 44.02 


  179.11 0 0.122 2.26E+03 165.52 82.76 1.34 44.3 


  180.78 0 0.121 2.29E+03 167.57 83.78 1.34 44.57 


  182.45 0 0.12 2.31E+03 169.62 84.81 1.35 44.84 


  184.12 0 0.118 2.33E+03 171.67 85.84 1.36 45.12 


  185.8 0 0.117 2.36E+03 173.74 86.87 1.37 45.39 


  187.47 0 0.115 2.38E+03 175.81 87.9 1.38 45.66 


  189.14 0 0.114 2.41E+03 177.89 88.94 1.39 45.93 


  190.81 0 0.113 2.43E+03 179.97 89.99 1.39 46.2 


  192.48 0 0.111 2.45E+03 182.06 91.03 1.4 46.47 


  194.15 0 0.11 2.48E+03 184.16 92.08 1.41 46.74 


  195.83 0 0.109 2.50E+03 186.26 93.13 1.42 47.01 


  197.5 0 0.108 2.53E+03 188.37 94.19 1.43 47.28 


  199.17 0 0.106 2.55E+03 190.49 95.24 1.44 47.54 


  200.84 0 0.105 2.57E+03 192.61 96.31 1.44 47.81 


  202.51 0 0.104 2.60E+03 194.74 97.37 1.45 48.07 


  204.19 0 0.103 2.62E+03 196.87 98.44 1.46 48.34 


  205.86 0 0.102 2.65E+03 199.02 99.51 1.47 48.6 


  207.53 0 0.101 2.67E+03 201.16 100.58 1.48 48.86 


  209.2 0 0.1 2.69E+03 203.32 101.66 1.48 49.12     


210.87 0 0.099 2.72E+03 205.47 102.74 1.49 49.39 


  212.54 0 0.098 2.74E+03 207.64 103.82 1.5 49.65 


  214.22 0 0.097 2.76E+03 209.81 104.9 1.51 49.91 


  215.89 0 0.096 2.79E+03 211.99 105.99 1.52 50.17 


  217.56 0 0.095 2.81E+03 214.17 107.08 1.52 50.42 


  219.23 0 0.094 2.84E+03 216.36 108.18 1.53 50.68 
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220.9 0 0.093 2.86E+03 218.55 109.28 1.54 50.94 


  222.57 0 0.092 2.88E+03 220.75 110.37 1.55 51.2 


  224.25 0 0.091 2.91E+03 222.95 111.48 1.55 51.45 


  225.92 0 0.09 2.93E+03 225.17 112.58 1.56 51.71 


  227.59 0 0.089 2.96E+03 227.38 113.69 1.57 51.96 


  229.26 0 0.088 2.98E+03 229.6 114.8 1.58 52.22 


  230.93 0 0.087 3.00E+03 231.83 115.91 1.59 52.47 


  232.61 0 0.086 3.03E+03 234.06 117.03 1.59 52.72 


  234.28 0 0.086 3.05E+03 236.3 118.15 1.6 52.98 


  235.95 0 0.085 3.08E+03 238.54 119.27 1.61 53.23 


  237.62 0 0.084 3.10E+03 240.79 120.4 1.62 53.48 


  239.29 0 0.083 3.13E+03 243.04 121.52 1.62 53.73 


  240.96 0 0.082 3.15E+03 245.3 122.65 1.63 53.98 


  242.64 0 0.082 3.17E+03 247.57 123.78 1.64 54.23 


  244.31 0 0.081 3.20E+03 249.83 124.92 1.65 54.48 


  245.98 0 0.08 3.22E+03 252.11 126.05 1.65 54.73 


  247.65 0 0.079 3.25E+03 254.39 127.19 1.66 54.97 


  249.32 0 0.079 3.27E+03 256.67 128.34 1.67 55.22 


  250.99 0 0.078 3.29E+03 258.96 129.48 1.68 55.47     


252.67 0 0.077 3.32E+03 261.25 130.63 1.68 55.71 


  254.34 0 0.077 3.34E+03 263.55 131.78 1.69 55.96 


  256.01 0 0.076 3.37E+03 265.86 132.93 1.7 56.21 


  257.68 0 0.075 3.39E+03 268.16 134.08 1.71 56.45 


  259.35 0 0.075 3.41E+03 270.48 135.24 1.71 56.69 


  261.03 0 0.074 3.44E+03 272.79 136.4 1.72 56.94 


  262.7 0 0.073 3.46E+03 275.12 137.56 1.73 57.18 


  264.37 0 0.073 3.49E+03 277.44 138.72 1.74 57.42 


  266.04 0 0.072 3.51E+03 279.78 139.89 1.74 57.66 


  267.71 0 0.072 3.53E+03 282.11 141.06 1.75 57.91 


  269.38 0 0.071 3.56E+03 284.45 142.23 1.76 58.15 


  271.06 0 0.07 3.58E+03 286.8 143.4 1.77 58.39 


  272.73 0 0.07 3.61E+03 289.15 144.57 1.77 58.63 


  274.4 0 0.069 3.63E+03 291.5 145.75 1.78 58.87 


  276.07 0 0.069 3.65E+03 293.86 146.93 1.79 59.1 


  277.74 0 0.068 3.68E+03 296.23 148.11 1.79 59.34 


  279.41 0 0.068 3.70E+03 298.59 149.3 1.8 59.58 


  281.09 0 0.067 3.73E+03 300.97 150.48 1.81 59.82 


  282.76 0 0.067 3.75E+03 303.34 151.67 1.82 60.05 


  284.43 0 0.066 3.78E+03 305.72 152.86 1.82 60.29 


  286.1 0 0.066 3.80E+03 308.11 154.05 1.83 60.53 


  287.77 0 0.065 3.82E+03 310.5 155.25 1.84 60.76 


  289.45 0 0.065 3.85E+03 312.89 156.45 1.84 61 


  291.12 0 0.064 3.87E+03 315.29 157.64 1.85 61.23 
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292.79 0 0.064 3.90E+03 317.69 158.85 1.86 61.47 


  294.46 0 0.063 3.92E+03 320.1 160.05 1.87 61.7 


  296.13 0 0.063 3.94E+03 322.51 161.25 1.87 61.93 


  297.8 0 0.062 3.97E+03 324.92 162.46 1.88 62.16 


  299.48 0 0.062 3.99E+03 327.34 163.67 1.89 62.4 


  301.15 0 0.061 4.02E+03 329.76 164.88 1.89 62.63 


  302.82 0 0.061 4.04E+03 332.19 166.09 1.9 62.86 


  304.49 0 0.06 4.06E+03 334.62 167.31 1.91 63.09 


  306.16 0 0.06 4.09E+03 337.05 168.53 1.91 63.32 


  307.83 0 0.059 4.11E+03 339.49 169.75 1.92 63.55 


  309.51 0 0.059 4.14E+03 341.93 170.97 1.93 63.78 


  311.18 0 0.059 4.16E+03 344.38 172.19 1.94 64.01 


  312.85 0 0.058 4.19E+03 346.83 173.41 1.94 64.24 


  314.52 0 0.058 4.21E+03 349.28 174.64 1.95 64.47 


  316.19 0 0.057 4.23E+03 351.74 175.87 1.96 64.69 


  317.87 0 0.057 4.26E+03 354.2 177.1 1.96 64.92 


  319.54 0 0.057 4.28E+03 356.67 178.33 1.97 65.15 


  321.21 0 0.056 4.31E+03 359.14 179.57 1.98 65.38 


  322.88 0 0.056 4.33E+03 361.61 180.8 1.98 65.6 


  324.55 0 0.055 4.35E+03 364.09 182.04 1.99 65.83 


  326.22 0 0.055 4.38E+03 366.57 183.28 2 66.05 


  327.9 0 0.055 4.40E+03 369.05 184.52 2 66.28 


  329.57 0 0.054 4.43E+03 371.54 185.77 2.01 66.5 


  331.24 0 0.054 4.45E+03 374.03 187.01 2.02 66.73 


  332.91 0 0.054 4.47E+03 376.52 188.26 2.02 66.95 


  334.58 0 0.053 4.50E+03 379.02 189.51 2.03 67.17 


  336.26 0 0.053 4.52E+03 381.52 190.76 2.04 67.4 


  337.93 0 0.053 4.55E+03 384.03 192.01 2.04 67.62 


  339.6 0 0.052 4.57E+03 386.54 193.27 2.05 67.84 


  341.27 0 0.052 4.60E+03 389.05 194.52 2.06 68.06 


  342.94 0 0.051 4.62E+03 391.57 195.78 2.06 68.29 


  344.61 0 0.051 4.64E+03 394.08 197.04 2.07 68.51     
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          A R E A S OF E X S S 


1 : case # 
      


           


 


         EXC. TEMP. AREA (DEG. C) AREA (SQ. M) 
   (DEG. C) (SQ. M) 


        0.051 1.40E+04                 


0.078 8.00E+03                 


0.1 5.14E+03                 


0.249 1.60E+03                 


0.51 4.75E+02 
        1.03 1.42E+02 
        1.54 6.30E+01 
        2.05 3.30E+01 
        2.56 1.98E+01 
        3.08 1.29E+01 
        3.59 8.79E+00 
        4.1 6.23E+00 
        4.61 4.50E+00 
        5.13 3.36E+00 
        5.64 2.55E+00 
        6.15 1.98E+00 
        6.66 1.56E+00 
        7.18 1.23E+00 
        7.69 9.93E-01 
        8.2 7.82E-01 
        8.71 6.30E-01 
        9.23 4.95E-01 
        9.74 3.75E-01 
        10.25 1.90E-01 
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Table B.2: Visual Plumes Model Output for the 16.0-inch Discharge Caisson at Maximum Currents 
 


PDSWIN FLOATING WARM WATER JETS -- June 
1999PAG
E 1 


  1 : case # 
       AMBIENT CONDITIONS : TEMP. TA= 3.1 DEG. C 


   HEAT CONVECTION = 2 
       ,; VEL. 0.25 M/S 


       DISCHAR
GE CONDITIONS : TEMP. = 13.3 C; DEPTH = 


0.3
4 


M
. 


ANGLE 0 DEG ; 
DISCHAR
GE RATE = 0.04 


CU-
M/S 


  DISCHAR
GE 


DENSIMENTR
IC 


FROUD
E NO. = 3.65 


     ; WIDTH = 0.33 M. 
      


           
X(M.) Y(M.) 


EX.TEM
P 


TIME Q/Q0 
QM/Q


0 DEPTH 
(M.) 


WIDTH 
(M.)    


    
(DEG. 


C) 
(SEC.) (DILU.)   


   


           1.17 0 10.253 3.30E+00 2 1 0.16 1 
   1.22 0 10.099 3.45E+00 2.03 1.02 0.16 1.02 
   1.27 0 9.948 3.59E+00 2.06 1.03 0.16 1.05 
   1.33 0 9.802 3.74E+00 2.09 1.05 0.16 1.07 
   1.38 0 9.659 3.89E+00 2.12 1.06 0.16 1.09 
   1.43 0 9.52 4.04E+00 2.15 1.08 0.16 1.11 
   1.48 0 9.383 4.19E+00 2.19 1.09 0.16 1.13 
   1.59 0 9.12 4.49E+00 2.25 1.12 0.16 1.17 
   1.69 0 8.869 4.80E+00 2.31 1.16 0.16 1.2 
   1.8 0 8.629 5.10E+00 2.38 1.19 0.16 1.24 
   1.9 0 8.399 5.41E+00 2.44 1.22 0.16 1.28 
   2.11 0 7.968 6.04E+00 2.57 1.29 0.16 1.35 
   2.32 0 7.572 6.67E+00 2.71 1.35 0.17 1.41 
   2.53 0 7.208 7.31E+00 2.84 1.42 0.17 1.48 
   2.74 0 6.873 7.96E+00 2.98 1.49 0.17 1.54 
   2.95 0 6.562 8.61E+00 3.12 1.56 0.17 1.6 
   3.15 0 6.275 9.27E+00 3.27 1.63 0.17 1.66 
   3.36 0 6.009 9.94E+00 3.41 1.71 0.18 1.72 
   3.57 0 5.762 1.06E+01 3.56 1.78 0.18 1.78 
   3.99 0 5.318 1.20E+01 3.85 1.93 0.18 1.88 
   4.41 0 4.932 1.34E+01 4.16 2.08 0.19 1.99 
   4.83 0 4.592 1.48E+01 4.46 2.23 0.2 2.09 
   5.24 0 4.293 1.62E+01 4.78 2.39 0.2 2.19 
   6.08 0 3.789 1.91E+01 5.41 2.7 0.21 2.37 
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6.92 0 3.384 2.20E+01 6.06 3.03 0.22 2.55 
   7.75 0 3.052 2.49E+01 6.72 3.36 0.23 2.72 
   8.59 0 2.775 2.79E+01 7.39 3.69 0.24 2.89 
   10.26 0 2.344 3.40E+01 8.75 4.38 0.26 3.19 
   11.93 0 2.023 4.02E+01 10.15 5.07 0.28 3.48 
   13.6 0 1.775 4.64E+01 11.57 5.79 0.3 3.76 
   15.27 0 1.578 5.27E+01 13.01 6.51 0.31 4.02 
   16.95 0 1.419 5.91E+01 14.48 7.24 0.33 4.28 
   18.62 0 1.287 6.54E+01 15.96 7.98 0.35 4.52 
   20.29 0 1.176 7.18E+01 17.46 8.73 0.36 4.76 
   21.96 0 1.082 7.82E+01 18.98 9.49 0.37 4.98 
   23.63 0 1.001 8.47E+01 20.51 10.25 0.39 5.2 
   25.31 0 0.931 9.12E+01 22.05 11.03 0.4 5.42 
   26.98 0 0.87 9.76E+01 23.61 11.8 0.41 5.63 
   28.65 0 0.815 1.04E+02 25.17 12.59 0.43 5.83 
   30.32 0 0.767 1.11E+02 26.75 13.38 0.44 6.03 
   31.99 0 0.724 1.17E+02 28.34 14.17 0.45 6.23 
   33.66 0 0.685 1.24E+02 29.94 14.97 0.46 6.42 
   35.34 0 0.65 1.30E+02 31.55 15.77 0.47 6.61 
   37.01 0 0.619 1.37E+02 33.17 16.58 0.48 6.79 
   38.68 0 0.59 1.43E+02 34.79 17.4 0.49 6.98 
   40.35 0 0.563 1.50E+02 36.43 18.21 0.51 7.16 
   42.02 0 0.539 1.56E+02 38.07 19.03 0.52 7.33 
   43.69 0 0.517 1.63E+02 39.72 19.86 0.53 7.5 
   45.37 0 0.496 1.70E+02 41.37 20.69 0.54 7.67 
   47.04 0 0.477 1.76E+02 43.04 21.52 0.55 7.84 
   48.71 0 0.459 1.83E+02 44.71 22.35 0.56 8.01 
   50.38 0 0.442 1.89E+02 46.38 23.19 0.56 8.17 
   52.05 0 0.427 1.96E+02 48.07 24.03 0.57 8.33 
   53.73 0 0.412 2.03E+02 49.76 24.88 0.58 8.49 
   55.4 0 0.399 2.09E+02 51.45 25.73 0.59 8.65 
   57.07 0 0.386 2.16E+02 53.15 26.58 0.6 8.81 
   58.74 0 0.374 2.22E+02 54.86 27.43 0.61 8.96 
   60.41 0 0.363 2.29E+02 56.57 28.29 0.62 9.11 
   62.08 0 0.352 2.36E+02 58.29 29.14 0.63 9.26 
   63.76 0 0.342 2.42E+02 60.01 30.01 0.64 9.41 
   65.43 0 0.332 2.49E+02 61.74 30.87 0.64 9.56 
   67.1 0 0.323 2.56E+02 63.47 31.74 0.65 9.71 
   68.77 0 0.314 2.62E+02 65.21 32.6 0.66 9.85 
   70.44 0 0.306 2.69E+02 66.95 33.48 0.67 9.99 
   72.12 0 0.298 2.75E+02 68.7 34.35 0.68 10.14 
   73.79 0 0.291 2.82E+02 70.45 35.22 0.68 10.28 
   75.46 0 0.284 2.89E+02 72.2 36.1 0.69 10.42 
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77.13 0 0.277 2.95E+02 73.96 36.98 0.7 10.56 
   78.8 0 0.271 3.02E+02 75.73 37.86 0.71 10.69 
   80.47 0 0.265 3.09E+02 77.5 38.75 0.71 10.83 
   82.15 0 0.259 3.15E+02 79.27 39.63 0.72 10.96 
   83.82 0 0.253 3.22E+02 81.04 40.52 0.73 11.1 
   85.49 0 0.247 3.28E+02 82.82 41.41 0.74 11.23 
   87.16 0 0.242 3.35E+02 84.61 42.3 0.74 11.36 
   88.83 0 0.237 3.42E+02 86.4 43.2 0.75 11.49 
   90.5 0 0.232 3.48E+02 88.19 44.09 0.76 11.62 
   92.18 0 0.228 3.55E+02 89.98 44.99 0.76 11.75 
   93.85 0 0.223 3.62E+02 91.78 45.89 0.77 11.88 
   95.52 0 0.219 3.68E+02 93.58 46.79 0.78 12.01 
   97.19 0 0.215 3.75E+02 95.39 47.69 0.79 12.13 
   98.86 0 0.211 3.82E+02 97.2 48.6 0.79 12.26 
   100.54 0 0.207 3.88E+02 99.01 49.5 0.8 12.38 
   102.21 0 0.203 3.95E+02 100.83 50.41 0.81 12.51 
   103.88 0 0.2 4.02E+02 102.64 51.32 0.81 12.63 
   105.55 0 0.196 4.08E+02 104.47 52.23 0.82 12.75 
   107.22 0 0.193 4.15E+02 106.29 53.15 0.83 12.87 
   108.89 0 0.189 4.22E+02 108.12 54.06 0.83 12.99 
   110.57 0 0.186 4.28E+02 109.95 54.98 0.84 13.11 
   112.24 0 0.183 4.35E+02 111.78 55.89 0.84 13.23 
   113.91 0 0.18 4.42E+02 113.62 56.81 0.85 13.35 
   115.58 0 0.177 4.48E+02 115.46 57.73 0.86 13.47 
   117.25 0 0.175 4.55E+02 117.31 58.65 0.86 13.59 
   118.92 0 0.172 4.62E+02 119.15 59.58 0.87 13.7 
   120.6 0 0.169 4.68E+02 121 60.5 0.88 13.82 
   122.27 0 0.167 4.75E+02 122.85 61.43 0.88 13.94 
   123.94 0 0.164 4.82E+02 124.71 62.35 0.89 14.05 
   125.61 0 0.162 4.88E+02 126.56 63.28 0.89 14.16 
   127.28 0 0.159 4.95E+02 128.42 64.21 0.9 14.28 
   128.96 0 0.157 5.01E+02 130.29 65.14 0.91 14.39 
   130.63 0 0.155 5.08E+02 132.15 66.08 0.91 14.5 
   132.3 0 0.153 5.15E+02 134.02 67.01 0.92 14.62 
   133.97 0 0.151 5.21E+02 135.89 67.94 0.92 14.73 
   135.64 0 0.149 5.28E+02 137.76 68.88 0.93 14.84 
   137.31 0 0.147 5.35E+02 139.64 69.82 0.93 14.95 
   138.99 0 0.145 5.41E+02 141.51 70.76 0.94 15.06 
   140.66 0 0.143 5.48E+02 143.39 71.7 0.95 15.17 
   142.33 0 0.141 5.55E+02 145.28 72.64 0.95 15.28 
   144 0 0.139 5.61E+02 147.16 73.58 0.96 15.38 
   145.67 0 0.137 5.68E+02 149.05 74.52 0.96 15.49 
   147.34 0 0.136 5.75E+02 150.94 75.47 0.97 15.6 
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149.02 0 0.134 5.81E+02 152.83 76.41 0.97 15.71 
   150.69 0 0.132 5.88E+02 154.72 77.36 0.98 15.81 
   152.36 0 0.131 5.95E+02 156.62 78.31 0.98 15.92 
   154.03 0 0.129 6.01E+02 158.52 79.26 0.99 16.02 
   155.7 0 0.128 6.08E+02 160.42 80.21 1 16.13 
   157.38 0 0.126 6.15E+02 162.32 81.16 1 16.23 
   159.05 0 0.125 6.21E+02 164.23 82.11 1.01 16.34 
   160.72 0 0.123 6.28E+02 166.14 83.07 1.01 16.44 
   162.39 0 0.122 6.35E+02 168.04 84.02 1.02 16.54 
   164.06 0 0.12 6.42E+02 169.96 84.98 1.02 16.65 
   165.73 0 0.119 6.48E+02 171.87 85.94 1.03 16.75 
   167.41 0 0.118 6.55E+02 173.79 86.89 1.03 16.85 
   169.08 0 0.116 6.62E+02 175.7 87.85 1.04 16.95 
   170.75 0 0.115 6.68E+02 177.62 88.81 1.04 17.05 
   172.42 0 0.114 6.75E+02 179.55 89.77 1.05 17.16 
   174.09 0 0.113 6.82E+02 181.47 90.73 1.05 17.26 
   175.76 0 0.112 6.88E+02 183.4 91.7 1.06 17.36 
   177.44 0 0.11 6.95E+02 185.32 92.66 1.06 17.46 
   179.11 0 0.109 7.02E+02 187.25 93.63 1.07 17.56 
   180.78 0 0.108 7.08E+02 189.19 94.59 1.07 17.65 
   182.45 0 0.107 7.15E+02 191.12 95.56 1.08 17.75 
   184.12 0 0.106 7.22E+02 193.06 96.53 1.08 17.85 
   185.8 0 0.105 7.28E+02 194.99 97.5 1.09 17.95 
   187.47 0 0.104 7.35E+02 196.93 98.47 1.09 18.05 
   189.14 0 0.103 7.42E+02 198.87 99.44 1.1 18.14 
   190.81 0 0.102 7.48E+02 200.82 100.41 1.1 18.24 
   192.48 0 0.101 7.55E+02 202.76 101.38 1.11 18.34 
   194.15 0 0.1 7.62E+02 204.71 102.35 1.11 18.43 
   195.83 0 0.099 7.68E+02 206.66 103.33 1.12 18.53 
   197.5 0 0.098 7.75E+02 208.61 104.3 1.12 18.63 
   199.17 0 0.097 7.82E+02 210.56 105.28 1.13 18.72 
   200.84 0 0.096 7.88E+02 212.51 106.26 1.13 18.82 
   202.51 0 0.095 7.95E+02 214.47 107.23 1.14 18.91 
   204.19 0 0.095 8.02E+02 216.43 108.21 1.14 19.01 
   205.86 0 0.094 8.08E+02 218.39 109.19 1.14 19.1 
   207.53 0 0.093 8.15E+02 220.35 110.17 1.15 19.19 
   209.2 0 0.092 8.22E+02 222.31 111.15 1.15 19.29 
   210.87 0 0.091 8.28E+02 224.27 112.14 1.16 19.38 
   212.54 0 0.09 8.35E+02 226.24 113.12 1.16 19.47 
   214.22 0 0.09 8.42E+02 228.21 114.1 1.17 19.57 
   215.89 0 0.089 8.48E+02 230.18 115.09 1.17 19.66 
   217.56 0 0.088 8.55E+02 232.15 116.07 1.18 19.75 
   219.23 0 0.087 8.62E+02 234.12 117.06 1.18 19.84 
   







31 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


220.9 0 0.087 8.68E+02 236.09 118.05 1.19 19.93 
   222.57 0 0.086 8.75E+02 238.07 119.04 1.19 20.02 
   224.25 0 0.085 8.82E+02 240.05 120.02 1.19 20.12 
   225.92 0 0.084 8.88E+02 242.03 121.01 1.2 20.21 
   227.59 0 0.084 8.95E+02 244.01 122 1.2 20.3 
   229.26 0 0.083 9.02E+02 245.99 122.99 1.21 20.39 
   230.93 0 0.082 9.09E+02 247.97 123.99 1.21 20.48 
   232.61 0 0.082 9.15E+02 249.96 124.98 1.22 20.57 
   234.28 0 0.081 9.22E+02 251.94 125.97 1.22 20.66 
   235.95 0 0.081 9.29E+02 253.93 126.97 1.23 20.75 
   237.62 0 0.08 9.35E+02 255.92 127.96 1.23 20.83 
   239.29 0 0.079 9.42E+02 257.91 128.96 1.23 20.92 
   240.96 0 0.079 9.49E+02 259.91 129.95 1.24 21.01 
   242.64 0 0.078 9.55E+02 261.9 130.95 1.24 21.1 
   244.31 0 0.077 9.62E+02 263.9 131.95 1.25 21.19 
   245.98 0 0.077 9.69E+02 265.89 132.95 1.25 21.28 
   247.65 0 0.076 9.75E+02 267.89 133.95 1.26 21.36 
   249.32 0 0.076 9.82E+02 269.89 134.95 1.26 21.45 
   250.99 0 0.075 9.89E+02 271.89 135.95 1.26 21.54 
   252.67 0 0.075 9.95E+02 273.9 136.95 1.27 21.63 
   254.34 0 0.074 1.00E+03 275.9 137.95 1.27 21.71 
   256.01 0 0.074 1.01E+03 277.91 138.95 1.28 21.8 
   257.68 0 0.073 1.02E+03 279.91 139.96 1.28 21.88 
   259.35 0 0.073 1.02E+03 281.92 140.96 1.29 21.97 
   261.03 0 0.072 1.03E+03 283.93 141.97 1.29 22.06 
   262.7 0 0.071 1.04E+03 285.94 142.97 1.29 22.14 
   264.37 0 0.071 1.04E+03 287.96 143.98 1.3 22.23 
   266.04 0 0.07 1.05E+03 289.97 144.99 1.3 22.31 
   267.71 0 0.07 1.06E+03 291.99 145.99 1.31 22.4 
   269.38 0 0.07 1.06E+03 294 147 1.31 22.48 
   271.06 0 0.069 1.07E+03 296.02 148.01 1.31 22.57 
   272.73 0 0.069 1.08E+03 298.04 149.02 1.32 22.65 
   274.4 0 0.068 1.08E+03 300.06 150.03 1.32 22.74 
   276.07 0 0.068 1.09E+03 302.08 151.04 1.33 22.82 
   277.74 0 0.067 1.10E+03 304.11 152.05 1.33 22.9 
   279.41 0 0.067 1.10E+03 306.13 153.07 1.33 22.99 
   281.09 0 0.066 1.11E+03 308.16 154.08 1.34 23.07 
   282.76 0 0.066 1.12E+03 310.18 155.09 1.34 23.15 
   284.43 0 0.065 1.12E+03 312.21 156.11 1.35 23.24 
   286.1 0 0.065 1.13E+03 314.24 157.12 1.35 23.32 
   287.77 0 0.065 1.14E+03 316.27 158.14 1.35 23.4 
   289.45 0 0.064 1.14E+03 318.31 159.15 1.36 23.48 
   291.12 0 0.064 1.15E+03 320.34 160.17 1.36 23.57 
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292.79 0 0.063 1.16E+03 322.38 161.19 1.37 23.65 
   294.46 0 0.063 1.16E+03 324.41 162.21 1.37 23.73 
   296.13 0 0.063 1.17E+03 326.45 163.22 1.37 23.81 
   297.8 0 0.062 1.18E+03 328.49 164.24 1.38 23.89 
   299.48 0 0.062 1.18E+03 330.53 165.26 1.38 23.97 
   301.15 0 0.061 1.19E+03 332.57 166.28 1.38 24.06 
   302.82 0 0.061 1.20E+03 334.61 167.31 1.39 24.14 
   304.49 0 0.061 1.20E+03 336.65 168.33 1.39 24.22 
   306.16 0 0.06 1.21E+03 338.7 169.35 1.4 24.3 
   307.83 0 0.06 1.22E+03 340.74 170.37 1.4 24.38 
   309.51 0 0.06 1.22E+03 342.79 171.4 1.4 24.46 
   311.18 0 0.059 1.23E+03 344.84 172.42 1.41 24.54 
   312.85 0 0.059 1.24E+03 346.89 173.44 1.41 24.62 
   314.52 0 0.059 1.24E+03 348.94 174.47 1.42 24.7 
   316.19 0 0.058 1.25E+03 350.99 175.5 1.42 24.78 
   317.87 0 0.058 1.26E+03 353.05 176.52 1.42 24.86 
   319.54 0 0.058 1.26E+03 355.1 177.55 1.43 24.94 
   321.21 0 0.057 1.27E+03 357.15 178.58 1.43 25.02 
   322.88 0 0.057 1.28E+03 359.21 179.61 1.43 25.1 
   324.55 0 0.057 1.28E+03 361.27 180.63 1.44 25.17 
   326.22 0 0.056 1.29E+03 363.33 181.66 1.44 25.25 
   327.9 0 0.056 1.30E+03 365.39 182.69 1.45 25.33 
   329.57 0 0.056 1.30E+03 367.45 183.72 1.45 25.41 
   331.24 0 0.055 1.31E+03 369.51 184.76 1.45 25.49 
   332.91 0 0.055 1.32E+03 371.57 185.79 1.46 25.57 
   334.58 0 0.055 1.32E+03 373.64 186.82 1.46 25.64 
   336.26 0 0.054 1.33E+03 375.7 187.85 1.46 25.72 
   337.93 0 0.054 1.34E+03 377.77 188.89 1.47 25.8 
   339.6 0 0.054 1.34E+03 379.84 189.92 1.47 25.88 
   341.27 0 0.053 1.35E+03 381.91 190.95 1.47 25.95 
   342.94 0 0.053 1.36E+03 383.98 191.99 1.48 26.03 
   344.61 0 0.053 1.36E+03 386.05 193.02 1.48 26.11 
   346.29 0 0.053 1.37E+03 388.12 194.06 1.48 26.18 
   347.96 0 0.052 1.38E+03 390.19 195.1 1.49 26.26 
   349.63 0 0.052 1.38E+03 392.27 196.13 1.49 26.34 
   351.3 0 0.052 1.39E+03 394.34 197.17 1.5 26.41 
   352.97 0 0.052 1.40E+03 396.42 198.21 1.5 26.49 
   354.64 0 0.051 1.40E+03 398.5 199.25 1.5 26.57 
   


           


           


           A R E A S OF E X C E S 


1 : case # 
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          EXC. 
TEMP. 


AREA 
(DEG. C) AREA (SQ. M) 


    (DEG. C) (SQ. M) 


         0.51 1.51E+02 
         1.03 5.30E+01 
         1.54 2.82E+01 
         2.05 1.71E+01 
         2.56 1.20E+01 
         3.08 8.36E+00 
         3.59 6.35E+00 
         4.1 4.89E+00 
         4.61 3.69E+00 
         5.13 2.95E+00 
         5.64 2.35E+00 
         6.15 1.86E+00 
         6.66 1.48E+00 
         7.18 1.19E+00 
         7.69 9.50E-01 
         8.2 7.64E-01 
         8.71 5.99E-01 
         9.23 4.68E-01 
         9.74 3.52E-01 
         10.25 1.90E-01 
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Appendix D: Benthic Ecology Sample Washdown Procedures 


(A) Handling of the Samples: sediments are collected using a van-Veen grab sampler. The buckets 
on the grab sampler are emptied into plastic tubs and carried to the benthic washdown sieve 
station area. The tubs are emptied into the washdown sieves and filtered (i.e., through a sand 
filter on board) site seawater is used to rinse the sediments off the organisms contained in the 
sediment. This process results in large volumes of site seawater and sediment, typically funneled 
off one side of the vessel back into the water. A snapshot from the benthic rinse step in the SOP 
is included below. 


 
(B) Volume Estimates: Typical setup for a 24-hour operation includes two washdown stations with 


two sieve boxes each, for a total of four sieve boxes. The washdown from four hoses (approx. 2-
3-in/each in diameter) generates approximately 150 gallons per minute of site seawater runoff. 
The estimated total water volume for conducting the benthic ecology rinsing during a 7-day 
cruise is 1,134,000 Gallons. Additionally, sediment fines from the rejected sediment would be 
intermixed in the rinse water. Assumptions for total water calculation: 


• Total site seawater flow rate: up to 150 gallons/minute 


• Number of hours per day that sieving occurs: 18 hours 


• Number of days for Phase III/IV activities: 7 days each 
(C) Runoff Location and Frequency: The location(s) of the runoff will be determined by the layout of 


the vessel deck for sampling and processing. Generally, the runoff would be funneled to one 
side (e.g., port) and into scuppers and off the vessel. The frequency is generally around the clock 
during 24-hour operations, on average for approximately 18 hours during a 24-hour shift.  


(D) Duration on Site: The Phase III and Phase IV sampling program will take approximately 7 days 
each (weather dependent) to complete at a single drill site. Phase III does not require benthic 
ecology monitoring (i.e., post-drill, only Phase IV monitoring includes the benthic ecology 
component), however, sediment sampling and tissue sampling for chemical analysis will still 
require washdown stations. For an individual station, the vessel is typically “on-station” for a 
few hours to complete all equipment deployments and retrievals. The sieving actively occurs 
while the vessel is on station and while the vessel is transiting between stations.  


(E) Status of Vessel During Washdown: The sieving actively occurs while the vessel is on station and 
while the vessel is transiting between stations. 








Per Section I.C.2 of the NPDES Permit Number AKG-28-8100, the NOI application 


package should include applicable environmental reports and documents. Shell 


provided a CD to EPA on May 29, 2014 containing several scientific documents, 


which are applicable to the NOI applications contained in the enclosed submittal 


package and which are referenced in the attached documents (i.e. EMP). 


 


Additionally, other related environmental reports and documents (which are 


currently in draft or being processed by the authorizing agencies) will be provided 


upon finalization from the applicable agencies. These documents include but are not 


limited to, Shell EP, Incidental Harassment Authorization, and USFWS Letter of 


Authorization.     








SHELL Gulf of Mexico Inc. & M-I SWACO 2015 Drilling Fluids Plan (DFP) 
NPDES AKG-28-8100 Permit for Chukchi Sea Exploration Drilling 


Shell Burger Prospect 
 


  
M-I SWACO Address:   
 
6411 A Street, Anchorage, Alaska 99518 
 
M-I SWACO Key Contacts and Phone Numbers:   


Peter Nelson, NPDES Compliance Supervisor M-I SWACO, A Schlumberger Company Office (907) 273-4747                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                


John Candler, Manager Environmental Affairs M-I SWACO, A Schlumberger Company Office (281) 561-1320 
 
Rig Mud Engineer M-I SWACO, A Schlumberger Company Rig Phone 
 
Shell Key Contacts and Phone Numbers: 
 
Tony Harris, Drilling Superintendent - Discoverer Shell Exploration and Production Office (907)770-3700 
 
Eric Whatley, Drilling Superintendent - Polar Pioneer         Shell Exploration and Production Office (907)770-3700 
 
Jason Smith, Drilling Engineer Team Lead Shell Exploration and Production Office (907)770-3700 
 
Rig Drilling Supervisor Shell Exploration and Production              Rig Phone 
 
 
Operation Identification: 
 
Possible Drill Sites for the Chukchi Sea Exploration Drilling Program, Burger Prospect, Chukchi Sea 
OCS at water depths less than 200 ft. (MLLW) 


 
Prospect 


Well 
Area Block Lease  


Number 
Permit  


Number 
Coordinates (m) 
X                         Y 


Latitude Longitude 


Burger A Posey 6764 OCS-Y-2280 TBD 563945.26 7912759.34 N71° 18' 30.92" W163° 12' 43.17” 


Burger F Posey 6714 OCS-Y-2267 TBD 564063.30   7915956.94 N71° 20' 13.96"  W163° 12' 21.75" 


Burger J Posey 6912 OCS-Y-2321 TBD 555036.01  7897424.42 N71° 10' 24.03"  W163° 28' 18.52" 


Burger R Posey 6812 OCS-Y-2294 TBD 553365.47  7907998.91 N71° 16' 06.57"  W163° 30' 39.44" 


Burger S Posey 6762 OCS-Y-2278 TBD 554390.64  7914198.48 N71° 19' 25.79"  W163° 28' 40.84" 


Burger V Posey 6915 OCS-Y-2324 TBD 569401.40  7898124.84 N71° 10' 33.39"  W163° 04' 21.23" 
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Summary Shell 2015 Chukchi Exploration Program 
 
Shell Gulf of Mexico Inc. (Shell) will perform exploratory drilling on leases in the outer continental shelf area of 
the Chukchi Sea the summer of 2015.  Six potential exploratory well sites have been identified and are located 
in the Burger Prospect.   


 
Summary of Drilling Fluids to be used in 2015 Chukchi Exploration Program 
 
Toxicity Minimization Objective and Procedures 


Drilling fluid systems and products were selected from the best available technology with three basic 
objectives: 
 


1. Select highly effective products to increase drilling efficiency and minimize volumes of contaminants. 
Product performance evaluation is based on the data and experience in the M-I SWACO well file 
database and technical information on the product performance. 


2. Select products with the lowest level of toxicity that meet the performance evaluation requirements.  
Toxicity evaluation is based on the in-house toxicity data on each product and the available field 
toxicity experience with the product in its historical use.  


3. Select products with a favorable HSE profile that enhance safe drilling operations.  HSE performance 
evaluation is based on product knowledge and MSDS information. 


  
Drilling fluids will be recycled to the extent practical based upon operational considerations (e.g., whether mud 
properties have deteriorated to the point where the fluid cannot be effectively used further) by carrying drilling 
fluids forward from one interval to the next.   
  
Drilling Fluid Type and Discharge Rates  


 


Drill Site Drilling Fluid Type Discharge Rate 


Burger A 
Water based (brine, fresh water, gel, barite, inhibitors, 


biopolymers) 
Maximum 


< 1000 bbls/hr 


Burger F 
Water based (brine, fresh water, gel, barite, inhibitors,  


biopolymers) 
Maximum 


< 1000 bbls/hr 


Burger J 
Water based (brine, fresh water, gel, barite, inhibitors, 


biopolymers) 
Maximum 


< 1000 bbls/hr 


Burger R 
Water based (brine, fresh water, gel, barite, inhibitors,  


biopolymers) 
Maximum 


< 1000 bbls/hr 


Burger S 
Water based (brine, fresh water, gel, barite, inhibitors,  


biopolymers) 
Maximum 


< 1000 bbls/hr 


Burger V 
Water based (brine, fresh water, gel, barite, inhibitors,  


biopolymers) 
Maximum 


< 1000 bbls/hr 
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Drilling and Abandonment Fluid Components  


A current list of the components that may be added to the drilling and abandonment fluid is provided in TAB 1, 
TAB 2, and TAB 3 on a per well basis.  The component lists and the respective volumes have been designed for 
drilling from the mud line cellar (MLC) to proposed total depth.  The summary chart listed below relates the mud 
system description to the hole size, casing size and the Tab containing the additive lists. 


 
Interval and Drilling Fluids Summary 


Hole 
Size(in) 


Casing 
Size 
(in) 


Mud 
System 


Mud 
Weight 
(lb/gal) 


Products & Toxicity information, 
Criteria for 


Contingency additives*** 


42 36 


Riserless Gel / Polymer 
Sweeps 


 
8.6 – 9.2 TAB 1 


Weighted Gel /  Polymer 
Mud 


8.6 – 9.1 TAB 1 


26 22 


Riserless Gel / Polymer 
Sweeps 


 
10.0 – 10.6 TAB 1 


Weighted Gel / Polymer  
Mud 


8.6 – 10.0 TAB 1 


 
17-1/2 


 
13-3/8 


KLA-SHIELD –Inhibitive 
WBM 


10.0 – 10.6 TAB 2 


 
12-1/4 


 
9-5/8 


KLA-SHIELD – Inhibitive 
WBM 


10.0 – 12.0 TAB 2 


 
8-1/2 


 
N/A 


KLA-SHIELD – Inhibitive 
WBM 


12.0 – 15.0 TAB 2 


 All 
KLA-SHIELD 


Abandonment Fluid 
10.0 – 15.0 TAB 3 


 
Criteria for Product Additions 


Listed Products – Prior to adding products listed in TABs 1, 2, or 3 for treatment, the current active system 
product concentration will be reviewed to verify maximum concentrations will not be exceeded with the new 
additions.  Maximum concentrations as listed in TABs 1 - 3 shall not be exceeded at any given time without Drilling 
Engineer Team Lead approval.  Increasing concentration of product greater than the concentration listed on the 
proposed mud inventories will be evaluated using available data along with the M-I SWACO ENV ALC50 program 
for estimating toxicity and, to the maximum extent practicable, with lab tested samples, prior to exceeding the 
listed concentrations. 


Product concentration shall be calculated based on the volume of the active circulating system, concentration of 
product already in the active system and the amount of product and water added each day.  These results are 
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calculated and documented in the M-I SWACO ONE-TRAX software program and summarized at the end of the 
well (see sample product concentration report in Appendix A).  For mud products that are disproportionately 
depleted, but can be verified by means of titration, the concentration in the mud system will be adjusted after 
field tests confirm the actual concentration in the mud system.   These results will be documented in M-I SWACO 
ONE-TRAX software program and labeled as active concentration. 


See Appendix A - Sample ONE-TRAX Product Concentration Report 
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TAB 1 PROPOSED INVENTORY: Gel / Polymer sweeps  


Generic Description Product Name Max Concentration 


Base Mud  
Biopolymer  DUOVIS/FLOWZAN 5 lb/bbl  
Bentonite M-I GEL 35 lb/bbl 


Bentonite extender GELEX 0.05 lb/bbl 
Polyanionic cellulose POLYPAC UL/ POLYPAC Supreme UL 5 lb/bbl 


 
Additives 


Crushed nut hulls NUT PLUG 20 lb/bbl 
 


Contingency Products 
Barite M-I WATE 160 lb/bbl 


Defoamer DEFOAM-X 0.3 lb/bbl 
Dye Sodium Fluoresceine Green Dye  .5 gal/bbl in seawater 


Caustic soda stock product 8 lb/bbl 
Citric acid stock product 5 lb/bbl 
Mixture LUBE 945 3% v/v 


Sodium acid pyrophosphate (SAPP) stock product 0.5 lb/bbl 
Soda ash stock product 13 lb/bbl 
Biocide Busan 1060 0.4 lb/bbl 


 
Sweeps are to be built and pumped in 40-70 bbls increments as needed to remove cuttings from the hole. These 
materials are all relatively inert.  Experience, supported with laboratory toxicity data, indicates that the mud’s LC 
50 results will remain above the permitted toxicity limit (i.e., exhibit 96-hr LC50 of greater than 30,000 ppm SPP).  


Mineral oil-based pills will be not used in the drilling fluids during the 2015 drilling campaign. 


A kill-weight mud system will be on-hand while drilling the riserless hole sections as a contingency fluid for well 
control and hole stability situations.   


 


Contingency Products 


M-I WATE (barite) would be used as a weighting agent.  Once total depth is reached, a viscosified mud system will 
be spotted in the open hole for stability purposes while running the 36” and 22” casing.  M-I WATE (barite) will be 
added to the system, if needed, to increase mud weight and hydrostatic pressure in the well as a contingency for 
bore hole stability. 


Sodium Fluoresceine Green Dye will be used as a marker to be circulated down the hole and back to the mud line 
cellar to act as a caliper to measure open-hole volume.  This will be used to improve accuracy in determining the 
amount of cement that needs to be pumped in order to cement the 36” and 22” casing strings without pumping 
out more excess cement to the mud line cellar than necessary. 


Defoam-X will be used to control airing of the fluid and help maximize density. 
 
Caustic soda, citric acid, and soda ash may be used to control the pH 
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Rotary torque issues and lubricity – If the drill string is sticking while drilling creating elevated rotary torque, 
LUBE 945 will be added to the mud system as a lubricant. 


 


Biocide may be used if the fluid needs to be stored for an extended period of time to mitigate bacteria growth. 
 
Sodium acid pyrophosphate (SAPP) may be used as an anti-accretion agent to clear sticky clays from the inside of 
the mud line cellar (MLC) bit.
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Toxicity Estimation  
(Method 1) Formulated mud using products at anticipated concentrations  


Method 1 testing data documents the maximum expected product concentration in the active drilling fluid system 
thru 96 HR LC 50 range finding method to meet the toxicity limitation.  These are the expected maximum 
concentrations for the individual products that will be used in the mud system under normal conditions.   


 


Shell Chukchi LC 50 Testing  


Prepared by M-I SWACO Technical Service lab ID code 120315F.003, Lab Master No. 20120965 


 
Weighted Gel / Polymer Sweep Fluid Formulations 
 


Lab sample ID  ES-6699 
96-hr LC 50 Results  >500,000 ppm 
Formula   


Water bbl 0.881 
M-I Gel ppb 30.0 
Soda ash ppb 0.5 
Polypac Supreme UL ppb 2.0 
Defoam-X ppb 0.25 
Busan 1060 ppb 0.4 
Gelex ppb 0.01 
M-I WATE ppb 124 


 


 
Lab sample ID  ES-6699  


Surface A 
ES-6700  


Surface B 
ES-6701 


Surface C 
96-hr LC 50 Results  >500,000 ppm >500,000 ppm >500,000 ppm 
Formula     


Water bbl 0.881 0.881 0.881 
M-I GEL ppb 30 15 3 
Soda ash ppb .5 .5 .5 
POLYPAC SUPREME UL ppb 2 2 2 
DUOVIS ppb 1 2 3 
DEFOAM-X ppb .25 .25 .25 
BUSAN 1060 ppb .4 .4 .4 
M-I WATE ppb 124 136 146 
GELEX  .01 .01 .01 







     
Date:  January 10, 2014 
Revision:   1.1 
Page 8 of 31 


Drilling Fluids Plan   


(Method 2) Individual Product Evaluations using maximum concentrations  


Method 2 testing data documents that maximum concentrations for individual mud products are proven to meet 
the toxicity limitation.  These are the maximum concentrations for the individual products that will be used in the 
mud system without further testing and evaluation.   


Base mud products range in LC 50 values from 261,440 to > 500,000 ppm.   
Additive mud product LC 50 value is > 500,000 ppm. 
Contingency products range in LC 50 values from 328,470 to > 1,000,000 ppm. 
 


Product LC50 @ In ES # Title 


DEFOAM-X 827,371 0.3 ppb GM7 1280 DEFOAM-X @ 0.1 LBS/BBL in 
Generic Mud # 7 


DUOVIS 261,440 5 ppb GM7 6523 
5 ppb DUO-VIS  


in Generic Mud # 7 
Sodium chloride 
(saturated brine) 


178,000 100 ppb GM7 1680 Saturated NaCl mud 


POLYPAC SUPREME UL 445,600 4 ppb GM7 4253 4.0 ppb POLYPAC SUPREME UL 
(Lot 58523)in Generic Mud # 7 


Flowzan >500,000 3 ppb GM 7 6535 3 ppb Flowzan in Generic Mud 
#7 


M-I GEL >500,000 35 ppb GM7 5743 
Generic Mud # 7 - Base 


Formulation 


GELEX >500,000 0.01 ppb GM7 6378 0.01 ppb GELEX in GM 7 


M-I WATE 
(to a 12ppg) 


>500,000 160 ppb GM7 5743 
Generic Mud # 7 -  
Base Formulation 


NUT PLUG Fine > 500,000 40 ppb GM 7 6536 
40 ppb Pecan Nut Plug Fine in 


Generic Mud #7 


NUT PLUG Med > 500,000 40 ppb GM7 6537 
40 ppb Pecan Nut Plug 


medium  
in Generic Mud #7 


Sodium Fluoresceine 
Green Dye 


328,470 0.12% v/v 
Synthetic 
Seawater 


ID-
120625-


1 


96 hr acute Drilling Fluid 
Toxicity Test with 


Americamysis bahia 


Sodium acid 
pyrophosphate (SAPP) 


  >1,000,000 0.5 ppb Ref mud 676 SAPP @ 0.5 ppb 


Caustic soda >1,000,000 8 ppb GM7 2601 
8 PPB Caustic Soda in Generic 


Mud #7 


Citric acid >1,000,000 5 ppb GM7 5417 
Acute Toxicity Of A Drilling 


Fluid 5 ppb Citric Acid  
in Generic Mud # 7 


 







     
Date:  January 10, 2014 
Revision:   1.1 
Page 9 of 31 


Drilling Fluids Plan   


TAB 2 PROPOSED INVENTORY: KLA-SHIELD - Mud   


Generic Description Product Name(s) Maximum Concentration 


Base Mud   
Soda ash stock product 12 lb/bbl 


Acrylic Polymer IDCAP D 5 lb/bbl 
Shale/Clay Inhibitor EMI-2009 20 lbs/bbl 
Shale/Clay Inhibitor KLA-STOP 20 lbs/bbl 


Biopolymer DUOVIS 2 lb/bbl 
Biopolymer Flowzan 2 lb/bbl 


Polyanionic Cellulose POLYPAC SUPREME UL 5 lb/bbl 
Sodium Hydroxide Caustic Soda 8 lb/bbl 


Barite M-I WATE 160 lb/ bbl 
Sodium Chloride in brine Salt/NaCl 100 lb/bbl 


Additives   
Copolymeric shale stabilizer POROSEAL 19 lb/bbl 


Deflocculant CF Desco®II 4 lb/ bbl 
Sodium Bicarbonate stock product 10 lb/bbl 


Citric Acid stock product 4 lb/bbl 
Biocide Busan 1060 0.4 lb/bbl 


Liquid defoamer DEFOAM-X 0.3 lb/bbl 
Liquid defoamer DF-9065 0.3 lb/bbl 
Crushed nut hulls NUT PLUG MED 40 lb/bbl 
Crushed nut hulls NUT PLUG FINE 40 lb/bbl 


Vegetable, polymer fiber blend MI SEAL 40 lb/bbl 
Cellulose fiber MIX II Fine 25 lb/bbl 
Cellulose fiber MIX II MED 25 lb/bbl 


Graphite G-SEAL 10 lb/bbl 
Calcium carbonate SAFECARB-20 200 lb/bbl 
Calcium carbonate SAFECARB-40 200 lb/bbl 
Calcium carbonate SAFECARB-250 200 lb/bbl 
Sodium Chloride stock product 100 lb/bbl 
Resinated Lignite RESINEX 10 lb/bbl 


Sulfonated Asphalt ASPHASOL SUPREME 8 lb/bbl 
Contingencies   


Mixture FORM-A-BLOK 40 lb/bbl 
Cellulose FORM-A-SET AK Formulation pill 
Zinc oxide Sulf-X 2.5 lb/bbl 
Mixture Pipelax ENV WH 4% v/v 
Mixture LUBE 945 3% v/v 
Mixture CLEAN SPOT 4% v/v 


Surfactant SCREENKLEEN 2% v/v 
Mixture SAFE-SCAV HS 0.1 lb/bbl 
Mixture SAFE-SCAV HSW 0.1 lb/bbl 
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Maximum concentrations shall not be exceeded at any given time in this mud without approval from the drilling 
engineer team lead.  Maximum concentration is monitored using M-I SWACO ONE-TRAX database.  Product 
concentration calculations take into account the amount of mud circulating, dilution water added, concentration 
of product already in the mud and the amount of product added each day.   


 


Toxicity Estimation  


(Method 1) Formulated mud using anticipated products 


Experience, supported with laboratory toxicity data, indicates that the mud’s LC 50 results will be in compliance 
with the permitted toxicity limit (i.e., exhibit 96-hr LC 50 of greater than 30,000 ppm SPP). 


Mineral oil-based pills will be not used in the drilling fluids during the 2015 drilling campaign. 


See Appendix B - Shell Chukchi LC 50 Testing  
 
 
Contingency Products 


Differentially stuck pipe – PIPELAX ENV WH or CLEAN SPOT may be used if the drilling apparatus becomes 
differentially stuck and other conventional methods fail to free the pipe.  PIPELAX ENV WH and CLEAN SPOT are 
low-toxicity products that are spotted in order to penetrate between the wall cake and the drill string and act as a 
lubricant to allow the drilling apparatus to break free. 


Bit balling – Bit balling occurs when drill solids, usually clays, adhere to the drilling apparatus which slows or and 
eventually stops forward progress.  If bit balling is observed, Pecan Nut Plug sweeps will be used to remove build-
up from the bit.  SCREENKLEEN will be added if other measures to prevent bit-balling fail. SCREENKLEEN added to 
the mud will act as an anti-accretion agent by helping to remove drill solids and prevent further build-up.  It also 
helps solids move efficiently through the rig’s surface solids control equipment. 


Hydrogen sulfide gas – Hydrogen sulfide (H2S) is a naturally occurring poisonous gas that can be found at 
dangerous concentrations while drilling exploration wells.  If H2S is encountered, zinc oxide or SAFE-SCAV HS/HSW 
will be applied to the active system to help neutralize the gas. 


pH Control – In the event that the mud pH becomes too high or too low, then caustic soda, citric acid, or soda ash 
will be used to control pH.  


Rotary torque issues and lubricity – If the drill string is sticking while drilling, LUBE 945 will be added to the 
system as a lubricant. 


Total loss of drill fluids to the formation – FORM-A-BLOK and FORM-A-SET AK will be used as a plug if total 
circulation is lost to the formation. 


(Method 2) Individual Product Evaluations using maximum concentrations 


Method 2 testing data documents that maximum concentrations for individual mud products are proven to meet 
the toxicity limitation.  These are the maximum concentrations for the individual products that will be used in the 
mud system without further testing and evaluation.   


Base mud products range in LC 50 values from 178,000 to > 500,000 ppm.   
Additive mud products range in LC 50 values from 142,000 to > 1,000,000 ppm. 
Contingency products range in LC 50 values from 117,275 to > 500,000 ppm 
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Products LC50 @ in ES # Title 
Asphasol Supreme 557,538 8.0 ppb GM7 4651 8 ppb Asphasol Supreme in GM # 7 


Busan 1060 >500,000 .4 ppb GM 7 6538 Busan 1060 - in Generic Mud #7 


Caustic soda 1,000,000 8 ppb GM7 2601 8 PPB caustic soda in Generic Mud # 7 


CF DESCO II > 500,000 3 ppb GM 7 6534 3 ppb CF Desco II in Generic Mud # 7 


Citric acid 1,000,000 5 ppb GM7 5417 Acute Toxicity Of A Drilling Fluid 5 ppb 
Citric Acid in Generic Mud # 7 


CLEAN SPOT 161,600 4% v/v GM7 5221 4% (14ppb) Clean Spot in Generic Mud # 
7 


DEFOAM-X 827,371 0.3 ppb GM7 1280 DEFOAM-X @ 0.1 LBS/BBL in Generic 
Mud # 7 


DRILZONE >500,000 7% v/v GM7 4975 7% Drilzone (EMI 712) in Generic Mud # 
7 


DUOVIS 261,440 5 ppb GM7 6523 5 ppb DUO-VIS  in Generic Mud # 7 


EMI-2009 >500,000 7% v:v GM7 6051 7% (v/v) EMI 2009 in Generic Mud # 7 


Flowzan >500,000 3 ppb GM 7 6535 3 ppb Flowzan in Generic Mud #7 


FORM-A-BLOK >500,000 40 ppb GM7 6504 40 ppb FORM-A-BLOK in Generic Mud # 
7 


FORM-A-SET AK 148,000 12.68 
ppb 


GM7 5425 12.68 ppg FORM-A-SET AK Slurry with 
Crosslinker 


G SEAL >1,000,000 10 ppb GM7 4707 Acute Toxicity of a Drilling Fluid 10.0 ppb 
G- Seal in Generic Mud # 7 


GELEX >500,000 0.01 ppb GM7 6378 0.01 ppb GELEX in Generic Mud # 7 


IDCAP D >500,000 2 ppb GM7 5416 S-2702 ( C ) - 2 ppb ID Cap Din Generic 
Mud # 7 


KLASTOP 345,008 7% v/v GM7 5685 96 hr range finder test ES 5858 


LUBE 945 462,937 3% v/v GM7 5731 S-2957 (G) – 3% Lube 945 in Generic 
Mud # 7 


M-I GEL >500,000 35 ppb GM7 5743 Generic Mud # 7 - Base Formulation 


MI SEAL 206,000 40 ppb GM7 6532 40 ppb M-I SEAL medium in Generic Mud 
# 7 


M-I WATE (to a 
12ppg) 


>500,000 160 ppb GM7 5743 Generic Mud # 7 - Base Formulation 


MIX II FINE >500,000 25 ppb GM7 6238 25 ppb MIX Fine (Argentina) in Generic 
Mud # 7 


MIX II MED >500,000 25 ppb GM7 6237 25 ppb MIX medium (Argentina) in 
Generic Mud # 7 


NUT PLUG Fine > 500,000 40 ppb GM 7 6536 40 ppb Pecan Nut Plug Fine in Generic 
Mud # 7 


NUT PLUG Med > 500,000 40 ppb GM7 6537 40 ppb Pecan Nut Plug medium in 
Generic Mud #7 
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Products LC50 @ in ES # Title 
Pipelax ENV WH 293,000 4% v/v GM7 6556 4% Pipelax Env WH in Generic Mud # 7 


POLYPAC R 833,800 5 ppb GM7 4413 Lab Sample 5 ppb Polypac in Generic 
Mud # 7, ES-4413 


POLYPAC SUPREME 
UL 


445,600 4 ppb GM7 4253 4.0 ppb POLYPAC SUPREME UL (Lot 
58523)in Generic Mud # 7 


POROSEAL >500,000 10.5 ppb GM7 6,082 3% (v/v) Poroseal S 3316 (B)(pH 9.2) in 
Generic Mud # 7 


RESINEX >518,766 10 ppb GM7 1723 10 ppb Resinex in GM# 7 


SAFECARB-20 >1,000,000 200 ppb GM7 4980 Acute Toxicity of a Drilling Fluid Safe 
Carb 20 


SAFECARB-40 >1,000,000 200 ppb GM7 4978 Acute Toxicity of a Drilling Fluid Safe 
Carb 40 


SAFECARB-250 >1,000,000 200 ppb GM7 4981 Acute Toxicity of a Drilling Fluid Safe 
Carb 250 


SCREENKLEEN >500,000 2% v/v GM7 6164 2% (v/v) SCREENKLEEN in Generic Mud 
#7 


SAFE-SCAV HS >500,000 0.1 ppb GM7 6503 O.1 ppb SAFE-SCAV HS in GM # 7 


SAFE-SCAV HSW TBD 0.1 ppb GM7 TBD O.1 ppb SAFE-SCAV HS in GM # 7 


Soda ash 391,155 13 ppb GM7 2552 13 PPB Soda Ash in Generic Mud # 7 


Sodium bicarbonate 446,915 10 ppb GM7 2518 10 PPB Sodium Bicarbonate in Generic 
Mud # 7 


Sodium chloride 178,000 100 ppb GM7 1680 Saturated NaCl Mud 


Sodium Metabisulfite 142,000 .5 ppb AF #A 6707 0.5 ppb Abandonment Fluid A – Shell 
Chukchi LC-50 testing 


X cide 207 600,000 0.175 
ppb 


GM7 1414 BacBan III at .175 ppb 


Zinc oxide 117,275 2.5 ppb HTLM 1471 SULF-X @ 2.5 LBS/BBL IN A HIGH 
TEMPERATURE LAB MUD 
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TAB 3 PROPOSED INVENTORY: KLA-SHIELD – Abandonment Mud 


Generic Description Product Name(s) Maximum Concentration 


Base Mud   
Soda ash stock product 12 lb/bbl 


Biopolymer DUOVIS 2 lb/bbl 
Sodium Hydroxide Caustic Soda 8 lb/bbl 


Barite M-I WATE 160 lb/ bbl 
Sodium Chloride in brine Salt/NaCl 40 lb/bbl 


Corrosion inhibitor Conqor 404 0.5 lb/bbl 
Corrosion inhibitor Conqor 404 WH 0.5 lb/bbl 


Hydrogen Sulfide Scavenger SAFE-SCAV HS 0.1 lb/bbl 
Hydrogen Sulfide Scavenger SAFE-SCAV HSW 0.1 lb/bbl 


Oxygen Scavenger Sodium Metabisulfite 0.5 lb/bbl 
Pre-existing Additives   


Acrylic Polymer IDCAP D 5 lb/bbl 
Shale/Clay Inhibitor KLA-STOP/EMI-2009 20 lbs/bbl 


Polyanionic Cellulose POLYPAC SUPREME UL 5 lb/bbl 
Copolymeric shale stabilizer POROSEAL 19 lb/bbl 


Deflocculant CF Desco II 4 lb/ bbl 
Sodium Bicarbonate stock product 10 lb/bbl 


Citric Acid stock product 4 lb/bbl 
Biocide Busan 1060 0.4 lb/bbl 


Liquid defoamer DEFOAM-X 0.3 lb/bbl 
Calcium carbonate SAFECARB-20 200 lb/bbl 
Calcium carbonate SAFECARB-40 200 lb/bbl 
Sodium Chloride stock product 100 lb/bbl 
Resinated Lignite RESINEX 8 lb/bbl 


Sulfonated Asphalt ASPHASOL SUPREME 8 lb/bbl 
Contingency Additives   


Sodium Bromide Brine NaBr 212 lb/bbl 
   
Abandonment fluid is fluid that is left in the well prior to cementing off the well after operations are complete.  
The well may be temporarily or permanently abandoned.   Maximum concentrations shall not be exceeded at any 
given time in this mud without approval from the drilling engineer team lead.  Maximum concentration is 
monitored using M-I SWACO ONE-TRAX database. Product concentration calculations take into account the 
amount of mud circulating, dilution water added, concentration of product already in the mud and the amount of 
product added each day.   


 
Toxicity Estimation  
(Method 1) Formulated mud using anticipated products 


Experience, supported with laboratory toxicity data, indicates that the mud’s LC 50 results will be in compliance 
with the permitted toxicity limit (i.e., exhibit 96-hr LC50 of greater than 30,000 ppm SPP). 
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Mineral oil-based pills will be not used in the drilling fluids during the 2015 drilling campaign. 


See Appendix B - Shell Chukchi LC50 Testing  
 


(Method 2) Individual Product Evaluations using maximum concentrations 


Method 2 testing data documents that maximum concentrations for individual mud products are proven to meet 
the toxicity limitation.  These are the maximum concentrations for the individual products that will be used in the 
mud system without further testing and evaluation.   


Base mud products range in LC 50 values from 178,000 to > 1,000,000 ppm.   
Additive mud products range in LC 50 values from 446,915 to > 1,000,000 ppm. 
 
Products LC50 @ in ES # Title 
ASPHASOL SUPREME 557,538 8.0 ppb GM7 4651 8 ppb Asphasol Supreme in GM # 7 


Busan 1060 >500,000 .4 ppb GM 7 6538 Busan 1060 - in Generic Mud #7 


Caustic soda 1,000,000 8 ppb GM7 2601 8 PPB caustic soda in Generic Mud # 7 


CF DESCO II > 500,000 3 ppb GM 7 6534 3 ppb CF Desco II in Generic Mud # 7 


Citric acid 1,000,000 5 ppb GM7 5417 Acute Toxicity Of A Drilling Fluid 5 ppb 
Citric Acid in Generic Mud # 7 


CLEAN SPOT 161,600 4% v/v GM7 5221 4% (14ppb) Clean Spot in Generic Mud # 
7 


CONQOR 404 > 1,000,000 1.5 ppb GM 7 4515 1.5 ppb Conqor 404 in a Generic Mud #7 


CONQOR 404 WH > 1,000,000 0.4 ppb GM 7 6936 0.4 ppb Conqor 404 in a Generic Mud #7 


DEFOAM-X 827,371 0.3 ppb GM7 1280 DEFOAM-X @ 0.1 LBS/BBL in Generic 
Mud # 7 


DUOVIS 261,440 5 ppb GM7 6523 5 ppb DUO-VIS  in Generic Mud # 7 


EMI-2009 >500,000 7% v/v GM7 6051 7% (v/v) EMI 2009 in Generic Mud # 7 


IDCAP D >500,000 2 ppb GM7 5416 S-2702 ( C ) - 2 ppb ID Cap Din Generic 
Mud # 7 


KLASTOP 345,008 7% v/v GM7 5685 96 hr range finder test ES 5858 


LUBE 945 462,937 3% v/v GM7 5731 S-2957 (G) – 3% Lube 945 in Generic Mud 
# 7 


M-I GEL >500,000 35 ppb GM7 5743 Generic Mud # 7 - Base Formulation 


M-I WATE (to 12ppg) >500,000 160 ppb GM7 5743 Generic Mud # 7 - Base Formulation 


PIPELAX ENV WH 293,000 4% v/v GM7 6556 4% Pipelax Env WH in Generic Mud # 7 


POLYPAC R 833,800 5 ppb GM7 4413 Lab Sample 5ppb Polypac in Generic Mud 
# 7, ES-4413 


POLYPAC SUPREME 
UL 


445,600 4 ppb GM7 4253 4.0 ppb POLYPAC SUPREME UL (Lot 
58523)in Generic Mud # 7 


POROSEAL >500,000 10.5 
ppb 


GM7 6,082 3% (v/v) Poroseal S 3316 (B)(pH 9.2) in 
Generic Mud # 7 


RESINEX >518,766 10 ppb GM7 1723 10 ppb Resinex in GM# 7 
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Products LC50 @ in ES # Title 
SAFECARB-20 >1,000,000 200 ppb GM7 4980 Acute Toxicity of a Drilling Fluid Safe Carb 


20 
SAFECARB-40 >1,000,000 200 ppb GM7 4978 Acute Toxicity of a Drilling Fluid Safe Carb 


40 
SAFECARB-250 >1,000,000 200 ppb GM7 4981 Acute Toxicity of a Drilling Fluid Safe Carb  


250 
SCREENKLEEN >500,000   2% v/v  GM7  6164  2% (v/v) SCREENKLEEN in Generic Mud 


#7 
SAFE-SCAV HS >500,000 0.1 ppb GM7 6503 0.1 ppb SAFE-SCAV HS in GM # 7 


SAFE-SCAV HSW TBD 0.1 ppb GM7 TBD 0.1 ppb SAFE-SCAV HS in GM # 7 


Soda ash 391,155 13 ppb GM7 2552 13 PPB Soda Ash in Generic Mud # 7 


Sodium bicarbonate 446,915 10 ppb GM7 2518 10 PPB Sodium Bicarbonate in Generic 
Mud # 7 


Sodium 
bromide/Sodium 
chloride brine 


275,400 212 ppb water 4510 NaCl/NaBr blend in water 


Sodium chloride 178,000 100 ppb GM7 1680 Saturated NaCl Mud 


Sodium metabisulfite 142,000 .5 ppb AF #A 6707 0.5 ppb Abandonment Fluid A – Shell 
Chukchi LC-50 testing 


X cide 207 600,000 0.175 
ppb 


GM7 1414 BacBan III at .175 ppb 


Zinc oxide 117,275 2.5 ppb HTLB  1471 SULF-X @ 2.5 LBS/BBL IN A HIGH 
TEMPERATURE LAB MUD 







     
Date:  January 10, 2014 
Revision:   1.1 
Page 16 of 31 


Drilling Fluids Plan   


TAB 4 –ALTERNATIVE METHOD FOR ESTIMATING FORMULA TOXICITY: M-I SWACO ALC 50 Program 
 
M-I SWACO ALC 50 program 


In order to address worst-case cumulative discharge toxicity assessments, the procedure for determining and 
documenting the cumulative discharge toxicity estimations will be accomplished using the M-I SWACO ALC 50 
program.  If products are added outside of the maximum concentrations listed in Method 1, then the ALC 50 
program will be run before listed products and concentrations of products are added to the active mud system.  
The results of the program will estimate the expected toxicity based on product concentrations. 


 


Specific instructions for operating the ALC 50 program are listed below. 


Click to start 
ENV
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Double click to 
add a product 
and 
concentration


Exit ,Help, About Box, Salt Tables


ALC50 estimated between 22,000 to 36,000 ppm


Clear button to clear all products  
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TAB 5 – CRITERIA FOR UNLISTED CONTINGENCY ADDITIVES 


If any additive or additive concentration needed for any of the mud described in this plan is not listed on 
the currently proposed inventory for that mud (TABs 1 - 3), it may not be used without first considering 
the following criteria:  


1. Is there an alternative product already on the proposed inventory and in stock that will have the 
same affect in the mud? Double check this.  Products already in stock will be used before special 
shipments of other products are arranged.  Special shipments require approval of the Shell Drilling 
Supervisor. 


2. What is the nature of the additive?  Is it relatively inert with respect to toxicity?  
a. Product additives considered “relatively inert” based on past LC 50 test evaluations 


>500,000 may be applied to mud as required to achieve specific mud characteristics and/or 
performance.  


3. Discharge of any drilling product containing diesel oil is not allowed.  
4. Some estimate of toxicity of the discharged whole mud/additive system is required as part of this 


mud plan.  Shell has set-up the following process for all Burger operations:  
 


Calculate estimate of cumulative discharge toxicity. A laptop PC in the rig mud lab is loaded with  
M-I SWACO One-Trax database for the proposed mud systems’ product concentration tracking.  
Products will be used at concentrations below the maximum concentration tested in Method 2 of 
the toxicity evaluations.   


Provide bioassay data for the new additive as indicated in the mud plan. DO NOT FORGET to save, 
print, and attach an initialed & dated copy of the re-estimation to this mud plan!  


Obtain bioassay information for the additive(s) under consideration from Shell’s mud 
contractor’s environmental office. 


Try to locate bioassay data that represents the same concentration of product for which you 
propose to use bioassay data. If data is not available for the exact concentration, data on a greater 
concentration should be used. For instance: need to use 0.5 lb/bbl and bioassay data is only 
available for 0.1 lb/bbl and 1.0 lb/bbl concentrations, then use the bioassay based on 1.0 lb/bbl 
concentration. This requirement is based on the assumption that drilling mud toxicity is additive.  


Shell and M-I SWACO have agreed that it is acceptable to use bioassay data that represents 
mixtures of additives that may contain the additive needed.  List the ‘extra’ additives and their 
concentrations as indicated in the mud plan. This documents the conservative nature of the 
estimate – in that more additives are represented than will be used.  


1) No mud additive concentration shall be applied if the tested concentration of the mud 
additive’s LC 50 value is less (i.e. more lethal) than the permitted limit of 30,000 ppm SPP (See 
NPDES AKG-28-0000 permit Section IV.C.3.c.   


2) An additive may be applied if the estimated or tested LC 50 value is higher (i.e. less lethal) than 
the permitted limit of 30,000 ppm SPP with approval by the Drilling Supervisor.  
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TEST/REPORT  
SAMPLE  WHEN TO...  WHERE TO...  


Reports     
Mud inventories Muds only • Whenever a sample is 


taken for bioassay 
 


  • Whenever muds are  
  changed over  
  • At end-of-well for all  
  muds  


SPP Toxicity Drilling Fluid Weekly and End-of-Well  


Metal Test (Cr, Cd, Hg, 
Ag, Th) 


Drilling Fluid Once for surface interval 
(riserless section) and once 
per intermediate interval 


(risered drilling)  
(after drilling starts) 


 


     
pH Drilling Fluid Once per well  


(after drilling starts) 
 


TAqH Drilling Fluid Once per well  
(after drilling starts) 


 


TAH Drilling Fluid Once per well  
(after drilling starts) 


 


Total Volume Drilling Fluid and Cuttings Monthly  
Sheen Reports Daily while discharging Monthly as attachment to See table for Static Sheen, 


  DMR attached 
Barite Mercury/Cadmium On stock barite only At End-of-Well Attach to DMRs 
(from Lab or M-I SWACO)    


End-of-well Report As per NPDES General 
Permit # AKG-28-8100, 


Section II.A.14. 


Shell Regulatory Affairs will 
compile final report after 


individual pieces (bioassays, 
lab results, etc.) arrive from 
M-I SWACO and the Drilling 


Supervisors & Engineer 
team lead. 


 


 
Records and Procedures 


M-I SWACO has written standard operating procedures (SOPs) and retains records for conducting Static 
Sheen Observations.  SOP 2004 covers the procedures for Decontamination of Equipment used in the 
observation test.  SOP 3004 provides the methodology for the qualitative (pass/fail) analysis of drill fluids or 
drill cuttings for static sheen observation.  The permit is the reference document used to determine 
sampling and testing requirements.  The QAPP is the reference document used to provide specific 
instructions on preparing and shipping samples. 
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TAB 6 – PROCEDURE FOR COLLECTING BARITE SAMPLES 


Sample procedures for barite samples are included in the supplier Barite Certification program.  If the Barite 
Mercury and Cadmium Samples are samples at the grinding plant they will follow the standard procedures 
used in the supplier barite certification program.  If the samples of barite are collected from a tank on the 
rig or from a tank prior to arriving at location, the sample collection procedures listed below will be used to 
collect the samples.  The chain of custody and other shipping and testing requirements are described in the 
QAPP for the project. 


Sampling method for barite in a tank 


(As an example: barite collected from drilling rig) 


When bulk barite is sampled from a tank the following procedure will be used to sample. 


a) The top hatch of the storage tank will be opened and three samples will be taken from the top surface of 
barite in the tank.  A scoop with a handle will be required to take the samples. 


b) Using the scoop, make a trench in the surface of the barite about 18 inched long and six to eight inches deep.   
Then clean the scoop and take about three pounds of sample.  Repeat the process two more times. 


c) If possible obtain a sample from the bottom of the tank after lines have been cleared. 


d) Composite the samples using either the inflated bag technique or coning method 


Inflated Bag Technique  


Use a large, heavy duty bag (such as two layers of kitchen trash bags) for the mixing.  Place the samples in the 
bag and inflate the bag with air to a firm feel.  Twist the bag shut, and shake the bag for three to four minutes 
until the barite is uniformly mixed. 


Coning Method 


Place all of the samples on a large, clean, flat surface in the shape of a cone.  Using the scoop, remove scoops 
from the bottom of the cone and pour them on top of the cone.  Continue all around the cone at least three 
times to ensure a uniform mix.  When a scoopful is taken, the front tip of the scoop must be at least at the 
center of the cone. 


e) Split the sample into the amount required by the laboratory using riffling or coning and quartering. 


Coning and quartering Method 


On a large, clean, flat surface, create a cone.  Using a spatula, flatten the cone into a circle and divide it into 
equal pie shaped sections.  Remove a section for the sample to send to the laboratory.  The size of the pie is 
based on the amount of barite required for analysis (usually 100 grams). 
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Sample / Production Identification 


Each sample will be labeled with the sample identification, the date and time of collection, the name of the 
person collecting the sample and the location of sample collection.  The same information must also be 
recorded on the chain of custody and the final laboratory report for the composite sample. 


Example sample label: 


Company name:                     M-I Drilling Fluids 


Sample Identification:          AM697-G1  


Sample location:                    mill 4 cyclone 


Date of sample:                      6/18/97 


Time of sample                       2:15 pm 


Person collecting sample:  John Candler 


  


A sample identification number should be the barite shipment number, or in the case of a composite 
production sample, a production lot number.  
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TAB 7 – DOCUMENTATION FORM FOR UNLISTED CONTINGENCY ADDITIVES 


If an unlisted contingency additive is required, or a product concentration must be exceeded then the 
following form will be used to document the decision and approval: 
 


Required Modification description: _________________________________________ 
 
Calculate estimate of cumulative discharge toxicity. (See Tab 4 for Criteria for Unlisted Contingency 
Additives) 
_________________________________________________________________________ 
 
 


 
 
 
Shell Approval          Title: ___________________________________ 
                                    Name: __________________________________ 
                                    Signature: _______________________________ 
                                    Date: ___________________________________ 
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TAB 8 – FEDERALLY REGULATED ADDITIVES  
 
 
Two products, which will be used in the drilling fluids, are Federally Regulated. 
 
Caustic Soda (sodium hydroxide) is a pH control additive used to increase the pH to prevent bacterial growth 
and enhance the drilling performance characteristics of the fluid.  Caustic soda is considered a hazardous 
corrosive material and is subject to public disclosure under the substantive requirements as stated in Title III of 
the Superfund Amendments and Reauthorization Act of 1986 (Emergency Planning and Community Right to 
Know Act [EPCRA]) Sections 311 and 312.  The Act requires for any hazardous chemical used or stored in the 
workplace, facilities must maintain a Safety Data Sheet (SDS).  SDSs, or a list of chemicals, must be 
submitted to their State Emergency Response Commission (SERC), Local Emergency Planning Committee 
(LEPC) and local fire department. Facilities must also report an annual inventory of these chemicals by 
March 1 of each year to their SERC, LEPC and local fire department. The information must be made 
available to the public.  Note: Caustic Soda is considered an “Immediate (acute) health hazard” if this 
material is not used in accordance to the manufacturer’s product use guidance. 


BUSAN 1060 is a triazine-based biocide used to mitigate bacterial growth in the drilling fluid. This product is a 
registered pesticide (EPA Reg. No. 1448-243) and falls under the substantive requirements of the Federal 
Insecticide, Fungicide and Rodenticide Act of 1972 (FIFRA).  While this product is not considered an acutely 
hazardous material, product use must be strictly followed in accordance to the manufacturer’s product use 
guidance.  Refer to the product Safety Data Sheet for further health exposure information. 
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Appendix A - Sample ONE-TRAX Product Concentration Report 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Non Listed Products – Additives which are not included on the product and contingency inventories for 
each system (TABs 1 and 2) will be evaluated using  96 hr LC50 range finding tests with lab prepared 
samples prior to introduction to the mud system.  Further, BEFORE putting any such additive into the mud, 
approval of the Drilling Engineer team lead will be noted on/in this document (including date & time of 
decision to add “unlisted” product).   


Specific instructions, responsibilities and approval process for products not listed in TABs 1 and 2 or product 
concentrations above the concentrations listed in TABs 1 and 2 are included in TAB 4. 
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Appendix B - Shell Chukchi LC50 Testing  
 
Prepared by M-I SWACO Technical Service lab ID code 120315F.003, Lab Master No. 20120965 


 


LC50 = Test report ES-6514, ES-6515, ES-6516, Shell’s Chukchi Drilling Mud with NaCl  


Base Mud:  Shell’s drilling fluid contractor (M-I SWACO Mud) had 3 complete formulations of the proposed 
mud tested.   The KLA-SHIELD basic formula was used with NaCl salt and barite in varied concentrations to 
achieve the target weight in the first two formulations.  The third formulation was tested excluding two of 
the additive products.  


 
Lab sample ID  ES-6514 


(sample 1) 
ES-6515 


(sample 2) 
ES-6516 


(Sample 3) 
96-hr LC50 Results  302,000 ppm 358,000 ppm >500,000 ppm 
Formula     


Water bbl 0.691 0.719 0.769 
M-I GEL ppb 5.0 5.0 5.0 
POLYPAC SUPREME UL ppb 2.0 2.0 2.0 
DUOVIS ppb 2.0 2.0 2.0 
EMI-2009 ppb 15.0 15.0 15.0 
IDCAP ppb 3.0 3.0  
DF-9065 ppb 0.25 0.25 0.25 
BUSAN 1060 ppb 0.4 0.4 0.4 
POROSEAL ppb 14.0 14.0  
SAFECARB 20 ppb 20.0 20.0 20.0 
SAFECARB 40 ppb 20.0 20.0 20.0 
SODIUM CHLORIDE  ppb 88.0 27.95 29.92 
M-I WATE ppb 92.49 142.83 140.2 
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M-I SWACO also mixed and tested fluid systems with contingency products added at maximum 
expected concentrations. 


 
LC50 = Test report ES-6589 (Shell Chukchi Drilling Mud with NaCl – 12.0 ppg base fluid), ES-6590 (LCM pill 
#1), ES-6591 (LCM Pill #2), ES-6592 (base fluid with 4%v/v Pipelax ENV WH) 


 


Lab sample ID  
ES-6589 


(base fluid) 
ES-6590 


(LCM Pill 1) 
ES-6591 


(LCM Pill #2) 


ES-6592 
(Base w/ Pipelax 


ENV WH) 
96-hr LC50 Results  289,860 ppm 309,380 ppm 336,220 ppm >500,000 ppm 
Formula      


Water bbl 0.706 0.706 0.706 0.706 
M-I GEL ppb 5.0 5.0 5.0 5.0 
POLYPAC SUPREME UL ppb 2.0 2.0 2.0 2.0 
DUOVIS ppb 2.0 2.0 2.0 2.0 
EMI-2009 ppb 15.0 15.0 15.0 15.0 
DEFOAM-X ppb 0.25 0.25 0.25 0.25 
IDCAP-D ppb 3.0 3.0 3.0 3.0 
BUSAN 1060 ppb 0.4 0.4 0.4 0.4 
POROSEAL ppb 14.0 14.0 14.0 14.0 
SAFECARB 20 ppb 20.0 20.0 20.0 20.0 
SAFECARB 40 ppb 20.0 20.0 20.0 20.0 
SODIUM CHLORIDE  ppb 88.0 88.0 88.0 88.0 
M-I WATE ppb 101.38 101.38 101.38 101.38 
SAFECARB 40 ppb  10 20  
SAFECARB 250 ppb  10 20  
MIX II ppb  10   
NUT PLUG med ppb   10  
G-SEAL ppb   10  
G-SEAL PLUS coarse ppb   10  
PIPELAX ENV WH % v/v    4 
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Shell Chukchi LC50 Testing 


Prepared by M-I SWACO Technical Service lab ID code 141203F.001, Lab Master No. 20144281 


 


 


Lab sample ID  ES-6589 
(base fluid) 


ES-6590 
(LCM Pill 1) 


ES-6591 
(LCM Pill #2) 


96-hr LC50 Results  303,618 ppm 159,487 ppm 348,887 ppm 
Formula     


Water bbl 0.706 0.706 0.706 
POLYPAC UL ppb 2.0 2.0 2.0 
DUOVIS ppb 2.0 2.0 2.0 
EMI-2009 ppb 15.0 15.0 15.0 
Caustic Soda                              ppb 1.5 1.5 1.5 
DEFOAM-X ppb 0.25 0.25 0.25 
IDCAP-D ppb 3.0 3.0 3.0 
BUSAN 1060 ppb 0.4 0.4 0.4 
SAFECARB 20 ppb 20.0 20.0 20.0 
SAFECARB 40 ppb 20.0 30.0 40.0 
SAFECARB 250 ppb  10 20 
SODIUM CHLORIDE  ppb 88.0 88.0 88.0 
M-I WATE ppb 100 100 100 
MIX II ppb  10  
NUT PLUG med ppb   10 
G-SEAL ppb   10 
G-SEAL PLUS coarse ppb   10 
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Shell Chukchi LC50 Testing 


Prepared by M-I SWACO Technical Service lab ID code 141203F.001, Lab Master No. 20144281 


 


 
Lab sample ID  ES-6704 


Intermediate C 
ES-6592 


Intermediate D 
ES-6706 


Intermediate E 
ES-6707 


Abandonment A 
96-hr LC50 Results  272,298 ppm 148,069 ppm 149,852 ppm 158,483 ppm 
Formula      


Water bbl 0.749 0.749 0.749 0.683 
POLYPAC UL ppb 2.0 2.0 2.0 2 
DUOVIS ppb 2.0 2.0 2.0 2 
EMI-2009 ppb 15.0 15.0 15.0 15.0 
Caustic Soda                              ppb 1.25 1.25 1.25 1.25 
DEFOAM-X ppb 0.25 0.25 0.25 0.25 
IDCAP-D ppb 3.0 3.0 3.0 3.0 
BUSAN 1060 ppb 0.4 0.4 0.4 0.4 
SAFECARB 20 ppb 20.0 20.0 20.0 20.0 
SAFECARB 40 ppb 20.0 20.0 20.0 20.0 
SAFECARB 250 ppb     
SODIUM CHLORIDE  ppb 88.0 88.0 88.0  
M-I WATE ppb 90 90 90 123 
LUBE 945                                    % v/v 2    
SCREENKLEEN %v/v  2   
CLEANSPOT %v/v   2  
SAFESCAV HSW % v/v    0.1 
Sodium Metabisulfite                    ppb    0.5 
CONQOR 404 WH ppb    0.4 
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Shell Chukchi LC50 Testing 


Prepared by M-I SWACO Technical Service lab ID code 120315F.003, Lab Master No. 20120965 


 


Lab sample ID  ES-6699 
Surface A 


ES-6700 
Surface B 


ES-6701 
Surface C 


96-hr LC50 Results  >500,000 ppm >500,000 ppm >500,000 ppm 
Formula     


Water bbl 0.881 0.881 0.881 
M-I GEL ppb 30 15 3 
Soda ash ppb .5 .5 .5 
POLYPAC SUPREME UL ppb 2 2 2 
DUOVIS ppb 1 2 3 
DEFOAM-X ppb .25 .25 .25 
BUSAN 1060 ppb .4 .4 .4 
M-I WATE ppb 124 136 146 
GELEX  .01 .01 .01 


 
 


Lab sample ID  ES-6702 
Intermediate 


A 


ES-6703 
Intermediate B 


96-hr LC50 Results  365,000 ppm 137,000 ppm 
Formula    


Water bbl 0.749 0.749 
M-I GEL ppb 5 5 
POLYPAC SUPREME UL ppb 2 2 
DUOVIS ppb 2 2 
KLA-STOP ppb 15 15 
DEFOAM-X ppb .25 .25 
IDCAP-D ppb 3 3 
BUSAN 1060 ppb .4 .4 
SAFECARB 20 ppb 20 20 
SAFECARB 40 ppb 20 20 
SODIUM CHLORIDE  ppb 88 88 
M-I WATE ppb 89 89 
ASPHASOL SUPREME ppb 6 6 
RESINEX ppb 6 6 
SCREENKLEEN %v/v  2 
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Shell Chukchi LC50 Testing 


Prepared by M-I SWACO Technical Service lab ID code 120315F.003, Lab Master No. 20120965 


 
Lab sample ID  ES-6704 


Intermediate C 
ES-6592 


Intermediate D 
ES-6706 


Intermediate E 
96-hr LC50 Results  158,000 ppm 107,000 ppm 91,800 ppm 
Formula     


Water bbl 0.749 0.749 0.749 
M-I GEL ppb 5 5 5 
POLYPAC SUPREME UL ppb 2 2 2 
DUOVIS ppb 2 2 2 
KLA-STOP ppb 15 15 15 
DEFOAM-X ppb .25 .25 .25 
IDCAP-D ppb 3 3 3 
BUSAN 1060 ppb .4 .4 .4 
SAFECARB 20 ppb 20 20 20 
SAFECARB 40 ppb 20 20 20 
SODIUM CHLORIDE  ppb 88 88 88 
M-I WATE ppb 89 89 89 
LUBE 945 %v/v 2   
SCREENKLEEN %v/v  2  
CLEAN SPOT %v/v   2 
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Shell Chukchi LC50 Testing 


Prepared by M-I SWACO Technical Service lab ID code 120315F.003, Lab Master No. 20120965 


 
 Lab sample ID  ES-6707 


Abandonment A 
96-hr LC50 Results  142,000 ppm 
Formula   


Water bbl 0.683 
Soda ash ppb .5 
M-I GEL ppb 5 
POLYPAC SUPREME UL ppb 2 
DUOVIS ppb 2 
KLA-STOP ppb 15 
DEFOAM-X ppb 0.25 
IDCAP-D ppb 3 
BUSAN 1060 ppb 0.4 
SAFECARB 20 ppb 20 
SAFECARB 40 ppb 20 
SODIUM CHLORIDE  ppb 40 
M-I WATE ppb 123 
SAFE SCAV HS %v/v 0.1 
Sodium Metabisulfite ppb 0.5 
CONQOR 404 %v/v 0.5 
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Best Management Plan – Permit by Reference Table 


Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


Page 18 


II.A.12.c. 


The calculations of maximum concentrations must be based on the 


amount of chemical additives added to the volume of the waste stream 


discharged. The permittee must include the chemical additive 


implementation procedures, calculation methods, record keeping and 


reporting procedures in the BMP Plan. 


Drilling Fluids Plan, 


documentation & 


Recordkeeping –


Section 11 


Page 50 


II.N.3. 


Best Management Practices for All Facilities. New facilities that do not 


meet the threshold requirements regarding the amount of water 


withdrawn or percentage of water withdrawn for cooling water purposes 


in subsection N.1. above, and existing facilities, are required to 


implement best management practices to minimize the impingement 


mortality and entrainment of all life stages of fish and shellfish in 


accordance with the Best Management Practices Plan requirements, 


Section IV.B.5. New facilities that meet the threshold requirements are 


also are required to implement the Best Management Practices Plan 


requirements, Section IV.B.5., in addition to the other Cooling Water 


Intake Structure Requirements in Attachment 3 of this general permit. 


Not Applicable;  


Cooling Water Intake 


Structure – Section 9.1  


 


Page 56 


IV.B.1. 


The permittee must develop and implement a BMP Plan which achieves 


the objectives and specific requirements listed below. The permittee 


must operate the exploratory facility in accordance with its current BMP 


Plan or in accordance with subsequent amendments to the BMP Plan. 


The permittee must ensure that the BMP Plan incorporates practices to 


achieve the objectives and specific requirements listed below. The BMP 


Plan must be submitted with the Notice of Intent (NOI).  


BMP Plan 


Development and 


Implementation – 


Section 2 


IV.B.2. The permittee must certify and notify the Director in writing that the 


BMP Plan is on-site at least 7 days prior to any authorized discharge 


under this general permit. The certification must identify the NPDES 


permit number and be signed in accordance with the Signatory 


Requirements of Section VI.E.  


Certification 


Statement - 


Section 2.3 


IV.B.3 Through implementation of the BMP Plan, the permittee must: 


a. Prevent or minimize the generation and the potential for the 


release of pollutants from the exploratory facility to the waters 


of the United States through normal operations and ancillary 


activities; and 


Discharge 


Management- 


Section 4.3  


b. Ensure that methods of pollution prevention, control, and 


treatment will be applied to all wastes and other substances 


discharged. 


Regulated Discharges- 


Section 7 
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Best Management Plan – Permit by Reference Table 


Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.4 


Page 56-


57 


The permittee must develop and amend the BMP Plan consistent with 


the following objectives for the control of pollutants. 


a. The number and quantity of pollutants and the toxicity of 


effluent generated, discharged or potentially discharged at the 


exploratory facility must be minimized by the permittee to the 


extent feasible by managing each waste stream in the most 


appropriate manner. 


Discharge 


Management- Section 


4.1 


b.  Under the BMP Plan, and any Standard Operating Procedures 


included in the BMP Plan, the permittee must ensure proper 


operation and maintenance of the exploratory facility. 


Fluids Management -


Section 6, Operating 


Practices – Section 7 


c. The permittee must establish specific objectives for the control 


of pollutants by conducting the following evaluations. 


1. Each facility component or system must be examined for its waste 


minimization opportunities and its potential for causing a release of 


significant amounts of pollutants to waters of the United States due 


to equipment failure, improper operation, and natural phenomena 


such as rain or snowfall, etc. The examination must include all 


normal operations and ancillary activities including loading or 


unloading operations or spillage or leaks. 


Preventative 


Maintenance and 


Operation – Section 9 


2. Where experience indicates a reasonable potential for equipment 


failure, natural condition (e.g., precipitation), or other circumstances 


to result in significant amounts of pollutants reaching surface 


waters, the Plan should include a prediction of the direction, rate of 


flow and total quantity of pollutants which could be discharged from 


the facility as a result of each condition or circumstance. 


Equipment Failure & 


Repair – Section 10 


IV.B 5. 


Page 57 


 


The BMP Plan must be consistent with the objectives listed above and 


the general guidance contained in the publication entitled Guidance 


Manual for Developing Best Management Practices (BMPs) (USEPA, 


EPA 833-B-93-004, 1993) or any subsequent revisions to the guidance 


document. The BMP Plan must:  


a. Be written in narrative form and must include any necessary 


plot plans, drawings or maps, and must be developed in 


accordance with good engineering practices. The BMP Plan 


must be organized and written with the following structure: 


BMP Plan, 


Appendices, and 


Referenced 


Documents – Section 


13 
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Best Management Plan – Permit by Reference Table 


Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5. 


Page 


57-58 


 


1. Name and location of the facility. 
Exploration Program –Section 1 


2. Statement of BMP policy. 
BMP Policy - Section 2.1 


3. Structure, functions, and procedures of the BMP 


Committee which is responsible for developing, 


implementing and maintaining the BMP Plan. 


BMP Plan Development and 


Implementation - Section 2  


4. Specific management practices and standard 


operating procedures to achieve the above 


objectives, including, but not limited to, the 


following: 


i. modification of equipment, facilities, 


technology, processes, and procedures, 


Discharge Management – Section 


4.1,  


Operating Practices for Regulated 


Discharges – Section 7 


ii. reformulation or redesign of products, 


iii. substitution of materials, and 


iv. improvement in management, inventory 


control, materials handling or general 


operational phases of the facility. 


5. Risk identification and assessment. 
Facility Security and Vessel 


Support – Section 3 


6. Reporting of BMP incidents. The written reports 


must include a description of the circumstances 


leading to the incident, corrective actions taken and 


recommended changes to operating and 


maintenance practices and procedures to prevent 


recurrence. 


Equipment Failure & Repair – 


Section 10, 


Documentation and 


Recordkeeping – Section 11, 


Training – Section 12 


7. Materials compatibility. 
Discharge Management - Section 


4.1 


8. Good housekeeping. Housekeeping -Section 8 


9. Preventative maintenance.  Preventive Maintenance - 


Section 9 


10. Inspections and records. 
Documentation –  


Sections 4.6 and 11.3 


11. Security. 
Discharge Management – 


Section 4.3 


12. Employee training. 
Training - Section 12 
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Best Management Plan – Permit by Reference Table 


Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


 Plan 


Section 


IV.B.5. 


Page 


58-59 


b. Include the following provisions concerning BMP Plan 


review: 


1. Annual review by exploratory facility engineering staff and 


the exploratory facility manager.  


BMP Plan 


Modification & 


Annual Review– 


Section 14 


 


2. Annual review and endorsement by the permittee’s BMP 


Committee. 


3. Include a statement that the above annual reviews have been 


completed and that the BMP Plan fulfills the requirements set forth in 


this permit. The statement shall be certified by the dated signatures of 


each BMP Committee member as certification of the annual reviews. 


BMP Plan 


Certification 


Statement- 


Section 2.3 


4. The permittee must submit a copy of the annual certification 


statement to the Director with the December DMR. 


c. Establish specific best management practices to meet the 


objectives identified above, addressing each component or 


system capable of generating or causing a release of significant 


amounts of pollutants, and identifying specific preventative or 


remedial measures to be implemented. 


Equipment Failure & 


Repair – Section 10 


d. Establish specific best management practices or other measures 


which ensure that the following specific requirements are met:  


1. Ensure proper management of solid and hazardous waste in 


accordance with the regulations promulgated under the 


Resource Conservation and Recovery Act (RCRA). 


Management practices required under RCRA regulations 


shall be referenced in the BMP Plan. 


Discharge 


Management – 


Section 4.1, 


Operating Practices – 


Section 7.2, 


Referenced 


Documents – Section 


13  


 
2. Reflect requirements for oil spill response plans under 30 


CFR Part 254 and 33 CFR Part 154 and may incorporate any 


part of such plans into the BMP Plan by reference. 


3. Reflect requirements for storm water control under Section 


402(p) of the Act and the regulations at 40 CFR 122.26 and 


122.44, and otherwise eliminate to the extent practicable, 


contamination of storm water runoff. 
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Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5.d. 


Page 59 


4. Reflect requirements for air emissions under applicable state and 


federal air quality regulations and permits. 


Referenced 


Documents -


Section 13 


5. Identify chemical additive inventory procedures (i.e., 


implementation procedures, calculation methods, record-keeping 


and reporting procedures) to ensure compliance with the Section 


II.A.12. of this general permit.  


Drilling Fluids 


Plan (DFP)  


6. Select and implement cooling water intake structure design and 


construction technologies or operational measures for minimizing 


impingement mortality and entrainment of fish and shellfish. 


Preventative 


Maintenance – 


Section 9 


7. Ensure that intake/exchange activities minimize the risk of 


introducing non-indigenous/invasive species to the Chukchi Sea. 


Operating Practices 


– Section 7.10 


IV.B.5 


Page 59-


60 


e. Include the following specific BMPs:  


1. Ensure that solid, sludges, or other pollutants removed in the 


course of treatment or control of water and wastewaters are 


disposed of in a manner such as to prevent any pollutant from such 


materials from entering navigable waters. 


Discharge 


Management-


Section 4 


2. Separate used motor oil from deck drainage collection systems. 
Not Applicable 


 


3. Minimize wastewater treatment system upsets by the controlled 


usage of deck drainage washdown detergents and of ice prevention 


materials to ensure worker safety on decks and work areas. 


Deck Drainage - 


Section 7.2 


4. Reduce oil spillage and oil leaks from pump bearings and seals 


through the use of good prevention techniques such as drip pans 


and other handling and collection methods. 


Preventative 


Maintenance - 


Section 9 


5. If oil is used as a spotting fluid, careful attention to the operation of 


the drilling fluid system could result in the segregation from the 


main drilling fluid system of the spotting fluid and contaminated 


drilling fluid. Once segregated, the contaminated drilling fluid can 


be disposed of in an environmentally acceptable manner. 


Not Applicable 
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Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5.e. 


Page 60-


61 


6. When possible, substitute standard drill pipe threading 


compound (pipe dope) with “toxic metals free” pipe dope. 


Preventative Maintenance - 


Section 9 


7. Careful application of standard drill pipe dope to minimize 


contamination of receiving water and drilling fluids. 


8. Substitute diesel oil with less toxic mineral oil or synthetic 


based material in drilling fluid applications. 


Drilling Fluids Plan 


9. When possible, substitute standard drilling fluid additives 


with less toxic additives. 


10. Careful handling of drilling fluid materials and treatment 


chemicals to prevent spills. 


Housekeeping Practices - 


Section 8.2 


11. Use of local containment devices such as liners, dikes and 


drip pans where chemicals are being unpackaged and 


where wastes are being stored and transferred. 


Housekeeping Practices -


Section 8.3 


12. Install treatment devices for deck drainage to reduce or 


remove pollutants in the discharges (e.g., deck drainage 


processor, oil/water separators, sediment tanks/basins, or 


detention ponds). 


Deck Drainage – 


Section 7.2 


13. Maintain proper cathodic protection to prevent the 


corrosion of the ship’s hull. 


Cathodic Protection –  


Section 9.8 


IV.B.6. 


Page 60 
The permittee shall maintain a copy of the BMP Plan at the exploratory 


facility.  


BMP Plan Development 


and Implementation -


Section 2 


IV. B.7. 
The permittee shall amend the BMP Plan whenever there is a change in 


the exploratory facility or in the operation of the exploratory facility that 


materially increases the generation of pollutants or their release or 


potential release to the receiving waters. The permittee must also amend 


the BMP Plan, as appropriate, when facility operations covered by the 


BMP Plan change. Any such changes to the BMP Plan must be 


consistent with the objectives and specific requirements listed above. 


Any changes to the BMP Plan must be reported to the Director in 


writing. 


BMP Plan Modification 


and Annual Review -


Section 14 
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Best Management Plan – Permit by Reference Table 


Permit 


Citation 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.8. 


Page 61 


All changes in the BMP Plan must be reviewed by the exploratory 


facility engineering staff, exploratory facility manager and the BMP 


Committee. The amended BMP Plan must include a certified statement 


that the above reviews have been completed and that the BMP Plan 


fulfills the requirements set forth in this general permit. The certified 


statement must include the dated signatures of each BMP Committee 


member as certification of the reviews of the amended BMP Plan. All 


changes in the BMP Plan must be reported to the Director in writing with 


the annual certification required under Paragraph B.5.b. above. The 


permittee must submit a copy of the certified statement and a report of 


all changes in the BMP Plan to the Director and DEC with the December 


DMR. 


BMP Plan Development 


and Implementation –


Section 2 
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Chukchi Sea General Permit No.: AKG-28-8100 


Noble Discoverer BMP Revision Summary Table 
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1. Shell Exploration Program 


This section identifies Shell Gulf of Mexico, Inc. (Shell) as the operator for the Chukchi Sea Exploration 


Program and as holding the Notice of Intent for Authorization to Discharge under the National Pollutant 


Discharge Elimination System (NPDES) for Oil and Gas Exploration Facilities on the Outer Continental 


Shelf in the Chukchi Sea, Alaska, General Permit (GP) AKG-28-8100.  


1.1 Sub-Contracts 


Shell has contracted with Noble Drilling Holding, LLC (Noble) as the owner of the drillship M/V (Motor 


Vessel) Noble Discoverer (Noble Discoverer), for operations of the vessel during transit and while 


Chukchi Sea exploration activities are being conducted. Noble has specific corporate policies in place that 


provide for training manuals and programs related to safety & environmental risk assessments and 


compliance tracking systems applicable to all oil and gas exploration operations.  The location of the 


exploration program is shown in Figure 1-1, Exploration Drilling Program Location.  Other diagrams and 


figures showing operations and maintenance of all discharges:  Noble Discover Discharge Locations 


(Outfalls) Starboard Side (Figure 1-2), Discharge Locations (Outfalls) Port Side (Figure 1-3) and Visual 


Observation Locations (Figure 1-4) are provided in Appendix A. 


Facility location, permittee name, and facility (rig) owner are listed in Table 1-1 below: 


Table 1-1 Operating Company 


Facility Location 
Burger Prospects of the Chukchi Sea.  


Well locations per lease block are specified in Table 1-2. 


NPDES General Permit 


Number 
NPDES GP (AKG-28-8100) effective November 28, 2012  


NPDES Permittee Shell Gulf of Mexico, Inc. (Shell) 


Facility (Rig) Owner Noble Drilling Holding, LLC (Noble)  


Facility Name  M/V Noble Discoverer  


1.2 Exploration Wells  


Shell currently plans to drill four exploratory wells in the Burger Prospect of the Chukchi Sea. The 


prospect location is depicted in Figure 1-1 and specific well locations are identified in Table 1-2.  
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Table 1-2 Shell Exploration Wells 


Wells 


Covered by 


Plan  


Area 


Lease 


Block 


(Surface) 


Surface Locations (NAD 83)* 


OCS-Y Number 
Latitude (N) Longitude (W) 


Burger F Posey 6714 71° 20' 13.96" 163°12' 21.75” OCS-Y-2267 


Burger J Posey 6912 71° 10' 24.03" 163°28' 18.52” OCS-Y-2321 


Burger S Posey 6762 71° 19' 25.79" 163°28' 40.84” OCS-Y-2278 


Burger V Posey 6915 71° 10' 33.39" 163°04' 21.23” OCS-Y-2324 


* North American Datum 1983 
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Figure 1-1 Exploration Drilling Program Location  
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2. BMP Plan Development and Implementation 


Development and implementation of the Best Management Practices (BMP) Plan is based on 


requirements as described in 40 Code of Federal Regulation (CFR) 435 (Addendum B to Appendix 7 to 


Subpart A), guidance provided in the United States Environmental Protection Agency’s (EPA) “Guidance 


Manual for Developing Best Management Practices (BMP)” (EPA 833-B-93-004), and a review of the 


facility operations.  


This facility has implemented a BMP system in conjunction with the required monitoring of all effluent 


discharges under the NPDES GP. The monitoring program is described in Section 4, Discharge 


Management; Section 6, Fluids Management; and Section 7, Operating Practices for Regulated 


Discharges. Practices and management to ensure compliance with other Federal requirements, such as: 


solid and hazardous waste regulations promulgated under the Resource Conservation and Recovery Act, 


oil spill response regulations found under 30 CFR Part 254 and 33 CFR Part 154, air quality emissions 


under state and federal air quality regulations, and storm water control under Section 402(p) of the Clean 


Water Act and the regulations of 40 CFR 122.26 and 122.44 are incorporated by reference if applicable 


(See Reference Documents, Section 13). 


2.1 Implementation 


Implementation of the BMP will be introduced to each employee during the training described in Section 


12. The BMP policy statement will be posted in key rig locations. 


The Quality Assurance Project Plan (QAPP) is available for review as a separate plan. 


The standard operating procedures (SOPs) permit(s) to work (PTWs), and local work instruction(s) 


(LWIs) for the Noble Discoverer, applicable to this BMP plan, are incorporated into this plan by 


reference, will be onboard the vessel and may be requested for review. 


Safety Data Sheets (SDS), formerly known as Material Safety Data Sheets (MSDS) for chemicals in use 


aboard the Noble Discoverer are available online, with a back-up copy available from the Safety Training 


Supervisor. Chemicals onboard are managed per permit requirements and manufacturer’s safety data 


information.  


2.2 General Reporting 


General inspection reports/records must be completed and kept as part of this BMP Plan during drilling 


operations; a copy is maintained on the rig. In addition, the following records must be completed if 


equipment operation occurs and maintained as part of the BMP on the rig and submitted at the end of the 


season to Shell: 


o NPDES Master Spreadsheet – for monitoring and recording visible observations (foam, floating 
solids, and sheen), flow rates, and samples taken.  Visual observation locations are provided in 


Figure 1-4 found in Appendix A. 
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Shell and Noble will have full time Health, Safety, and Environment (HSE) staff on board during 


operational periods.  


2.3 Policy Statement 


BMPs have been developed and implemented on the drillship Noble Discoverer to control and minimize 


waste generated and discharged during drilling exploration activities offshore of the OCS in Alaska. 


These practices are part of the pollution prevention program on the Noble Discoverer resulting in the 


following: (1) savings in materials, pollution control, and potential liability costs; (2) enhanced work 


place safety; and (3) increased efficiencies. 


This BMP Plan, written to address NPDES GP requirements, will be improved upon continuously with 


the goal of always controlling generated waste and reducing liquid and solid discharges. This BMP Plan 


includes guidelines for good housekeeping, equipment maintenance and operation, cleanup of spills and 


leaks, inspections, recordkeeping and training. 


2.4 BMP Plan Committee 


The BMP Committee is responsible for the development, implementation, and continued review and 


modification of this BMP Plan. The BMP Committee is comprised of: 


• Shell Wells Superintendent (Noble Discoverer) – Tony Harris 


• Shell Engineering Team Lead – Jason Smith 


• Shell Environmental Manager – Lucy Jean 


The BMP Committee has delegated the actual work of preparing the BMP Plan and overseeing its 


implementation to contractor support staff. The BMP Committee members listed above have direct 


responsibility or relevant knowledge to this BMP Plan. In addition to the committee members above, the 


owner operating company, Noble, has reviewed the BMP Plan and is contractually committed to comply 


with the applicable regulatory requirements. 


2.5 BMP Certification Statement 


The annual review of this BMP Plan and audit of the Noble Discoverer has been completed by Shell and, 


as applicable, any other individuals responsible for the development and implementation of the BMP 


Plan. This BMP Plan and its annual review fulfills the requirements for BMP Plans set forth by 40 CFR 


435, NPDES GP, and the guidelines set forth within the EPA’s Guidance Manual for Developing Best 


Management Practices (BMP) written in October 1993. Upon signature by the following responsible 


individuals, this BMP will be considered complete and in effect. 
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Table 2-1 BMP Committee Signatures 


Name Title Signature Date 


Tony Harris Shell Wells Superintendent   


Jason Smith Shell Engineering Team Lead   


Lucy Jean Shell Evironmental Manager   


The Shell Wells Superintendent, Engineering Team Lead, and Environmental Manager are primarily 


responsible for knowing the content of this BMP. BMP Plan modifications and annual review 


requirements are detailed in Section 14 of this plan. 
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3. Facility Security and Vessel Support 


Shell and Noble have existing security plans in place that restrict access to the Noble Discoverer and 


employees with access to the ship are provided training on these security measures. Aboard the ship, 


management of security is handled by Noble. Noble also has detailed confidential security plans in place 


per the requirements set forth under the applicable regulations of Maritime Security (MARSEC) and 


International Ship and Port Security.  


3.1 Facility Description 


The Noble Discoverer is an offshore oil and gas drillship adapted for operation under Arctic conditions. 


The Noble Discoverer is an anchored drillship with an 8-point anchored mooring system attached to the 


drill platform providing stability and ability for the vessel to maneuver and face oncoming sea currents. 


The hull has been reinforced for ice resistance. The Noble Discoverer has the necessary drilling 


equipment and ancillary facilities to drill, evaluate and abandon exploration wells in the Chukchi Sea of 


Alaska. The key components specific to compliance with the NPDES GP for the Noble Discoverer 


include but are not limited to: 


• vessel capacity for approximately 124 people, 


• drilling fluid handling system and solids control equipment, 


• potable water system, 


• non-contact cooling water system, 


• environmentally sensitive valve procedures,  


• deck drainage processor, 


• two oil/water separators (OWS), and 


• marine sanitation device (MSD). 


Diagrams of the Noble Discoverer are contained in Appendix A.  


3.2 Planned Vessel Support 


During exploration drilling operations, the Noble Discoverer will be attended by support vessels that will 


be used for ice management, anchor handling, oil spill response (OSR), refueling, resupply, waste 


removal, discharge monitoring and servicing of the drilling operations. 
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4. Waste Discharge Management  


This section and Section 7 describe the discharges for which Shell has requested authorization from EPA; 


including the discharge limits for each effluent stream, how effluents will be monitored, and what actions 


will be required if upset conditions occur or permit limits are exceeded. Chukchi Sea discharge 


monitoring must follow the procedures specified in the NPDES GP. For specific explanation of the 


requirements of the NPDES GP, please refer to NPDES AKG-28-8100. For specifics on testing and 


sampling procedures, please refer to the QAPP. 


4.1 Effluent Disposal 


For the purpose of this document, an effluent is a discharged wastestream, or water, that is regulated. The 


volume and concentration of each discharge will vary depending on the activities being conducted 


onboard the vessel. While in transit to theater, the vessel will comply with MARPOL regulations for 


discharging waste streams. Specific tasks will be followed so all NPDES requirements are meet for 


continuous discharges before the transition from MARPOL to NPDES GP requirements. Concentrations 


of effluent parameters for the NPDES GP are reported electronically each month on the Discharge 


Monitoring Report (net DMR) and submitted to EPA. 


During operations under the NPDES Permit requirements, all water and wastewater discharges will occur 


from various independent locations on both the port and stardboard side of the Noble Discoverer. 


4.2 Discharges Covered by BMP Plan 


Specific drilling fluid formulations, equipment, processes, material compatibility, chemical products, and 


processes have been examined to minimize estimated volume and toxicity for each discharge. Noble has 


procedures that address handling of solids, sludges, or other wastes generated from facility operation or 


treatment systems. These procedures are written to prevent any pollutant from such materials to be spilled 


or have an uncontrolled release. If there is any indication of hydrocarbon contamination, more frequent 


static sheen tests will be performed and if warranted, the LWI for Zero Discharge of Muds and Cuttings 


will be followed. 


During the operating season, Shell plans to drill in waters of greater than 40 meters. A vessel anchored or 


in dynamic positioning over a lease block is considered a point source and is regulated by EPA under the 


NPDES GP and also 40 CFR Part 435. The following lists the types of discharges the Noble Discoverer 


has requested authorization for under the NPDES GP for Oil and Gas facilities on the OCS in the Chukchi 


Sea: 
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Discharge Number   Discharge Description 


001    Drilling Fluids and Drilling Cuttings 


002    Deck Drainage 


003    Sanitary Wastes 


004    Domestic Wastes 


005    Desalination Unit Wastes 


006    Blowout Preventer Fluid 


007    Boiler Blowdown 


008    Fire Control Test Water 


009     Non-contact Cooling Water 


010    Uncontaminated Ballast Water 


011     Bilge Water 


012    Excess Cement Slurry 


013     Muds, Cuttings, Cement at Seafloor 


During Shell’s exploration operations in the Chukchi Sea, only water-based drilling fluid will be used and 


discharged from the Noble Discoverer.  


In accordance with Shell Burger Prospect Drilling Fluid Plan, no mineral oil pills will be used during the 


exploration drilling program.  


4.3 Discharge Security  


Procedures and measures have been instituted to address the potential for an accidental discharge to the 


Chukchi Sea. General protocols to prevent the accidental discharge of non-permitted material include, but 


are not limited to; trained personnel, suitable chemical/hazardous materials storage areas and containers, 


sump alarms, door sills, high level alarms, placards to promote awareness of permit requirements, 


operating treatment systems, system isolation (lockout / tag out), and identification tags located on valves 


that could lead to potential discharges to the Chukchi Sea. Placards are posted in the facility identifying 


NPDES GP discharge locations. The NPDES Compliance Specialist will confir and coordinate with the 


on-board Noble  staff  involved with any discharge being conducted.  The NPDES Compliance Specialist 


will be onboard to verify NPDES GP conditions and requirements are met.  


For specific guidance and understanding of sampling requirements, refer to the QAPP. 
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4.4 Discharge Volumes by Method, Equipment and Location 


Authorized discharges occur from many hull openings located on the port and starboard sides of the 


Noble Discoverer. The volumetric amount of these waste discharges will either be read from independent 


digital flowmeters or estimated by calculation. To more precisely measure and monitor individual 


discharges, flow meters and temperature indicators have been installed at several locations. Discharge 


volumes not metered will be estimated or based on calculations. 


4.4.1 D001 Water Based Drilling Fluids and Drill Cuttings: 


Drilling fluid and cuttings will be discharged after the surface interval is drilled, casing is 


cemented, the Blowout Preventer (BOP) is deployed and riser is installed.  Returned drilling fluid 


and cuttings are distributed over shale shakers allowing cuttings to be separated from the drilling 


fluid prior to discharge.  Drilling fluids pass though the shaker screens and is returned to the 


active system for reuse.  Cuttings flow off the shakers into a trough before being flushed with 


seawater and discharged through a shunt that runs out the bottom of the ship’s hull (approximate 


28 foot depth).  Total volume discharged and chemical concentrations will be recorded daily 


using the M-I SWACO Drilling Fluid Management System, ONE-TRAX software. The daily 


total volume along with the sheen test results will be recorded on the NPDES Master Spreadsheet. 


4.4.2 D002 Deck Drainage:  


The deck drainage system is designed to capture spills, leaks, wash water, seawater, drillings 


fluids, rain water and snowmelt.  The current design and management system on the Noble 


Discoverer has the ability to process all deck drainage through a multi-phase clarifier (MPC) 


prior to discharging overboard. As fluid accumulates on all decks, other than the rig floor and 


forward catwalk, it flows through various drains and into storage tanks.  Deck drainage is 


collected in three main areas of the vessel.  The rig floor, main deck port and starboard sides of 


the vessel.  To estimate volumes of deck drainage, tank soundings of the port (P3) and starboard 


(S3) side storage tanks will be conducted following a rain event. The helicopter deck is designed 


with the deck itself being a containment vessel capable of holding the full fuel capacity of a 


Sikorsky 92N or equivalent helicopter.  Drainage from the deck can be either directed to holding 


tanks on the accommodation roof in the case of a fuel spill, or directed via piping on port and 


starboard down to the poop deck and discharge onto the walkway in the case of rainfall (where is 


it included with other deck drainage, as above). The operation of the valve for directing the flow 


is done remotely from the activation station on the helicopter deck forward access platform. Fluid 


in holding tanks or bilge will be directed to the one OWS which is listed on the vessel’s 


International Oil Pollution Prevention Certificate and will only be used to process deck drainage. 


Discharge to the receiving water is approximately 28 feet below the surface. 


4.4.3 D003 Sanitary Waste:  


Sanitary waste is collected throughout the vessel and processed through one of two MSD units for 


treatment. The primary unit is located in the main engine room. A secondary unit may be used if 


needed which is located in the heavy tool storage room.  After processing from the main unit, 


effluent is discharged approximately 3 feet below the surface of the water, through a 4 inch line 


located in the main engine room on the port side. The secondary unit discharges from the BJ 
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room on the starboard side. Sanitary waste discharge will be calculated daily based on 10 gallons 


of seawater use per number of individuals/persons on-board (POB) the vessel while in operation. 


4.4.4 D004 Domestic Waste:  


Domestic wastewater collected throughout the ship from sinks, showers, eyewash stations, 


decontamination showers and laundry facilities, flows to one main line located in the main engine 


room and is discharged at the surface of the receiving waters. Because the effluent does not 


require processing, it will be discharged to receiving waters and monitored during daylight hours.  


Volume of domestic waste is determined from the sounding sheet of potable water tanks which is 


monitored daily by the Noble Engineering Department. The previous day potable water volume 


plus water made by water makers minus current on-hand volume will equal the amount of 


domestic wastewater discharged.  


4.4.5 D005 Desalination Unit Waste:  


Desalination unit wastes will consist of wastewater associated with the process of creating 


freshwater from seawater.  The effluent waste consists of residual high-concentration brine 


similar to seawater in chemical composition and is discharged at the surface of the  receiving 


waters.  Desalination wastewater generated by the evaporators and reverse/osmosis equipment is 


discharged on either or both port and starboard sides of the vessel. Volume of waste will vary as 


some of this waste may be co-mingled with discharges of non-contact cooling water. 


4.4.6 D006 Blowout Preventer Fluid: 


The BOP will be function tested prior to being deployed.  Once deployed and in in place, it will 


only be used when a well condition, such as uncontrolled release of formation gas or fluid, 


requires an immediate shut-in of the well to prevent a catastrophic event from occurring.  


Regulations require the blow-out preventer to be function tested on a weekly basis and a complete 


pressure test to be performed bimonthly, unless an alternative time interval is authorized.  


BOP function test volumes vary depending on the specific section of the blowout preventer being 


tested.  The BOP discharge volumes may range from 1 gallon to approximately 60 gallons per 


BOP section; with a total estimated volume of all discharge fluid to be approximately 530 gallons 


per BOP test.  Each mixture of BOP fluid is recorded by the Noble Sub-sea Department. Volume 


of BOP discharge during testing is estimated by the NPDES Compliance Specialist on the 


NPDES Master Spreadsheet. Discharge to receiving waters occurs at the depth of the top of the 


wellhead. 


4.4.7 D007 Boiler Blowdown:  


Boiler blowdown operation is performed on a routine basis in order to control the formation of 


dissolved solids, to remove suspended solids and to properly maintain the internal components of 


each boiler per manufacturers operation and maintenance specifications.  Ameroyal CF is used to 


reduce the buildup of scale and remove solids from boilers. The depth of discharge is 


approximately 5 feet below the surface of the receiving waters. Prior to Noble blowing down 


boilers, the NPDES Compliance Specialist will be notified so that all required samples and 


estimates for volumes can be performed. 
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4.4.8 D008 Fire Control System Test Water:  


Noble personnel may test the fire control systems onboard the Noble Discoverer once per week 


during drills. Seawater is drawn through a sea chest and pumped through the fire control system.  


The test water is then discharged directly overboard to the surface of the receiving waters through 


fire hoses. Since Noble randomly selects one fire station throughout the rig for testing, the 


NPDES Compliance Specialist will confirm with the Noble Marine Department which and when 


that station will be tested.  While the fire test seawater is discharged from the hose directly 


overboard, the NPDES Compliance Specialist will perform a visual inspection and estimate 


volume by flow rate multiplied by duration. 


4.4.9 D009 Non-contact Cooling Water:  


There are six diesel generators located onboard the Noble Discoverer; all are located in the 


generator room, in the forward section of the ship, below the main deck. Closed fresh water 


cooling jackets are used for primary cooling and are contained in a closed loop system.  


Seawater is withdrawn from a sea chest located in the generator room at approximately 28 feet 


below the surface and is circulated thru individual generators, after-cooler heat exchangers and 


then thru jacket water exchangers. A heat exchanger exists between the primary fresh water and 


the secondary sea-water non-contact cooling system for installed machinery such as the HVAC 


air conditioning units, cement units, compressors, generators, desalination units, rectifiers, and 


hydraulic equipment (rig brakes).  After the effluent seawater exits the jackets, it is discharged 


from the vessel through a pipe located on the starboard and/or port side at approximately the 


surface of the receiving waters or the effluent can be recirculated to the sea chest for discharge. 


No intermixing of fresh and salt water occurs between the primary and secondary loops. 


Prior to passing through one of the three discharge locations, the effluent temperature is measured 


by a sensor installed near the discharge location (outfall). The data is logged every hour and the 


high and low values are recorded daily.   


An inline flow meter displays the velocity of flow in real time and is also stored on a data logger. 


The rate of flow can be viewed directly from the meter or collected from the data logger.  In the 


event that a flow meter fails, estimates will be based on historical data.     


4.4.10 D010 Uncontaminated Ballast Water:  


During operations, equipment and supplies will be loaded, unloaded or moved around the vessel, 


which changes the overall stability of the vessel.  In order to maintain safe operating conditions 


and to ensure proper stability of the vessel, seawater is constantly moved in and out of ballast 


tanks that are located throughout the entire vessel. Noble Marine Department is responsible for 


ensuring the correct volume of seawater is loaded, transferred or discharged along with the 


specific tanks fluid is moved into/out of. Volume of seawater that enters or leaves the ballast tank 


will be calculated during discharge based on the tank size and capacity. Discharge to the 


receiving waters occurs at the surface. 
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4.4.11 D011 Bilge Water:  


Bilge consists of water that collects in the lower internal parts of the drilling vessel and must pass 


through an oil/water separator prior to discharge.  All liquids that drain to the bilge will be 


processed through the OWS located in the main engine room.  The oil collection tank is located 


directly below the separator.  Liquids from the decks, shakers, and rig floor will be processed 


through the MPC then the OWS located in the compressor room as needed.  Other sumps on the 


rig that could possibly contain oily waste water also feed into a separator in the main engine 


room.  There are two OWS’s on the Noble Discoverer for separating small amounts of 


wastewater and drilling fluid spills from the deck. Only one is listed on the vessels International 


Oil Pollution Prevention Certificate and will only be used to process deck drainage. As such the 


bilge volume will be metered from the Oil Water Separator (OWS) located in the starboard stern 


and discharged below the ship’s waterline at approximately 8 feet.   


4.4.12 D012 Excess Cement Slurry:  


Prior to cementing operations, the Halliburton Cement Operator will provide the total volume of 


each chemical used during each specific cementing operation to the NPDES Compliance 


Specialist.  The chemical volumes and the total cement volume will be recorded. After cement 


operations are completed, seawater is be used to rinse cement tanks lines.  Two tanks are used for 


cement operations, each have 10 barrels capacity.  For excess cement slurry daily volume 


discharged is a calculation of number of times both tanks are filled times 20 barrels.  Discharge to 


the receiving waters is approximately 6 feet below the surface. 


4.4.13 D013 Muds, Cuttings, Cement on the Seafloor: 


All drilling fluids, cuttings and cement will be discharged at the seafloor in the early phases of 


drilling operations; before the riser is installed and during well abandonment and plugging. Total 


volume of drilling fluids and cuttings discharged will be recorded using the M-I SWACO ONE-


TRAX Drilling Fluids Management System software. ONE-TRAX will also calculate the 


concentrations of products added to this discharge.  The total volume of chemicals used in the 


cement will be provided to the NPDES Compliance Specialist from the Halliburton Cement 


Operator prior to cementing operations.    


 


All waste types, discharge equipment, volume methods, outfall locations with depth from the vessel are 


summarized in Table 4-1 and depicted in Figure 1-2 and Figure 1-3 found in Appendix A. Additional 


detail is provided in Section 7.  


Discharge volumes will vary per well drilled based on drill depth and well pressure. Table 4.2 in 


Appendix A, provides discharge volume estimates per well, waste type and discharge rates. Independent 


digital flow meters along with temperature sensors have been installed in several outfall pipelines to more 


accurately monitor flow and temperature. The monitoring schedule and applicable discharge limits are 


provided in the QAPP tables for all authorized discharges.  
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Table 4-1 Waste Discharges by Type, Equipment, Method and Locations  


Waste 


 


Waste Type  


 


Discharge 


Equipment 


Volume –Meter or 


Estimate 


Discharge Location 


(Depth) 


01 
Drilling Fluids and 


Drill Cuttings 
Shunt Line 


Estimate: ONE-TRAX Software 


operational data input and 


 Pit Volume Totalizer 


Bottom Shunt  


(mid-hull, approximately 


28 feet below surface) 


002 Deck Drainage 
Deck Drainage 


Processor 


Estimate: P3 & S3 tank 


 volume sounding 


Starboard Tanks 


( mid-hull, 


approximately 28 feet 


below surface)  


003 Sanitary Waste MSD 
Estimate: Calculation of  


10 gals/POB/day 


Port – Stern  


(at waterline) 


004 Domestic Waste Piping 
Estimate: Calculation with tank 


soundings 


Starboard Stern 


(at waterline) 


005 Desalinzation Waste 
R/O Unit and 


Desalinators 


Meter: Combined discharge with Non-


contact cooling water 


Port & Starboard  


(at waterline) 


006 
Blowout Preventer 


Fluid 
BOP 


Estimate: Manufacture 


Certificate, test fluid volume 


Deck or subsea  


water test 


007 Boiler Blowdown Boiler 
Estimate: Manufacture  


Certificate, test volume 


Port – Bow  


( approximately 5 feet 


below surface) 


008 
Fire Control System 


Test Water 
Hoses 


Estimate: Flow rate 


multiplied by duration 
Overboard – (surface) 


009 
Non-Contact 


Cooling Water 
Diesel Generators Meter 


Port & Starboard – Bow 


(at waterline) 


009 
Non-Contact 


Cooling Water 


Diesel Generators 


Recirculation Line 
Meter 


Bottom of Hull 


(approximately 28 feet 


below surface) 


009 
Non-Contact 


Cooling Water 
Cement Unit Meter 


Port – Midship 


(approximately 6 feet 


below surface) 


009 
Non-Contact 


Cooling Water 


Compressor Unit, 


Hydraulic Cooler 
Meter 


Port  


(at waterline) 


009 
Non-Contact 


Cooling Water 
SCR A/C Unit Meter 


Starboard - Midship 


(at waterline) 


009 
Non-Contact 


Cooling Water 
HVAC Meter 


Starboard- Bow 


(at waterline) 


010 
Uncontaminated 


Ballast Water 
Ballast Tanks Estimate: Tank soundings 


Port - Midship 


(at waterline)  


011 Bilge Water OWS Meter 


Starboard- Aft 


(approximately  8 feet 


below surface) 


012 
Excess Cement 


Slurry 
Cement Unit Estimate: Tank capacity volume 


Port - Midship 


(approximately 6 feet 


below surface) 
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4.5 Discharge Monitoring Reports 


Inspections of discharge sources include visible observations (foam, floating solids, and sheen), 


measurements, and sample collection and testing during operations. The information contained in the 


DMR and written correspondence will routinely be submitted to Shell. At the completion of monthly data 


compilation, the following information will be submitted to EPA per the reporting stipulations of the 


NPDES GP:  


• required sampling results and 


• data from samples collected more frequently than required by the NPDES GP. 


Facility personnel will follow standardized monitoring and sampling procedures related to each discharge 


and the NPDES Compliance Specialists will be on-site to verify compliance to the provisions of the 


NPDES GP.  


4.6 Discharge Reporting and Notifications 


The NPDES GP requires that traceable records of routine and non-routine discharges be maintained. The 


M-I SWACO operator reporting system will track and maintain routine observations and on-site 


documentation for authorized discharges. The NPDES Master Spreadsheet form is utilized to maintain a 


daily or weekly record of key discharges to assess compliance of drilling waste management during 


exploration activities. 


Shell is responsible for all compliance reporting to regulatory agencies. Monitoring results will be 


summarized and submitted monthly by the 20th day of the following month. Annual sampling results will 


be reported on the January DMR of the following year. All records of monitoring information shall be 


retained by the permittee at least 5 years from the date of the sample, measurement, report, or application. 


Noncompliance or change as detailed in Section 11.3 will be reported to the EPA by telephone within 24 


hours from the time of occurrence or as per permit requirements. This includes any unanticipated bypass 


or upset that exceeds discharge limitations in the permit or any violation of maximum daily discharge 


limitations for any of the pollutants requiring 24-hour reporting as listed in Part 1 of the NPDES GP. 


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or 


modification occurs, the Shell Compliance Duty Officer (at 907-830-7435) must be called immediately.  
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5. Drilling Fluids and Solids Control Operation 


Drilling fluids consist of a base fluid along with various drilling fluid products that are used to control 


wellbore pressure, lubricate drill-string, remove cuttings, suspend solids, reduce fluid loss to formation 


and maintain formation integrity. In the early stages of drilling, prior to the riser being set, the drilling 


fluid may be refered to as “mud”.  Drilling fluid returning to the surface from the wellbore is separated 


from the formation cuttings at the shale shakers, limiting the amount of drilling fluid discharged with the 


cuttings. New drilling fluid and/or the base fluid is continually added to the surface system to maintain 


sufficient volume and reduce low gravity solids percentage during drilling operations.  


The solids control equipment (SCE) is used to maintain drilling fluid properties at required parameters. 


LGS, or Low Gravity Solids, comprised mostly of drill cuttings, are kept at a minimum in the active 


drilling fluid system with the SCE. Solids removal efficiency depends on the processing equipment and 


formation characteristics.  


 Drilling fluid pits are used store and recondition all drilling fluids. This BMP covers active drilling fluid 


pits, reserve drilling fluid pits, the piping associated with drilling fluid transfer, and mixing apparatus. 


The active drilling fluid system feeds drilling fluid directly to the wellbore. Reserve drilling fluid pits are 


used to store  drilling fluid and specialized pills needed throughout the well. 


These cleaning methods shall include, but are not limited to, the following general procedures: 


• confined space entry permit, if entering a pit, and 


• approved cleaner, if needed and tracking the concentrations and volumes of cleaners used. 


BMPs for proper control and safe operational uses of the drilling fluid and the SCE involve securing 


valves and preventing unplanned discharges (see Section 9). All pits and flow lines are marked or 


identified and all discharge (dump) valves are identified and have redundant containment. Noble’s written 


procedures for all drilling fluid and solids control equipment are incorporated by reference into this BMP 


and provided in Section 13.0, Referenced Documents. 


5.1 Solids Control Equipment and Operation 


As drilling fluids return from the wellbore, the fluids pass through a series of equipment that removes the 


solids so the fluid can be reused. The primary solids removal equipment is the shale shakers which 


provide an initial separation of drilling fluids from drill cuttings. From the shakers, the drilling fluid is 


sent to the sand traps which are a series of four pits that allows solids to settle out. If the overall LGS 


percent starts to rise, the desilter/drilling fluid cleaner and centrifuges can be used for additional 


processing. This equipment is intended to remove solids from the drilling fluid that has passed through 


the shale shakers.  
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Low efficiency SCE results in high accumulated solids in the drilling fluid. If the solids cannot be 


removed by the SCE, the solids content and rheological properties of the drilling fluid must be controlled 


by adding fresh drilling fluid, base fluid and/or products to the drilling fluid system. In other words, SCE 


which operates with high efficiency can reduce the drilling fluid volume required to drill a given well, 


thereby minimizing the waste generated. 


The operation of the SCE should be consistent with the manufacturer’s design criteria or 


recommendations. Equipment design and operation will depend on drilling fluid characteristics, mainly 


type, flow, density, and rheological properties. 


Policies and procedures are referenced in Section 13, Referenced Documents.  


5.2 Drilling Fluid Pit System  


The operation of the drilling fluid system should be consistent with the manufacturer’s design criteria or 


recommendations. Equipment design and operation will depend on drilling fluid characteristics, mainly 


type, flow, density, and rheological properties. Recognizing that each drilling operation is unique, the 


drilling fluid system should be designed and operated, to the extent practical, consistent with API RP 


13C. 


Agitators in drilling fluid pits help added drilling fluid products to go into solution and to suspend solids. 


Without any agitation, excessive drill solids can accumulate in dead spaces of a drilling fluid pit. Drilling 


fluid pits also use gun lines to which circulate drilling fluid within the pit to help agitate fluid in corners 


and mix added drilling fluid products. Solids are typically drilled cuttings but may also include added 


materials such as barite, bentonite and calcium carbonate. At the completion of the well, drilling fluid pits 


are emptied and cleaned. 


5.3 Active and Reserve Pits  


The drilling fluid pits are used to condition and store and condition drilling fluids. The active drilling 


fluid system feeds drilling fluid directly to the well bore through the drill string when circulating 


conventionally. The “active” pit system normally involves two pits in a rectangular room directly adjacent 


to the mix/sack/pump room. Reserve pits refer to pits that are not part of the active system but may 


become active as operations change throughout the drilling of the well. These pits can be used to store 


drilling fluid for fluid additions to the active system, as well as for storing excess and different fluids.  


The total pit volume available for drilling fluids in the active system is 2,400 total barrels (bbls). There 


are also 2 tanks with a 1,700 bbls capacity, which will be used to store the base fluid (see Drilling Fluid 


Plan). 


Drilling fluid pits are fully enclosed in the pit room and have no exposure to the outside environment. 


Each pit has a sample point that will facilitate the collection of samples for required tests on the drilling 


fluid. The tests will be performed at a sink that will aid in the cleaning of the equipment after the tests are 


completed. Agitators are routinely used in drilling fluid pits to help keep solids in suspension. Each of the 


pits in the active and reserve systems has agitation to limit the buildup of solids.  
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5.4 Shale Shakers and Sand Traps 


The shale shakers, located above the main deck in the shaker house, are utilized to remove the cuttings 


from the drilling fluid returned from the well. The shale shaker design, together with the screen 


characteristics and shale shaker deck angle, controls the size of the cuttings separation and the length of 


time that the drilling fluid and cuttings spend on the screen. Screen characteristics affecting the efficiency 


of cuttings separation include mesh size, conductance, number of layers, type of construction and non-


blanked area. 


The goal of the shale shakers is to achieve high LGS removal efficiency, which results in solids as dry as 


possible (when discharged) and an optimum cut point. The screens on the shakers will be sized to handle 


the expected process rates for the drilling operation and maintain the required quality of the drilling fluid. 


The operation of the shale shakers must be balanced between the amount of low gravity solids (LGS) in 


the drilling fluid and the amount of drilling fluid retained on the discharged cuttings. A balance must be 


struck between the dryness of the cuttings (how much fluid is removed) and the carryover of fine solids in 


the drilling fluid, which degrades its quality and causes operational issues with the fluid. 


Drilling fluid, returned by the flow line and processed over the shale shaker equipment is then routed to 


the sand traps. The sand traps, which are located in a row parallel to and at the same elevation as the main 


pits (and upon which sit the shakers and various other SCE), have no agitation or jetting capability. The 


sand traps overflow into adjacent pits, routed by connecting troughs, returning into the active system or 


processed through additional drilling fluid cleaning equipment.  


5.5 Degasser and Discharge Pits 


After the drilling fluids passes over the shale shakers and flows into the sand traps, the returning fluids 


can be processed through the degasser before fluid is sent back into the active system.  


The degasser is used if gas from the wellbore is introduced into the drilling fluid system causing the 


weight of the drilling fluid to decrease. Fluid processed through the degasser will be returned back to the 


active pits.  
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6. Drilling Fluids Management  


Maintenance and operational requirements are covered by manufacturer’s manuals. The BMP plan 


addresses industry standard practices for active drilling fluid pits, reserve drilling fluid pits, the piping 


associated with drilling fluid transfer, blending apparatus, and solids control equipment. Proper pit 


maintenance and cleaning methods will minimize the potential for the build-up of drilling fluid solids and 


unnecessary discharge of drilling fluids. Proper fluid management minimizes the amount of drilling fluids 


adhering to drilled cuttings before discharge overboard, removes drill cuttings from the drilling fluids to 


prevent incorporation into the drilling fluid, and maximizes the recovery of drilling fluid for reuse. This 


will also minimize the potential for buildup of drill cuttings (including accumulated solids) in the active 


drilling fluid system. 


Prior to adding drilling fluid to any pit, it is standard practice to ensure that pits are clean and no fluid 


remains in the pit. Before fluid is added into any pit, all valves which would allow fluid to be discharged 


directly overboard will be securely closed. These valves will be labelled and tagged to reduce the 


potential of a non-permitted discharge. These valves will not be opened unless the NPDES Compliance 


Specialist is notified and all required samples and testing have been performed. 


6.1 Pit Cleanout  


At the end-of-well or if the drilling fluid being used must be swapped, the pits must be cleaned. This task 


will only be completed after approved by the NPDES Compliance Specialist and the Drilling Foreman. 


Once pits are emptied, water can be used to rinse pits for additional cleaning. Water used to rinse one pit 


will then be transferred to other pits which will reduce to over waste discharged. A hose can also be used 


to help clean the sides and remove build up.  


BMPs for drilling fluid pits focus on securing valves, proper operation and preventing unplanned 


discharges as part of general good housekeeping (see Section 8). Pits and lines are marked and the 


discharge (dump) valves will have placards and/or color-coded schemes. Written procedures for drilling 


fluid pits that are incorporated by reference into this BMP are provided in Section 13.0, Referenced 


Documents. General housekeeping practices for drilling fluid pits are listed in Table 6-1. 


Table 6-1 Housekeeping Practices for Drilling Fluid Pits 


BMPs for Housekeeping of Drilling Fluid Pits 


Surface Pits 


• A pressured water line will be used for general cleaning on and about the pit area, including the shaker and shaker 


screens.  


Subsurface Pits or Tanks 


• Written procedures will be followed for transferring and measuring volumes and agitating with internal gun lines.  


• Cleanout procedures will be reviewed to determine if a PTW is needed for the cleanout. 
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The rig is equipped with alarm systems on the drilling fluid pit system. Sonic sensor data indicating pit 


volumes is displayed in five areas: 


• the rig floor (driller’s console monitor),  


• the drilling fluid lab,  


• the pit area,  


• the Drilling Foreman’s Office, 


• the Assistant Rig Manager’s Office.  


6.2 Pit Maintenance and Operation 


Equipment BMPs for drilling fluid pits focus on operation and equipment. The purpose of focusing on the 


operation and equipment for the drilling fluid pits is to conduct safe and effective drilling operations and 


to implement controls to prevent leaks and spills. Equipment maintenance and operating procedures 


incorporated by reference in this BMP are listed in Section 13, Referenced Documents. General 


maintenance and operation of drilling fluid pits are listed in Table 6-2. 


Table 6-2 Maintenance and Operation of Drilling Fluid Pits 


BMPs for Maintenance and Operation of Drilling Fluid Pits 


General 


• Secure discharge (dump) valves on all surface drilling fluid pits and water lines to the drilling fluid pit area during 


drilling fluid operations. 


Operation 


• Run agitators continuously when drilling fluid is in the pit.  


• Inspect agitators to verify proper working order. 


Clean-Out Pits 


• Pump out drilling fluids for disposal after consulting with the NPDES Compliance Specialist who will ensure proper 


testing and record keeping. Flush with water. Follow valve-securing procedures and PTW before entering drilling fluid 


pit to complete final clean out of pits. 


• Following the opening of the discharge (dump) valves, inspect and re-seal according to proper procedures, with 


particular attention to tank volumes upon first refilling the tank to detect potential leaking of the valve. 


• Evaluate solids buildup between pit cleanouts. 


Good Housekeeping 


• Follow written procedures for transferring, measuring volumes, and agitation. Cleanout procedures will be reviewed and 


PTW seccured,  if entering pit for cleanout. 


6.3 Drilling Fluid Pit System Inspections 


The visual inspection of the drilling fluid pit system is the responsibility of the Derrick man or designee. 


The Derrick man or designee are required to maintain proper fluid levels in the drilling fluid pit system 


during all times drilling operations are on-going. In addition, the Derrick man or designee is required to 


conduct periodic inspections of the drilling fluid levels and the overall conditions of the drilling fluid pit 


area. Any problems requiring attention are to be noted on the Derrick man’s Daily Report which is 


submitted at the end of each shift. Operation, maintenance, and repair regarding the drilling fluid pit 
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system are to be included in the overall drilling fluid pit system inspection records. The Derrick man or 


designee is responsible to verify that equipment inspections, preventative maintenance and general 


housekeeping of the drilling fluid pit area is conducted and compiled in a timely fashion. In addition, the 


Drilling Fluid Specialist maintains separate documentation and records (Daily Drilling Fluid Report) 


specific to drilling fluid requirements throughout the drilling operations. Record keeping responsibilities 


will be in accordance with the substantive requirements set forth in the NPDES GP. Applicable records 


will be maintained on the rig and following the drilling season, will be on file with Shell.  


6.4 Solids Control Equipment Management Practices 


This section addresses BMPs to minimize the amount of drilling fluids adhering to drill cuttings before 


discharge overboard, to remove drill cuttings from the drilling fluids to prevent incorporation into the 


drilling fluids and to maximize the recovery of drilling fluid for reuse.  It also describes BMPs to 


minimize the potential for buildup of drill cuttings (including accumulated solids) in the active drilling 


fluid system. Cleanup and other good housekeeping procedures incorporated by reference in this BMP 


Plan are listed in Section 13, Referenced Documents. General SCE housekeeping practices are listed in 


Table 6-3. 


 


Table 6-3 BMP for the SCE 


BMPs for SCE  


• Keep work areas clean, neat, and accessible. 


• Store materials properly. 


• Be sure all transfer lines are clearly marked. 


• Conduct preventative maintenance on equipment, including major process units and their connections, pumps, and 


valves as outlined by the manufacturer. 


• Operate shakers properly to prevent drilling fluid overflow. 


• Keep floors clean and free of clutter and tripping hazards. 


• Keep sinks and work surfaces clean and neat. 


• Keep stairways clean, accessible, and free of tripping hazards. 


• Keep hoses clean and neatly /safely stored. 


• Have sufficient cleanup equipment and materials readily available. 


• Cleanup leaks and spills promptly. 


• After transferring bulk material to storage tanks or drilling fluid system, clean up residual drilling fluid that may have 


leaked  and incorporate into the drilling fluid system to minimize waste. 


• Conduct visual inspections to verify correct practices and detect problems, if any, weekly when in use.  
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6.4.1 Shale Shakers 


The shale shaker design, together with the screen characteristics, controls the efficiency of the cuttings 


separation and the length of time that the drilling fluid and cuttings spend on the screen. Screen 


characteristics affecting the efficiency of cuttings separation include mesh size, conductance, number of 


layers, type of construction, non-blanked area and deck angle. 


Table 6.4 below lists general guidance for these parameters. Policies and procedures referenced in this 


BMP Plan are listed in Section 13, Referenced Documents. 


Table 6-4 BMP for Shaker Operation 


BMPs for Shaker Operation 


• Screen tension should be maintained at the optimum torque for that shaker. Tension should be checked after 30 minutes 


of operation following installing new screens and daily thereafter. 


• The screen deck angle should be maintained to manufacturer's recommendations during normal operation. 


• Leave at least one butterfly valve (furthest from the flow line entry point) in the fully open position, and restrict valves 


to the other shakers as required to distribute flow evenly.  


• Physically inspect the shaker area to monitor the operation of the shakers, inspecting screens for holes and tears and 


washing off screens of any caked or dried drilling fluid/solids. 


• Visually monitor shaker area and adjust pumps to accommodate shaker conditions. 


• When in use, inspect weekly and record to verify correct practices. 


Table 6.5 below lists general maintenance activities for shakers. 


Table 6-5 BMP for Shaker Maintenance 


BMPs for Shaker Maintenance 


• Maintain motors as per contractor’s preventative maintenance instructions (PMI) [see Section 13, Referenced 


Documents]. 


• Replace worn or damaged components as needed, including decking rubbers, decking strips, tension rails, springs, and 


screens (check for wear, tears, or abrasion). 


Inspections of shale shaker equipment will be recorded routinely when in use. 


6.4.2 Fines Removal Equipment 


Fines removal equipment is necessary on the rig to remove drilled solids that are smaller than 70 microns. 


The desander / drilling fluid cleaner contains cones designed to remove fines greater than 70 microns, and 


the desilter / drilling fluid cleaner is designed with cones to remove fines 30 microns and greater. Fluid 


properties and suspended solids properties (mainly size and weight) determine which equipment is used to 


remove the fines.  


The centrifuge on the Noble Discoverer used for fines removal will remove particles down to 5 microns. 


Varying the bowl speed varies the gravitational force applied to the fluid with this equipment. Inspection 


of centrifuges and other fines removal equipment will occur routinely when equipment is in use. 
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6.5 SCE Inspections 


Inspection of the SCE is the responsibility of the Derrick man and will be periodically conducted when 


SCE equipment is operated. BMP hard copy forms are filed in the corresponding tab of the NPDES 


Environmental Records Binder. The Derrick man is responsible for ensuring work place inspection and 


equipment maintenance are completed and records are maintained, although certain tasks may be 


delegated to qualified individuals.  


Execution of these responsibilities will also follow existing Noble operating procedures and policies. Any 


additional record keeping responsibilities will be in accordance with M-I SWACO operating procedures 


and policies and will be in compliance with the substantive requirements set forth in the NPDES GP. 
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7. Operating Practices for Regulated Discharges 


All discharges will be monitored and observation/tests and analytical results recorded to demonstrate 


compliance with the NPDES GP. For specific information, refer to Section 4 of this plan, the QAPP and 


Referenced Documents, Section 13 for practices incorporated by reference.  See Appendix A for vessel 


location discharges (outfalls), Table 4.1 in Section 4 and Table 4.2 in Appendix A for waste volume 


estimates and discharge rates. Inspection observations will be recorded on the NPDES Master 


Spreadsheet. Completed NPDES Master Spreadsheets will be forwarded to Shell.  


7.1 Water-based Drilling Fluids and Drill Cuttings (Discharge 001) 


All drilling fluids go through a chemical review process before being listed in the Drilling Fluids Plan. 


Only drilling fluid additives to pass the suspended phase particulate (SPP) toxicity test (list included in 


Drilling Fluids Plan) will be used in the well.  


After the well cellar is established, the riser is installed on the rig which allows water based drilling fluids 


and cuttings to return to surface for processing and re-use. All drilling fluids and cuttings are discharged 


below the sea surface (See figures in Appendix A). Drilling fluids and cuttings can be directly discharged 


off the vessel to the Chukchi Sea below the water surface only when specific valves are aligned and 


opened in the sequence. The Emergency Diverter controls are housed in the drill shack on the drill floor 


and are only used under catastrophic events. In order to open or activate the diverter, two switches must 


be activated simultaneously, after unlocking the panel door. The Driller is the custodian and operator of 


all well control equipment and has the authority to close well control equipment or divert straight 


overboard in a well control emergency situation. 


On-site monitoring of drilling operations will be recorded routinely when in operation into the driller’s 


log. Drilling operations and subsequent drilling fluid and drill cuttings waste discharge (D001) is 


estimated for 20 days per well. Estimated drilling fluid and drill cuttings waste volumes per well is 


provided in Appendix A, Table 4.2. All laboratory and monitoring data will be submitted to Shell. On-site 


monitoring also includes housekeeping measures which confirm that: 


• Chemicals will be stored in closed containers and the drilling floor kept clean and organized. 


• Holding tanks will be cleaned as needed; systems will be flushed as needed; and piping and joints 
will be repaired / replaced as needed.  


• The Drilling Fluid Specialist is responsible for tracking chemical composition, so as not to exceed 
SPP toxicity testing listed in the Drilling Fluid Plan.  


7.2 Deck Drainage (Discharge 002) 


The deck drainage system is designed to capture spills, leaks, wash water, seawater, fluid from the rig 


floor, rain water and snowmelt. The current design and management system on the Noble Discoverer 


processes all contaminated deck drainage prior to discharge overboard. As fluid accumulates on other 


areas of the deck that are not as likely to be contaminated, it flows through various drains and into storage 
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tanks. The fluid is stored in these tanks until such time it is determined that there are sufficient quantities 


to batch process for disposal (if warranted) or go directly overboard.  


Prior to discharge to receiving waters, the effluent will be sampled and tested in accordance with permit 


requirements.  All fluid from the rig floor and forward catwalk drain to a single collection site and is 


measured for oil content. If fluid is >15ppm, the drainage will be processed thru an OWS. If rig floor 


fluid is <15ppm, it will be discharged overboard after the NPDES Compliance Specialist has collected 


and sampled the effluent as outlined in the QAPP. In the event that the water does not pass a static sheen 


test, this water will be directed for additional processing and treatment through an OWS prior to 


discharge.  


The heliport deck does not have containment due to safety considerations and drains to a deck below. 


Heliport and exterior decks will be inspected multiple times routinely to verify that no materials are 


present for run-off.  


Housekeeping measures include:  


• all drains will be mapped out and visually inspected routinely by the NPDES Compliance 


Specialist. No direct overboard draining occurs unless valves are specifically aligned; 


• only environmentally sensitive detergents and deicing compounds will be sparingly used to 


clean or de-ice decks; 


• the decks and floors will be kept clean of debris to prevent plugging of the drains; 


• containers with closing lids will be used to minimize/prevent accidental spills onto decks; and 


• spills will be contained and cleaned up immediately to prevent contamination of drainage. 


Prior to drilling, the NPDES Compliance Specialist will perform a pre-operational inspection and routine 


inspections during drilling. Visual inspections of deck drainage areas are to verify proper operation and to 


document any signs of pipe leaks or spills. Deck drainage discharge is recorded per discharge. Inspection 


observations will be recorded on the NPDES Master Spreadsheet. Compliance inspections will be in 


accordance to the published SOPs. Completed NPDES Master Spreadsheet will be forwarded to Shell. 


7.3 Sanitary Wastewater (Discharge 003) 


Sanitary waste (black water) consists of human waste from toilets and urinals. The volume of this waste 


varies with occupancy and treatment systems. A MSD is installed and used on the Noble Discoverer. Raw 


sewage enters the MSD’s V-1 tank and is finely ground with a macerator. The macerated sewage is then 


mixed with seawater as it flows to a bookcell; where direct current is applied using a logically controlled 


rectification system. The electrochemical reaction produces sodium hypochlorite which kills bacteria and 


oxidizes organic compounds. This unit does not add chlorine as a disinfectant. 


Effluent liquids will be monitored and sampled using a port located near the discharge location (outfall). 


Discharge occurs below sea level on the port side of the vessel when anchored, and on the starboard side 


when in transit.   
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Solid wastes are produced as a byproduct of this treatment system and will be collected from the normal 


operation of the MSD and disposed onshore in compliance with the Waste Management Plan. The MSD 


is to be inspected annually by a third party competent person with a valid certificate of inspection 


available upon request.  


Housekeeping measures include: 


• using only cleaners that are compatible with the treatment system, 


• keeping the treatment system free of debris, 


• periodically inspecting and/or changing filters where applicable, 


• using only marine biodegradable toilet paper, 


• regularly checking the amperage and 


• if the system is back-flushed: cells will be inspected and the flow rate observed, as directed by 


manufacturer or annually. 


Visual inspection of the receiving water will be conducted daily, during daylight hours at the times of 


maximum discharge to verify no foam, floating solids or garbage is discharged. Visual inspections of 


piping and joints will be performed to confirm placards are placed where needed and to verify that valves 


and tagging exist to prevent spills and leaks. Monitoring data will be recorded. Inspection observations 


will be recorded on the NPDES Master Spreadsheet. Completed NPDES Master Spreadsheets will be 


forwarded to Shell.  


7.4 Domestic Wastewater (Discharge 004) 


Domestic wastewater (gray water) is defined as materials discharged from showers, sinks, safety showers, 


eye-wash stations, hand-wash stations, galleys, and laundries. It is also generated in food preparation 


areas. The volume of these wastes varies widely with time and the assigned ship’s occupancy. Domestic 


wastewater is discharged continuously from the stern starboard-side port.  


Housekeeping measures include: 


• solid food will be prevented from being washed down the sinks, 


• sinks with grease traps in place, 


• grease traps will be cleaned routinely or as needed and 


• only compatible cleaners will be used. 


Visual inspections of piping and joints will be performed to prevent spills and leaks. Placards will be 


placed at kitchen sinks identifying prohibited products and discharge guidelines. All on-site monitoring 


will be recorded routinely. Inspection observations will be recorded on the NPDES Master Spreadsheets. 


Completed NPDES Master Spreadsheets will be forwarded to Shell.  
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Items accumulated for disposal from the execution of the above housekeeping activities will be stored in 


appropriate disposal containers as provided in Shell’s (Waste Management Plan) WMP and Noble’s 


WMP. Transfer and ultimate disposal of any item noted above will comply with Shell Operations Plan 


S0011 – Marine Transportation Operations and Shell Operations Plan S0055 -  Lifting and Hoisting Plan.  


7.5 Desalination Unit and Evaporator Cooling Wastes (Discharge 005) 


Desalination unit waste is concentrated salt created from processing seawater into freshwater. No 


chemicals are directly added to this system. The wastewater is composed of residual high-concentration 


brine similar to seawater in chemical composition.  


Fresh water produced onboard the Noble Discoverer is from two reverse osmosis and two evaporator 


units. Water from the evaporator coolers have Ameroyal CF (0.03 liters) added to the system daily. The 


non-contact cooling water and the wastewater waste from the evaporators will co-mingle as a continuous 


discharge stream.  A sample of this co-mingled waste will be taken from the bow along the port side of 


the vessel.  When co-mingled discharge occurs, the NPDES Compliance Specialist will ensure that 


effluent limitations and monitoring requirements will follow the more restrictive Non-contact Cooling 


Water (Discharge 009) NPDES GP requirements. 


7.6 Blowout Preventer Fluid (Discharge 006)  


The blowout preventer (BOP) is an emergency hydraulic system that releases a lubricating discharge to 


actuate the well head control safety hydraulic equipment. The lubricating fluid is composed of a mixture 


made onboard to the manufacturer’s recommendation of approximately 60%, water, 48% glycol and 2% 


Erifon HD603HP. The Erifon HD603HP is a concentrate stored onboard in two tanks.  The main large 


storage tank is automated to a smaller working day tank for mixing purposes. Glycol is also in a large 


volume tank that is automated into the day tank when volume levels are low.  The glycol bulk tank and 


the day tank have sight glasses to assist in volume measurements.  The automated make-up BOP fluid 


system ensures a certain volume is readily available. 


The BOP is required to be function tested weekly and prior to deployment. This small amount of effluent 


will either be captured on rig in a contained space or area or surface-water sampled during testing. Once 


the BOP is deployed, all releases will occur below surface water at the top of the wellhead during 


function tests. 


7.7 Boiler Blowdown (Discharge 007)  


Conducting boiler blowdown is required for ensuring proper maintenance of the boiler. Boiler blowdown 


occurs nearly daily and consists of water and minerals drained from boilers and discharged directly 


overboard. Ameroyal CF is used in boilers for proper maintenance. Discharge occurs below the sea 


surface on the port side of the vessel as a high pressure, high temperature steam and has been determined 


to be a non-regulated discharge. 
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7.8 Fire Control System Test Water (Discharge 008)  


The fire control test system consists of untreated seawater released during the training of personnel in fire 


protection and the testing and maintenance of fire protection equipment. Effluent will either go directly 


overboard or will be collected on the decks and be piped to the deck drainage system for discharge. No 


biocides or chemicals will be added to this system. U.S. Coast Guard requires this system to be tested 


once per month; the vessel may conduct tests by sections or more frequently than required.  


7.9 Non-contact Cooling Water (Discharge 009) 


Closed fresh water cooling jackets are used for primary cooling of engines and machinery equipment 


onboard the Noble Discoverer.  A heat exchanger exists between the closed primary cooling jackets and 


open secondary seawater loops. No intermixing of fresh and saltwater occurs between the primary and 


secondary loops. Also, no biocides are added to the secondary cooling loops. Independent digital flow 


meters along with temperature sensors have been installed on several discharge lines to monitor flow and 


temperature (see Table 4-1).  


A sea chest on the vessel’s port side located at approximately 28 feet below surface holds seawater that is 


pumped into secondary loops.  A Sea Suction Strainer/Colander has been installed on the sea chest to 


prevent “sizeable” sea life from being affected by seawater uptake or discharge back to the chest.   


Secondary cooling loops from the HVAC units, cement units, compressors, rectifiers and hydraulic 


equipment discharge continuously from the port or starboard sides of the vessel and above the sea surface. 


The secondary cooling loops for the main engine and cement units discharge into the sea chest.   


7.10 Uncontaminated Ballast Water (Discharge 010)  


Ballast water consists of seawater added or removed to maintain proper float, level, and ship draft. This 


water is authorized for discharge as needed, but is not intended to be discharged regularly. Ballast water is 


discharged above sea level amidships toward bow and on the port side. No biocides or chemicals will be 


added to this system.  


Water intake/exchange activity in the ballast tanks of the Noble Discoverer will be performed in transit to 


Alaska to prevent entrapment and introduction of any invasive species into the Chukchi Sea. 


7.11 Bilge Water (Discharge 011)  


Bilge consists of water that collects in the lower internal parts of the drilling vessel and must pass through 


oil/water separators prior to discharge. As such the bilge discharge will occur daily or weekly from the 


OWS (starboard stern, below sea-level). No biocides or chemicals will be added to this system. 


7.12 Excess Cement Slurry (Discharge 012)  


Excess cement slurry is the rinsate coming off equipment during wash-down after a cementing operation. 


Sample will be obtained and tested prior to discharge. Effluent may be combined with non-contact 


cooling water and discharged at amidships on the port side below the sea surface.  
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7.13 Muds, Cuttings and Cement at Seafloor (Discharge 013)  


These materials are discharged at the ocean floor in early phases of drilling operations, before the riser is 


deployed and during well abandonment and plugging. This discharge is estimated to occur for 12 to 15 


days per well and will be monitored and recorded to demonstrate compliance with the NPDES GP. 
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8. Housekeeping Practices 


8.1 Waste Minimization Practices (WMP) 


Waste minimization utilizes source reduction, recycling, and reuse to reduce the potential for pollution 


prior to its generation. Source reduction includes, but is not limited to, process modification, raw material 


substitution, and energy conservation which lead to a reduction in the amount and/or toxicity of a process 


residual. Source reduction can be achieved by using chemicals effectively and by operating and 


maintaining treatment systems according to equipment manuals. Recycle and reuse involves the 


reclamation or reuse of process residuals for beneficial purposes. Useful constituents of a residual, such as 


hydrocarbons, may be reclaimed for reuse. For specific guidance and understanding of waste 


minimization requirements, refer to requirements set forth in Shell’s WMP and Noble’s WMP. 


8.2 Work Areas 


Good housekeeping means maintaining clean and orderly work areas. With good housekeeping, it is easy 


to move around work areas, materials and equipment are easy to locate and operate the potential for spills 


and leaks is reduced, operational conditions prevent impacts to marine life and work areas are safer for 


workers.  


Good housekeeping practices include: 


• orderly storage of chemicals and other materials, 


• designated areas for materials and activities, 


• proper labeling of areas, equipment, and materials, 


• prompt cleanup of spills and leaks, 


• drip pans and 


• routine inspections to verify that practices are being implemented and to detect any problems 


needing attention. 


Segregation of municipal solid waste, nonhazardous waste, and hazardous waste will follow the waste 


management procedures in Shell’s WMP and Noble’s WMP. No overboard discharge of solid waste will 


take place except for permitted discharges during the Alaska exploration project. Domestic solid waste 


will be transferred to service vessels and disposed of in approved permitted solid waste units onshore. 


Recyclable hazardous materials, such as absorbent pads, batteries, fluorescent lamps, and used oil will be 


segregated and shipped to an approved onshore facility.  


Shell’s current WMP lists recycling options to be utilized whenever possible for OCS operations. The list 


of recyclable material includes the following: 


• lubricating oil and filters, 


• drilling fluid additives and  


• scrap metal and drums. 
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Good housekeeping practices for drilling fluid pits and the solids control system were described in earlier 


chapters of this BMP Plan. For specific guidance and understanding of waste minimization requirements, 


refer to requirements set forth in Shell’s WMP and Noble’s WMP. 


8.3 Vessel Housekeeping 


The Noble’s Safety Policy Manual (SPM) contains SOPs for vessel housekeeping operations. The 


following housekeeping SOPs for chemical and waste handling procedures will be utilized for other areas 


of the vessel not previously described: 


• housekeeping (SPM-809), 


• hazardous materials handling (SPM 704), 


• containment of hydrocarbons and chemicals (SPM-901), 


• drainage and discharge (SPM-902), 


• spills (SPM-903), 


• emissions (SPM-904), 


• recycling and waste reduction (SPM-905), 


• HSE assessments and audits (SPM-1001) and 


• operation control & safe systems of work –Isolations (SPM-502).  


8.4 Loading Stations 


Load stations and loading equipment on the Noble Discoverer will follow Shell’s OPS011 standard for 


the transfer of material while in port or offshore. Standards for hoses include:  


• all bulk hoses used for offshore loading must have internally swaged or other approved clamp 


fittings, 


• hoses used for transfer of hazardous material or oil products shall meet the requirements of 33 


CFR 155.800,  


• hoses shall be pressure tested onshore at least every 12 months, and 


• hazardous material cargo hoses must have dry-loc disconnection couplers.  


Prior to transferring any material while offshore, Noble will follow the PTW system along with Shell’s 


standard operating procedures outlined in OPS011.  


8.5 Material Compatibility and Storage 


Proper storage and handling of laboratory and industrial chemicals will reduce the potential for personnel 


and environmental accidents. A chemical inventory will be kept on board that details each chemical 


product, unit amount, and location by locker unit. Six basic principles will be followed for chemical use 


on the Noble Discoverer:  
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• only necessary amounts of chemicals for safe operation will be stored, 


• chemicals will be transferred from bulk containers to smaller containers for controlled use, 


• all containers will be inspected for required labeling, 


• incompatible chemicals will be segregated,  


• personal protective equipment (PPE) will be used when identified on the MSDS or SDS and 


• adequate spill response/clean-up materials will be accessible.  


Shell policy requires a Permit to Work (PTW) when planning a task that is outside of routine duties. This 


PTW system will be used by personnel when handling and segregating chemicals for storage, transferring 


into containers, and labeling. 


Storage requirements for chemicals aboard the Noble Discoverer include: 


• flammable liquids will be stored in metal cabinets away from heat or ignition sources and 


provided with proper ventilation, 


• bases and acids will be stored separately, 


• oxidizers will be separated from organic compounds, 


• special precautions will be taken for peroxides, peroxide forming compounds, and especially 


organic peroxides, 


• chemicals reactive with water or air (such as sodium or phosphorus) will have special handling 


and storage according to labeling and the MSDS or SDS and 


• gas cylinders will be properly labeled and double fastened to the wall or cabinet that has been 


bolted to the floor. When not in use, cylinders will be capped to protect the stem. 


8.6 Chemical Product Handling 


Chemical products are limited onboard and do require special handling and storage. The personnel 


handling chemicals aboard the Noble Discoverer will have the training, knowledge, and appropriate PPE 


for safe use and handling. For storage purposes, often a secondary container can provide the protective 


barrier between incompatible chemicals. The MSDS or SDS provides guidance for storage and handling 


as well as spill clean-up procedures.  


Shell, Noble and M-I SWACO provide training manuals and information for their respective employees’ 


use and ensure compliance. Storage of chemicals and hazardous materials will be in compliance with 


Shell’s Standard Operations Plan S0011 Rev 2 – Marine Transportation Operations, Noble Procedure 


SPM-901 Containment of Hydrocarbons and Chemicals, and Noble’s Waste Management Manual. 
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9. Preventative Maintenance and Operation 


Preventative maintenance and proper operation of equipment can reduce the potential for impacts to the 


environment and marine life, prevent minor losses of materials from leaks and spills, and minimize waste 


streams from treatment systems. Equipment that is maintained and operated properly is cleaner and less 


prone to leaking, spilling, and generating waste. Some preventative maintenance practices would also be 


considered good housekeeping practices (keeping valves and fittings from leaking, for example); 


however, this BMP Plan does not make a strict distinction between the two. A description of preventative 


maintenance and the operations of some equipment are provided below. 


9.1 Cooling Water Intake  


The Noble Discoverer was built in 1965, so the volume limits for cooling water intake in the permit is not 


applicable. On this drillship, cooling water comes from openings in the hull located approximately 28 feet 


below the surface that flows into Sea Chests that acts as a storage tank prior to entry into the specific 


requirement. This opening is screened and therefore, unlikely for any marine life to be entrapped in the 


tank. From the storage tank, cooling water is pumped to cool engines. Water intake/exchange activity will 


be performed while the vessel is in transit to Alaska only. The main engine will not be operated except in 


an emergency situation while anchored. 


9.2 Deck Drainage Processor  


Deck drainage processor is designed to separate out the liquid effluent into three segregated streams: 


• dense / semi-solid, 


• free-oil, and 
• water. 


Once the fluid is separated, the recovered dense / semi-solid material will be containerized and disposed 


of onshore. Fluid that contains greater than 15ppm free oil is further processed by the OWS. 


9.3 Oil / Water Separators 


There are two oil/water separators on the vessel for separating small amounts of wastewater and drilling 


fluid spills from the deck. One OWS is located in the main engine room for processing liquids that drain 


to the bilge and the other is located in the compressor room to handle deck drainage. Both OWS have a 


holding tank that recirculates effluent until 15 ppm free oil or less is achieved prior to discharge. The oil 


collection tank is located directly below the each separator.  


Liquids from the decks, shakers, and rig floor will be processed through the OWS located in the 


compressor room as needed. Other sumps on the rig that could possibly contain oily waste water also feed 


into a separator in the main engine room.  


9.4 Lubricating Oil Purification Units 


Lubricating oil purification units will be used to reduce the number of engine oil changes and oil filter 


replacement, reducing the volume of used oil generated.  
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9.5 Chemical Storage Areas 


Additives and chemicals will be properly stored and protected to minimize uncontrolled releases or 


potential weather impact. Particular attention will be given to loading and unloading dry or wet chemicals 


during operation. Standard procedure for chemical transfer includes securing the area and maintaining 


spill response equipment on hand during the operation. MSDS and or SDS will be readily available to 


confirm proper storage of all hazardous materials and will be located online as well as in hardcopy in 


areas where chemicals are stored / used. All chemicals onboard are managed in accordance to the permit 


or the manufacturer’s safety data information. 


Chemical storage areas and hazardous materials will be segregated to prevent incompatible materials 


from being stored together. For specific guidance and understanding of proper storage of hazardous 


materials, refer to the product MSDS or SDS and Noble’s Safety Policy Manual. For waste minimization 


requirements, refer to requirements described in Shell’s WMP, Noble’s WMP, and the Noble’s Safety 


Policy Manual. 


9.6 Equipment Spillage and Leak Prevention 


Combustion engine, pump bearings, seals, and hydraulic equipment are fitted with drip pans and 


containment devices. Examples include drip pans beneath lubricating oil systems on engines and 


containment vessels or dikes under fuel and chemical storage areas. Regularly scheduled preventative 


maintenance on equipment, pumps, piping systems, hoses, and valves will reduce the potential for leaks 


or releases of chemicals to containment systems or to the environment. Routine inspection will verify 


proper equipment operation and implementation of corrective action if required.  


9.7 Pipe Dope 


Only lead-free pipe dope will be used for drill pipe connections. A stringent control program has been 


established to confirm proper application, container handling, and final disposal of excess dope material.  


9.8 Loss of Drilling Fluid 


Drill pipe trips in and out of the hole can contribute to excess drilling fluid waste on the rig floor. The 


outer surface diameter of the pipe will be wiped clean, as necessary, under safe conditions while pulling 


out the pipe, reducing the spilled drilling fluid and the need for rig wash. 


9.9 Cathodic Protection 


Noble will maintain proper cathodic protection to prevent the corrosion of the ship’s hull. Sacrificial 


anodes were installed on the underwater portions of the hull during the 2014 shipyard period. 
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10. Equipment Failure & Repair 


10.1 Equipment Failure or Discharge Limit Exceeded  


All discharges are managed in accordance with the requirements of the NPDES GP. 


During regular drilling operations, drilling fluid and cuttings from the shale shakers, the drilling fluid 


cleaner unit, and the fines removal unit (High Speed Centrifuge) will be discharged. Cement washdown 


water, cement mix water and cement unit cooling water are discharged through the cement unit overboard 


line.  Other discharges from the vessel will originate from deck drainage, MSD, oil/water separators, 


desalination units, BOP, boilers, fire control test water system non-contact cooling water system, and 


ballast tanks.  


Shell and the Shell Drilling Engineer will be notified IMMEDIATELY when: 


• excess drilling fluid and fluid volumes are over the established hourly limits,  


• any one piece of equipment breaks down multiple times during operations, or 


• other circumstance to result in significant amount of a pollutant reaching surface water.  


An engineering review and analysis of the problem may be warranted.  


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or 


modification occurs, Shell must be called immediately. Such notice includes: 


• any non-compliance that endangers health or environment, 


• any unanticipated bypass or upset that exceeds any effluent limitation in the NPDES GP (see 


Section V.F, “Bypass of Treatment Facilities” in NPDES GP), 


• any activity that causes an upset that exceeds any effluent limitation in the NPDES GP (see 


Section V.G, “Upset Conditions”); 


• any violation of a maximum daily discharge limitation for any of the pollutants in Section II of 


the NPDES GP requiring 24-hour reporting or 


• any activity that would result in a discharge, on a routine or frequent basis, of any toxic pollutant 


that is not allowed in the NPDES GP, but exceeds the highest of the notification levels found in 


Section III.H.1. and 2. of the NPDES GP. 


In addition, if a circumstance results in significant amount of a pollutant reaching the surface, the NPDES 


Compliance Specialist will record the direction, rate of flow and total quantity of the pollutant estimated 


to be discharged from the vessel as a result of the condition or circumstance. 


Depending upon the circumstances, the BMP Plan may require modification within 14 days in accordance 


with the NPDES GP requirements. For detailed information on the NPDES GP Discharge Limitations and 


Prohibitions, see Section III, Drilling and Workover Operations of the Alaska OCS Environmental 


Compliance Manual (ECM); and this BMP Plan Section 4, Discharge Management. 
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10.2 Equipment Repair / Servicing (Preventative Maintenance) 


All discharge equipment downtime will be reported on the NPDES Master Spreadsheet for the specific 


piece of equipment. 


If MSD unit fails or sample results return out of compliance, the black water holding tank can hold up to 


20 days of raw black water to allow system repair or batch discharge to a support vessel. 


The solids control equipment manages solids and minimize low gravity solids. If this equipment is in 


need of servicing, the following discharge options are listed below: 


• continue to operate only if within discharge limitations as stated under the BMP Plan through the 


end of the entire interval drilled with drilling fluids and, 


• discontinue discharge of any specific waste stream if that waste stream is not within discharge 


limitations. Collect and containerize in place of discharging. Discharge may continue after repair 


and/or servicing of equipment. 


All drilling fluid, cutting discharges and equipment downtime will be reported on the NPDES Master 


Spreadsheet for the specific piece of equipment. 


10.2.1 Shale Shaker 


In case of failure or servicing of a shale shaker, the unit will be taken off-line. Discharge from the shaker 


will resume after it has been repaired/serviced.  


10.2.2 High-Speed Centrifuge 


In case of failure or servicing of the high-speed centrifuge, the unit will be taken off-line and flow will be 


differed to the remaining high-speed centrifuge in operation. Discharge from the high-speed centrifuge 


will resume after it has been repaired/serviced.  


10.3 Detailed Contingency and Drilling fluids and Cuttings Containment Plan 


Preventative maintenance of all SCE must be performed in accordance with manufacturer’s specifications 


as demonstrated by the preventative maintenance records of Noble; who is responsible for operating, 


maintaining, and repairing the SCE.  


This requirement and those specified in Section 6, must be verified prior to discharging drilling fluids and 


cuttings over shakers when equipment is being routinely maintained or repaired. 


10.4 Materials Handling and Records/ Equipment Failure/Discharge Records 


Noble is responsible for record keeping for all equipment failures. Any equipment failures must be 


documented on the NPDES Master Spreadsheet and copies submitted to Shell. 


All discharge records will document when a no discharge event is observed. 
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10.4.1 Contingency Plan Records 


Noble is responsible for contingency planning, preventative maintenance and record keeping for all 


equipment failures.  


10.4.2 Waste Manifest Records 


Copies of waste manifests are kept on file at Shell. 
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11. Documentation and Recordkeeping 


The NPDES GP starts on the date and time when the first anchor is set at the drill site and continues until 


the last anchor is removed from this location. Inspections of all discharge sources will be conducted at 


times of occurrence or routinely monitored for leaks when not discharging.  


A copy of this BMP Plan and its related documentation will be maintained by the facility operator and 


will be made available to EPA upon request. All NPDES GP required BMP records will be retained by 


Shell.  


11.1 Required Reporting  


Required reporting includes written information contained in the DMR and/or in correspondence. 


Information that must be reported is listed in the following tables. 


Table 11-1 Reporting Tables 


Records for General Housekeeping 


• Inspection records for general housekeeping. 


• Documentation regarding BMP (re-)evaluation. 


• Feedback records for BMP improvement. 


 


Table 11-2 Discharges with Cuttings 


BMP Records for Discharges Associated with Cuttings 


• Inspection / equipment maintenance / repair records for drilling fluid pits and solid control equipment.  


•  Drilling fluid / cuttings housekeeping records. 


• Sampling and laboratory testing records. 


• Training records related to BMPs. 


 


In addition to the routine data submitted to Shell for compilation and reporting, the following sampling 


data will be reported to Shell each month: 


• required monthly sampling results, 


• data from samples collected more frequently than required by the NPDES GP and 


• in-house data that complies with EPA analytical method requirements.  


Documentation and records related to general issues, the drilling fluid pits, and the solids control system 


are listed in the tables below, in corresponding sections of the BMP Plan.  
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Table 11-3 Discharges without Cuttings 


Records for NPDES Discharges Not Associated with Cuttings 


• Inspection / equipment maintenance / repair records for rig / drill floor. 


• Inspection / equipment maintenance / repair records for pumps & mixing areas. 


• Inspection / equipment maintenance / repair records for drilling fluid pits. 


• Inspection / equipment maintenance / repair records for fluid transfers. 


• Drilling fluid Discharges. 


• The NPDES Master Spreadsheet and laboratory testing records covering: 


o deck drainage discharge, 


o sanitary and domestic waste, 


o desalination unit waste, 


o blowout preventer fluid, 


o non-contact cooling water, 


o uncontaminated ballast water, 


o boiler blowdown, 


o fire control test water, 


o bilge water discharge, 


o excess cement slurry discharge. 


• Training records related to BMPs. 


11.2 Housekeeping Reporting  


Housekeeping inspection of work areas and equipment must be completed routinely during operations, 


maintenance, and repair. Facility personnel will follow standardized monitoring, sampling and record 


keeping procedures related to each discharge.  


General housekeeping, rig floor and mixing area activities will be noted and recorded on the NPDES 


Master Spreadsheet, will be kept as part of this BMP, and will be kept on file at Shell and on the rig. The 


housekeeping monitoring results will be reported on the NPDES Master Spreadsheet. 


The Offshore Installation Manager will be responsible for ensuring the inspections and maintenance are 


complete and records are maintained, although they may delegate certain tasks to qualified individuals. 


Delegations of these responsibilities can be found in existing Noble operating procedures and policies. 
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All records regarding the drilling fluid equipment will be completed and collected from Noble by the 


NPDES Compliance Specialist. Noble is responsible for all operations, maintenance and repairs to all the 


drilling fluid equipment installed on the vessel. These records are required by both the NPDES GP and 


this BMP Plan. Copies will be maintained on the rig by the NPDES Compliance Specialist transferred to 


Shell.  


Inspections of all discharge sources will be monitored at times while on-site in accordance with the 


provisions of the NPDES GP. Each of the discharges observation/tests and analytical results will be 


recorded to verify compliance of the NPDES GP.  


11.3 Non-Compliance or Change in Discharge Toxicity Notifications 


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or 


modification occurs (See Section 10, Equipment Failure & Repair), Shell must be notified immediately at 


(907) 830-7435.  If NPDES GP non-compliance occurs, Shell will complete and file the necessary reports 


with the EPA in accordance with permit requirements. 


11.4 Associated Documentation and Manuals 


Other documents or manuals that contain related pollution prevention measures include:  


• Shell’s Exploration Plan, 


• Shell’s Oil Spill Response Plan, and 


• Shell and Nobles’ Waste Management Manuals.  


In addition, relevant Shell, M-I SWACO, and Noble procedures, documents, policies, and manuals 


applicable to the requirements of the NPDES GP, are incorporated by reference in this BMP (as listed in 


Section 13) and are maintained at the facility and for Shell documents, at Shell.  


11.5 Records Retention 


Pursuant to permit regulations, records will be retained by Shell for a period of at least five years from the 


date of the sample, measurement, report, or application, whichever is longer. Records are maintained 


electronically and/or in hardcopy. Record retention includes: 


• copies of all reports required by the permit (DMRs, etc.), 


• a copy of the NPDES GP, 


• records of all data used to complete the application for this permit, 


• original monitoring data, including operator routine duties, operator log books, electronic data 


capture, or other documents in which monitoring data such as sheen test results are first noted, 


• monthly facility flow tables, 


• all analytical data packages, 


• chain-of-custody forms, 
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• logs or other documents used to originally record flow meter readings, 


• calibration and maintenance records of equipment as they relate to measurement of volume or 


monitoring quality and  


• NPDES-related training records.  


The NPDES GP requires that traceable records of routine and non-routine discharges be maintained. Shell 


is responsible for all compliance reporting. Monitoring results will be summarized on the DMR form, 


EPA No. 3320-1 or equivalent, on a monthly basis, and postmarked by the 20th day of the following 


month. Annual sampling results will be reported on the January DMR of the following year. All records 


of monitoring information shall be retained by the permittee at least 5 years from the date of the sample, 


measurement, report, or application. 


All noncompliance of the NPDES GP, as detailed in Section 10.3, will be reported to EPA by telephone 


within 24 hours from the time of occurrence. This includes any unanticipated bypass or upset that exceeds 


discharge limitations in the permit or any violation of maximum daily discharge limitations for any of the 


pollutants requiring 24-hour reporting as listed in Part 1 of the NPDES GP.  
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12. Training 


Field personnel will be made aware of the NPDES GP related activities with the goal of pollution 


prevention and waste minimization. Having personnel that have participated in training activities will 


verify the efficient and effective operation of treatment systems and will ultimately minimize the risk of 


pollutants discharged to the Chukchi Sea. In accordance with the EPA Guidance Manual for Developing 


BMP Plan, the focus of the BMP Plan training will be to confirm an understanding of the BMP Plan, 


including the reasons for developing the BMP Plan, the positive impacts of the BMP Plan, and employee 


and managerial responsibilities under the BMP Plan.  


12.1 Training Programs  


An overview of environmental requirements will be provided by Shell and Shell’s contractors to all 


individuals participating in the exploration program involving the Noble Discoverer.  


Note that training involves individuals of all levels of responsibility. Table 12-1 provides an overview of 


initial training programs developed and executed to date. Training will be established after the BMP is 


approved and signed by the Shell Senior Drilling Engineer.  


The Tier 1 level of training, Environmental Awareness, is a high-level overview of the types of regulatory 


programs that are applicable to operations, a high-level description of the mitigation measures that are 


required, and general reporting structure. This series is intended to provide a general familiarity of the 


programs that employees and contractors must adhere to. For example, remote personnel and department 


leads would benefit from taking this training.  


The Tier 2 level of training, Environmental Leadership, provides a greater level of awareness regarding 


each permit/authorization/ agreement. This training will provide a working knowledge of the NPDES GP, 


but will not provide an in-depth description of each permit requirement. It is recommended that leadership 


from companies on the rig that contribute to discharges overboard attend. 


The Tier 3 level of training, specific NPDES instruction is intended for those with specialized duties and 


for those who need to know the details of particular permits, sampling requirements, reporting 


requirements, etc. (i.e. NPDES Compliance Specialist)  


Refresher training will occur once crews mobilize to the drill rig. This training will be presented at several 


daily safety meetings to ensure that all personnel are aware of BMP requirements and general discharge 


restrictions.  


Training will include material handling, equipment maintenance and repair, cleanup, inspections, and 


record keeping. Training programs for BMP management are listed in Table 12-1. 
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Table 12-1 BMP Training Programs 


Training Programs for BMPs 


Program Administered by Subjects Covered Target Audience 


BMP Training Shell, Noble and M-I 


SWACO 


1. Review of NPDES GP 


2. Drilling fluid sampling & 


monitoring 


3. BMP policy & implications 


4. Best practices for all discharge 


equipment. 


All personnel affected by 


the BMP 


Shell’s Alaska 


Compliance Manual 


(ACM) Training 


Shell, Noble and M-I 


SWACO 


1. Modification to Environmental 


Compliance Manual (ECM) 


2. Compliance sampling & testing 


3. Drilling fluid monitoring & 


reporting 


4. BMP development & 


application 


Drilling Managers, 


Superintendents, 


Engineers, Foremen, HSE 


Technicians, & NPDES 


Compliance Specialists 


Compliance Training 


& Certification 


Shell, Noble and M-I 


SWACO 
BMP documentation & reporting 


drilling fluid and all regulated 


discharges 


NPDES Compliance 


Specialist 


12.2 Training Records 


Training records for Shell employees can be found in the Shell’s office in Anchorage. Original and 


current training records are maintained by Shell and Shell’s Contractors. The refresher training records 


are maintained and held by each specific contractor. 


Field Superintendents are responsible for maintaining required training records, although they may 


delegate certain tasks to qualified individuals (e.g., HSE technician, compliance engineer). Prior to and 


during the drilling of each new well, the Field Superintendent will verify that NPDES Compliance 


Specialists affected by this BMP have been trained on the requirements and document the training.  


Execution of the BMP training responsibilities will follow existing Noble operating procedures and 


policies. Record keeping responsibilities will be conducted in accordance with Noble operating 


procedures and policies and will be in compliance with the substantive requirements set forth in the 


NPDES GP. 
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13. Referenced Documents 


13.1 Referenced Plans and Documents 


All referenced corporate plans and documents may be requested by EPA for review. The following 


documents in Table 13-1 are incorporated into the BMP Plan by reference: 


 


Table 13-1  Documents Reference  


Document Title Relation to BMP Plan 


Shell - Alaska Compliance Manual (ACM) 


Segregation of domestic and hazardous waste management procedures. 


Lists recycling options for lubes & filters, spent organic solvents, drilling 


additives, and scrap metal and drums. 


Shell Contingency Response Waste 


Management Plan 


Addresses the different resources (vessel and other support) for waste 


management and disposal from spill response. 


Shell Alaska Venture Waste Management 


Plan 


Contains policies and procedures for implementing waste management 


programs. 


Shell - Quality Assurance Project Plan 


(QAPP) 


Defines the quality assurance (QA) and quality control (QC) procedures that 


will ensure the quality of data obtained from field and laboratory analyses. 


Shell – Environmental Monitoring Plan 


(EMP) 
Oceanographic sampling and monitoring plan for collecting baseline data. 


Shell –Training Execution Plan Plan provides structure for the Alaska Venture to deliver required training. 


Shell, Noble, and M-I SWACO SOPs, PTWs, 


and LWIs 


Standard Operating Procedures (SOPs), Permits to Work (PTWs), and Local 


Work Instructions (LWIs) addressing the Chukchi Sea Exploration 


Program. 


Shell Chukchi Sea Oil Spill Response Plan 
A regional oil spill response plan for Shell’s multi-year Chukchi Sea 


exploration drilling program 


M-I SWACO Chukchi Drilling Fluid Plan 


 


Contains information on the formulation and maintenance of the drilling 


fluid. 


Noble Safety Policy Manual 
Contains policies and standard operating procedures for housekeeping and 


chemical handling / storage aboard vessel 


Noble’s Waste Management Manual 
Contains handling and storage procedures that are International Convention 


for the Prevention of Pollution from Ships (MARPOL) V compliant. 


Noble Discharge Manual - Rev 13 Jun-04-


2012 


Controlled document addressing the Noble Discoverer’s liquid waste 


handling. 


Noble Training Matrix Required training by job title. 


Noble – Omni-Pure Sewage Treatment Unit Certificate of Annual Inspection/Service. 
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13.2 Safety Data Sheets 


Copies of all MSDS or SDS are held in the Rig Manager’s Office. Chemicals onboard are managed in 


accordance to the permit or applicable manufacturer’s safety data information. Over all, the Noble 


Warehouseman is responsible for the general storing of all hazardous material on each vessel. Specific to 


the contract firms M-I SWACO and Halliburton, each are responsible for the use of their specific 


materials and will hold their specific MSDS or SDS.  
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14. BMP Plan Modification & Annual Review 


14.1 Certification and Annual Review Requirements 


Certification of the BMP Plan will comply with the substantive requirements set forth by the NPDES GP, 


Part IV.B.4.b. 


The BMP Plan will be reviewed no less than annually by the BMP Committee and updated as needed. 


The amended BMP Plan will include a certified statement that the above reviews have been completed 


and that the BMP Plan fulfills the requirements set forth in this NPDES GP. The certified statement 


includes the dated signatures of each BMP Committee member as certification of the reviews of the 


amended BMP Plan. All changes in the BMP Plan will be reported to EPA in writing with the annual 


certification. The permittee must submit a copy of the certified statement and a report of all changes in the 


BMP Plan to EPA and DEC with the December DMR. 


14.2 Evaluation and Re-Evaluation of BMP Plan 


The BMP reports and records will be routinely reviewed and evaluated to verify that the BMP Plan is 


effective in achieving the general objective of preventing and minimizing the discharge of wastes to the 


receiving waters and complies with all other BMP Plan requirements. Timely record reviews performed 


as part of the monthly DMR process will confirm that drilling fluid pits and SCE continue to operate as 


designed. 


This evaluation should be conducted by members of the BMP Committee during “Drill the Well on Paper 


(DWOP)” exercises and during after action reviews (AAR). These reviews occur in conjunction with 


equipment vendors and/or industry specialists. 


Upon updating, a revised copy is forwarded to the facility and to Shell’s representative who contacts the 


facility NPDES Compliance Specialist to review and discuss the BMP Plan updates. Shell’s 


representative will visit the facilities no less than once per year and with the NPDES Compliance 


Specialist, and will train the facility personnel on the BMP Plan and associated updates. Representatives 


from Shell may assist with the training by creating audiovisual presentations.  


BMP Committee Members should keep each other informed on the effectiveness of the BMP Plan by 


regular communication sessions (e.g., on location during regular pre-tour meetings, off location during 


DWOPs, and in morning meetings as warranted), discussing the benefits generated by executing the BMP 


Plan (e.g., cost savings generated, reduced waste generator, etc.) and the need for BMP re-evaluation and 


modification.  


14.3 Modifying the BMP Plan 


This BMP Plan will be modified whenever there is a change in the facility or in the operation of the 


facility that significantly increases the generation of wastes or their uncontrolled release or potential 


release to the receiving waters. Shell will be contacted when the BMP Plan warrants modification. The 


BMP Plan is well-specific and will be reviewed prior to adding any new well and modified if warranted. 







Best Management Practices Plan 


Chukchi Sea, M/V Noble Discoverer 


AKG-28-8100 – Noble Discoverer 


April 2015  –  Version 2015-1 
Page 54 of 54 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Modifications to the BMP Plan must be consistent with the applicable requirements for BMPs in the 


NPDES GP and 40 CFR 435 for the Alaska Chukchi Sea. 


The BMP Plan will be recertified (i.e., a new certification page signed by the appropriate authority) if the 


BMP warrants modification. Equipment or procedure modifications made to address an incident, facility 


change that materially increases the generation of wastes or due to the potential release to the receiving 


water will be reported within 14 days of an incident or change. Modifications triggered by permit 


modifications will be certified and implemented within three months of the permit issuance.  


Shell and the NPDES Compliance Specialist will be contacted IMMEDIATELY if the BMP Plan 


warrants evaluation and possible modification. 


At a minimum, the BMP Plan will be reviewed during DWOPs prior to adding a new well to the BMP 


Plan, and when warranted, the BMP Plan will be modified prior to recertifying the BMP Plan. 


14.4 Feedback Records and Continuous Improvement 


All staff involved in the drilling operations at the Noble Discoverer will be given the opportunity to 


further improve the BMP towards the goal of minimized discharge. Feedback is to be given to the 


Supervisor on duty and will be kept as a part of the BMP documentation, to be considered during a 


standard BMP review or sooner if warranted. Questions regarding feedback can be directed to any of the 


BMP committee members. 


Feedback reports are collected in this part of the BMP Plan and must be filed with Shell. They are to be 


used as guidance for BMP Plan improvement. 


14.5 Documentation of Modifications 


All documentation will be kept as a part of the BMP documentation filed by the NPDES Compliance 


Specialists onboard the rig and after the drilling season with Shell and will be available upon request by 


the EPA. 
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Waste Type 
Burger F Well 


 


Burger J Well 
 


Burger S Well 
 


Burger V Well 


  Volume Rate Seasonal Total Volume Rate Seasonal Total Volume Rate Seasonal Total Volume Rate Seasonal Total 


D001-1 
Cuttings 1,043 bbl 81 bbl/hr 1,043 bbl 1,074 bbl 83 bbl/hr 1,074 bbl 1,153 bbl 88 bbl/hr 1,153 bbl 915 bbl 72 bbl/hr 915 bbl 


D001-2 
Fluids 6,184 bbl 81 bbl/hr 6,184 bbl 6,340 bbl 83 bbl/hr 6,340 bbl 6,736 bbl 88 bbl/hr 6,736 bbl 5,546 bbl 72 bbl/hr 5,546 bbl 


D001-3 
Reserve Pit 1,500 bbl 1,000 bbl/hr 1,500 bbl 1,500 bbl 1,000 bbl/hr 1,500 bbl 1,500 bbl 1,000 bbl/hr 1,500 bbl 1,500 bbl 1,000 bbl/hr 1,500 bbl 


D002 
Deck Drain 33 bbl/day 1.4 bbl/hr 3,960 bbl 33 bbl/day 1.4  bbl/hr 3,960 bbl 33 bbl/day 1.4  bbl/hr 3,960 bbl 33 bbl/day 1.4  bbl/hr 3,960 bbl 


D003 
Sanitary 29.5 bbl/day 1.2 bbl/hr 3,540 bbl 29.5 bbl/day 1.2 bbl/hr 3,540 bbl 29.5 bbl/day 1.2 bbl/hr 3,540 bbl 29.5 bbl/day 1.2 bbl/hr 3,540 bbl 


D004 
Domestic 295 bbl/day 12.3 bbl/hr 35,400 bbl 295 bbl/day 12.3 bbl/hr 35,400 bbl 295 bbl/day 12.3 bbl/hr 35,400 bbl 295 bbl/day 12.3 bbl/hr 35,400 bbl 


D005 
Desal / Evaps 1,742 bbl/day 72.6 bbl/hr 209,040 bbl 1,742 bbl/day 72.6 bbl/hr 209,040 bbl 1,742 bbl/day 72.6 bbl/hr 209,040 bbl 1,742 bbl/day 72.6 bbl/hr 209,040 bbl 


D006 
BOP 12.6 bbl/test 12.6 bbl/test 113 bbl 12.6 bbl/test 12.6 bbl/test 113 bbl 12.6 bbl/test 12.6 bbl/test 113 bbl 12.6 bbl/test 12.6 bbl/test 113 bbl 


D007 
Boiler 1.3 bbl/day 0.05 bbl/hr 151 bbl 1.3 bbl/day 0.05 bbl/hr 151 bbl 1.3 bbl/day 0.05 bbl/hr 151 bbl 1.3 bbl/day 0.05 bbl/hr 151 bbl 


D008 
Fire Test Water 36 bbl/test 36 bbl/test 607 bbl 36 bbl/test 36 bbl/test 607 bbl 36 bbl/test 36 bbl/test 607 bbl 36 bbl/test 36 bbl/test 607 bbl 


D009-1 
Generators - 1 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 


D009-2 
Generators - 2 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 17,486 bbl/day 714 bbl/hr 2,098,320 bbl 


D009-3 
SCR & A/C 20,571 bbl/day 857 bbl/hr 2,468,520 bbl 20,571 bbl/day 857 bbl/hr 2,468,520 bbl 20,571 bbl/day 857 bbl/hr 2,468,520 bbl 20,571 bbl/day 857 bbl/hr 2,468,520 bbl 


D009-4 
Air Comp 17,142 bb/day 714 bbl/hr 2,057,040 bbl 17,142 bb/day 714 bbl/hr 2,057,040 bbl 17,142 bb/day 714 bbl/hr 2,057,040 bbl 17,142 bb/day 714 bbl/hr 2,057,040 bbl 


D009-5 
Cement Unit 343 bbl/day 14.3 bbl/hr 1,715 bbl 343 bbl/day 14.3 bbl/hr 1,715 bbl 343 bbl/day 14.3 bbl/hr 1,715 bbl 343 bbl/day 14.3 bbl/hr 1,715 bbl 


D009-6 
A/C & Refer 34,286 bbl/day 1,428 bbl/hr 4,114,320 bbl 34,286 bbl/day 1,428 bbl/hr 4,114,320 bbl 34,286 bbl/day 1,428 bbl/hr 4,114,320 bbl 34,286 bbl/day 1,428 bbl/hr 4,114,320 bbl 


D010 
Ballast Water variable variable 37,915 bbl variable variable 37,915 bbl variable variable 37,915 bbl variable variable 37,915 bbl 


D011 
Bilge Water 754 bbl/day 31.4 bbl/hr 90,714 bbl 754 bbl/day 31.4 bbl/hr 90,714 bbl 754 bbl/day 31.4 bbl/hr 90,714 bbl 754 bbl/day 31.4 bbl/hr 90,714 bbl 


D012 
Cement Slurry 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 


D013-1 Cuttings 5,006 bbl 47.2 bbl/hr 5,006 bbl 5,005 bbl 47.1 bbl/hr 5,005 bbl 5,089 bbl 48 bbl/hr 5,089 bbl 5,089 bbl 48 bbl/hr 5,089 bbl 


D013-2 Fluids 3,124 bbl 29.5 bbl/hr 3,124 bbl 3,123 bbl 29.4 bbl/hr 3,123 bbl 3,207 bbl 30.2 bbl/hr 3,207 bbl 3,207 bbl 30.2  bbl/hr 3,207 bbl 


D013-3 Cement 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 
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Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


Page 18 


II.A.12.c. 


The calculations of maximum concentrations must be based on the 


amount of chemical additives added to the volume of the waste 


stream discharged. The permittee must include the chemical 


additive implementation procedures, calculation methods, record 


keeping and reporting procedures in the BMP Plan. 


Drilling Fluids Plan, 


Documentation & 


Recordkeeping –Section 11 


Page 50 


II.N.3. 


Best Management Practices for All Facilities. New facilities that 


do not meet the threshold requirements regarding the amount of 


water withdrawn or percentage of water withdrawn for cooling 


water purposes in subsection N.1. above, and existing facilities, 


are required to implement best management practices to minimize 


the impingement mortality and entrainment of all life stages of fish 


and shellfish in accordance with the Best Management Practices 


Plan requirements, Section IV.B.5. New facilities that meet the 


threshold requirements are also are required to implement the Best 


Management Practices Plan requirements, Section IV.B.5., in 


addition to the other Cooling Water Intake Structure Requirements 


in Attachment 3 of this general permit. 


Non-Applicable 


 


Cooling Water Intake 


Structure – Section 9.1 


 


Page 56 


IV.B.1. 


The permittee must develop and implement a BMP Plan which 


achieves the objectives and specific requirements listed below. 


The permittee must operate the exploratory facility in accordance 


with its current BMP Plan or in accordance with subsequent 


amendments to the BMP Plan. The permittee must ensure that the 


BMP Plan incorporates practices to achieve the objectives and 


specific requirements listed below. The BMP Plan must be 


submitted with the Notice of Intent (NOI).  


BMP Plan Development and 


Implementation - Section 2 


IV.B.2. The permittee must certify and notify the Director in writing that 


the BMP Plan is on-site at least 7 days prior to any authorized 


discharge under this general permit. The certification must identify 


the NPDES permit number and be signed in accordance with the 


Signatory Requirements of Section VI.E.  


Certification Statement – 


Section 2.3  


IV.B.3 Through implementation of the BMP Plan, the permittee must: 


a. Prevent or minimize the generation and the potential for the 


release of pollutants from the exploratory facility to the 


waters of the United States through normal operations and 


ancillary activities; and 


Discharge Management- 


Section 4.3  


b. Ensure that methods of pollution prevention, control, and 


treatment will be applied to all wastes and other substances 


discharged. 


Regulated Discharges-


Section 7 
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Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.4 


Page 56-57 


The permittee must develop and amend the BMP Plan consistent with the 


following objectives for the control of pollutants. 


a. The number and quantity of pollutants and the toxicity of effluent 


generated, discharged or potentially discharged at the exploratory 


facility must be minimized by the permittee to the extent feasible 


by managing each waste stream in the most appropriate manner. 


Discharge Management – 


Section 4.1 


 


b. Under the BMP Plan, and any Standard Operating Procedures 


included in the BMP Plan, the permittee must ensure proper 


operation and maintenance of the exploratory facility. 


Fluids Management – Section 


6, Operating Practices – 


Section 7 


c. The permittee must establish specific objectives for the control of 


pollutants by conducting the following evaluations. 


1. Each facility component or system must be examined for its 


waste minimization opportunities and its potential for causing a 


release of significant amounts of pollutants to waters of the 


United States due to equipment failure, improper operation, and 


natural phenomena such as rain or snowfall, etc. The 


examination must include all normal operations and ancillary 


activities including loading or unloading operations or spillage 


or leaks. 


Preventive Maintenance and 


Operation – Section 9 


2.  Where experience indicates a reasonable potential for 


equipment failure, natural condition (e.g., precipitation), or 


other circumstances to result in significant amounts of 


pollutants reaching surface waters, the Plan should include a 


prediction of the direction, rate of flow and total quantity of 


pollutants which could be discharged from the facility as a 


result of each condition or circumstance. 


Equipment Failure and 


Repair – Section 10  


IV.B 5. 


Page 57 


 


The BMP Plan must be consistent with the objectives listed above and the 


general guidance contained in the publication entitled Guidance Manual 


for Developing Best Management Practices (BMPs) (USEPA, EPA 833-


B-93-004, 1993) or any subsequent revisions to the guidance document. 


The BMP Plan must:  


a. Be written in narrative form and must include any necessary plot 


plans, drawings or maps, and must be developed in accordance with 


good engineering practices. The BMP Plan must be organized and 


written with the following structure: 


BMP Plan, Appendices, and 


Referenced Documents – 


Section 13  







Best Management Practices Plan 


Chukchi Sea, MODU Polar Pioneer 


AKG-28-8100 – Polar Pioneer 


April 2015 – Version 2015-1 Page III of VIII 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5. 


Page 


57-58 


 


1. Name and location of the facility. Exploration Program -


Section 1 


2. Statement of BMP policy. BMP Policy - Section 2.1 


3. Structure, functions, and procedures of the BMP 


Committee which is responsible for developing, 


implementing and maintaining the BMP Plan. 


BMP Plan Development and 


Implementation - Section 2,  


4. Specific management practices and standard operating  


procedures to achieve the above objectives, including, 


but not limited to, the following: 


i. modification of equipment, facilities, technology,, 


processes, and procedures, 


Discharge Management – 


Section 4.1,  


Operating Practices for 


Regulated Discharges – 


Section 7 


ii. reformulation or redesign of products, 


iii. substitution of materials, and 


iv. improvement in management, inventory control, 


materials handling or general operational phases of 


the facility. 


5. Risk identification and assessment. Facility Security and Vessel 


Support – Section 3 


6. Reporting of BMP incidents. The written reports must 


include a description of the circumstances leading to the 


incident, corrective actions taken and recommended 


changes to operating and maintenance practices and 


procedures to prevent recurrence. 


Equipment Failure and 


Repair – Section 10, 


Documentation and 


Recordkeeping –  


Section 11, 


Training – Section 12 


7. Materials compatibility. Discharge Management – 


Section 4.1 


8. Good housekeeping. Housekeeping -Section 8 


9. Preventative maintenance. Maintenance - Section 9 


10. Inspections and records.  Documentation –  


Sections 4.6 and 11.3 


11. Security. Discharge Management -


Section 4.3 


12. Employee training. Training - Section 12 
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Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5. 


Page 


58-59 


b. Include the following provisions concerning BMP Plan review: 


1. Annual review by exploratory facility engineering staff 


and the exploratory facility manager.  


BMP Plan Modification & 


Annual Review – 


Section 14 


2. Annual review and endorsement by the permittee’s 


BMP Committee. 


3. Include a statement that the above annual reviews have 


been completed and that the BMP Plan fulfills the 


requirements set forth in this permit. The statement shall 


be certified by the dated signatures of each BMP 


Committee member as certification of the annual 


reviews. 


BMP Plan Certification 


Statement- Section 2.3 


4. The permittee must submit a copy of the annual 


certification statement to the Director with the 


December DMR. 


c. Establish specific best management practices to meet the 


objectives identified above, addressing each component or 


system capable of generating or causing a release of 


significant amounts of pollutants, and identifying specific 


preventative or remedial measures to be implemented. 


Equipment Failure and Repair 


– Section 10 


d. Establish specific best management practices or other 


measures which ensure that the following specific 


requirements are met:  


1. Ensure proper management of solid and hazardous waste 


in accordance with the regulations promulgated under the 


Resource Conservation and Recovery Act (RCRA). 


Management practices required under RCRA regulations 


shall be referenced in the BMP Plan. 


Discharge Management – 


Section 4.1,  


 


Operating Practices – Section 


7.2,  


Referenced Documents –  


Section 13 


 


 2. Reflect requirements for oil spill response plans under 30 


CFR Part 254 and 33 CFR Part 154 and may incorporate 


any part of such plans into the BMP Plan by reference. 


3. Reflect requirements for storm water control under 


Section 402(p) of the Act and the regulations at 40 CFR 


122.26 and 122.44, and otherwise eliminate to the extent 


practicable, contamination of storm water runoff. 
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Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Plan 


Section 


IV.B.5.d. 


Page 59 


4. Reflect requirements for air emissions under applicable 


state and federal air quality regulations and permits. 


Referenced Documents -


Section 13 


5. Identify chemical additive inventory procedures (i.e., 


implementation procedures, calculation methods, 


record-keeping and reporting procedures) to ensure 


compliance with the Section II.A.12. of this general 


permit.  


Drilling Fluids Plan (DFP) 


6. Select and implement cooling water intake structure 


design and construction technologies or operational 


measures for minimizing impingement mortality and 


entrainment of fish and shellfish. 


Preventive Maintenance – 


Section 9 


7. Ensure that intake/exchange activities minimize the risk 


of introducing non-indigenous/invasive species to the 


Chukchi Sea. 


Operating Practices – Section 


7.1 


IV.B.5 


Page 59-


60 


e. Include the following specific BMPs:  


 1. Ensure that solid, sludges, or other pollutants removed 


in the course of treatment or control of water and 


wastewaters are disposed of in a manner such as to 


prevent any pollutant from such materials from entering 


navigable waters. 


Discharge Management – 


Section 4 


 2. Separate used motor oil from deck drainage collection 


systems. 


Not Applicable 


 


 3. Minimize wastewater treatment system upsets by the 


controlled usage of deck drainage washdown detergents 


and of ice prevention materials to ensure worker safety on 


decks and work areas. 


Deck Drainage – Section 7.2 


 4. Reduce oil spillage and oil leaks from pump bearings 


and seals through the use of good prevention techniques 


such as drip pans and other handling and collection 


methods. 


Preventive Maintenance– 


Section 9 
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Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Best Management Plan 


Section 


  5. If oil is used as a spotting fluid, careful attention to the 


operation of the drilling fluid system could result in the 


segregation from the main drilling fluid system of the 


spotting fluid and contaminated drilling fluid. Once 


segregated, the contaminated drilling fluid can be disposed 


of in an environmentally acceptable manner. 


Not Applicable 


 6. When possible, substitute standard drill pipe threading 


compound (pipe dope) with “toxic metals free” pipe dope. 


Preventive Maintenance - 


Section 9 


 


 


IV.B.5.e. 


Page 60-


61 


 7. Careful application of standard drill pipe dope to 


minimize contamination of receiving water and drilling 


fluids. 


 8. Substitute diesel oil with less toxic mineral oil or 


synthetic based material in drilling fluid applications. 


Drilling Fluids Plan 


 


 
 9. When possible, substitute standard drilling fluid additives 


with less toxic additives. 


 10. Careful handling of drilling fluid materials and treatment 


chemicals to prevent spills. 


Housekeeping Practices - 


Section 8.2 


 11. Use of local containment devices such as liners, dikes 


and drip pans where chemicals are being unpackaged and 


where wastes are being stored and transferred. 


Housekeeping Practices – 


Section 8.3 


 12. Install treatment devices for deck drainage to reduce or 


remove pollutants in the discharges (e.g., oil/water 


separators, sediment tanks/basins, or detention ponds). 


Deck Drainage -Section 7.2 


 13. Maintain proper cathodic protection to prevent the 


corrosion of the ship’s hull. 


Cathodic Protection –  


Section 9.8 
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Best Management Plan – Permit by Reference Table 


Permit 


Cite 


Permit Special Conditions: 


Best Management Practices Plan Requirements 


Best Management Plan 


Section 


IV.B.6. 


Page 60 
The permittee shall maintain a copy of the BMP Plan at the 


exploratory facility.  


BMP Plan Development and 


Implementation -Section 2 


IV. B.7. 
The permittee shall amend the BMP Plan whenever there is a change 


in the exploratory facility or in the operation of the exploratory 


facility that materially increases the generation of pollutants or their 


release or potential release to the receiving waters. The permittee 


must also amend the BMP Plan, as appropriate, when facility 


operations covered by the BMP Plan change. Any such changes to 


the BMP Plan must be consistent with the objectives and specific 


requirements listed above. Any changes to the BMP Plan must be 


reported to the Director in writing. 


BMP Plan Modification and 


Annual Review -Section 14 


IV.B.8. 


Page 61 


All changes in the BMP Plan must be reviewed by the exploratory 


facility engineering staff, exploratory facility manager and the BMP 


Committee. The amended BMP Plan must include a certified 


statement that the above reviews have been completed and that the 


BMP Plan fulfills the requirements set forth in this general permit. 


The certified statement must include the dated signatures of each 


BMP Committee member as certification of the reviews of the 


amended BMP Plan. All changes in the BMP Plan must be reported 


to the Director in writing with the annual certification required under 


Paragraph B.5.b. above. The permittee must submit a copy of the 


certified statement and a report of all changes in the BMP Plan to the 


Director and DEC with the December DMR. 


BMP Plan Development and 


Implementation –Section 2 
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Chukchi Sea General Permit No.: AKG-28-8100 


Polar Pioneer BMP Revision Summary Table 


 


Revision 


Number 


Revision 


Date 
Revision Reason 
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1. Shell Exploration Program 


This section identifies Shell Gulf of Mexico, Inc. (Shell) as the operator for the Chukchi Sea Exploration 


Program and as holding the Notice of Intent for Authorization to Discharge under the National Pollutant 


Discharge Elimination System (NPDES) for Oil and Gas Exploration Facilities on the Outer Continental 


Shelf in the Chukchi Sea, Alaska, General Permit (GP) AKG-28-8100.  


1.1 Sub-Contracts 


Shell has contracted with Transocean Offshore Deepwater Drilling, (Transocean) is the owner of the drill 


platform, MODU (Mobile Offshore Drilling Unit) Polar Pioneer (Polar Pioneer), for all operations of the 


vessel during transit and while Chukchi Sea exploration activities are being conducted. Transocean has 


specific corporate policies in place that provide for training manuals and programs related to safety & 


environmental risk assessments and compliance tracking systems as it applicable to all oil and gas 


exploration operations. Diagrams related to operations and maintenance of all discharges from the Polar 


Pioneer can be found in Appendix A.  


Facility location, permittee name, and facility (rig) owner are listed in Table 1-1 below: 


Table 1-1 Operating Company 


Facility Location 
Burger Prospect of the Chukchi Sea. 


Well locations per lease block are specified in Table 1-2. 


NPDES General Permit 


Number 
NPDES GP (AKG-28-8100) effective November 28, 2012.  


NPDES Permittee Shell Gulf of Mexico, Inc. (Shell) 


Facility (Rig) Owner Transocean Offshore Deepwater Drilling (Transocean)  


Facility Name  MODU Polar Pioneer 


1.2 Exploration Wells Location 


Shell currently plans to drill four exploratory wells in the Burger Prospect of the Chukchi Sea. The 


prospect location is depicted in Figure 1-1 and specific well locations are identified in Table 1-2. 
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Table 1-2 Shell Exploration Wells 


Wells 


Covered by 


Plan  


Area 


Lease 


Block 


(Surface) 


Surface Locations (NAD 83)* 


OCS-Y Number 
Latitude (N) Longitude (W) 


Burger F Posey 6714 71° 20' 13.96" 163°12' 21.75” OCS-Y-2267 


Burger J Posey 6912 71° 10' 24.03" 163°28' 18.52” OCS-Y-2321 


Burger S Posey 6762 71° 19' 25.79" 163°28' 40.84” OCS-Y-2278 


Burger V Posey 6915 71° 10' 33.39" 163°04' 21.23” OCS-Y-2324 


Note:  * North American Datum 1983 
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Figure 1-1 Exploration Drilling Program Location Map 
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2. BMP Plan Development and Implementation  


Development and implementation of the Best Management Practices (BMP) Plan was based on 


requirements as described in 40 Code of Federal Regulation (CFR) 435 (Addendum B to Appendix 7 to 


Subpart A), guidance provided in the United States Environmental Protection Agency’s (EPA) “Guidance 


Manual for Developing Best Management Practices (BMP)” (EPA 833-B-93-004), and a review of the 


facility operations. 


This facility has implemented a BMP system in conjunction with the required monitoring of all effluent 


discharges under the NPDES GP. The monitoring program is described in Section 4, Discharge 


Management; Section 6, Fluids Management; and Section 7, Operating Practices for Regulated 


Discharges. Practices and management to ensure compliance with other Federal requirements, such as: 


solid and hazardous waste regulations promulgated under the Resource Conservation and Recovery Act, 


oil spill response regulations found under 30 CFR Part 254 and 33 CFR Part 154, air quality emissions in 


accordance with state and federal air quality regulations, and storm water control under Section 402(p) of 


the Clean Water Act and the regulations of 40 CFR 122.26 and 122.44 are incorporated by reference if 


applicable (See Reference Documents, Section 13). 


2.1 Implementation 


Implementation of the BMP will be introduced to each employee during the training as described in 


Section 12. The BMP policy statement will be posted in key rig locations. Vessel diagrams are found in 


Appendix A. 


The Quality Assurance Project Plan (QAPP) is available for review as a separate plan. 


The standard operating procedures (SOPs) permit(s) to work (PTWs), and local work instruction(s) 


(LWIs) for the Polar Pioneer, applicable to this BMP plan, are incorporated into this plan by reference, 


will be onboard the vessel and may be requested for review. 


Safety Data Sheets (SDS), formerly known as Material Safety Data Sheets (MSDS) for chemicals in use 


aboard the Polar Pioneer are available online, with a back-up copy available from the Safety Training 


Supervisor. Chemicals onboard are managed per permit requirements and manufacturer’s safety data 


information.  


2.2 General Reporting 


General inspection reports/records must be completed and kept as part of this BMP Plan during drilling 


operations; a copy is maintained on the rig. In addition, the following records will be completed if 


equipment operation occurs and maintained as part of the BMP on the rig and submitted at the end of the 


season to Shell. 


o NPDES Master Spreadsheet – for monitoring and visible observations (foam, floating solids, and 


sheen), flow rates, and samples taken. 


Shell and Transocean will have full time Health, Safety and Environmental (HSE) staff on board during 


the operational periods.  
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2.3 Policy Statement 


BMPs have been developed and implemented on the drillship Polar Pioneer to control and minimize 


waste generated and discharged during drilling exploration activities offshore of the OCS in Alaska. 


These practices are part of the pollution prevention program on the Polar Pioneer resulting in the 


following: (1) savings in materials, pollution control, and potential liability costs; (2) enhanced work 


environment safety; and (3) increased efficiencies. 


This BMP Plan, written to address NPDES GP requirements, will be improved upon continuously with 


the goal of always controlling generated waste and reducing liquid and solid discharges. This BMP Plan 


includes guidelines for good housekeeping, equipment maintenance and operation, cleanup of spills and 


leaks, inspections, recordkeeping and training. 


2.4 BMP Plan Committee 


The BMP Committee is responsible for the development, implementation, and continued review and 


modification of this BMP Plan. The BMP Committee is comprised of: 


• Shell Wells Superintendent (Polar Pioneer) – Eric Whatley  


• Shell Engineering Team Lead– Jason Smith 


• Shell Environmental Manager – Lucy Jean  


• Transocean Rig Superintendent – Samuel Beverland 


The BMP Committee has delegated the actual work of preparing the BMP Plan and overseeing its 


implementation to contractor support staff. The BMP Committee members listed above have direct 


responsibility or relevant knowledge to this BMP Plan. In addition to the committee members above, the 


owner operating company, Transocean, has reviewed the BMP Plan and is contractually committed to 


comply with the applicable regulatory requirements. 


2.5 BMP Certification Statement 


The annual review of this BMP Plan and audit of the Polar Pioneer has been completed by Shell and, as 


applicable, any other individuals responsible for the development and implementation of the BMP Plan. 


This BMP Plan fulfills the requirements for BMP Plans set forth by 40 CFR 435, NPDES GP, and the 


guidelines set forth within EPA’s Guidance Manual for Developing Best Management Practices (BMP) 


written in October 1993. Upon signature by the following responsible individuals, this BMP will be 


considered complete and in effect. 
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Table 2-1 BMP Committee Signatures 


Name Title Signature Date 


Eric Whatley Shell Wells Superintendent   


Jason Smith Shell Engineering Team Lead   


Lucy Jean Shell Environmental Manager   


Samuel 


Beverland 
Transocean Rig Superintendent   


 


The Shell Wells Superintendent, Engineering Team Lead, and Environmental Manager, and Transocean 


Rig Superintendent are primarily responsible for knowing the content of this BMP. BMP Plan 


modifications and annual review requirements are detailed in Section 14 of this plan. 
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3. Facility Security and Vessel Support 


Shell and Transocean have existing security plans in place that restrict access to the Polar Pioneer and 


employees with access to the ship are provided training on these security measures. Aboard the vessel, 


management of security is handled by Transocean. Transocean also has detailed confidential security 


plans in place per the requirements set forth under the applicable regulations of Maritime Security 


(MARSEC) and International Ship and Port Security.  


3.1 Facility Description 


The Polar Pioneer is a mobile, floating offshore oil and gas drill platform designed for operations in 


harsh conditions such as the Arctic Ocean and North Sea. The Polar Pioneer is a floating semi-


submersible drill platform with an 8-point anchored mooring system and is also equipped with four 


dynamic positioning thrusters.  The Polar Pioneer has all necessary drilling equipment and ancillary 


facilities to drill, evaluate and abandon exploration wells in the Chukchi Sea of Alaska. The key 


components specific to compliance with the NPDES GP for the Polar Pioneer include but are not limited 


to: 


• vessel capacity for approximately 114 people, 


• drilling fluid handling system and solids control equipment, 


• potable water system, 


• non-contact equipment cooling supplied by general seawater service line (GSSL), 


• system isolation by lock out/ tag out (LO/TO) procedures, 


• deck drainage processor, 


• oil/water separator (OWS), and 


• marine sanitation device (MSD) with reverse osmosis (RO) system. 


Diagrams of the Polar Pioneer are found in Appendix A.  


3.2 Planned Vessel Support 


During exploration drilling operations, the Polar Pioneer will be attended by support vessels that will be 


used for ice management, anchor handling/ice management, oil spill response, refueling, resupply, waste 


removal, discharge monitoring and servicing of the drilling operations. 
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4. Discharge Management  


This section and Section 7 describe the discharges for which Shell has requested authorization from EPA; 


including the discharge limits for each effluent stream, how effluents will be monitored, and what actions 


will be required if permit limits are exceeded. Chukchi Sea discharge monitoring must follow the 


procedures specified in the NPDES GP. For specific explanation of the requirements of the NPDES GP, 


please refer to NPDES AKG-28-8100. For specifics on testing and sampling procedures, please refer to 


the QAPP. 


4.1 Effluent Disposal 


For the purpose of this document, an effluent is a discharged wastestream, or water, that is regulated The 


volume and concentration of discharge varies over time to some extent depending on the activities being 


conducted onboard the vessel. While in transit to theater, the vessel will comply with MARPOL 


regulations for discharging waste streams. Specific tasks will be followed so all NPDES requirements are 


meet for continuous discharges before the transition from MARPOL to NPDES GP requirements 


Concentrations of effluent parameters are reported electronically each month on the Discharge 


Monitoring Report (net DMR) and submitted to EPA.  


4.2 Disharges Covered by BMP Plan 


Specific drilling fluid formulations, equipment, processes, material capatibility, chemical products, and 


processes have been examined to minimize estimated volume and toxicity for each discharge. Transocean 


has procedures that address handling of solids, sludges, or other wastes generated from facility operation 


or treatment systems. These procedures are written to prevent any pollutant from such materials to be 


spilled or have an uncontrolled release. If there is any indication of hydrocarbon contamination, more 


frequent static sheen tests will be performed and if warranted, the LWI for Zero Discharge of Muds and 


Cuttings will be followed.Discharges Covered by BMP Plan 


During the operating season, Shell plans to drill in waters of greater than 40 meters. A vessel anchored or 


in dynamic positioning over a lease block is considered a point source and is regulated by EPA under the 


NPDES GP and also 40 CFR Part 435. The following lists the types of discharges the Polar Pioneer has 


requested authorization for under the NPDES GP for Oil and Gas facilities on the OCS in the Chukchi 


Sea: 


Discharge Number   Discharge Description 


001    Drilling Fluids and Drill Cuttings 


002    Deck Drainage 


003    Sanitary Wastes 


004    Domestic Wastes 


005    Desalination Unit Wastes 


006    Blowout Preventer Fluid 


007    Boiler Blowdown 
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008    Fire Control Test Water 


009     Non-contact Cooling Water 


010    Uncontaminated Ballast Water 


011     Bilge Water 


012    Excess Cement Slurry 


013     Muds, Cuttings, Cement at Seafloor 


During Shell’s exploration operations in the Chukchi Sea, only water-based drilling fluid will be used and 


discharged from the Polar Pioneer.  


In accordance with the Shell Burger Prospect Drilling Fluids Plan, no mineral oil pills will be used during 


the exploration drilling program.  


4.3 Discharge Security  


Procedures and measures have been instituted to address the potential for an accidental discharge to the 


Chukchi Sea. General protocols to prevent the accidental discharge of non-permitted material include, but 


are not limited to; trained personnel, suitable chemical/hazardous materials storage areas and containers, 


sump alarms, door sills, high level alarms, placards to promote awareness of permit requirements, 


operating treatment systems, system isolation (lockout /tag Out), and identification tags located on valves 


that could lead to potential discharges to the Chukchi Sea. Placards are posted on the facility identifying 


NPDES GP discharge points. The NPDES Compliance Specialist will confir and coordinate with the on-


board Transocean staff  involved with any discharge being conducted. The NPDES Compliance Specialist 


will be onboard to verify NPDES GP conditions and requirements are met.  


For specific guidance and understanding of sampling requirements, refer to the specific requirements set 


forth in the QAPP. 


4.4 Discharge Volumes by Method, Equipment and Location 


Authorized discharges occur from a limited number of discharge points located on the vessel. The 


volumetric amount of these waste discharges will either be read from independent digital flowmeters or 


estimated by calculation. To more precisely measure and monitor individual discharges, flow meters and 


temperature indicators have been installed at several locations. Discharge volumes not metered will be 


estimates, based on calculations. All estimated or metered discharge volumes will be recorded on the 


NPDES Master Spreadsheet by the NPDES Compliance Specialist.  These recorded data are then 


submitted by the NPDES Compliance Specialist to Shell for submission to EPA through the netDMR. 


4.4.1 D001 Water Based Drilling Fluids and Drill Cuttings: 


Aboard the Polar Pioneer, the discharge caisson (shunt line) is a consolidated discharge point 


(outfall). Drilling fluids and cuttings are collected aboard the vessel to a point on the main deck 


near the Mud Room. A 15-inch outer diameter (OD) pipe exits the bottom of the deck underneath 


the main hull and is routed to the Port second support leg. The shunt line is welded to the Port #2 
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Column from top to bottom and extends approximately 28 feet below the surface of the water 


when the vessel is at normal operating draft. Since the shunt remains open to the sea at all times, 


the shunt line is constantly filled with sea water to mean sea level. This shunt is not equipped 


with a “float” valve; it is open to the sea so the waste streams are continually discharged below 


sea level. 


4.4.2 D002 Deck Drainage: 


The external deck drainage system includes a vacuum system with some effluent piped to a 


receiving tank and then processed as necessary prior to being discharged into receiving waters. 


Internal deck drains are piped to receiving tanks with the effluent then being directed to the deck 


drain collection tanks and finally processed through the “Deck” OWS prior to discharge to the 


receiving waters. Any free-oil remaining in the water is piped to Tank Port #17 for further 


processing prior to discharge to receiving waters.  The NPDES Compliance Specialist will 


predetermine each discrete specific deck surface area and based on depth of precipitation 


retained, will determine the approximate retained volume.  The NPDES Compliance Specialist 


will conduct either a visual or static sheen test depending on ambient conditions and will 


determine the method of disposal.  If the retained volume passes the sheen test, the retained 


precipitation will be direct disposed to the surface of the receiving waters.  If the retained volume 


fails the sheen test, the effluent will be routed to the OWS for processing prior to discharge to the 


receiving waters.  The OWS discharge is a separated line attached to the inboard side of the 


Starboard #4 Column and discharges to the surface of the receiving waters.  The estimated 


volume of discharge completed by the NPDES Compliance Specialist will be recorded on the 


NPDES Master Spreadsheet prior to discharge. 


4.4.3 D003 Sanitary Waste: 


Sanitary waste is handled by a low flush vacuum system which utilizes both freshwater to move 


waste to the MSD unit. Discharge waste from the MSD will be monitored by a flow meter and 


sampled using a port located near the flow meter and upstream of the discharge point (outfall). 


Discharge of the MSD to receiving waters occurs beneath the Port #1 Column under the Port 


Pontoon approximately 110 feet below the surface of the receiving waters. In addition, the 


effluent from the MSD can also be routed for holding onboard the Polar Pioneer in an existing 


drill water tank located in the Port Pontoon. Discharge from this tank can be either offloaded for 


onshore processing or be routed overboard.  


4.4.4 D004 Domestic Waste: 


Domestic wastewater collected throughout the ship from sinks, showers, eyewash stations, 


decontamination showers and laundry facilities, flows to one main line located in the main engine 


room. Because the effluent does not require processing, it will be discharged to receiving waters 


and monitored during daylight hours. Volume of domestic waste is based on the marine industrial 


standard of 75 gallons of effluent per person per day.  Daily domestic water use is closely 


monitored by Transocean due to vessel stability and buoyancy requirements and is re-determined 


and monitored daily by Transocean. As a final method of determining freshwater use by 
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recording the previous day potable water volume plus water made minus current day volume will 


equal the amount of domestic wastewater used. Domestic waste is discharged to the receiving 


waters approximately 110 feet below the surface beneath the Starboard Pontoon. 


4.4.5 D005 Desalination Unit Waste: 


Desalination unit wastes will consist of wastewater associated with the process of creating 


freshwater from seawater.  The effluent waste consists of residual high-concentration brine 


similar to seawater in chemical composition and is discharged to the receiving waters.  


Desalination wastewater generated by the evaporators is discharged to the GSSL and discharged 


to the receiving waters approximately 28 feet below the surface. 


4.4.6 D006 Blowout Preventer Fluid: 


The BOP will be function tested prior to being deployed.  Once deployed and in in place, it will 


only be used when a well condition, such as uncontrolled release of formation gas or fluid, 


requires an immediate shut-in of the well to prevent a catastrophic event from occurring.  


Regulations require the blow-out preventer to be function tested on a weekly basis and a complete 


pressure test to be performed bimonthly, unless an alternative time interval is authorized.  


BOP function test volumes vary depending on the specific section of the blowout preventer being 


tested.  Where the BOPs being deployed by Transocean will be newly constructed units, initial 


determination of the fluid volumes discharged will be based on the manufacturer’s specification 


sheet that has predetermined the discharge volumes per specific function test for each specific 


BOP.  The BOP discharge volumes may range from 1 gallon to approximately 60 gallons per 


BOP section; with a total estimated volume of all discharge fluid to be approximately 530 gallons 


per total BOP test.  Each mixture of BOP fluid is recorded by Transocean. Volume of BOP 


discharge during testing is estimated by the NPDES Compliance Specialist and recorded on the 


NPDES Master Spreadsheet. 


4.4.7 D007 Boiler Blowdown: 


Boiler blowdown operation is performed on a routine basis in order to control the formation of 


dissolved solids, to remove suspended solids and to properly maintain the internal components of 


each boiler per manufacturers operation and maintenance specifications. Coil Guard 400 is used 


to reduce the buildup of scale and remove solids from boilers. Prior to Transocean blowing down 


boilers, the NPDES Compliance Specialist will be notified so that all required samples and 


estimates of volumes can be performed.  Approximately 250 gallons of Boiler blowdown is 


discharged during each event and release approximately above the surface of the receiving 


waters.  
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4.4.8 D008 Fire Control Test Water: 


Transocean personnel may test the fire control systems onboard the Polar Pioneer once per week 


during drills. Seawater is drawn through a sea chest and pumped through the fire control system.  


The test water is then discharged directly overboard through fire hoses. Since Transocean 


randomly selects one fire station throughout the rig for testing, the NPDES Compliance Specialist 


will confirm with vessel personnel which and when that station will be tested.  While the fire test 


seawater is discharged from the hose directly overboard, the NPDES Compliance Specialist will 


perform a visual inspection and estimate volume by flow rate from the hoses multiplied by 


duration of time.  It is estimated that approximately 1,200 gallons of seawater are utilized for each 


test. 


4.4.9 D009 Non-contact Cooling Water: 


The Polar Pioneer utilizes an open-loop saltwater supply piping design that provides continuous 


saltwater flow throughout the rig for all onboard requirements except the fire control water. This 


General Seawater Service Line (GSSL) provides continuous flow for the Low Temperature Fresh 


Water Loop to cool the machinery systems. It is also a back-up system that provdes direct cooling 


to the entire rig in the event of a castastrophic  failure of the Low Temperature Fresh Water Loop. 


The advantage to the GSSL design in providing inherent system redundancy is due to the multiple 


(four) suction pumps that feed the system.  


Pumps are operated on a pressure demand basis in that pump utilization is based on system 


demand requirements with individual pumps operating in unison and/or independently based on 


overall demand requirements. The four pumps are located in the stern section of each pontoon 


with header pipes connected to the central loop. There are two additional branches to the GSSL; 


one branch is used to fill the drilling fluid pits with seawater if needed and also wash cuttings 


down the cuttings shoot or auger; the other branch of the GSSL is a supply line used for the 


drilling fluid and the rig brake heat exchangers. The rig brake has a primary fresh water cooling 


loop that flows through two saltwater heat exchangers that are supplied from the GSSL.  These 


two lines discharge through the secondary drilling fluid shunt located on the Port #2 Column after 


they are sampled. Sampling ports have been installed on two separate branches prior to co-


mingling with the drilling fluid and cuttings. 


In addition, a single discharge / return line is located on the Starboard #4 Column and serves as 


the primary discharge for the GSSL. The secondary discharge for the GSSL is a return line 


located on the Port #2 Column. Lastly, with multiple and redundant pumps connected to the 


GSSL, the ability to conduct required maintenance while the system is operating on any of the 


pumps without impacting the operation of the rig can be successfully accomplished due to the 


inherent redundancy of multiple pumps feeding the continuous loop. The system is designed to 


operate on minimal numbers of pumps but if system demand increases, additional pumps are 


automatically brought on line to meet the additional demand requirements. The end of the 


discharge of the GSSL is located approximately 28 feet below the surface of the receiving water. 
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4.4.10 D010 Uncontaminated Ballast Water: 


During operations, equipment and supplies will be loaded, unloaded or moved around the vessel, 


which changes the overall stability of the vessel.  In order to maintain safe operating conditions 


and to ensure proper stability of the vessel, seawater is constantly moved in and out of ballast 


tanks that are located in both pontoons. The Transocean Ballast Control Officer is responsible for 


ensuring the correct volume of seawater is loaded, transferred or discharged along with the 


specific tanks fluid is moved into/out of. Volume of seawater that enters or leaves the ballast tank 


will be calculated during discharge based on the tank size and capacity and is recorded by the 


Ballast Control Officer.  Ballast water discharge locations are found along the inboard sides of 


each pontoon, approximately 100 feet below the surface of the receiving waters. 


4.4.11 D011 Bilge Water: 


Bilge consists of water that collects in the lower internal parts of the drilling vessel and must pass 


through an oil/water separator prior to discharge.  All liquids that drain to the bilge will be 


processed through the OWS located in the Starboard #4 Column.  The oil collection tank is 


located directly below the separator.  As such, the bilge volume will be metered from the Oil 


Water Separator (OWS) located in the starboard stern and discharged below the ship’s waterline.  


The processed bilge water discharges to a separated line attached to the inboard side of the 


Starboard #4 Column and discharges to the surface of the receiving waters. 


 4.4.12 D012 Excess Cement Slurry: 


Prior to cementing operations, the Halliburton Cement Operator will provide the total volume of 


each chemical used during each specific cementing operation to the NPDES Compliance 


Specialist.  The chemical volumes and the total cement volume will be recorded on the NPDES 


Master Spreadsheet. After cement operations are completed, seawater is used to rinse cement 


tanks and lines.  Two tanks are used for cement operations, each have 10 barrels capacity.  


Discharge of excess cement slurry is through a temporary placed hose that is lowered to 


approximately 10 feet below the surface of the receiving waters adjacent to the Port #2 Column.  


4.4.13 D013 Muds, Cuttings, Cement on the Seafloor: 


All mud, cuttings and cement will be discharged at the seafloor in the early phases of drilling 


operations; before the riser is installed and during well abandonment and plugging. Total volume 


of mud and cuttings discharged will be recorded using the M-I SWACO ONE-TRAX Drilling 


Fluids Management System. ONE-TRAX will also calculate the concentrations of products added 


to this discharges.  The total volume of chemicals used in the cement will be provided to the 


NPDES Compliance Specialist from the Halliburton Cement Operator prior to cementing 


operations. 


The waste type, discharge equipment, volume method, outfall location and depth from the vessel are 


summarized in Table 4-1 and depicted in Appendix A. Additional detail is provided in Section 7.  
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Discharge volumes will vary per well drilled based on drill depth and well pressure. Table 4.2 in 


Appendix A provides discharge volume estimates per well, waste type and discharge rate. Independent 


digital flow meters along with temperature sensors have been installed in several outfall pipelines to more 


accurately monitor flow and temperature. The monitoring schedule and applicable discharge limits are 


provided in the QAPP tables for all authorized discharges.  
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Table 4-1 Waste Discharges by Type, Equipment, Method and Point Locations 


Waste Waste Type 
Discharge 


Equipment 
Volume Method 


Point Location / 


Depth 


001 
Drilling Fluids and 


Drill Cuttings 
Shunt Line 


Estimate: ONE-TRAX Software 


operational data input and Pit 


Volume Totalizer 


Port #2 Column 


approximately 28 feet 


below the surface 


002 Deck Drainage Direct / OWS 


Estimate: Total foot  area 


multiplied by actual depth of 


retained precipitation 


Direct discharge or 


surface, Starboard #4 


Column 


003 Sanitary Waste MSD Meter 


Port Pontoon, 


approximately 100 feet 


below surface 


004 Domestic Waste Direct 
Estimate: 75 gallons perday by 


POB 


Forward Port Pontoon  


and the Forward 


Starboard Pontoon, 


approximately 110 feet 


below surface 


005 
Desalinzation 


Water 


Evaporator 


Units 


 Estimate: based on 


manufacturers specification 


data 


GSSL, approximately 28 


feet below surface 


006 
Blowout Preventer 


Fluid 
BOP 


Estimate: Test fluid volume 


make-up / replacement 


measurement 


On Deck or below 


surface at top of well 


head 


007 Boiler Blowdown Boiler 


Estimate: Manufacture 


Certificate, make-


up/replacement estimate 


 Port and Starboard #4 


Column, Direct 


discharge approximately 


90 feet above surface 


008 
Fire Control 


System Test Water 


Overboard 


Deck Drain 


Estimate: Flow rate multiplied 


by duration 
Surface 


009 
Non-contact 


Cooling Water 


General Service 


Supply Line 
Meter 


Starboard #4 Column, 


approximately 28 feet 


below surface 


010 
Uncontaminated 


Ballast Water 
Ballast Tanks 


Estimate: Tank size and 


capacity 


Port and Starboard 


Pontoons, 


approximately 100 feet 


below surface 


011 Bilge Water OWS Meter 
Surface, Starboard #4 


Column 


012 
Excess Cement 


Slurry 
Cement Unit 


Estimate: Tank capacity 


volume 


Port #2 Column, 


approximately 10 feet 


below surface 
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4.5 Discharge Monitoring Reports 


Inspections of discharge sources include visible observations (foam, floating solids, and sheen), 


measurements, and sample collection and testing during operations. The information contained in the 


netDMR and written correspondence will routinely be submitted to Shell. At the completion of monthly 


data compilation, the following information will be submitted to EPA, per the reporting stipulations of the 


NPDES GP:  


• required sampling results and 


• data from samples collected more frequently than required by the NPDES GP. 


Facility personnel will follow standardized monitoring and sampling procedures related to each discharge 


and NPDES Compliance Specialists will be on-site to verify compliance to the provisions of the NPDES 


GP.  


4.6 Discharge Reporting and Notifications 


The NPDES GP requires that traceable records of routine and non-routine discharges be maintained. 


Shell’s operator reporting system will track and maintain on-site documentation for authorized 


discharges. The NPDES Master Spreadsheet is utilized to maintain a daily or weekly record of key 


discharges to assess compliance of drilling waste management during exploration activities. 


Shell is responsible for all compliance reporting to regulatory agencies. Monitoring results will be 


summarized and submitted monthly by the 20th day of the following month. Annual sampling results will 


be reported on the January DMR of the following year. All records of monitoring information shall be 


retained by the permittee at least 5 years from the date of the sample, measurement, report, or application. 


Noncompliance or change in discharge toxicity, as detailed in Section 11.3, will be reported to the EPA 


by telephone within 24 hours from the time of occurrence or as per permit requirements. This includes 


any unanticipated bypass or upset that exceeds discharge limitations in the permit or any violation of 


maximum daily discharge limitations for any of the pollutants requiring 24-hour reporting as listed in Part 


1 of the NPDES GP. 


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or 


modification occurs, the Shell Compliance Duty Officer (907-830-7435) must be called immediately.  
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5. Drilling Fluids and Solids Control Operation 


Drilling fluidsconsist of a base fluid along with various drilling fluid products that are used to control 


wellbore pressure, lubricate drill-string, remove cuttings, suspend solids, reduce fluid loss to formation 


and maintain formation integrity. Drilling fluid is sometimes referred to as drilling “mud” prior to the 


riser being set.  Drilling fluid, returned to surface from the wellbore, is separated from the formation 


cuttings at the shale shaker, limiting the amount of drilling fluid discharged with the cuttings. New 


drilling fluid and/or the base fluid is continually added to the surface system to maintain sufficient volume 


and reduce low gravity solids percentage during drilling operations.  


The solids control equipment (SCE) is used to maintain drilling fluid properties at required parameters. 


LGS, or Low Gravity Solids, comprised mostly of drill cuttings, are kept at a minimum in the active 


drilling fluid system with the SCE. Solids removal efficiency depends on the processing equipment and 


formation characteristics.  


Drilling fluid pits are used to store and recondition drilling fluids. This BMP covers active drilling fluid 


pits, reserve drilling fluid pits, the piping associated with drilling fluid transfer, and mixing apparatus. 


The active drilling fluid system feeds drilling fluid directly to the wellbore.  Reserve pits are used to store 


whole drilling fluid and specialized pills needed throughout the well. 


These cleaning methods shall include, but are not limited to, the following general procedures: 


• confined space entry permit, if entering a pit, and 


• approved cleaner, if needed and tracking the concentrations and volumes of cleaners used. 


BMPs for proper control and safe operational uses of the drilling fluid and the SCE involve securing 


valves and preventing unplanned discharges (see Section 9). All pits and flow lines are marked or 


identified and all discharge (dump) valves are identified and have redundant containment. Transocean’s 


written procedures for all drilling drilling fluid and solids control equipment are incorporated by reference 


into this BMP and provided in Section 13.0, Referenced Documents. 


5.1 Solids Control Equipment and Operation 


As drilling fluids return from the wellbore, the fluids pass through a series of equipment that removes the 


solids so the fluid can be reused. The primary solids removal equipment is the shale shakers which 


provide an initial separation of drilling fluids from drill cuttings. From the shakers, the drilling fluid is 


sent to the sand traps which are a series of three pits that allows solids to settle out. If the overall LGS 


percent starts to rise, the centrifuge can be used for additional processing. This equipment is intended to 


remove solids from the drilling fluid that has passed through the shale shakers.  


Low efficiency SCE results in high accumulated solids in the drilling fluid. If the solids cannot be 


removed by the SCE, the solids content and rheological properties of the drilling fluid must be controlled 


by adding fresh drilling fluid, base fluid and/or products to the drilling fluid system. In other words, SCE 


which operates with high efficiency can reduce the drilling fluid volume required to drill a given well, 


thereby minimizing the waste generated. 
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The operation of the SCE should be consistent with the manufacturer’s design criteria or 


recommendations. Equipment design and operation will depend on drilling fluid characteristics, mainly 


type, flow, density, and rheological properties. 


Policies and procedures are referenced in Section 13, Referenced Documents.  


5.2 Drilling Fluid Pit System 


The operation of the drilling fluid system should be consistent with the manufacturer’s design criteria or 


recommendations. Equipment design and operation will depend on drilling fluid characteristics, mainly 


type, flow, density, and rheological properties. Recognizing that each drilling operation is unique, the 


drilling fluid system should be designed and operated, to the extent practical, consistent with API RP 


13C. 


Agitators in drilling fluid pits help added drilling fluid products added to go into solution and to suspend 


solids. Without any agitation, excessive drill solids can accumulate in dead spaces of a drilling fluid pit. 


Drilling fluid pits also use gun lines to which circulate drilling fluid within the pit to help agitate fluid in 


corners and mix added drilling fluid products. Solids are typically drilled cuttings but may also include 


added materials such as barite, bentonite and calcium carbonate. At the completion of the well, drilling 


fluid pits are emptied and cleaned. 


5.3 Active and Reserve Pits  


The drilling fluid pits are used to condition and store drilling fluids. The active drilling fluid system feeds 


drilling fluid directly to the well bore through the drill string when circulating conventionally. The 


“active” pit system contains four pits in a rectangular room directly adjacent to the mix/sack/pump room. 


Reserve pits refer to pits that are not part of the active system. These pits can be used to store whole 


drilling fluid for fluid additions to the active system, as well as for storing excess and different fluids.  


There are two “active” pits located on the machinery deck and hold approximately 42,000 gallons of 


drilling fluid. In addition, four reserve pits, with a total storage capacity of approximately 60,000 gallons 


are also available. The reserve pits are located adjacent to the active pits. In addition, two storage drilling 


fluid tanks (P-12 and P-13) containing a total of approximately 121,000 gallons are fully enclosed and 


located in the lower hull (pontoon). Two storage tanks (S-13 and S-17) located below in the pontoons 


may be used for the storage of additional brine of approximately 230,000 gallons. Lastly, one slop tank 


(P-17) has storage capacity of approximately 74,000 gallons and three non-potable freshwater storage 


tanks (P-6, P-7 and S-6) of approximately 515,000 gallons are located in the lower hull (pontoon). 


 All drilling fluid pits and storage tanks are fully enclosed and have no exposure to the outside 


environment. All pits are considered confined space entry and are subject to applicable health and safety 


requirements. All testing of drilling fluids will be performed in the Mud Laboratory. Each pit has a 


sample point that will facilitate the collection of samples for required tests on the drilling fluid. The tests 


will be performed at a sink that will aid in the cleaning of the equipment after the tests are completed. 


Agitators are routinely used in drilling fluid pits to help keep solids in suspension. Each of the pits in the 


active and reserve systems has agitation to limit the buildup of solids. 
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5.4 Shale Shakers and Sand Trap 


The shale shakers, located on the main deck, are utilized to remove the cuttings from the drilling fluid 


returned from the well. The shale shaker design, together with the screen characteristics and the shale 


shaker deck angle, controls the size of the cuttings separation and the length of time that the drilling fluid 


and cuttings spend on the screen. Screen characteristics affecting the efficiency of cuttings separation 


include mesh size, conductance, number of layers, type of construction and non-blanked area. 


The goal of the shale shakers is to achieve high LGS removal efficiency, which results in solids as dry as 


possible (when discharged) and an optimum cut point. The screens on the shakers will be sized to handle 


the expected process rates for the drilling operation and maintain the required quality of the drilling fluid. 


The operation of the shale shakers must be balanced between the amount of low gravity solids (LGS) in 


the drilling fluid and the amount of drilling fluid retained on the discharged cuttings. A balance must be 


struck between the dryness of the cuttings (how much fluid is removed) and the carryover of fine solids in 


the drilling fluid, which degrades its quality and causes operational issues with the fluid. 


Drilling fluid, returned by the flow line and processed through the shale shaker equipment is then routed 


to the sand traps. The sand trap, which are located in a row parallel to and at the same location as the main 


pits (and upon which sit the shakers and various other SCE), have no agitation or jetting capability. The 


sand traps overflow into adjacent pits, routed by connecting troughs, returning into the active system or 


processed through additional drilling fluid cleaning equipment.  


5.5 Degasser and Discharge Pits 


After the drilling fluids passes over the shale shakers and flows into the sand traps, the returning fluids 


can be processed through the degasser before fluid is sent back into the active system.  


The degasser is used if gas from the wellbore is introduced into the drilling fluid system causing the 


weight of the drilling fluid to decrease. Fluid processed through the degasser will be returned back to the 


active pits.  
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6. Drilling Fluids Management 


Maintenance and operational requirements are covered by manufacturer’s manuals. The BMP plan 


addresses industry standard practices for active drilling fluid pits, reserve drilling fluid pits, the piping 


associated with drilling fluid transfer, blending apparatus, and solids control equipment. Proper pit 


maintenance and cleaning methods will minimize the potential for the build-up of drilling fluid solids and 


unnecessary discharge of drilling fluids. Proper fluid management minimizes the amount of drilling fluids 


adhering to drilled cuttings before discharge overboard, removes drill cuttings from the drilling fluids to 


prevent incorporation into the drilling fluid, and maximizes the recovery of drilling fluid for reuse. This 


will also minimize the potential for buildup of drill cuttings (including accumulated solids) in the active 


drilling fluid system. 


Prior to adding drilling fluid to any pit, it is standard practice to ensure that pits are clean and no fluid 


remains in the pit. Before fluid is added into any pit, all valves which would allow fluid to be discharged 


directly overboard will be securely closed. These valves will be labelled and tagged to reduce the 


potential of a non-permitted discharge. These valves will not be opened unless the NPDES Compliance 


Specialist is notified and all required samples and testing have been performed. 


6.1 Pit Cleanout  


At the end-of-well or if the drilling fluid being used must be swapped, the pits must be cleaned. This task 


will only be completed after approved by the NPDES Compliance Specialist and the Drilling Foreman. 


Once pits are emptied, water can be used to rinse pits for additional cleaning. Water used to rinse one pit 


will then be transferred to other pits which will reduce to over waste discharged. A hose can also be used 


to help clean the sides and remove build up.  


BMPs for drilling fluid pits focus on securing valves, proper operation and preventing unplanned 


discharges as part of general good housekeeping (see Section 8). Pits and lines are marked and the 


discharge (dump) valves will have placards and/or color-coded schemes. Written procedures for drilling 


fluid pits that are incorporated by reference into this BMP are provided in Section 13.0, Referenced 


Documents. General housekeeping practices for drilling fluid pits are listed in Table 6-1. 


Table 6-1 Housekeeping Practices for Drilling Fluid Pits  


BMPs for Housekeeping of Drilling Fluid Pits 


Surface Pits 


• A pressured water line will be used for general cleaning on and about the pit area, including the shaker and shaker 


screens.  


Subsurface Pits or Tanks 


• Written procedures will be followed for transferring and measuring volumes and agitating with internal gun lines.  


• Cleanout procedures will require special entry permits and will be reviewed by permit(s) to work (PTW) for the 


cleanout. 
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The rig is equipped with a series of interactive control and monitoring systems which continually update 


the volume of drilling fluid in each of the pits and storage tanks. Overflow and overfill level indicators are 


included in the active monitoring system. In addition, the active monitoring systems are also capable of 


metering all incoming make-up material in case there is a loss of drilling fluid due to formation issues. 


Sensor data is displayed in following areas: 


• the Rig Floor (Driller’s console monitor),  


• the Mud Laboratory,  


• the Derrick Man’s office,  


• the Drilling Foreman’s Office, 


• the Senior Tool Pusher’s Office.  


6.2 Pit Maintenance and Operation 


Equipment BMPs for drilling fluid pits focus on operation and equipment. The purpose of focusing on the 


operation and equipment for the drilling fluid pits is to conduct safe and effective drilling operations and 


to implement controls to prevent leaks and spills. Equipment maintenance and operating procedures 


incorporated by reference in this BMP are listed in Section 13, Referenced Documents. General 


maintenance and operation of drilling fluid pits are listed in Table 6-2. 


Table 6-2 Maintenance and Operation of Drilling Fluid Pits 


BMPs for Maintenance and Operation of Drilling Fluid Pits 


General 


• Secure discharge (dump) valves on all surface drilling fluid pits and water lines to the drilling fluid pit area 


during drilling fluid operations. 


Operation 


• Run agitators continuously when drilling fluid is in the pit.  


• Inspect agitators to verify proper working order. 


Clean-Out Pits 


• Pump out drilling fluids for disposal after consulting with the NPDES Compliance Specialist who will 


ensure proper testing and record keeping. Flush with water. Follow valve-securing procedures before 


entering drilling fluid pit and complete final clean out of pits. 


• Following the opening of the discharge (dump) valves, inspect and reseal according to proper procedures, 


with particular attention to potential leaking of the valve to volumes upon first refilling the pit. 


• Evaluate solids buildup from pit cleanout to pit cleanout: 


Good Housekeeping 


• Follow written procedures for transferring, measuring volumes, and agitation. Cleanout procedures will be 


reviewed and PTW performed for cleanout. 
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6.3 Drilling Fluid Pit System Inspections 


The visual inspection of the drilling fluid pit system is the responsibility of the Derrickman or designee. 


The Derrick man or designee are required to maintain proper fluid levels in the drilling fluid pit system 


during all times drilling operations are on-going. In addition, the Derrickman or designee is required to 


conduct periodic inspections of the drilling fluid levels and the overall conditions of the drilling fluid pit 


area. Any problems requiring attention are to be take care of on each shift. Operation, maintenance, and 


repair regarding the drilling fluid pit system are to be included in the overall drilling fluid pit system 


inspection records. The Derrickman or designee is responsible to verify that equipment inspections, 


preventative maintenance and general housekeeping of the drilling fluid pit area is conducted and 


compiled in a timely fashion. In addition, the Drilling Fluid Specialist maintains separate documentation 


and records (Daily Drilling Fluid Report) specific to drilling fluid requirements throughout the drilling 


operations. Record keeping responsibilities will be in accordance with the substantive requirements set 


forth in the NPDES GP. Applicable records will be maintained on the rig and following the drilling 


season, will be on file with Shell.  


6.4 Solids Control Equipment Management Practices 


This section addresses BMPs to minimize the amount of drilling fluids adhering to drill cuttings before 


discharge overboard, to remove drill cuttings from the drilling fluid to prevent incorporation into the 


drilling fluid and to maximize the recovery of drilling fluid for reuse. It also describes BMPs to minimize 


the potential for buildup of drill cuttings (including accumulated solids) in the active drilling fluid system. 


Cleanup and other good housekeeping procedures incorporated by reference in this BMP Plan are listed in 


Section 13, Referenced Documents. General SCE housekeeping practices are listed in Table 6-3. 


Table 6-3 BMPs for the SCE 


BMPs for SCE  


• Keep work areas clean, neat, and accessible. 


• Store materials properly. 


• Be sure all transfer lines are clearly marked. 


• Conduct preventative maintenance on equipment, including major process units and their connections, pumps, and 


valves as outlined by the manufacturer. 


• Operate shakers properly to prevent drilling fluid overflow. 


• Keep floors clean and free of clutter and tripping hazards. 


• Keep sinks and work surfaces clean and neat. 


• Keep stairways clean, accessible, and free of tripping hazards. 


• Keep hoses clean and neatly /safely stored. 


• Have sufficient cleanup equipment and materials readily available. 


• Cleanup leaks and spills promptly. 


• After transferring bulk material from solids control pits, remove residual drilling fluid with vacuum or discharge 


according to the NPDES GP. 


• Conduct visual inspections to verify correct practices and detect problems, if any, weekly when in use.  
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6.4.1 Shale Shakers 


The shale shaker design, together with the screen characteristics, controls the efficiency of the cuttings 


separation and the length of time that the drilling fluid and cuttings spend on the screen. Screen 


characteristics affecting the efficiency of cuttings separation include mesh size, conductance, number of 


layers, type of construction, non-blanked area, and deck angle. 


Table 6-4 below lists general guidance for these parameters. Policies and procedures referenced in this 


BMP Plan are listed in Section 13, Referenced Documents. 


Table 6-4 BMP for Shaker Operation 


BMPs for Shaker Operation 


• Screen tension should be maintained at the optimum torque for that shaker. Tension should be checked after 30 minutes 


of operation following installing new screens and daily thereafter. 


• The screen deck angle should be maintained to manufacturer's recommendations during normal operation. 


• During routine operations, returns from the hole will go over the shakers. 


• Physically inspect the shaker area to monitor the operation of the shakers, inspecting screens for holes and tears and 


washing off screens of any caked or dried drilling fluid/solids. 


• Visually monitor shaker area and adjust pumps to accommodate shaker conditions. 


• When in use, inspect weekly and record to verify correct practices. 


 


Table 6.5 below lists general maintenance activities for shakers. 


Table 6-5 BMP for Shaker Maintenance 


BMPs for Shaker Maintenance 


• Maintain motors as per contractor’s preventative maintenance instructions (PMI) [see Section 13, Referenced 


Documents]. 


• Replace worn or damaged components as needed, including decking rubbers, decking strips, tension rails, springs, and 


screens (check for wear, tears, or abrasion). 


Inspections of shale shaker equipment will be recorded routinely. 


6.4.2 Fines Removal Equipment 


Fines removal equipment is necessary on the rig to remove drilled solids that are smaller than 70 microns. 


Fluid properties and suspended solids properties (mainly size and weight) determine which equipment is 


used to remove the fines. The centrifuge on the Polar Pioneer used for fines removal will remove 


particles down to 5 microns. Varying the bowl speed varies the gravitational force applied to the fluid 


with this equipment. Inspection of centrifuges and other fines removal equipment will occur routinely 


when equipment is in use. 
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6.5 SCE Inspections 


Inspection of the SCE is the responsibility of the Derrick man and will be routinely conducted when SCE 


equipment is operated. BMP hard copy forms are filed in the corresponding tab of the NPDES 


Environmental Records Binder. The Derrick man is responsible for ensuring work place inspection and 


equipment maintenance are completed and records are maintained, although certain tasks may be 


delegated to qualified individuals.  


Execution of these responsibilities will also follow existing Transocean operating procedures and policies. 


Any additional record keeping responsibilities will be in accordance with M-I SWACO operating 


procedures and policies and will be in compliance with the substantive requirements set forth in the 


NPDES GP. 
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7. Operating Practices for Regulated Discharges 


All discharges will be monitored with observation/tests and analytical results recorded to demonstrate 


compliance with the NPDES GP. For specific information, refer to the QAPP and Referenced Documents, 


Section 13 for practices incorporated by reference. Inspection observations will be recorded on the 


NPDES Master Spreadsheet. Completed NPDES Master Spreadsheets will be forwarded to Shell. A 


reference diagram depicting all discharge locations can be found in Appendix A. 


7.1 Water-based Drilling Fluids and Drill Cuttings (Discharge 001) 


All drilling fluids go through a chemical review process before being listed in the Drilling Fluids Plan. 


Only drilling fluid additives to pass the suspended phase particulate (SPP) toxicity test (list included in 


Drilling Fluids Plan) will be used in drilling the well.  


After the well cellar is established, the riser is installed on the rig which allows water based drilling fluids 


and cuttings to return to surface for processing and re-use. All drilling fluids and cuttings are discharged 


below the sea surface (See Discharge Point Figures in Appendix A). All drilling fluids and cuttings pass 


through a shunt line that is attached to the Port #2 Column and discharge approximately 35 feet below 


water surface adjacent to the Port Pontoon. The shunt line also receives non-contact cooling water that 


allows for more efficient flow of the effluent to the discharge caisson. 


Drilling fluid and cuttings can be directly discharged off the vessel to the Chukchi Sea below the water 


surface only when specific valves are aligned and opened in the sequence. Emergency Diverter controls 


are housed in the drill shack on the drill floor and are only used under catastrophic events. In order to 


open or activate the diverter, two switches must be activated simultaneously, after unlocking the panel 


door. The Driller is the custodian and operator of all well control equipment and has the authority to close 


well control equipment or divert straight overboard in a well control emergency situation. 


On-site monitoring of drilling operations will be recorded routinely when in operation into the driller’s 


log. Drilling operations and subsequent drilling fluid and drill cuttings waste discharge (D001) is 


estimated for 20 days per well. Estimated drilling fluid and drill cuttings waste volumes per well are 


provided in Appendix A, Table 4.2. All laboratory and monitoring data will be submitted to Shell. On-site 


monitoring includes housekeeping measures which confirm that: 


• Chemicals will be stored in closed containers and the drill floor kept clean and organized. 


• Holding pits and tanks will be cleaned as needed; systems will be flushed as needed; and piping 
and joints will be repaired / replaced as needed.  


• The Drilling Fluid Specialist is responsible for tracking the rate chemicals are added so as not to 
exceed SPP toxicity testing listed in the Drilling Fluid Plan.  
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7.2 Deck Drainage (Discharge 002) 


The deck containment system is designed to capture spills, leaks, wash water, rain water and snowmelt. 


Interior decks in high-risk areas employ measures for spill containment. The external deck system 


includes a vacuum system with some effluent piped to a receiving tank and then processed as necessary 


prior to being discharged into receiving waters. Internal deck drains are piped to receiving tanks with the 


effluent then being directed to the deck drain collection tanks.  The deck drainage is then directed to Port 


Tank #17 and finally processed through the OWS prior to discharge to the receiving waters. Any free-oil 


remaining in the water is piped to Port Tank #17 for holding and then processed through the deck 


separator (OWS) located in the Machinery Deck. The remaining water fraction is discharged to the 


receiving waters adjacent to the Starboard #4 Column 


The remaining water fraction will be discharged in accordance with the requirements of the D-002 waste 


criteria. Once processed in the OWS and prior to release overboard via the discharge located adjacent to 


the Starboard #4 Column, a sample of the effluent will be collected for TAH and TAqH analysis.  


The heliport deck does have containment as required by regulations. The drains from the 0-1 Deck, which 


contain the heli-fuel tanks and pump unit, are routed to the deck drain collection system. Heliport and 


exterior decks will be inspected routinely to verify that no contaminants are present for run-off.  


Housekeeping measures include:  


• all drains will be mapped out and visually inspected routinely by the NPDES Compliance 


Specialist. Special attention will be given to direct overboard drains; 


• drains may contain a removable plug; that at times will be used to control a spill to a confined 


area in the event of a release to the deck;  


• drains will be visually inspected as needed to verify plugs are in place; 


• only environmentally sensitive detergents and deicing compounds will be sparingly used to 


clean or de-ice decks; 


• the decks and floors will be kept clean of debris to prevent plugging of the drains; 


• containers with closing lids will be used to minimize/prevent accidental spills on to decks; 


• spills will be contained and cleaned up immediately to prevent contamination of drainage; and 


• the deck oil/water separator will periodically be cleaned to maintain effectiveness as needed.  


Prior to drilling, the NPDES Compliance Specialist will perform a pre-operational inspection and routine 


inspections during drilling. Visual inspections of deck drainage areas are to verify proper operation and to 


document any signs of pipe leaks or spills. Deck drainage discharge is recorded per discharge. Inspection 


observations will be recorded on the NPDES Master Spreadsheet. Completed NPDES Master Spreadsheet 


will be forwarded to Shell. 
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7.3 Sanitary Wastewater (Discharge 003) 


Sanitary waste (black water) consists of human waste from toilets and urinals. The volume of this waste 


varies with occupancy and treatment systems. The Type II MSD is a biological aerobic (bacteria and air) 


sewage treatment system installed and located in the Port #1 Column beneath the Machinery Deck. This 


Piranha Model MSD meets the International Maritime Organization’s MEPC 115(51) Guidelines and US 


Coast Guard certification; it is also equipped with a Reverse Osmosis unit. 


The MSD consists of three treatment stages; aeration, clarification, and disinfection. All sewage water 


passes through a wastewater grinder before passing into the aeration chamber (stage 1), the bacteria grow 


and multiply using the sewage as their food supply. This action reduces the quantity and size of the solid 


matter. In the clarification chamber (stage 2), the bacterial flocculent is separated from the treated solid 


matter. The treated water is clear and free from solids; however, the liquid must be disinfected prior to 


discharge overboard to kill any disease-causing bacteria. Disinfection is accomplished in the clarification 


chamber (stage 3). 


Flow through these three stages is caused by direct displacement. When new sewage flows into the 


aeration chamber, an equal volume flows through the clarification chamber. This volume, in turn, 


displaces an equal volume from the clarification chamber into the disinfection chamber, and overboard. 


The MSD is to be inspected annually by a third party competent person with a valid certificate of 


inspection available upon request.  


Housekeeping measures include: 


• using only cleaners that are compatible with the treatment system, 


• keeping the treatment system free of debris, 


• periodically inspecting and/or changing membranes where applicable, 


• using only marine biodegradable toilet paper, and 


• will be inspected and the flow rate observed, as directed by manufacturer or annually. 


Visual inspections of piping and joints will be performed to confirm placards are placed where needed 


and to verify that valves and tagging exist to prevent spills and leaks. Monitoring data will be recorded. 


Inspection observations will be recorded on the NPDES Master Spreadsheet. Completed NPDES Master 


Spreadsheet will be forwarded to Shell.  


7.4 Domestic Wastewater (Discharge 004) 


Domestic wastewater (gray water) is defined as materials discharged from showers, sinks, safety showers, 


eye-wash stations, hand-wash stations, galleys, and laundries. It is also generated in food preparation 


areas. The volume of these wastes varies widely with time and the assigned ship’s occupancy. While 


operating under the requirements of the NPDES GP, all domestic wastewater will be discharged 


overboard beneath the Port and Starboard Pontoons.  Samples will be taken routinely during all drilling 


operations to ensure that D-004 effluent meets limitation standards.  
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Housekeeping measures include: 


• solid food will be prevented from being washed down the sinks, 


• sinks with grease traps in place, 


• grease traps will be cleaned routinely or as needed, and 


• only compatible cleaners will be used.  


Visual inspections of piping and joints will be performed to verify foam or floating solids are not present 


and will inspect piping and joints to identify the potential for spills and leaks. Placards will be placed at 


kitchen sinks identifying prohibited products and discharge guidelines. All on-site monitoring will be 


recorded routinely. Inspection observations will be recorded on the NPDES Master Spreadsheet. 


Completed NPDES Master Spreadsheet will be forwarded to Shell.  


Items accumulated for disposal from the execution of the above housekeeping activities will be stored in 


appropriate disposal containers as provided in Shell’s (Waste Management Plan) WMP and Transocean’s 


WMP. Transfer and ultimate disposal of any item noted above will comply with Shell Operations Plan 


S0011 – Marine Transportation Operations and Shell Operations Plan S0055 - Lifting and Hoisting Plan. 


7.5 Desalinization Unit Wastes (Discharge 005) 


Desalinization unit waste consists of residual high-concentration brine, similar to seawater in chemical 


composition and is discharged through disposal caisson. Three freshwater evaporators are located in the 


Machinery Deck and are used to produce approximately 20,000 gallons per day potable water. No 


biocides will be added to this system. Effluents from the units are discharged to the GSSL for discharge to 


the receiving waters adjacent to the Starboard #4 Column. 


7.6 Blowout Preventer (Discharge 006)  


The blowout preventer (BOP) is an emergency hydraulic system that releases a lubricating discharge to 


actuate the well head control safety hydraulic equipment. This small amount of effluent will either be 


captured on rig or surface-water sampled during testing. When testing prior to deploying the BOP subsea, 


BOP fluid will be discharged into the receiving waters after all required testing is completed.  Once the 


BOP is deployed, all releases will occur below surface water during function tests. 


7.7 Boiler Blowdown (Discharge 007)  


Conducting boiler blowdown is required for ensuring proper maintenance of the boiler. Boiler blowdown 


consists of water and minerals drained from boilers discharged. One boiler is located in the top of the 


upper section of the Port #4 Column and another is located at the Starboard #4 Column. Discharge of the 


boiler blowdown occurs as a high pressure, high temperature steam. Boiler blowdown vents are located 


approximately 90 feet above the sea surface. Boiler blowdown effluent will be sampled and tested prior to 


discharge.  
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7.8 Fire Control System Test Water (Discharge 008)  


The fire control system consists of untreated seawater released during the training of personnel in fire 


protection and the testing and maintenance of fire protection equipment. Effluent will either go directly 


overboard or will be collected on the decks and be piped to the deck drainage system for discharge. No 


biocides or other chemicals are added to the system. U.S. Coast Guard requires this system to be tested 


once per month; the vessel may conduct tests by sections or more frequently than required.  


7.9 Non-contact Cooling Water (Discharge 009)  


The General Seawater Service Line (GSSL) is non-contact cooling water used to cool freshwater cooling 


loops installed machinery located at various places on the Polar Pioneer. No biocides or chemicals will 


be added to this system. All primary non-contact cooling water originates from two Sea Chests located on 


the inboard sides of the Port and Starboard Pontoons located in the stern. Seawater is drawn from these 


two Sea Chests and then is routed through the GSSL via four suction pumps and is contained. All 


secondary loops used for cooling water consist of fresh water and pass through heat exchanger units. No 


intermixing of fresh and salt water occurs between the primary and secondary loops. 


In addition, independent digital flow meters have been installed on primary and secondary discharge lines 


to monitor flow and temperature (see Table 4-1). The majority of Non-contact Cooling water is 


discharged through the GSSL discharge line located adjacent to the Starboard #4 Column; however a 


portion of Non-contact Cooling water is discharged to the Shunt line located adjacent to the Port #2 


Column. 


7.10 Uncontaminated Ballast (Discharge 010)  


Ballast water consists of seawater added or removed to maintain the proper float, level, and ship draft. 


This water is authorized for discharge, and is intended to be discharged regularly. Ballast water is 


discharged below sea level adjacent to the Pontoon’s. No biocides or chemicals will be added to this 


system. 


Water intake/exchange activity in the ballast tanks of the Polar Pioneer will be performed in transit to 


Alaska to prevent entrapment and introduction of any invasive species into the Chukchi Sea. 


7.11 Bilge (Discharge 011) 


Excess bilge water is discharged through the shared discharge attached to the Starboard #4 Column as the 


deck OWS.. Two bilge pumps are provided in each pump room. Ballast pumps can be used as emergency 


bilge pumps for discharging water from the pump rooms. The bilge pumps transfer bilge from the 


pontoons, braces, voids, double bottoms, columns, trunks, etc. to the bilge water tank. Bilge collected 


from the Main hull safety zones rea is collected in tanks by gravity. Deck drainage processors are 


provided to separate drilling fluid from the bilge. The bilge is pumped from the holding tank to the 


Starboard #4 Column OWS by pollution pump.  
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Bilge collected in bilge tank is transferred to the bilge OWS by pump (located in Starboard #4 Column) 


and the separated oil is transferred to waste oil tank. Effluent water with oil content lower than 15 PPM is 


pumped overboard through a three way valve which can return non-compliant water to the bilge tank or to 


discharge attached to the Starboard #4 Column. 


An International standard connection is provided on the starboard side of Main Deck for transfer of bilge 


and used oil from the vessel for shore based disposal. Oil from the bilge separator is transferred to the 


waste oil tank and from waste oil tank to the transport tank for offloading.  


7.12 Excess Cement Slurry (Discharge 012)  


Excess cement slurry is the rinsate coming off equipment during wash-down and after a cementing 


operation. Sample will be obtained and tested prior to discharge. Effluent discharge is to hose located 


adjacent to the Port #2 Column. 


7.13 Muds, Cuttings, and Cement at Seafloor (Discharge 013) 


These materials are discharged at the ocean floor in early phases of drilling operations, before the riser is 


deployed and during well abandonment and plugging.  
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8. Housekeeping Practices 


8.1 Waste Minimization Practices (WMP) 


Waste minimization utilizes source reduction, recycling, and reuse to reduce the potential for pollution 


prior to its generation. Source reduction includes, but is not limited to, process modification, raw material 


substitution, and energy conservation which lead to a reduction in the amount and/or toxicity of a process 


residual. Source reduction can be achieved by using chemicals effectively and by operating and 


maintaining treatment systems according to equipment manuals. Recycle and reuse involves the 


reclamation or reuse of process residuals for beneficial purposes. Useful constituents of a residual, such as 


hydrocarbons, may be reclaimed for reuse. For specific guidance and understanding of waste 


minimization requirements, refer to requirements set forth in Shell’s WMP and Transocean’s WMP. 


8.2 Work Areas 


Good housekeeping means maintaining clean and orderly work areas. With good housekeeping, it is easy 


to move around work areas, materials and equipment are easy to locate and operate the potential for spills 


and leaks are reduced, operational conditions prevent impacts to marine life, and work areas are safer for 


workers.  


Good housekeeping practices include: 


• orderly storage of chemicals and other materials, 


• designated areas for materials and activities, 


• proper labeling of areas, equipment, and materials, 


• prompt cleanup of spills and leaks, 


• drip pans and 


• routine inspections to verify that practices are being implemented and to detect any problems 


needing attention. 


Segregation of domestic solid waste and hazardous waste will follow the waste management procedures 


in Shell’s WMP and Transocean’s WMP. No overboard discharge of solid waste will take place except 


for permitted discharges during the Alaska exploration project. Domestic solid waste will be transferred 


to service vessels and disposed of in approved permitted solid waste units onshore. Recyclable hazardous 


materials, such as absorbent pads, batteries, fluorescent lamps, and used oil will be segregated and 


shipped to approved onshore facilities.  


Shell’s current WMP lists recycling options to be utilized whenever possible for OCS operations. The list 


of recyclable material includes the following: 
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• lubricating oil and filters, 


• spent organic solvents and miscellaneous chemicals, re-used on a case-by-case basis, 


• drilling fluid additives and  


• scrap metal and drums. 


Good housekeeping practices for drilling fluid pits and the solids control system were described in earlier 


chapters of this BMP Plan. For specific guidance and understanding of waste minimization requirements, 


refer to requirements set forth in Shell’s WMP and Transocean’s WMP. 


8.3 Vessel Housekeeping 


The Transocean’s Health & Safety Policies and Requirements contain standards for vessel housekeeping 


operations. The following housekeeping SOPs for chemical and waste handling procedures will be 


utilized for other areas of the vessel not previously described: 


• housekeeping  


• hazardous materials handling , 


• containment of hydrocarbons and chemicals, 


• drainage and discharge, 


• spills, 


• emissions, 


• recycling and waste reduction (HSE assessments and audits) and 


• operation control & safe systems of work –Isolations.  


8.4 Loading Stations 


Loading/unloading lines for diesel, drilling fluid, brine, oily water (slops), cement, barite, and bentonite 


have two valves as a barrier. There is also a padlock on every main valve on the loading and unloading 


lines, and the key for opening these valves are in the control room and require a work permit approval. 


All hoses are frequently changed out due to be on the safe side of wear and tear. Fuel hoses have a weak-


link breakaway couplings, safety breakaway, Dry Disconnect Couplings (quick release) and extra 


floatation (protection). 


8.5 Material Compatibility and Storage 


Proper storage and handling of laboratory and industrial chemicals will reduce the potential for personnel 


and environmental accidents. A chemical inventory will be kept on board that details each chemical 


product, unit amount, and location by locker unit. Five basic principles will be followed for chemical use 


on the Polar Pioneer:  
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• only necessary amounts of chemicals for safe operation will be stored, 


• chemicals will be transferred from bulk containers to smaller containers for controlled use, 


• incompatible chemicals will be segregated,  


• personal protective equipment (PPE) will be used when identified on the MSDS or SDS and 


• adequate spill response/clean-up materials will be accessible.  


Shell policy requires a Permit to Work (PTW) when planning on a task that is outside of routine duties. 


This PTW system will be used by personnel when handling and segregating chemicals for storage, 


transferring into containers, and labeling. 


Storage requirements for chemicals aboard the Polar Pioneer include: 


• flammable liquids will be stored in metal cabinets away from heat or ignition sources and 


provided with proper ventilation, 


• bases and acids will be stored separately, 


• oxidizers will be separated from organic compounds, 


• special precautions will be taken for peroxides, peroxide forming compounds, and especially 


organic peroxides, 


• chemicals reactive with water or air (such as sodium or phosphorus) will have special 


handling and storage according to labeling and the MSDS or SDS and 


• gas cylinders will be properly labeled and double fastened to the wall or cabinet that has been 


bolted to the floor. When not in use, cylinders will be capped to protect the stem. 


8.6 Chemical Product Handling 


Chemical products are limited onboard and do require special handling and storage. The personnel 


handling chemicals aboard the Polar Pioneer will have the training, knowledge, and appropriate PPE for 


safe use and handling. For storage purposes, often a secondary container can provide the protective 


barrier between incompatible chemicals. The MSDS or SDS provides guidance for storage and handling 


as well as spill clean-up procedures.  


Shell, Transocean, and M-I SWACO provide training manuals and information for their respective 


employees’ use and ensure compliance. Storage of hazardous materials will be in compliance with Shell’s 


Standard Operations Plan S0011 Rev 2 – Marine Transportation Operations and Transocean Drilling 


Waste Management Manual. 
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9. Preventive Maintenance and Operation 


Preventive maintenance and proper operation of equipment can reduce the potential for impacts to the 


environment and marine life, prevent minor losses of materials from leaks and spills, and minimize waste 


streams from treatment systems. Equipment that is maintained and operated properly is cleaner and less 


prone to leaking, spilling, and generating waste. Some preventive maintenance practices would also be 


considered good housekeeping practices (keeping valves and fittings from leaking, for example); 


however, this BMP Plan does not make a strict distinction between the two. A description of preventive 


maintenance and the operations of some equipment are provided below. 


9.1 Cooling Water Intake Structure  


The Polar Pioneer was built in 1986, so the velocity requirement for cooling water intake is not 


applicable. On this drilling vessel, seawater flows past screened openings located at the ends of each 


pontoon at approximately 110 feet below the surface and fills the Sea Chests. The Sea Chests acts as a 


storage reservoir for the seawater prior to being suctioned into the GSSL for distribution and use. 


Seawater then is circulated around the vessel through the GSSL and this water passes through various 


heat exchangers that are connected to secondary loops that then cool the specific piece of equipment. It 


would be unlikely for any marine life to be entrapped in the tank. Water intake/exchange activity will be 


performed while the vessel is in transit to Alaska. 


9.2 Deck Drainage Processor 


There is a deck drainage processor on the vessel for cleaning all fluids derived from rain, snow or spills 


originating on the Main Deck. 


9.3 Oil/Water Separator 


All liquids that drain to the bilge will be processed through one oil/water separator located in the 


Starboard #4 Column of the vessel. The oil collection tank is located directly below the separator.  Other 


sumps on the rig that could possibly contain oil/water waste also feed into the separator. The oil/water 


separator is United States Coast Guard approved. 


9.4 Fuel Oil Purification Units 


Fuel oil purification units will be used to reduce the number of fuel filter replacement, reducing the 


volume of waste generated.  


9.5 Chemical Storage Areas 


Additives and chemicals will be properly stored and protected to minimize uncontrolled releases or 


potential weather impact. Particular attention will be given to loading and unloading dry or wet chemicals 


during operation. Standard procedure for chemical transfer includes securing the area and maintaining 


spill response equipment on hand during the operation. MSDS or SDS will be readily available to confirm 


proper storage of all hazardous materials and will be located online as well as in hardcopy in areas where 


chemicals are stored / used. All chemicals onboard are managed in accordance with the permit or the 


manufacturer’s safety data information.  
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Chemical storage areas and hazardous materials will be segregated to prevent incompatible materials 


from being stored together. For specific guidance and understanding of proper storage of hazardous 


materials, refer to the product Safety Data Sheets, Transocean’s Safety Policies and Requirements Manual 


and Transocean’s Environmental Policies and Requirements Manual. For waste minimization 


requirements, refer to requirements described in Shell’s WMP, Transocean’s WMP, and Transocean’s 


Safety Health and Safety Policies and Requirements. 


9.6 Equipment Spillage and Leak Prevention 


Combustion engine, pump bearings, seals, and hydraulic equipment are fitted with drip pans and 


containment devices. Examples include drip pans beneath lubricating oil systems on engines and 


containment vessels or dikes under fuel and chemical storage areas. Regularly scheduled preventive 


maintenance on equipment, pumps, piping systems, hoses, and valves will reduce the potential for leaks 


or releases of chemicals to containment systems or to the environment. Routine inspection will verify 


proper equipment operation and implementation of corrective action if required.  


9.7 Pipe Dope 


Only lead-free pipe dope will be used for drill pipe connections. A stringent control program has been 


established to confirm proper application, container handling, and final disposal of excess dope material.  


9.8 Loss of Drilling Fluid 


Drill pipe trips in and out of the hole can contribute to excess drilling fluid waste on the rig floor. The 


outer surface diameter of the pipe will be wiped clean, as necessary, under safe conditions while pulling 


out the pipe, reducing the spilled drilling fluid and the need for rig wash. 


9.9 Cathodic Protection 


Transocean will maintain proper cathodic protection to prevent the corrosion of the vessel hull. Sacrificial 


anodes were installed on the underwater portions of the hull during the 2014 shipyard period. 
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10. Equipment Failure & Repair 


10.1 Equipment Failure or Discharge Limit Exceeded 


All discharges are managed in accordance with the requirements of the NPDES GP. 


During regular drilling operations, drilling fluid, cooling water from the cement unit, and drilling fluids 


are discharged from the shale shakers, cement unit overboard line, and the fines removal unit (High Speed 


Centrifuge) will be discharged.  Cement washdown water and cement mix are discharged from the cement 


unit overboard line.  Other discharges from the vessel will originate from deck drainage, MSD, oil/water 


separators, desalination units, BOP, boilers, fire control test water system non-contact cooling water 


system, and ballast tanks.  


Shell and the Shell Drilling Engineer will be notified IMMEDIATELY when: 


• drilling fluid use and the fluid volumes are over the established hourly limits,  


• any one piece of equipment breaks down multiple times during drilling, or  


• other circumstance to result in significant amount of a pollutant reaching surface water.  


An engineering review and analysis of the problem may be warranted.  


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or 


modification occurs, Shell must be called immediately. Such notice includes: 


• any non-compliance that endangers health or environment, 


• any unanticipated bypass or upset that exceeds any effluent limitation in the NPDES GP (see 


Section V.F, “Bypass of Treatment Facilities” in NPDES GP), 


• any activity that causes an upset that exceeds any effluent limitation in the NPDES GP (see 


Section V.G, “Upset Conditions”); 


• any violation of a maximum daily discharge limitation for any of the pollutants in Section II of 


the NPDES GP requiring 24-hour reporting or 


• any activity that would result in a discharge, on a routine or frequent basis, of any toxic pollutant 


that is not allowed in the NPDES GP, but exceeds the highest of the notification levels found in 


Section III.H.1. and 2. of the NPDES GP. 


 


In addition, if a circumstance results in significant amount of a pollutant reaching the surface, the NPDES 


Compliance Specialist will record the direction, rate of flow and total quantity of the pollutant estimated 


to be discharged from the vessel as a result of the condition or circumstance. 


Depending upon the circumstances, the BMP Plan may require modification within 14 days in accordance 


with the NPDES GP requirements. For detailed information on the NPDES GP Discharge Limitations and 


Prohibitions, see Section III, Drilling and Workover Operations of the Alaska OCS Environmental 


Compliance Manual (ECM); and this BMP Plan Section 4, Discharge Management. 
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10.2 Equipment Repair / Servicing (Preventative Maintenance) 


All discharge equipment downtime will be reported on the appropriate BMP form for the specific piece of 


equipment. 


If MSD unit fails or sample results return out of compliance, the black water holding tank can hold up to 


20 days of raw black water to allow system repair or batch discharge to a support vessel. 


The solids control equipment manages solids and minimize retention of low gravity solids. If this 


equipment is in need of servicing, the following discharge options are listed below: 


• continue to operate only if within discharge limitations as stated under the BMP Plan through the 


end of the entire interval drilled with drilling fluids and, 


• discontinue discharge of any specific waste stream if that waste stream is not within discharge 


limitations with discharge to continue after repair and/or servicing of equipment. 


All drilling fluid, cutting discharges, and equipment downtime will be reported on the appropriate 


Transocean form for the specific piece of equipment.  


10.2.1 Shale Shaker 


In case of failure or servicing of a shale shaker, the unit will be taken off-line. Discharge from the shaker 


will resume after it has been repaired/serviced.  


10.2.2 High-Speed Centrifuge 


In case of failure or servicing of the high-speed centrifuge, this unit will be taken off-line and any direct 


discharge from this unit will cease. Discharge from the high-speed centrifuge will resume after it has been 


repaired/serviced.  


10.3 Detailed Contingency and Drilling Fluids and Cuttings Containment Plan 


Preventative maintenance of all SCE must be performed in accordance with manufacturer’s specifications 


as demonstrated by the preventative maintenance records of Transocean; who is responsible for operating, 


maintaining, and repairing the SCE.  


This requirement and those specified in Section 6, must be verified prior to discharging drilling fluids and 


cuttings over shakers when equipment is being routinely maintained or repaired. 


10.4 Materials Handling and Records/ Equipment Failure/Discharge Records 


Transocean is responsible for record keeping for all equipment failures. Any equipment failures must be 


documented on the NPDES Master Spreadsheet and copies submitted to Shell.  


All discharge records will document when a no discharge event is observed. 
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10.4.1 Contingency Plan Records 


Transocean is responsible for contingency planning, preventative maintenance and record keeping for all 


equipment failures.  


10.4.2 Waste Manifest Records 


Copies of waste manifests are kept on file at Shell. 
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11. Documentation and Recordkeeping 


The NPDES GP starts on the date and time when the first anchor is set at the drill site and continues until 


the last anchor is removed from this location. Inspections of all discharge sources will be conducted at times 


of occurrence or routinely when not discharging.  


A copy of this BMP Plan and its related documentation will be maintained by the facility operator and will 


be made available to EPA upon request. All NPDES GP required BMP records will be retained by Shell.  


11.1 Required Reporting 


Reporting includes written information contained in the DMR and/or in correspondence. Information that 


must be reported is listed in the following tables. 


Table 11-1 Reporting Tables 


Records for General Housekeeping 


• Inspection records for general housekeeping. 


• Documentation regarding BMP (re-)evaluation. 


• Feedback records for BMP improvement. 


 


Table 11-2 Discharge with Cuttings 


BMP Records for Discharges Associated with Cuttings 


• Inspection / equipment maintenance / repair records for drilling fluid pits and solid control equipment.  


•  Drilling fluid / cuttings housekeeping records. 


• Sampling and laboratory testing records. 


• Training records related to BMPs. 


 


In addition to the routine data submitted to Shell for compilation and reporting to EPA, the following 


sampling data will be reported to Shell each month: 


• required monthly sampling results, 


• data from samples collected more frequently than required by the NPDES GP and 


• in-house data that complies with EPA analytical method requirements.  


Documentation and records related to general issues, the drilling fluid pits, and the solids control system are 


listed in the tables below, in corresponding sections of the BMP Plan. 
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Table 11-3 Discharge without Cuttings 


Records for Discharges Not Associated with Cuttings 


• Inspection / equipment maintenance / repair records for rig / drill floor. 


• Inspection / equipment maintenance / repair records for pumps & mixing areas. 


• Inspection / equipment maintenance / repair records for drilling fluid pits. 


• Inspection / equipment maintenance / repair records for fluid transfers. 


o drilling fluid discharges. 


o The NPDES Master Spreadsheet and laboratory testing records covering: 


o deck drainage discharge, 


o sanitary and domestic waste, 


o desalination unit waste, 


o blowout preventer fluid, 


o non-contact cooling water, 


o uncontaminated ballast water, 


o boiler blowdown, 


o fire control test water, 


o bilge water discharge, 


o excess cement slurry discharge. 


• Training records related to BMPs. 


 


11.2 Housekeeping Reporting 


Housekeeping inspection of work areas and equipment must be completed routinely during operations, 


maintenance, and repair. Facility personnel will follow standardized monitoring, sampling and record 


keeping procedures related to each discharge.  


General housekeeping, rig floor and mixing area activities will be noted and recorded on the NPDES Master 


Spreadsheet, will be kept as part of this BMP, will be kept on file at Shell and on the rig. The housekeeping 


monitoring results will be reported on the NPDES Master Spreadsheet. 


The Offshore Installation Manager will be responsible for inspections and maintaining the inspection and 


preventative maintenance records, although they may delegate certain tasks to qualified individuals. 


Delegations of these responsibilities can be found in existing Transocean operating procedures and policies. 


All records regarding the drilling fluid equipment will be completed and collected from Transocean by the 


NPDES Compliance Specialist. Transocean is responsible for all operations, maintenance and repairs to all 


the drilling fluid equipment installed on the vessel. These records are required by both the NPDES GP and 


this BMP Plan. Copies will be maintained on the rig by the NPDES Compliance Specialist and transferred 


to Shell.  
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Inspections of all discharge sources will be monitored at times while on-site in accordance with the 


provisions of the NPDES GP. Each of the discharges observation/tests and analytical results will be 


recorded to verify compliance of the NPDES GP.  


11.3 Non-Compliance or Change in Discharge Toxicity Notifications 


If any of the discharge limits are exceeded or if other suspected BMP Plan non-compliance or modification 


occurs, Shell must be called immediately at (907) 830-7435. If NPDES GP non-compliance occurs, Shell 


will complete and file the necessary reports with EPA in accordance with permit requirements. 


11.4 Associated Documentation and Manuals 


Other documents or manuals that contain related pollution prevention measures include:  


• Shell - Exploration Plan, 


• Shell - Oil Spill Response Plan, and 


• Shell and Transocean - Waste Management Manuals.  


In addition, relevant Shell, M-I SWACO, and Transocean procedures, documents, policies, and manuals 


applicable to the requirements of the NPDES GP, are incorporated by reference in this BMP and are 


maintained at the facility and for Shell documents, at Shell.  


11.5 Records Retention 


Pursuant to permit regulations, records will be retained by Shell for a period of at least five years from the 


date of the sample, measurement, report, or application, whichever is longer. Records are maintained 


electronically and/or in hardcopy. Record retention includes: 


• copies of all reports required by the permit (DMRs, etc.), 


• a copy of the NPDES GP, 


• records of all data used to complete the application for this permit, 


• original monitoring data, including operator routine duties, operator log books, electronic data 


capture, or other documents in which monitoring data such as sheen test results are first noted, 


• monthly facility flow tables, 


• all analytical data packages, 


• chain-of-custody forms, 


• logs or other documents used to originally record flow meter readings, 


• calibration and maintenance records of equipment as they relate to measurement of volume or 


monitoring quality, and  


• NPDES-related training records. 
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The NPDES GP requires that traceable records of routine and non-routine discharges be maintained. Shell 


is responsible for all compliance reporting. Monitoring results will be summarized on the DMR form, EPA 


No. 3320-1 or equivalent, on a monthly basis, and postmarked by the 20th day of the following month. 


Annual sampling results will be reported on the January DMR of the following year. All records of 


monitoring information shall be retained by the permittee at least 5 years from the date of the sample, 


measurement, report, or application. 


All noncompliance of the NPDES GP, as detailed in Section 10.3, will be reported to EPA by telephone 


within 24 hours from the time of occurrence. This includes any unanticipated bypass or upset that exceeds 


discharge limitations in the permit or any violation of maximum daily discharge limitations for any of the 


pollutants requiring 24-hour reporting as listed in Part 1 of the NPDES GP.  
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12. Training 


Field personnel will be made aware of the NPDES GP related activities with the goal of pollution 


prevention and waste minimization. Having personnel that have participated in training activities will verify 


the efficient and effective operation of treatment systems and will ultimately minimize the risk of pollutants 


discharged to the Chukchi Sea. In accordance with EPA Guidance Manual for Developing BMP Plan, the 


focus of the BMP Plan training will be to confirm an understanding of the BMP Plan, including the reasons 


for developing the BMP Plan, sampling requirements as detailed in the Quality Assurance Project Plan 


(QAPP), the positive impacts of the BMP Plan, and employee and managerial responsibilities under the 


BMP Plan.  


12.1 Training Programs  


An overview of the training programs provided by Shell and Shell’s contractors will be given to all 


individuals participating in the exploration program involving the Polar Pioneer.  


Note that training involves individuals of all levels of responsibility. Table 12-1 provides an overview of 


initial training programs developed and executed to date. Training will be established after the BMP is 


approved and signed by the Shell Senior Drilling Engineer.  


The Tier 1 level of training, Environmental Awareness, is a high-level overview of the types of regulatory 


programs that are applicable to operations, a high-level description of the mitigation measures that are 


required, and general reporting structure. This series is intended to provide a general familiarity of the 


programs that employees and contractors must adhere to. For example, remote personnel and department 


leads would benefit from taking this training.  


The Tier 2 level of training, Environmental Leadership, provides a greater level of awareness regarding 


each permit/authorization/ agreement. This training will provide a working knowledge of the NPDES GP, 


but will not provide an in-depth description of each permit requirement. This training is anticipated to take 


approximately four hours. 


The Tier 3 level of training, specific NPDES instruction is intended for those with specialized duties and for 


those who need to know the details of particular permits, sampling requirements, reporting requirements, 


etc.  


Refresher training will occur once crews mobilize to the drill rig. This training will be presented at several 


daily safety meetings to ensure that all personnel are aware of BMP requirements and general discharge 


restrictions.  


Training will include material handling, equipment maintenance and repair, cleanup, inspections, and 


record keeping. Training programs for BMP management are listed in Table 12-1. 


 


 


 







Best Management Practices Plan 


Chukchi Sea, MODU Polar Pioneer 


AKG-28-8100 – Polar Pioneer 


April 2015 – Version 2015-1 
Page 50 of 54 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document verify 


that the revision matches the revision in the controlled version found on Livelink®.  


 


Table 12-1 BMP Training Programs 


Training Programs for BMPs 


Program Administered by Subjects Covered Target Audience 


BMP Training Shell, Transocean and 


M-I SWACO 


1. Review of NPDES GP 


2. Drilling fluid sampling & 


monitoring 


3. BMP policy & implications 


4. Best practices for all discharge 


equipment. 


All personnel affected by 


the BMP 


Shell’s Alaska 


Compliance Manual 


(ACM) Training 


Shell, Transocean and 


M-I SWACO 


1. Modification to Environmental 


Compliance Manual (ECM) 


2. QAPP sampling & testing 


3. Drilling fluid monitoring &  


reporting 


4. BMP development & 


application 


Drilling Managers, 


Superintendents, 


Engineers, Foremen, 


HSE technicians, & 


NPDES Compliance 


Specialists 


Compliance Training 


& Certification 


Shell, Transocean and 


M-I SWACO 
BMP documentation & reporting 


Drilling fluid and all regulated 


discharges 


NPDES Compliance 


Specialist 


 


12.2 Training Records 


Training records for Shell employees are retained at Shell’s office in Anchorage. Original and current 


training records are maintained by Shell and Shell’s Contractors. The refresher training records are 


maintained and held by each specific contractor. 


Field Superintendents are responsible for maintaining required training records, although they may delegate 


certain tasks to qualified individuals (e.g., HSE technician, compliance engineer). Prior to and during the 


drilling of each new well, the Field Superintendent will verify that NPDES Compliance Specialists affected 


by this BMP have been trained on the requirements and document the training.  


Execution of the BMP training responsibilities will follow existing Transocean operating procedures and 


policies. Record keeping responsibilities will be conducted in accordance with Transocean operating 


procedures and policies and will be in compliance with the substantive requirements set forth in the NPDES 


GP. 
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13. Referenced Documents 


13.1 Referenced Plans and Documents 


All referenced plans and documents may be requested by EPA for review. The following documents in 


Table 13-1 are incorporated into the BMP Plan by reference: 


Table 13-1 Documents Referenced  


Document Title Relation to BMP Plan 


Shell - Alaska Compliance Manual (ACM) 


Segregation of domestic and hazardous waste management procedures. 


Lists recycling options for lubes & filters, spent organic solvents, drilling 


additives, and scrap metal and drums. 


Shell Contingency Response Waste 


Management Plan 


Addresses the different resources (vessel and other support) for waste 


management and disposal from spill response. 


Shell Alaska Venture Waste Management 


Plan 


Contains policies and procedures for implementing waste management 


programs. 


M-I SWACO Chukchi Drilling Fluid Plan 


 


Contains information on the formulation and maintenance of the drilling 


fluid. 


Transocean’s Health & Safety Policies and 


Requirements Manual  


Contains policies and standard operating procedures for housekeeping and 


chemical handling / storage aboard vessel 


Transocean’s Environmental Policies and 


Requirements Manual 


Contains handling and storage procedures that are International Convention 


for the Prevention of Pollution from Ships (MARPOL) V compliant. 


Shell - Quality Assurance Project Plan 


(QAPP) 


Defines the quality assurance (QA) and quality control (QC) procedures that 


will ensure the quality of data obtained from field and laboratory analyses. 


Shell – Environmental Monitoring Plan 


(EMP) 
Oceanographic sampling and monitoring plan for collecting baseline data. 


Shell, Tranocean, and MI-SWACO SOPs, 


PTWs, and LWIs 


Standard Operating Procedures (SOPs), Permit(s) to Work (PTWs), and 


Local Work Instructions (LWIs) addressing the Chukchi Sea Exploration 


Program. 


Shell –Training Execution Plan Plan provides structure for the Alaska Venture to deliver required training. 


Transocean – Polar Pioneer Waste 


Management Plan 
Specific plan to address waste management onboard the Polar Pioneer. 


Transocean - United States Harsh 


Environment Guidance Document 
Controlled document addressing the Polar Pioneer’s liquid waste handling. 


Transocean Training Matrix  Required training by job title. 


Shell Chukchi Sea Oil Spill Response Plan 
A regional oil spill response plan for Shell’s multi-year Chukchi Sea 


exploration drilling program 


Transocean – Piranha Sewage Treatment Unit Certificate of Annual Inspection/Service. 


Transocean – Waste Management Plan  Reference document of a solid waste management plan 
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13.2 Safety Data Sheets 


Copies of all MSDS or SDS are held in the Rig Manager’s Office. Chemicals onboard are managed in 


accordance to the permit or the manufacturer’s safety data information. Over all, the Transocean 


Warehouseman is responsible for the general storing of all hazardous material on each vessel. Specific to 


the contract firms M-I SWACO and Halliburton, each are responsible for the use of their specific 


materials and will hold their specific MSDS or SDS.  
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14. BMP Plan Modification & Annual Review 


14.1 Certification and Annual Review Requirements 


Certification of the BMP Plan will comply with the substantive requirements set forth by the NPDES GP, 


Part IV.B.4.b. 


The BMP Plan will be reviewed no less than annually by the BMP Committee, and updated as needed. 


The amended BMP Plan will include a certified statement that the above reviews have been completed 


and that the BMP Plan fulfills the requirements set forth in this NPDES GP. The certified statement 


includes the dated signatures of each BMP Committee member as certification of the reviews of the 


amended BMP Plan. All changes in the BMP Plan will be reported to EPA in writing with the annual 


certification. The permittee must submit a copy of the certified statement and a report of all changes in the 


BMP Plan to EPA and DEC with the December DMR. 


14.2 Evaluation and Re-Evaluation  


The BMP reports and records will be routinely reviewed and evaluated to verify that the BMP Plan is 


effective in achieving the general objective of preventing and minimizing the discharge of wastes to the 


receiving waters and complies with all other BMP Plan requirements. All changes in the BMP Plan must 


be reviewed by the exploratory facility engineering staff, exploratory facility manager and the BMP 


Committee. Timely record reviews performed as part of the monthly DMR process will confirm that 


drilling fluid pits and SCE continue to operate as designed. 


This evaluation should be conducted by members of the BMP Committee during “Drill the Well on Paper 


(DWOP)” exercises and during after action reviews. These reviews occur in conjunction with equipment 


vendors and/or industry specialists. 


Upon updating, a revised copy is forwarded to the facility and to Shell’s representative who contacts the 


facility NPDES Compliance Specialist to review and discuss the BMP Plan updates. Shell’s 


representative will visit the facilities no less than once per year and with the NPDES Compliance 


Specialist, and will train the facility personnel on the BMP Plan and associated updates. Representatives 


from Shell may assist with the training by creating audiovisual presentations. 


BMP Committee Members should keep each other informed on the effectiveness of the BMP Plan by 


regular communication sessions (e.g., on location during regular pre-tour meetings, off location during 


DWOPs, and in morning meetings as warranted), discussing the benefits generated by executing the BMP 


Plan (e.g., cost savings generated, reduced waste generator, etc.) and the need for BMP re-evaluation and 


modification.  


14.3 Modifying the BMP Plan 


This BMP Plan will be modified whenever there is a change in the facility or in the operation of the 


facility that significantly increases the generation of wastes or their uncontrolled release or potential 


release to the receiving waters. Shell will be contacted when the BMP Plan warrants modification. At a 


minimum, the BMP Plan will be reviewed prior to adding a new well to the BMP Plan and modified if 


warranted. 
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Modifications to the BMP Plan must be consistent with the applicable requirements for BMPs in the 


NPDES GP and 40 CFR 435 for the Alaska Chukchi Sea. 


The BMP Plan will be recertified annually (i.e., a new certification page signed by the appropriate 


authority) if the BMP warrants modification. All modifications will occur within 14 days of an incident or 


facility change that materially increases the generation of wastes or the potential release to the receiving 


waters, with the exception of NPDES GP modifications. Modifications triggered by permit modifications 


will be certified and implemented within three months of the permit issuance.  


Shell and the NPDES Compliance Specialist will be contacted IMMEDIATELY if the BMP Plan 


warrants evaluation and possible modification. 


At a minimum, the BMP Plan will be reviewed during DWOPs prior to adding a new well to the BMP 


Plan, and when warranted, the BMP Plan will be modified prior to recertifying the BMP Plan. 


14.4 Feedback Records and Continuous Improvement 


All staff involved in the drilling operations at the Polar Pioneer will be given the opportunity to further 


improve the BMP towards the goal of minimized discharge.  Feedback is to be given to the Supervisor on 


duty and will be kept as a part of the BMP documentation, to be considered during a standard BMP 


review or sooner if warranted. Questions regarding feedback can be directed to any of the BMP 


committee members. 


Feedback reports are collected in this part of the BMP Plan and must be filed with Shell. They are to be 


used as guidance for BMP Plan improvement. 


14.5 Documentation of Modifications 


All documentation will be kept as a part of the BMP documentation filed at the NPDES Compliance 


Specialists’ onboard the rig and after the drilling season with Shell and will be available upon request by 


the EPA. 
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Table 4 2 Estimated Discharges Volumes per Well 


 


Waste  Type 
Burger F Well Burger J Well Burger S Well Burger V Well 


  Volume Rate Seasonal Total Volume Rate Seasonal Total Volume Rate Seasonal Total Volume Rate Seasonal Total 


D001-1 Cuttings 
1,043 bbl 81 bbl/hr 1,043 bbl 915 bbl 72 bbl/hr 915 bbl 1,074 bbl 83 bbl/hr 1,074 bbl 1,153 bbl 88 bbl/hr 1,153 bbl 


D001-2 Fluids 6,184 bbl 81 bbl/hr 6,184 bbl 5,546 bbl 72 bbl/hr 5,546 bbl 6,340 bbl 83 bbl/hr 6,340 bbl 6,736 bbl 88 bbl/hr 6,736 bbl 


D001-3 Reserve Pit 2,427 bbl 1,000 bbl/hr 2,427 bbl 2,427 bbl 1,000 bbl/hr 2,427 bbl 2,427 bbl 1,000 bbl/hr 2,427 bbl 2,427 bbl 1,000 bbl/hr 2,427 bbl 


D002 
Deck 88 bbl/day 3.6 bbl/hr 10,560 bbl 88 bbl/day 3.6 bbl/hr 10,560 bbl 88 bbl/day 3.6 bbl/hr 10,560 bbl 88 bbl/day 3.6 bbl/hr 10,560 bbl 


D003 
Sanitary 6.5 bbl/day 0.3 bbl/hr 780 bbl 6.5 bbl/day 0.3 bbl/hr 780 bbl 6.5 bbl/day 0.3 bbl/hr 780 bbl 6.5 bbl/day 0.3 bbl/hr 780 bbl 


D004 
Domestic 271 bbl/day 11.3 bbl/hr 32,520 bbl 271 bbl/day 11.3 bbl/hr 32,520 bbl 271 bbl/day 11.3 bbl/hr 32,520 bbl 271 bbl/day 11.3 bbl/hr 32,520 bbl 


D005 
Desalination 377 bbl/day 15.7 bbl/hr 45,286 bbl 377 bbl/day 15.7 bbl/hr 45,286 bbl 377 bbl/day 15.7 bbl/hr 45,286 bbl 377 bbl/day 15.7 bbl/hr 45,286 bbl 


D006 
BOP 20 bbl/test 20 bbl/test 180 bbl 20 bbl/test 20 bbl/test 180 bbl 20 bbl/test 20 bbl/test 180 bbl 20 bbl/test 20 bbl/test 180 bbl 


D007 Boiler 6 bbl/day 0.2 bbl/hr 754 bbl 6 bbl/day 0.2 bbl/hr 754 bbl 6 bbl/day 0.2 bbl/hr 754 bbl 6 bbl/day 0.2 bbl/hr 754 bbl 


D008 
Fire  Water 30 bbl/test 30 bbl/test 510 bbl 30 bbl/test 30 bbl/test 510 bbl 30 bbl/test 30 bbl/test 510 bbl 30 bbl/test 30 bbl/test 510 bbl 


D009 
Non-contact 21,385 bbl/day 891 bbl/hr 2,566,240 bbl 21,385 bbl/day 891 bbl/hr 2,566,240 bbl 21,385 bbl/day 891 bbl/hr 2,566,240 bbl 21,385 bbl/day 891 bbl/hr 2,566,240 bbl 


D010 
Ballast Water 719 bbl/day 30 bbl/hr 171,935 bbl 719 bbl/day 30 bbl/hr 171,935 bbl 719 bbl/day 30 bbl/hr 171,935 bbl 719 bbl/day 30 bbl/hr 171,935 bbl 


D011 
Bilge Water 714 bbl/day 30 bbl/hr 85,714 bbl 714 bbl/day 30 bbl/hr 85,714 bbl 714 bbl/day 30 bbl/hr 85,714 bbl 714 bbl/day 30 bbl/hr 85,714 bbl 


D012 
Cement Slurry 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 


D013-1 Cuttings 
5,006 bbl 47.2 bbl/hr 5,006 bbl 5,089 bbl 48 bbl/hr 5,089 bbl 5,005 bbl 47.2 bbl/hr 5,005 bbl 5,089 bbl 48 bbl/hr 5,089 bbl 


D013-2 Fluids 3,124 bbl 29.4 bbl/hr 3,124 bbl  3,207 bbl 30.2 bbl/hr 3,207 bbl 3,123 bbl 29.4 bbl/hr 3,123 bbl 3,207 bbl 30.2 bbl/hr 3,207 bbl 


D013-3 Cement 
45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl/hr 45 bbl 45 bbl 10 bbl /hr 45 bbl 
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Local Work Instructions: 
Chemical Inventory and Additives used Management SHELL LWI-002 
 
Approved By:  Peter Nelson Written By:  Buddy Brooks 
Scope: Shell operations Reviewed/Revised By: Jeremy Chadwell 
Issue Date: 2/22/2013 Revision/Review Date: 2/25/2013 
Revision level: Original Next Review Date: 2/25/2015 
 
SCOPE 
 
This Local Work Instruction (LWI) provides a consistent methodology for tracking all chemicals onboard, as well as, chemicals that 
arrive onboard. It also outlines the proper procedure if and when such chemicals must be used. The goal is to ensure chemicals that 
are not permitted under a site specific permit do not end up in discharge streams.  This LWI also outlines how concentrations of 
products and chemicals will be tracked and documented for applicable discharges (001 through 013). 
 
DEFINITIONS 
 
Biocide is a chemical substance or microorganism which can deter, render harmless, or exert a controlling effect on any harmful 
organism by chemical or biological means.    
 
PTW or Permit to Work the written form is completed and approved by an authorized person when a certain task has the potential to 
harm the environment, personnel or equipment. The permit is filled out along with a JSA and other related documents.       
 
MCI or Master Chemical Inventory is the complete list of the chemicals and quantities/volumes stored on the rig at any given time. 
 
PPE or Personal Protective Equipment refers to protective clothing, helmets, goggles, or other garment or equipment designed to 
protect the wearer's body from injury. 
 
RESPONSIBILITY 
 
The M-I SWACO Compliance Supervisor is responsible to ensure that this LWI has been provided to each person prior to conducting 
this task. 
Each M-I SWACO Compliance Specialist is responsible for reviewing the below procedure, and referenced documents prior to 
beginning the work outlined within and for adhering to the below document while performing the task.   
 
1.0 References: 


 
1.1         NPDES General Permit 
1.2 Shell Waste Management Plan 
1.3 Best Management Practices 
1.4 Quality Assurance Program 
1.5 Drilling Fluids Plan 
1.6 Product MSDS sheet 
1.7 Master Chemical Inventory 
1.8 Control of Dangerous Goods (Noble Document) 
1.9 Alaska Compliance Manual  
 


2.0 General Requirements: 
 
2.1 M-I SWACO Compliance trained personnel will oversee all monitoring and documentation. 


 
 



http://en.wikipedia.org/wiki/Chemical_substance

http://en.wikipedia.org/wiki/Microorganism

http://en.wikipedia.org/wiki/Clothing

http://en.wikipedia.org/wiki/Helmets

http://en.wikipedia.org/wiki/Goggles

http://en.wikipedia.org/wiki/Injury
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3.0 Safety Guidelines: 
 
3.1 Refer to chemical/product MSDS for PPE requirements and guidelines. 
3.2 Dispose of contaminated PPE in properly labeled bins. Refer to on-site HSE rep or Shell’s Waste Management Plan. 
3.3 Thoroughly rinse all empty containers prior to disposal. 
3.4 Follow rig policies and procedures prior to using any chemical not permitted into a discharge stream. 
3.5 Comply with manufactures usage recommendations and do not exceed suggested max concentration level. 
3.6 If product or chemical is regulated by the EPA, follow all guidelines and max concentration limits. 


 
4.0 Instructions: 


4.1 Instructions for Non-Permitted Discharge Chemical Usage 
 


4.0.1 Operator’s PTW must be completed and signed by the rig manager and drilling foremen. 
4.0.2 Permit must be shown to Noble’s Materials Coordinator to gain access to chemical storage locker. 
4.0.3 Any discharge stream that has the potential for a non-permitted substance to enter must be locked 


out and tagged out following the rigs LO/TO policies and procedures. 
4.0.4 After work is complete in the area or on the equipment, the M-I SWACO Compliance Specialist 


must be notified so testing can be completed to ensure no residue of the chemical is found. 
4.0.5 Once deemed clear by the M-I Compliance Specialist, the equipment may return to service. 
4.0.6 Close all permits and remove locks and tags following rig policies. 


 
4.2 Tracking Products and Chemicals Used 
 


4.2.1 M-I SWACO’s drilling fluid software ONE-TRAX will be used to track inventory and usage of all 
products used in the drilling fluids (discharges 001 and 013). Concentration levels will also be 
tracked in ONE-TRAX and documented on the NPDES spreadsheet. 


4.2.2 If products or chemical are used in any other discharge streams, volumes and concentration levels 
will be documented onto the NPDES spreadsheet.  


4.2.3 Prior to performing cement operations, a recipe containing products and amounts will be given to 
the M-I SWACO Compliance Specialist. After review and deemed acceptable, data will be logged 
onto the NPDES spreadsheet. 


4.2.4 All data collected on the NPDES spreadsheet will be submitted as needed and recorded on the 
End-of-Well file. 


 
4.3 Shipping, Receiving and Storage of Products, Chemicals and Samples 
 


4.3.1 Collected samples will be preserved, labeled, and stored following permit requirements. 
4.3.2 Prior to shipping of samples, all MSDS, COC’s, manifests and other required documents will be 


packed accordantly. 
4.3.3 All products and chemicals stored onboard will be properly stowed and segregated following the 


OSHA segregation chart. Storage areas must have all required placards in place.  
4.3.4 MSDS’s for all products/chemicals will be readily available and stationed in required areas 


throughout the rig. 
4.3.5 If non-permitted discharge chemicals or hazardous products/chemicals must be ordered, the rig 


manager and/or the drilling foremen must approve. 
4.3.6 Upon receiving products or chemicals, the Materials Coordinator shall verify all required documents 


are included with shipment. 
4.3.7 After shipment is received, all inventory lists must be up-dated and distributed to all parties 


involved. MSDS’s must be added to binders if the product is new to the rig.  
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5.0 Discharges and Documentation of Chemical Usage 
 


Discharge Description Company Responsible Form or Information 
Documentation 


D001 Muds and Cuttings M-I SWACO ONE-TRAX 
D002 Deck Drainage Noble NPDES Log 


 
D003 Sanitary Waste Noble Chief Engineer 


Log/NPDES Log/Ballast 
Report 
 


D004 Domestic Waste Noble Chief Engineer 
Log/NPDES Log 


D005 Desalination Unit Noble Chief Engineer 
Log/NPDES Log 


D006 Blowout Preventer Fluid Noble Chief Engineer 
Log/NPDES Log 


D007 Boiler Blowdown Noble Chief Engineer 
Log/NPDES Log 


D008 Fire Control System Test 
Water 


Noble Chief Engineer 
Log/NPDES Log 


D009 Non-contact Cooling 
Water 


Noble Chief Engineer 
Log/NPDES Log 


D010 Uncontaminated Ballast 
Water 


Noble Chief Engineer 
Log/NPDES Log/Ballast 
Report 


D011 Bilge Water Noble Chief Engineer 
Log/NPDES Log/Ballast 
Report 


D012 Excess Cement Slurry Halliburton Halliburton Log/NPDES 
Log 


D013 Muds, Cuttings, and 
Cement at the Seafloor 


M-I SWACO ONE- TRAX/NPDES Log 


 
6.0 Calculations 


 
6.1     Final product concentration:  [(IV-DV) x IP + PA] 


                                                                                          TV 
                             Initial Volume = IV, bbls 
                             Discharged Volume = DV, bbls 
                             Initial Product Concentration = IP, lb/bbls 


Product Additions = PA, lb 
                             Total Volume = TV, bbls 
Revision Log 
Date: Document History: Revised/reviewed by: Location: 
    2/22/13 Original Created Buddy Brooks Alaska Shell Operations 
2/25/13 Approved for distribution Peter Nelson Alaska Shell Operations 
2/25/13 Reviewed Jeremy Chadwell Alaska Shell Operations 
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1.0 General Requirements  


1.1 Organization 


This document serves as the Quality Assurance Project Plan (QAPP) for all requirements under the 


Permit No.: AKG-28-8100 National Pollutant Discharge Elimination System (NPDES) General Permit 


(New and Existing Sources and New Dischargers in the Offshore Subcategory of the Oil and Gas 


Extraction Category) (herein referred to as the GP) for wastewater discharges into Arctic Ocean Outer 


Continental Shelf (OCS) waters. Section 1 presents quality assurance and quality control information that 


is relevant to the larger permit requirements (i.e., including both operational, on-rig discharges and the 


environmental monitoring program (EMP). Section 2 presents quality assurance and quality control 


information that is specific to the operational, on-rig discharge monitoring permit requirements (e.g., 


Permit Section II.B). Section 3 presents quality assurance and quality control information that is specific 


to the EMP Plan of Study (e.g., Permit Section II.A.13a-n).  


1.2 Purpose and Scope 


This section identifies Shell Gulf of Mexico, Inc. (Shell) as the operator for the Chukchi Sea Exploration 


Program and holder of the GP for wastewater discharges into Arctic Ocean Outer Continental Shelf 


(OCS) waters.  


This QAPP defines policies and systems governing the assessment and quality control of sampling, data 


collection, and laboratory analyses performed to document compliance with the GP. This QAPP will be 


used to assist in sampling and analysis required to support compliance with effluent limitations and 


monitoring requirements for operational discharges as well as planning for the collection and analysis of 


data required in the Environmental Monitoring Program Plan of Study (EMP) specified in the GP.  


Development of the QAPP for work performed under the GP was based upon applicable guidelines and 


regulatory documents including: 


• AKG-28-8100 NPDES GP; 


• Title 40 of the Code of Federal Regulations, Part 435 (40 CFR Part 435); 


• 40 CFR Part 136; and 


• U.S. Environmental Protection Agency (USEPA) regulations and guidance, including 


Requirements for Quality Assurance Project Plans (EPA/QA/R-5) (USEPA 2001) and Guidance 


for Quality Assurance Project Plans (EPA/QA/G-5) (USEPA 2002). 


1.3 Project Definition/Background 


In order to fulfill the requirements of the GP, field measurements and environmental samples will be 


collected as part of investigations and characterizations as specified in the EMP and also to demonstrate 


compliance with effluent limitations and monitoring requirements specified for operational discharges.   
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This QAPP has been prepared to satisfy the requirements of Section IV.A. of the GP. This QAPP defines 


the quality assurance (QA) and quality control (QC) procedures that will be followed to ensure that the 


data obtained from field and laboratory analyses is of known and acceptable quality to achieve project 


data quality objectives. The QC procedures outlined herein are intended to support the activities requiring 


the collection of data as described in the EMP, the Best Management Practices (BMP) Plan, written 


procedures and this QAPP. This QAPP provides specific guidance regarding sample collection and 


handling procedures, referencing the Appendices to the BMP, as appropriate.  


General information about the drillship, support vessels, and exploratory well locations can be found in 


Section 3 of the BMP. Additional information about the Chukchi Sea site description can be found in the 


EMP Plan of Study. 


1.4 Project Task Description 


Shell has contracted Noble Drilling Holding, LLC (Noble Drilling), the owner of the drillship, M/V 


(Motor Vessel) Noble Discoverer (Noble Discoverer), for operations of the vessel during transit and while 


exploration activities are being conducted. The Noble Discoverer is an offshore oil and gas drillship 


adapted for operation under Arctic conditions. The Noble Discoverer has all necessary drilling equipment 


and ancillary facilities to explore and complete exploratory wells in the Chukchi Sea.  


Shell plans to drill six exploratory wells in the Burger Prospect of the Chukchi Sea. Each of the six 


possible drill sites will be permitted for drilling to allow for operational flexibility. The prospect location 


is depicted in Figure 3-1 of the BMP. Table 1-1 presents geographical drill site locations for each well in 


the drilling program.  


Table 1-1 Geographical Drill Site Locations 


Wells 


Covered by 


BMP Plan 


Area 
Lease Block 


(Surface) 


Surface Locations (NAD 83)
1 


OCS-Y 


Number Latitude (N) Longitude (W) 


Burger A Posey 6764 N71°18’30.92” W163°12’43.17” OCS-Y-2280 


Burger F Posey 6714 N71°20’13.96” W163°12’21.75” OCS-Y-2267 


Burger J Posey 6912 N71°10’24.03” W163°28’18.52” OCS-Y-2321 


Burger R Posey 6812 N71°16’06.57” W163°30’39.44” OCS-Y-2294 


Burger S Posey 6762 N71°19’25.79” W163°28’40.84” OCS-Y-2278 


Burger V Posey 6915 N71°10’33.39” W163°04’21.23” OCS-Y-2324 


Note: 
1 North American Datum 1983. 


Shell has requested authorization for a number of discharges during drilling operations that are regulated 


by the EPA under the GP and by 40 CFR Part 435. Data collection to verify compliance with the effluent 


limitations and monitoring requirements of the GP will include, but is not limited to, visual assessment of 


receiving waters; discharge flow-rate and volume measurements; and collection of samples for rig 


compliance laboratory analysis and fixed subcontract laboratory analysis. Operational discharge 


compliance monitoring activities and QA/QC procedures are defined in Section 2 of this QAPP.  
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In addition to operational discharge compliance monitoring activities, environmental samples will be 


collected as part of assessments and characterizations required by the EMP. Data collection activities and 


QA/QC procedures related to the EMP are described in Section 3 of this QAPP. 


1.5 Project Quality Objectives 


The overarching project objectives for Shell’s exploration drilling program in the Chukchi Sea are to 


monitor effluent discharges, implement the EMP, and ensure the collection of data that are of sufficient 


type, quantity, and quality to meet the regulatory requirements specified by the GP.  


1.5.1 Data Quality Objectives  


The DQOs, details regarding the sampling design, QA/QC procedures, and data collection can be found in 


Section 2 for operational discharge compliance sampling and in Section 3 and for the EMP. 


1.5.2 Data Quality Indicators 


The quality of the data to be collected for this project will be verified through appropriate criteria 


established for both sampling procedures and analytical methods. The criteria should relate to data quality 


indicators (DQIs) consisting of precision, accuracy, representativeness, comparability, completeness, and 


sensitivity (commonly referred to as PARCCS) parameters. The quality of the sampling procedures and 


laboratory results will be evaluated for compliance with project DQOs through a review of these 


parameters.  Project DQOs will be considered met when the quality of the data meet precision, accuracy, 


representativeness, completeness, comparability, and sensitivity requirements specified in this QAPP.  


Analytical DQOs will be evaluated by reviewing the QC parameters described in the following sections. 


Laboratory and field quality control samples are described in more detail in Section 1.10. DQIs that relate 


specifically to analyses required for the monitoring of operational discharges are included in Section 2. 


DQIs that relate specifically to analyses required for the EMP are included in Section 3.  


1.5.2.1 Precision 


Precision measures the reproducibility of measurements. Analytical precision is the measurement of the 


variability associated with duplicate (two) or replicate (more than two) analyses. Precision will be 


evaluated by comparing the following: 


• Laboratory control sample (LCS) and LCS duplicate (LCSD) (if prepared and analyzed) to 


determine the accuracy and precision of the laboratory procedures and verify matrix interference 


by comparing to MS results; 


• Matrix spike (MS) and matrix spike duplicate (MSD) samples to determine the effect of the 


sample matrix on the precision of the results generated using the selected analytical method;  


• Primary and field duplicate sample results; 


• Analysis of standard reference material (SRM); and/or 


• Laboratory replicate analyses. 
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The LCS determines the precision of the analytical method. If the recoveries of the analytes in the LCS 


are within established control limits, then precision is within acceptable limits. In this case, the 


comparison is not between a sample and a duplicate sample analyzed in the same batch; rather, the 


comparison is between a given sample and those samples analyzed in previous batches. If an LCSD is 


prepared for the batch, the precision of the analysis can be evaluated for the batch.  


Precision of two similar values is evaluated by calculating relative percent difference (RPD) using the 


following equation: 


 


 


 


Where:  D1 = first sample value 


 D2 = second sample value (replicate) 


RPD = relative percent difference 


Percent difference (PD) is a measurement of precision as an indication of how a measured value is 


different from a “real” value. It is used when one value is known or certified, and the other is measured. 


The formula for calculated PD is as follows: 


 


 


 


 


Where:  X1 = known value (e.g., SRM certified value) 


 X2 = determined value (e.g., SRM concentration determined by analyst) 


If two or more aliquots of the same sample are prepared and analyzed by the laboratory, then these are 


referred to as laboratory replicates. Precision of replicate samples is evaluated by calculating the RSD 


using the following equation: 


%RSD =  


Where:  ��  = the individual sample concentrations 


�� = the mean of n values  


n = the total number of values  


Note: Report the absolute value of the result. The RSD is always positive. 
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1.5.2.2 Accuracy 


Accuracy is a statistical measurement of correctness and includes components of random error (variability 


due to imprecision) and systemic error (variability that can be assigned to a specific component of the 


measurement process). Random errors and systematic errors reflect the total error associated with a 


measurement. A measurement is accurate when the value reported does not differ from the true value or 


known concentration of the spike or standard.  


Percent recovery is a measurement of accuracy, where one value is compared with a known/certified 


value. Analytical accuracy is measured by comparing the percent recovery of analytes spiked into an LCS 


or a MS sample to a control limit. Analysis of SRM may also be used to evaluate accuracy.  


The formula for calculating percent recovery is as follows: 


1.5.2.3 Representativeness 


Representativeness is a qualitative term that refers to the degree by which the data accurately and 


precisely depict the characteristics of a population, whether referring to the distribution of a contaminant 


within a sample, a sample within a matrix, or a contaminant at a site. Representativeness is the qualitative 


term evaluated to determine that measurements are made and physical samples collected at locations and 


in a manner that result in proper characterization of a matrix or media. Subsequently, representativeness 


ensures that a sampled population represents the target population and an aliquot represents a sampling 


unit. 


Assessment of representativeness shall be achieved through use of the standard field, sampling, and 


analytical procedures. Representativeness will be evaluated by reviewing the following:  


• Sample quantities and locations; 


• Sampling procedures and equipment; 


• Sample CoC forms, laboratory report forms, and laboratory records; and 


• Holding times and preservation. 


1.5.2.4 Comparability 


Comparability addresses the degree to which different methods or data agree or can be represented as 


similar. The objective for this QA/QC program is to produce data with the greatest possible degree of 


comparability. Comparability is achieved by the following: 


• Using standard methods for sampling and analysis; 


• Reporting data in standard units; 


• Normalizing results to standard conditions; 


100 x 
expected amount


detected amount
 =Recovery  Percent  
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• Operating instruments within their calibrated range according to established procedures based on 


approved methodology; and 


• Using standard and comprehensive reporting formats. 


1.5.2.5 Completeness 


Completeness is calculated for the aggregate data for each analyte measured during any particular 


sampling event. Completeness is calculated and reported for each method, matrix, and analyte 


combination.  The number of valid results divided by the number of possible individual analyte results, 


expressed as a percentage, determines the completeness of the data set.  For completeness requirements, 


valid results are defined as all results not rejected through data validation.   


The following formula is used to calculate completeness: 


samples allfor  results possible ofnumber 


analyzed samplesfor  results  validofnumber 
sscompletene % =


 


1.5.2.6 Sensitivity 


Sensitivity is the ability of a method or instrument to detect the target analytes at the level of interest. 


Analytical methods are selected that will provide results with the sensitivity to meet the project DQOs. 


The laboratory detection limits and reporting limits will be evaluated against the permit limits in order to 


determine whether the analytical methods and/or laboratory meet the project DQOs. 


1.6 Special Training and Certifications 


Each contractor has specific corporate policies, training manuals/programs, and compliance tracking 


systems as it applies to all oil and gas exploration operations. The validity of collected data depends, in 


part, on the qualifications and training of the personnel involved with sampling and analysis. Trained, 


qualified personnel are required to perform field activities related to operational discharge and monitoring 


and the EMP. Specialized training or certifications required to complete project tasks related to sampling 


and analysis are included in the following sections. 


1.6.1 Health, Safety, and Environment Program Training 


Shell and its contractors have implemented health, safety, and environmental compliance programs that 


direct all aspects of the operation of the Noble Discoverer and employees who are assigned to the ship.  


All assigned employees are provided regular training on these measures and programs.  Aboard the ship, 


management of all health, safety, and environmental compliance programs are implemented by Shell and 


its contractors. The detailed plans may be available for review aboard the Noble Discoverer if requested.  


Shell will have full time Health, Safety, and Environment (HSE) staff on board during operational 


periods. 
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1.6.2 General Permit Training Curriculum for M-I SWACO NPDES Compliance Specialists 


The M-I SWACO NPDES Compliance Specialists are responsible for maintaining copies of their training 


records. Specific training requirements related to operational discharges and monitoring activities are 


specified in the written procedures, which are incorporated by reference into the BMP and in Appendix A 


of this QAPP.  


Each M-I SWACO NPDES Compliance Specialist shall participate in a regulatory training curriculum 


prior to providing GP compliance data. The curriculum includes presentations and written tests on the 


following elements: 


• Regulatory requirements. 


• QAPPs. 


• Documentation procedures. 


• Applicable written procedures. 


Upon completion of the training curriculum, each trainee and trainer shall complete the appropriate M-I 


SWACO NPDES Compliance Specialist Training Documentation Form (M-I SWACO Form 2009-1, 


Appendix A). This form documents the employee’s training on the QAPP, written procedures, specific 


equipment, analytical techniques, and QC requirements. NPDES Compliance Specialist training and the 


Compliance Specialist Training Documentation Form must be completed prior to performing any GP 


compliance duties. The M-I SWACO NPDES Compliance Supervisor will maintain the original forms in 


the employee training records and the employee maintains a copy within the M-I SWACO NPDES 


Compliance Specialist notebook.  


1.6.3 M-I SWACO NPDES Compliance Specialist Demonstration of Capability 


M-I SWACO NPDES Compliance Specialists who perform measurements, analyses, or evaluations, or 


who operate instruments or equipment shall have demonstrated proficiency for the specific procedures for 


which there is a mandatory demonstration of capability (DOC) requirement in the written procedures. 


Demonstration of capability shall be performed each time there is a change in instrument type, personnel, 


or test method. Procedures for performing and documenting the demonstration of capability are discussed 


in SOP 1008 Demonstration of Capability (Appendix A). The Demonstration of Capability Certification 


Statement included in this procedure shall be completed for each analyst, matrix, and method after 


successful completion of the proficiency testing. One certificate may be used for multi-analyte methods. 


1.7 Documents and Records 


The quantity of supporting documentation required to conduct environmental analyses necessitates the 


establishment of a formal system for generating, checking, inventorying, and archiving documents. This 


section describes document control and recordkeeping as it applies to field and laboratory data generated 


to demonstrate compliance with the QAPP.  


During the Chukchi Sea exploration drilling program, both hard copy and electronic records will be 


generated by numerous organizations involved in various aspects of the program. Each contractor to Shell 


is responsible for ensuring that the records generated by their field staff and/or subcontractors are in 


compliance with the requirements of this QAPP. All organizations will maintain original records in the 
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specific locations required by their respective QA programs, and copies of their records will be provided 


as required during and following execution of the project. In general, documentation and recordkeeping 


will be conducted in accordance with this document (Sections 2.7 and 3.9).   


Rig compliance laboratory records are discussed in following sections. The QA program of subcontract 


laboratories, including the Barrow mobile laboratory and fixed laboratory, governs their document 


control. Maintenance, revision, approval, distribution, archival, and retention of records will be in 


accordance with the subcontract laboratory QA program. 


1.7.1 Document Revisions 


The QAPP and associated written procedures are controlled documents. Each time a revision is made to 


this manual, it shall be reviewed, documented, and approved. Whenever revisions are made, or addenda 


added to the QAPP, a document control system shall be initiated to confirm that all parties holding a 


controlled copy of the QAPP receive the revisions/addenda, and that outdated material is removed from 


circulation.  


The following procedures will be implemented to ensure that project personnel have the current versions 


of these documents: 


• The document includes a version number and effective date; 


• Each organization will maintain a master list of current written procedures, which are approved 


by management and assigned a revision number and effective date; 


• A distribution list is maintained for the QAPP; and 


• Written procedures are reviewed and revised in accordance with each organization’s internal QA 


program. 


The QAPP shall be reviewed at least annually and will be revised or amended as substantive changes are 


warranted. As the QAPP is revised, the revision number on the appropriate pages is incremented and the 


modified pages are released to the distribution list. A summary of the revisions with the date and a 


description of the revision is maintained on the signature page. The QAPP revision shall be submitted for 


approval by the same authorities that performed the original review. 


1.7.2 Rig Compliance Laboratory Documentation 


Field personnel from each organization shall retain copies of observations, calculations and derived data, 


calibration records, results, and/or reports in accordance with the BMP and each organization’s QA 


program. Field observations will be documented in real time in bound field logbooks and will provide a 


record of field activities, observations, and measurements during sampling. Details regarding field and 


laboratory documentation are included in Sections 2 and 3.  


1.7.3 Archival, Maintenance, and Retention of Project Files  


Central project files are maintained in accordance with each organization’s internal QA program. The 


central project files consist of completed rig compliance laboratory documentation, as well as fixed 


laboratory reports, computer program documentation, training records, and qualified subcontractor files. 
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Pursuant to permit regulations, project files will be retained for a period of at least five years from the 


date of the sample, measurement, report, or application, whichever is longer. Records are maintained 


electronically and/or in hard copy. Records will be maintained, archived, and retained in accordance with 


Section 11.5 of the BMP.  


Record retention includes, but is not limited to, the following: 


• Laboratory reports; 


• Chain-of-custody (CoC) forms; 


• Original monitoring data, including logbooks, field forms, electronic data capture, or other 


records in which monitoring data are first documented; 


• Logs or other documents used to record field measurements, such as flow meter readings; and 


• Calibration and maintenance logs for field instruments and rig compliance laboratory equipment, 


as they relate to measurement of volume or monitoring quality. 


1.7.4 Confidentiality and Proprietary Rights 


Personnel may have access to confidential information concerning permittees operations and company 


operations. This knowledge may include expertise, technical information, technical software, and records 


related to operations, finance, accounting, sales, personnel, and management, policies, or other matters. 


Personnel may also have access to permittee and company trade secrets, including secret formulations, 


techniques, methods, processes, data, discoveries, developments, designs, improvements, inventions, and 


the like. The protection of these trade secrets and confidential information against unauthorized disclosure 


or use is of critical importance. Consequently, employees and contractors may be required to execute 


nondisclosure and confidentiality agreements.  


Any confidential business information, defined as trade secrets and commercial or financial information 


obtained from a person and privileged or confidential provided as part of voluntary and/or mandatory 


submittals to the EPA shall not be disclosed.     


1.8 Sample Handling, Documentation, and Chain-of-Custody Procedures 


This section includes sampling and data collection procedures and policies for ensuring compliance with 


requirements of the GP applicable to exploration drilling activities to be conducted by Shell in the 


Chukchi Sea.  


An essential part of the sampling activities of any environmental project is assuring the integrity of the 


samples from collection through data reporting. Environmental analyses involve the collection and 


shipping of numerous samples from different sampling sites.  Sample labels and CoC forms are used to 


document identification and handling of samples from the time of collection through the completion of 


chemical and/or physical analysis. Documentation of the history of a sample will be prepared and 


maintained to demonstrate that the data are a true representation of the environmental media. The CoC 


record is used to demonstrate that a sample was not tampered with or altered in any way that may bias the 


analytical accuracy of the laboratory results.  It is extremely important that CoC records be complete, 


accurate, and consistent.  
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This QAPP governs field and analytical sample handling, documentation, and CoC procedures for 


samples analyzed in the field at the rig compliance and Barrow mobile laboratories and for samples 


transported to fixed subcontract laboratories. Additional details specific to the handling, documentation, 


and CoC procedures for the operational discharge compliance sampling program are included in Section 


2; and for the EMP are included in Section 3. 


The QA program of the fixed subcontract laboratory performing analyses governs laboratory sample 


control procedures.  


1.8.1 Sample Containers and Preservation 


Subcontract laboratories supply containers for fixed laboratory analyses. These containers are pre-cleaned 


and/or preserved in accordance with analytical method requirements. Details regarding the containers 


required for specific analyses can be found in Sections 2 and 3.  


1.8.2 Sample Storage 


Samples shall be stored in limited-access, temperature controlled areas while in the rig compliance 


laboratory or until packaged and shipped to the Barrow mobile laboratory or fixed subcontract laboratory 


for analysis. In general, the acceptance criterion for sample storage is <6°C. Thermal preservation 


requirements for specific analyses are outlined in Sections 2 and 3. 


1.8.3 Sample Retention and Disposal 


Samples will be retained under proper storage conditions in accordance with the written procedures 


and/or analytical methods. Analytical samples are retained and disposed of at the subcontract laboratories 


in accordance with the internal laboratory QA program. 


1.8.4 Sample Labeling 


As samples are collected and containerized, each sample is given an unique sample identification (ID) 


number. The sample ID is documented in the field logbook and on the CoC form. Sample IDs will be 


assigned in accordance with the specific procedures in Sections 2 and 3. 


Each sample container must include the following information: 


• Date - A six-digit number indicating the year, month, and day of collection, in this order; 


• Time - A four-digit number indicating the military time of collection; 


• Sample ID - A unique identification number which may contain the above information, but which 


distinguishes among samples collected from the same site; 


• Preservative (if any); 


• Sampler – Signature or initials of person collecting the sample; and 


• Requested analyses. 


Field QC samples (equipment blanks, field duplicates, etc.) are labeled as above, but are not identified as 


QC samples on the labels.  
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1.8.5 Chain-of-Custody Procedures 


After collection, preservation, and identification, the sample is maintained under CoC procedures 


discussed in this section.  


Sample custody records are the administrative records associated with the physical possession and/or 


storage history of each individual sample from sample collection to the final analytical result and sample 


disposal. Sample custody will be initiated by the sample collection records that identify for each sample 


the unique sample ID, date, time, location, and collector.  


CoC forms document sample collection and shipment to the laboratory. CoCs are legal documents that 


record the transfer and disposition of collected environmental samples. The CoC form will identify the 


contents of each shipment and provide objective physical evidence of the possession history and integrity 


of each sample from collection through analysis. Transfer of physical custody shall be recorded. 


CoC procedures begin in the field with the collection and containerization of samples. A sample is 


considered under CoC if: 


• The samples are in a person’s possession, or 


• The samples are in a person’s view after being in that person’s possession, or 


• The samples were in a person’s possession and then were locked or sealed to prevent tampering, 


or 


• The samples are in a secure area. 


As soon as each sample has been collected, containerized and labeled, it is entered on the CoC form. Each 


cooler should contain one CoC form representing all of the samples present in the cooler. The sampler 


shall complete the information on the form accurately and legibly. Any corrections to the CoC form must 


be made using a single line through the incorrect entry. Corrections must be initialed and dated by the 


person making the change.  


The chain-of-custody form must include: 


• Sample originator (client); 


• Sample identification / location; 


• Project identification; 


• Date and time of collection; 


• Collector’s name (printed); 


• Sample type (e.g., liquid or sediment); 


• Analyses required; 


• Preservation used; and 


• Signatory of release/acceptance through transport. 
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Once they have been properly labeled and logged, samples are packaged for shipment and sent to the 


laboratory with a CoC record sealed into each cooler. Before the sample cooler is shipped, the sampler 


must sign and date the CoC form under “Relinquished by”. The original CoC form accompanies the 


samples during shipment; a copy is maintained by the shipper. Coolers containing samples will be 


custody sealed prior to shipment to subcontract analytical laboratories. 


When samples are received at the subcontract laboratory, the laboratory sample custodian signs the CoC 


form as "Received by," and enters the date and time. The sample custodian shall carefully inspect samples 


as described in the laboratory SOP, including: 


• Intact air-tight seal, 


• Intact CoC, 


• Evidence of alteration or damage to samples or packaging, and 


• Completeness of accompanying records. 


The laboratory's sample receipt record shall explicitly state the condition, including the measurement of 


the temperature blank or cooler temperature, for each incoming sample. The Shell Environmental 


Compliance Engineer or his/her designee is notified of arrival and condition of each shipment, and of any 


discrepancies in accompanying paperwork, immediately after login inspection. After the sample log-in is 


complete, another copy of the CoC record, which includes laboratory sample numbers and notations of 


any discrepancies, is sent to the sampler identified on the CoC form and/or to the Shell Environmental 


Compliance Engineer, as instructed.  The original CoC is filed in the laboratory, with the shipper's 


waybill or airway bill attached, and a copy of this record is provided to Shell. 


Samples for rig compliance laboratory analyses shall be kept in a designated secure area. CoC forms are 


not required for rig compliance laboratory samples. Sample collection activities and identification of 


samples shall be recorded in field logbooks.  


1.8.6 Packaging and Shipment of Samples 


Samples shall be packaged and shipped in accordance with each organization’s QA program and written 


procedure. Standard procedures for packaging and shipment of samples are necessary for the following 


reasons: 


1) To protect persons handling, receiving and unpacking shipped samples; 


2) To minimize loss of samples through breakage or delays in shipment; 


3) To document sample integrity; and 


4) To comply with applicable U.S. Department of Transportation (DOT) (49 CFR) and 


International Air Transport Association (IATA) regulations. 


Details regarding specific procedures for packaging and shipping samples are included in Sections 2 and 


3. 
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Environmental samples are samples of drilling fluids or other media where contamination is expected to 


be in relatively low concentrations. For the purpose of this QAPP, environmental samples are those 


samples whose toxic, flammable, corrosive or otherwise hazardous constituents represent less than one 


percent by volume.  


1.9 Field and Laboratory QC Samples 


The sampling designs for the operational discharge compliance sampling program and the EMP 


incorporate QC procedures and checks in both the field and laboratory to assess data quality. The 


following sections outline the most common types of field and laboratory QC samples that may be 


collected for the project. Sections 2 and 3 include specific types and frequencies of QC samples that will 


be collected and analyzed for operational discharge compliance sampling and the EMP. Section 3 also 


includes additional QC samples that will be collected for the EMP.  


1.9.1 Field QC Samples 


Field QC samples will be collected in the same type of sample containers and handled in the same manner 


as other field samples. The field QC samples will be assigned unique sample numbers and will be 


submitted to the analytical laboratory as routine samples. If nonconformances are detected in the results 


for field QC samples, the data associated with the QC samples will be evaluated to determine if the 


quality and/or usability of the data are affected.   


1.9.1.1 Trip Blanks 


Trip blanks are collected only for volatile organic compound (VOC) samples. A trip blank consists of a 


uncontaminated sample of similar matrix that is transported from the laboratory to the sampling site, 


handled like an environmental sample, and returned to the laboratory for analysis without having been 


exposed to sampling procedures (i.e., not opened in the field). The results are used to assess 


contamination introduced during shipping and field handling procedures. Trip blanks are prepared and 


analyzed at the frequency of one per shipping container of VOC samples. 


1.9.1.2 Temperature Blanks 


A temperature blank is a container of water that is packed and shipped to the laboratory with the field 


samples requiring preservation by cooling. Upon arrival of a cooler at the laboratory, the laboratory 


measures the temperature of the blank. This temperature reading is used to represent the conditions of the 


field samples during shipment to the laboratory. This information is used by both the laboratory and by 


the data reviewer. If the temperature blank exceeds the sample-specific thermal preservation criteria, the 


laboratory must notify Shell immediately for guidance.  


1.9.1.3 Field Duplicates 


A field duplicate is a generic term for two (or more) field samples collected at the same time in the same 


location. Field duplicate samples are submitted as blind samples to the laboratory and are taken through 


all steps of the analytical preparation and analysis process in an identical manner. These samples are used 


to assess precision of the entire data collection activity, including sampling, analysis, and site 


heterogeneity. Field duplicates shall be collected where measurable contamination is likely to be present. 


If contaminant levels in the duplicates are below detection limits, they cannot be used for data quality 
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assessment. Field duplicates are collected at a frequency of 5% of the field samples (one field duplicate 


sample for every 20 or fewer field samples).  


There are two categories of field duplicate samples defined by the collection method: co-located field 


duplicates and subsample field duplicates. Co-located field duplicates are two or more independent 


samples collected from side-by-side locations at the same point in time and space so as to be considered 


identical. Co-locates are samples collected from adjacent locations, or water samples collected from the 


same sampling point at the same time that have not been homogenized. Subsample field duplicates 


samples are obtained from one sample collection at one sample location. The sample is homogenized and 


then subsampled in the field to form an original and duplicate sample.  


Drilling fluid samples may contain gradients of chemical constituents. It is therefore necessary to 


thoroughly mix a quantity of drilling fluid and then split the resulting homogenized material into two 


separate sample containers to obtain identical field duplicate samples. The contamination risk is mitigated 


through the use of specially cleaned containers and properly decontaminated or disposable sampling 


equipment and implements for mixing and transferring the sample material. 


1.9.1.4 Matrix Spikes and Matrix Spike Duplicates (MS/MSDs) 


A matrix spike (MS) is performed by spiking one of a pair of duplicate samples with a known quantity of 


target analyte and extracting and analyzing both the spiked and the unspiked samples. In the absence of 


matrix interferences, the difference between the analytical results for these two duplicates will yield an 


acceptable recovery rate for the spike compound. If matrix interferences are present, their effect on the 


analytical results for the MS sample can indicate a similar effect on other samples of a similar matrix.   


Matrix spikes may also be used to measure precision and accuracy of the sampling and analysis process 


by analyzing two spiked aliquots and one unspiked aliquot of a sample. This second spiked sample 


aliquot is called a MS duplicate (MSD). Accuracy is measured by calculating the difference between the 


measured spike concentration and the known concentration added to the MS and MSD. The closer the 


two measured concentrations are to the true concentration, the higher the level of accuracy in the 


analytical process. Precision is measured by calculating the difference between the two spike 


concentrations recovered in the MS and MSD. The greater the difference between the two recovered spike 


amounts, the lower the precision of the sampling and analysis process.  


Because three separate aliquots, or portions, of sample have to be analyzed when performing an 


MS/MSD, it is often necessary to submit double or triple the volume of sample for an MS/MSD than that 


required for a normal sample. The MS/MSD samples are not separate samples, and the same sample 


number will be assigned to the primary (parent) sample and the extra volume supplied for the laboratory 


MS/MSD. CoC forms will indicate the sample designated for MS/MSD when additional material is 


provided. MS/MSD samples will be collected at a frequency of 5% of the field samples (one MS/MSD 


pair for every 20 field samples).  
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1.9.2 Laboratory QC Samples 


Laboratory samples will be processed and analyzed in analytical batches or sample delivery groups 


(SDGs) of 20 or fewer field samples plus laboratory QC. A suite of QC samples that monitors the 


accuracy and precision of the methods will be incorporated into each batch; these samples are defined 


below. In addition to these QC samples, surrogate internal standards will be spiked into each sample 


analyzed for organic compounds. Laboratory QC and acceptance criteria for the specific analytical 


methods are included in Sections 2 and 3. 


1.9.2.1 Method Blank 


A method blank is an analyte-free matrix to which all reagents are added in the same volumes or 


proportions as used in sample processing. A method blank is prepared and analyzed with every analytical 


batch. The method blank is carried through the complete sample preparation and analytical procedure and 


is used to assess possible contamination resulting from the analytical process. 


The presence of analyte in a method blank at a concentration exceeding the analytical data quality 


objective indicates the need for further assessment of the data. The source of contamination should be 


investigated, and measures must be taken to correct, minimize, or eliminate the problem. No analytical 


data shall be corrected for the presence of analytes in blanks. 


1.9.2.2 Laboratory Control Sample 


A laboratory control sample (LCS) is a sample of known composition that is spiked with all target 


analytes. The LCS is used with each analytical batch to determine whether the method is in control. Each 


analyte in the LCS shall be spiked at a level less than or equal to the midpoint of the calibration curve, 


which is defined as the median point of the curve instead of the middle of the range. The LCS shall be 


carried through the complete sample preparation and analysis procedure. The LCS cannot be used as the 


continuing calibration verification (CCV) sample. 


At least one LCS shall be included in every analytical batch. If more than one LCS is analyzed in an 


analytical batch (e.g., LCS duplicate [LCSD]), results from all LCSs shall be reported. A failure of an 


analyte in any of the LCSs shall require appropriate corrective action, including qualification of the failed 


analyte in all of the samples, as required. 


1.9.2.3 Surrogates 


Surrogates are compounds used in organic compound analysis that are similar to the target analytes in 


chemical composition and behavior, but not normally found in environmental samples. Surrogates are 


used to evaluate accuracy, method performance, and extraction efficiency. Surrogates shall be added to 


environmental samples, controls, and blanks in accordance with the method requirements. 


If a surrogate recovery is outside the acceptance limit, corrective action must be performed. After the 


system problems have been resolved and system control has been reestablished, the sample should be re-


prepared and reanalyzed. If corrective actions are not performed or are ineffective, an appropriate flag 


shall be applied to the sample results. 
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1.9.2.4 Internal Standards 


Internal standards (ISs) are known amounts of standards that are added to a portion of a sample or sample 


extract and carried through the entire procedure. ISs are used as a reference for calibration and for 


controlling the precision and bias of the analytical method. ISs shall be added to environmental samples, 


controls, and blanks, in accordance with the method requirements. 


If the IS results are outside of the acceptance limits, corrective actions shall be performed. After the 


system problems have been resolved and system control has been reestablished, all samples analyzed 


while the system was malfunctioning shall be reanalyzed. If corrective actions are not performed or are 


ineffective, an appropriate flag shall be applied to the sample results. 


1.10 Project Assessment and Oversight 


The QA programs are designed to measure performance and to monitor adherence to corporate QA 


policies, method, and project-specific requirements and regulatory requirements. Quality assessment is 


the responsibility of QA staff or designees, and is performed in cooperation with the affected operating 


group personnel. The purpose of this section is to establish standard procedures for quality assessment 


and the formulation of assessment criteria. Systems for corrective action are discussed in Section 1.9.3. 


1.10.1 Project Audits/Assessments 


The following project audits and assessments are planned: 


• Pre-mobilization audit (readiness review). Prior to project mobilization, a systematic evaluation 


of readiness for field activities will be performed.  


• Well records review. Once per well, a review of the documents and records associated with 


drilling activities will be reviewed. Verify accuracy and completeness. Verify that all planned 


activities were documented and that all associated documentation has been completed. 


• Subcontract laboratory sample receipt information. Verify accuracy and completeness. Verify 


that discrepancies were documented and resolution of any potential data quality issues. Verify 


that all planned samples were collected and documented. Compare planned samples with the CoC 


forms and laboratory login information for samples actually submitted to the laboratory. Verify 


that corrective action is documented, if required and appropriate, for any data quality issues 


identified. 


1.10.2 Audit Reporting 


The response to audit or assessment findings may require written documentation, verbal communication, 


or formal corrective action. The timeframe and format of the response depends on the audit or assessment 


findings. Findings should include a discussion of the audit, explaining each finding, its significance, and 


whenever possible, its root cause. Deviations from plans, policies, or written procedures, if any, shall be 


discussed in terms of whether they were warranted by the circumstances of the project, and why. Finally, 


recommended corrective actions should be provided, if required and appropriate, as determined by the 


manager and technical personnel involved in the audit. 
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1.10.3 Corrective Action 


Feedback and corrective action are required when deviations from documented policies, procedures or 


QC, if any, occur. These deviations may be identified through audits, data review and assessment, or staff 


feedback. The following sections describe the general procedures to be followed when departures from 


documented policies, procedures, or QC have occurred. 


1.10.3.1 Audit Findings 


The Shell Environmental Compliance Engineer and/or QA Auditor (member of the Shell Environmental / 


Science Department) shall be responsible for initiating and recommending corrective action, if any, in 


response to audit findings. Items requiring corrective action may require written documentation addressed 


to the Wells Superintendent. Corrective action steps shall be fully documented to assist in determining 


future corrective action procedures. When satisfactory progress has been achieved on each requested 


action, the Wells Superintendent or designee enters descriptions of actions and results on the form, retains 


a copy and returns the original to the Shell Environmental Compliance Engineer to close out the 


corrective action. The Shell Environmental Compliance Engineer maintains a file of Service Quality Non-


Conformance Reports and keeps track of their progress. Unresolved corrective action requests, if any, are 


listed in a QA report to Management. 


1.10.3.2 Data Quality Issues 


Staff reviewing permit compliance data shall be responsible for requesting corrective actions in response 


to deficiencies that affect data quality and usability. To identify any potential impacts on the analytical 


results, a data usability summary shall include an evaluation of the data as applicable to the analytical 


method and GP requirements. Repetitive QC problems may result in staff retraining or subcontractor 


disqualification. 


1.10.3.3 Staff Feedback 


Each person involved in the data accumulation process shall be responsible for recognizing and reporting 


deviations, if any, from documented policies, procedures, and/or QC. If required and appropriate, 


deviations shall be documented and addressed to Shell. Analysts, Compliance Specialists, supervisors, 


and QC personnel shall use this system to document problems, deviations, and discrepancies encountered 


during sample collection, sample analysis, or data reporting, if any. 
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2.0 Compliance Sampling Program for Operational Discharges 


This section presents the applicable compliance requirements for operational discharges in the 


Authorization to Discharge under the NPDES GP for Oil and Gas Exploration Facilities on the OCS in 


the Chukchi Sea, Permit Number AKG-28-8100 issued by the USEPA, in compliance with the provisions 


of the Clean Water Act, 33 U.S.C. §1251 et seq., effective November 28, 2012.  


2.1 Introduction and Overview 


In the management of its activities, Shell has contracted with M-I SWACO (M-I SWACO) for its 


compliance assurance for the exploration program in the Chukchi Sea on the drillship M/V Noble 


Discoverer. This section addresses those GP compliance tasks that will be performed by M-I SWACO 


under contract to the permittee during offshore drilling exploration. GP discharge limitations and 


monitoring requirements applicable to the offshore drilling exploration program in the Chukchi Sea are 


presented in Tables 2-1 through 2-5. The following sections detail the compliance monitoring 


requirements for each discharge. 
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Table 2-1 Effluent Limitations and Monitoring Requirements for Water-Based Drilling Fluids/Drill Cuttings  


(Discharge 001) 


Discharge 
Effluent 


Parameter 


Effluent Limitations 


 Monitoring 


Requirements 
Seasonal Restrictions 


Average 


Monthly Limit 


Maximum Daily 


Limit 


 


Discharge 001 


Water-Based 


Drilling Fluids and 


Drill Cuttings  


 


SPP toxicity note 1,10 Minimum 96-hour LC50 of 30,000 ppm 
Weekly Grab &     


End of Well note 2 


 


Not Applicable 


Drilling fluids and cuttings Static Sheen Test note 3,10 Daily Grab 


Free oil No Discharge note 4,10 Daily Grab 


Diesel oil No Discharge note 5,10 Daily Grab 


Mercury 1 mg/kg note 6 Grab Once/well 


Cadmium 3 mg/kg note 6 Grab Once/well 


pH Report (s.u.) Grab Once/ well 


Total Aqueous Hydrocarbons (TaqH) Report (µg/L) Grab Once /well note 7 


Total Aromatic Hydrocarbon (TAH) Report (µg/L) Grab Once /well note 8 


Total volume Report (gal) Daily Estimate note 9 


Notes:  


LC50 = lethal concentration, 50% (in water, that kills 50% of the inhabitants in a given time) 


mg/kg = milligram per kilogram 


MLLW = Mean lower low water 


µg/L = microgram per liter 


ppm = parts per million 


s.u. = standard units 


SPP = suspended particulate phase 


1. As determined by the 96-hour suspended particulate phase (SPP) toxicity test in accordance with Appendix 2 to Subpart A of 40 CFR Part 435, Drilling Fluids Toxicity Test.  The discharge of 


water-based drilling fluids or drill cuttings generated using drilling fluids with a daily minimum or monthly average minimum 96-hour LC50 of less than 30,000 ppm is prohibited.  If inclement 


weather conditions affect timely deliveries of samples, the permittee must notify EPA within 24 hours and document the conditions and rationale in the following monthly DMR.  


2. See requirement of Section II.B.5.b. (Mineral Oil Pill).  At the end-of-well, a sample must be collected for SPP toxicity testing where no mineral oil pill is used.  The end-of-well sample can also 


serve as the monthly monitoring sample. 


3. No discharge allowed upon failure of the static sheen test as determined in accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test.  


4. As determined by the static sheen test in accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test. 
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5. The discharge of drilling fluids or drill cuttings generated using drilling fluids which contain diesel oil is prohibited.  Compliance will be demonstrated by gas chromatograph (GC) analysis of 


drilling fluid collected from the drilling fluid used at the greatest well depth (“end-of-well” sample) and of any drilling fluids or cuttings which fail the static sheen test compared to GC analysis 


of diesel oil in storage at the facility.  Whenever drilling fluids or drill cuttings fail the static sheen test, the permittee is required to analyze an undiluted sample of the material which failed the 


test to determine the presence or absence of diesel oil in accordance with EPA SW846 Method 8015C (2007).  Gas chromatography/mass spectrometry (GC/MS) may be used if an instance 


should arise where the permittee and the Director or DEC determine that greater resolution of the drilling fluid “fingerprint” is needed for a particular drilling fluid sample.  


6. Dry weight in the stock barite.  Results must be expressed as mg/kg (dry weight) of barite.  The permittee must analyze a representative sample of stock barite once prior to drilling each well and 


submit the results with the DMR for the month in which drilling operations commence for the respective well.  If any analytical result exceeds the mercury or cadmium effluent limitations in 


Table 1, the permittee must report the results to the Director in accordance with Section III.G., including the twenty-four hour notice of noncompliance requirement, of this GP.  If the permittee 


uses the same supply of stock barite to drill subsequent wells, the permittee may submit the same analysis for those subsequent wells if no new supplies of barite have been received since the 


prior analysis.  In this case, the DMR should state that no new barite was received since the last reported analysis.  


7. As determined by summing the results of EPA Method 602 (plus Xylenes) or EPA Method 624 to quantify monoaromatic hydrocarbons and to measure TAH and EPA Method 610 or EPA 


Method 625 to quantify polynuclear aromatic hydrocarbons listed in EPA Method 610.  Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the 


end of well.  


8. As determined by EPA Method 602 (plus Xylenes) or EPA Method 624.  Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the end of well.  


9. Record separate total daily volumes of drilling fluids and drill cuttings and report the separate daily volumes in the End of Well Report.  Report combined total volume of drilling fluids and drill 


cuttings discharged on a calendar day in the DMR.  


10. The permittee must report the following discharge occurrences of noncompliance to the Director in accordance with Section III.G.l., including the twenty-four hour notice of noncompliance 


requirement, of this GP: (a) exceedance of the SPP toxicity limitation; (b) failure of the static sheen test; or (c) presence of diesel oil. 
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Table 2-2 Discharge Rate Limitations and Monitoring Frequency for Water-Based Drilling Fluids and Drill Cuttings 


(Discharge 001) 


Water Depth 
note 1 


Rate of Discharge
 note 2 Measurement 


Frequency 
Sample Type 


0 to 5 meters No discharge 


Hourly during  


discharge 
note 3 Estimate


 note 4
 


>5 to 20 meters 500 bbl/hr 


>20 to 40 meters 750 bbl/hr 


>40 meters 1000 bbl/hr 


Notes: 


bbl/hr = barrels per hour 


1. As measured from the MLLW.  


2. Rate of discharge limitations do not include entrained seawater. 


3. The maximum daily discharge limitation is calculated by multiplying the maximum hourly rate of discharge by 24 hours.  For purposes 


of reporting, each hourly measurement must be recorded for each calendar day of discharge within the month.  The monthly average 


limit is the average of the maximum daily hourly rate for each calendar day. 


4. One-TRAX software based on operational data input and Pit Volume Totalizer. 
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Table 2-3 Effluent Limitations and Monitoring Requirements for Deck Drainage (Discharge 002) 


Discharge 
Effluent 


Parameter 
Effluent Limitations Monitoring Requirements 


 


Discharge 002 


Deck Drainage  


pH s.u. Monthly sample 


Free oil No discharge note 1 Grab sample and visual per discharge event 


Total Volume (gal) - Monthly estimate 


TAqH µg/L Grab sample per discharge event note 2,4 


TAH µg/L Grab sample per discharge event note 3,4 


WET TUc 
Use rapid toxicity test 4X/well as initial 


screen. 


Notes: 


µg/L = microgram per liter 


gal = gallons 


s.u. = standard units 


WET = whole effluent toxicity 


1. Once per discharge event, the permittee must sample deck drainage discharges that are processed through an oil-water separator and test for sheen using the static sheen test in 


accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test.  For discharges during unstable or broken ice conditions, a water temperature that approximates 
surface water temperatures after breakup must be used.  During periods of discharge, the permittee must also conduct a visual observation for visual sheen as determined by the 


presence of a film or sheen upon or a discoloration of the surface of the receiving water.    


2. As determined by summing the results of EPA Method 602 (plus Xylenes) or 624 to quantify monoaromatic hydrocarbons to measure TAH and EPA Method 610 or EPA 
Method 625 to quantify polynuclear aromatic hydrocarbons.  


3. As determined by EPA Method 602 (plus Xylenes) or EPA Method 624.  


4. Sample must be collected from the oil-water separator effluent. 


5. Only applicable if initial toxicity screening exceeds threshold criteria outlined in Section 2.4.3.1. Also required once per well if discharge exceeds 10,000 gallons during any 24-


hour period and if chemicals are added to the system. 
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Table 2-4 Effluent Limitations and Monitoring Requirements for Sanitary and Domestic Wastes (Discharges 003 and 004) 


Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 
Maximum Daily Limit Sample Frequency Sample Type 


 


Discharge 003 


Sanitary Waste 


 


Flow (mgd) ---- ---- Daily Measured/Recorded 


BOD5 30 mg/L 60 mg/L Weekly Grab or composite note 1 


TSS 30 mg/L 60 mg/L Weekly Grab or composite note 1 


Floating solids No discharge Daily Visual note 2  


Foam No discharge Daily Visual note 2 


Oily Sheen No discharge Daily Visual note 2 


pH 6.5-8.5 s.u. Weekly Grab 


Fecal Coliform Bacteria 100 colonies/100 mL note 3 200 colonies/100 mL Weekly Grab 


Total Residual Chlorine note 5 ---- 1.0 mg/L Weekly Grab 


Flow Report Monthly Meter 


Discharge 004 


Domestic Waste 


pH Report s.u. Monthly Grab 


Floating solids, garbage, foam No discharge Daily note 2 Visual 


Flow (mgd) Report Monthly Estimated 


Notes: 


mgd = million gallons per day 


mg/L = milligram per liter 
mL = milliliters 


s.u. = standard unit 


1. Composite samples may be collected in lieu of grab samples and must consist of at least four equal volume grab samples, two of which must be taken during periods of peak flow. 


2. The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated discharge and during conditions 


when observations on the surface of the receiving water are possible in the vicinity of the discharge.  The observations and time of day must be recorded.  The numbers of days floating solids, 


garbage, foam or oily sheen are observed must be recorded and reported in the DMR.  


3. Must be reported as the geometric mean.  


4. If inclement weather conditions affect timely deliveries of samples, the permittee must notify EPA within 24 hours document the conditions and rationale in the following monthly DMR.  


5. Must be maintained as close to this concentration as possible.  Sample must be collected immediately after chlorination and prior to any commingling of the waste streams.  The analytical 
detection limit for this parameter is 0.1 mg/L.  Residual chlorine may be monitored according to test procedures approved under 40 CFR Part 136 or using a Hach Test Kit capable of 


measuring free chlorine in the range of 0-3.5 mg/L with a sensitivity of 0.1 mg/L or better.  Monitoring is not required if chlorine is not used as a disinfectant or for facilities serving fewer 


than 10 persons. One composite sample must consist of at least four equal volume grab samples, two of which must be taken during periods of peak flow. 
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Table 2-5 Effluent Limitations and Monitoring Requirements for Miscellaneous Discharges 


Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 


Maximum Daily 


Limit 
Sample Frequency Sample Type 


Discharge 005 


Desalination Unit Wastes 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Flow Meter 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 006 


Blowout Preventer Fluid 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


Discharge 007 


Boiler Blowdown 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 008 


Fire Control System Test Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 


screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 
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Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 


Maximum Daily 


Limit 
Sample Frequency Sample Type 


 


Discharge 009 


Non-Contact Cooling Water 


pH note 3 Report (s.u.) Monthly Grab 


Free oil No discharge note 1  Daily Visual 


Total Volume Report (gal) Daily note 4  Meter 


Temperature Report (°F) Continuous note 4 Measure 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 010 


Uncontaminated Ballast Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2  Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


 


Discharge 011 


Bilge Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 5 Once/discharge & Daily Grab/Visual 


Total Volume Report (gal) Monthly Meter 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


 


Discharge 012 


Excess Cement Slurry 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1 Once/discharge Visual  


Total Volume Report (gal) Monthly Estimate 


Discharge 013 


Mud, Cuttings & Cement at Sea 


Floor  


Free oil No discharge note 1 Daily Visual  


Total Volume Report (gal) Monthly Estimate 


Notes:


°F = degrees Fahrenheit 


gal = gallons 


s.u. = standard units 


TUc = chronic toxic units 


WET = whole effluent toxicity
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1. Once per discharge event, the permittee must conduct a visual observation for visual sheen as determined by the presence of a film or sheen upon or a discoloration of the surface of the 


receiving water.  The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated discharge and 
during conditions when observations on the surface of the receiving water are possible in the vicinity of the discharge.  The observations and time of day must be recorded.  The number of 


days sheen is observed must be recorded and reported in the DMR. For discharges during unstable or broken ice conditions, a water temperature that approximates surface water temperatures 


after breakup must be used.  


2. If visual observations of the discharge are not possible, the permittee must sample (grab sample) the discharge and test for sheen using the static sheen test in accordance with Appendix 1 to 


Subpart A of 40 CFR Part 435.   


3. pH montoring and reporting is required.  pH limit of 6.5-8.5 applies if chemicals are added to the system.  


4. Estimated daily discharge volume and maximum and minimum recorded daily temperature must be reported for each outfall. 


5. Once per discharge event, the permittee must sample bilge water discharges that are processed through an oil-water separator and test for sheen using the static sheen test in accordance with 


Appendix I to Subpart A of 40 CFR Part 435. For discharge during unstable or broken ice conditions, a water temperature that approximates surface water temperatures after breakup must be 


used. On a daily basis during discharge, the permittee must also conduct a visual observation for visual sheen as determined by the presence of a film or sheen upon or discoloration of the 


surface of the receiving water. The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated 


discharge and during conditions when observations on the surface of the receiving water are possible in the vicinity of the discharge. The obesrvations and time of day must be recorded. The 


number of days sheen is observed must be recorded and reported in the DMR.  
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2.2 Operational Discharge Compliance Program Roles and Responsibilities 


Communication and coordination between compliance monitoring personnel, drilling operations 


management officials, and drillship operations officials will be critical to ensuring compliance with GP 


requirements.  M-I SWACO NPDES Compliance Specialists must have a general understanding of oil 


and gas drilling procedures and drillship operations. They will be aware of the schedule for drilling 


operations and planned discharges of drilling fluids as well as discharges of materials related to drillship 


operations that are regulated under the GP.  


The primary roles and responsibilities for individuals and teams responsible for implementing the 


operational discharge compliance program are defined in the following sections. 


2.2.1 Wells Delivery Manager 


The Wells Delivery Manager is the single individual responsible for the entire exploration program.  In 


turn, the Wells Delivery Manager delegates authority to the Wells Superintendent, Engineering Team 


Lead, and the Environmental Manager who are responsible for recognizing the requirements of this 


manual in their planning and budgeting and for implementing the QA program as assigned in this chapter. 


The Wells Delivery Manager has overall responsibility for the technical operation of the permit 


compliance program. Additional personnel will be assigned to assist in implementation of the quality 


program. The Wells Delivery Manager is specifically responsible for: 


• Ensuring that personnel are free from any commercial, financial, or other undue pressures that 


may affect the quality of their work; 


• Ensuring the implementation of the QA program as it pertains to operational discharge 


compliance under the GP; 


• Ensuring that responsible, trained, and qualified personnel are assigned to manage, perform, or 


verify work affecting the quality of data; and 


• Supervising personnel familiar with the procedures, the objective of the procedures, and the 


assessment of the results. 


2.2.2 Wells Health, Safety and Environmental Department 


The Wells Health, Safety and Environmental (HSE) Department has overall responsibility for the health 


and safety of employees as well as implementation of environmental regulatory programs. The HSE 


Department is specifically responsible for providing health and safety oversight in compliance with the 


requirements of the Shell HSE Program.  


2.2.3 Shell Environmental Compliance Engineer  


The Shell Environmental Compliance Engineer has independent reporting authority from the Wells 


Superintendent, Engineering Team Lead, and the Environmental Manager. The Environmental 


Compliance Engineer may assign personnel to assist in implementation of the quality program. The 


responsibilities of the Environmental Compliance Engineer are to: 


• Conduct regularly scheduled audits of quality programs; and 


• Advise operational managers of deficiencies (if any) in quality programs or performance. 
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2.2.4 M-I SWACO NPDES Compliance Supervisor 


The M-I SWACO NPDES Compliance Supervisor reports to the Wells Delivery Manager and is 


responsible for implementing the technical operation of the permit compliance program. The M-I 


SWACO NPDES Compliance Supervisor may assign personnel to assist with specific duties. Specific 


responsibilities of the M-I SWACO NPDES Compliance Supervisor include: 


• Training M-I SWACO NPDES Compliance Specialists; 


• Coordinating rig compliance laboratory assignments; 


• Coordination with the Barrow mobile laboratory; 


• Coordination with the fixed analytical laboratories;   


• Providing overall direction to, and coordination of, quality programs as related to documenting 


compliance with the GP; 


• Providing, and replacing as necessary, the equipment required for compliance tests; 


• Approving and publishing written procedures; 


• Reviewing Daily Activity Reports and associated records; and 


• Archiving records at the end of drill season. 


2.2.5 M-I SWACO NPDES Compliance Specialist  


Personnel are responsible for complying with QA/QC requirements that pertain to their technical 


function. Each M-I SWACO NPDES Compliance Specialist shall have a combination of experience and 


education to adequately demonstrate a specific knowledge of their function and a general knowledge of 


operations, test methods, QA/QC procedures, and records management. M-I SWACO NPDES 


Compliance Specialists shall be responsible for recognizing and reporting deviations from documented 


policies, procedures, and/or QC to the M-I SWACO NPDES Compliance Supervisor and the Shell 


Environmental Compliance Engineer. 


The responsibility for implementing the QA program ultimately rests with the M-I SWACO NPDES 


Compliance Specialist. The M-I SWACO NPDES Compliance Specialist is specifically responsible for: 


• Maintaining technical proficiency in the compliance procedures; 


• Maintaining records for field equipment; 


• Maintaining and calibrating equipment for compliance tests; 


• Collecting and/or analyzing effluent samples; 


• Transferring documents to the records custodian at the end of the drilling season; 


• Providing copies of analytical reports to the permittee; and 


• Reporting deviations from procedures to supervisory personnel. 
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2.3 Data Quality Objectives 


The DQOs for the monitoring of operational discharges are to address the following GP requirements:  


• Ensure that samples and measurements taken for the purpose of monitoring are representative of 


the monitored activity; 


• Collect and analyze effluent samples in accordance with the methods specified in 40 CFR Part 


435 and 40 CFR Part 136; and 


• Collect and analyze samples of the type, frequency, quantity, and quality to meet the effluent 


limitations and monitoring requirements outlined in Section II of the GP. 


2.4 Field Sampling  


The following sections outline the operational discharge compliance sampling program design, which is 


intended to meet project DQOs and the effluent limitations and monitoring required by the GP.  


2.4.1 Sampling, Measurement, and Observation Locations 


This section presents discharge sampling, flow/volume measurement, and observation locations. Samples 


of treated discharge media will be collected after the final treatment system component and prior to the 


applicable discharge point or caisson. Discharge flow rates will either be estimated (total volume 


discharged) or recorded by using a dedicated inline flow meter in accordance with M-I SWACO SOP.  


Discharges that include a chemical additive and exceed 10,000 gallons during any 24-hour period, will be 


sampled once per well for whole effluent toxicity testing in accordance with M-I SWACO SOP. Visual 


discharge observations for sheen, floating solids, or other residues will be conducted from vantage points 


aboard the surface of the drill ship that allow for unobstructed observation of the receiving waters in 


accordance with M-I SWACO SOP 3005. 


Table 2-6 presents the discharge sampling locations, flow/volume measurement locations, and visual 


observation locations as well as station identifiers and ship sample location designators. Ship sample 


locations correlate to points identified on the Noble Discoverer in Figure 1 (Appendix B to the BMP). 


  







Quality Assurance Project Plan 


Chukchi Sea, M/V Noble Discoverer 


AKG-28-8100– Noble Discoverer 


April 2015 
Page 32 of 160 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Table 2-6 Discharge Sampling Locations 


Discharge 


Ship 


Location/ 


Station ID
1 


Sample Location(s) Type of Measurement Effluent Parameter 


Discharge 001 


Drilling Fluids and 


Drill Cuttings 


Figure 2 


Drilling fluids and 


cuttings from shale 


shakers  


(prior to discharge into 
caisson trough); 


Mud Tank 


Analytical sample 


SPP toxicity 


TAH 


TAqH 


Diesel oil 


Field sample pH, Static sheen 


Estimate Flow Volume (mgd)  


Visual observation Free Oil (visual sheen) 


Discharge 002 


Deck Drainage 
Figures 1, 2, & 3  


OWS Effluent line; 


Flow meter on OWS 


Analytical sample 


TAH 


TAqH 


Tox screen/WET 


Field sample pH 


Calculation/Measurement Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 003 
Sanitary Waste 


Figure 2 & 3  MSD Effluent Line 


Analytical sample 


BOD5 


TSS 


Fecal Coliform 


Bacteria 


Field sample 
pH, Total residual 


chlorine 


Flow meter reading Flow Volume (mgd) 


Visual observation 


Oily Sheen, Floating 


solids & garbage, 


Foam 


Discharge 004 


Domestic Waste 
Figure 1 & 3 MSD Effluent Line 


Field Sample pH 


Flow Meter Flow Volume (mgd) 


Visual observation 
Floating solids & 


garbage, Foam 


Discharge 005 


Desalination Unit 


Wastes 


Figures 1, 2, & 3 
Desalination Unit     


Effluent Line 


Analytical sample Tox screen/WET 


Field sample pH 


Flow Meter Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 006 


Blowout Preventer 
Fluid 


Not depicted Holding tank 


Field sample pH 


Calculation/Measurement Total Volume (gal) 


Visual observation Free Oil (visual sheen) 
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Discharge 


Ship 


Location/ 


Station ID
1 


Sample Location(s) 


Type of 


Measurement Effluent Parameter 


Discharge 007 


Boiler Blowdown 
Figures 1, 2 & 3 Holding Tank 


Analytical sample  Tox screen/WET 


Field sample pH 


Calculation/Measure


ment 
Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 008 


Fire Control System 
Test Water 


Figures 1, 2 & 3 Common manifold 


Analytical sample Tox screen/WET 


Field sample pH 


Calculation/Measure


ment 
Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 009 


Non-contact 
Cooling Water 


Figures 1, 2, & 3 Common manifold 


Analytical sample Tox screen/WET 


Field sample pH 


Flow Meter Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Data logger Temperature (continuous) 


Discharge 010 


Uncontaminated 
Ballast Water 


Figures 1, 2, & 3 
Ballast Water  


Discharge Line 


Field sample pH 


Calculation/Measure


ment 
Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 011 


Bilge Water 
Figures 2 & 3 OWS Effluent Line 


Analytical sample Tox screen/WET 


Field sample pH, Static sheen 


Flow meter reading Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 012 


Excess Cement 
Slurry 


Figures 1 & 3 Cement Unit Mix Tanks 


Field sample pH 


Calculation/Measure


ment 
Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge 013 


Muds, Cuttings, and 


Cement at the 
Seafloor 


Not depicted Receiving water 


Calculation/Measure


ment 
Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Notes: 


1 Locations are identified in Appendix B of the BMP.  


bbl/hr = barrels per hour 


BOD5 = 5-day biochemical oxygen demand 


BOP = blowout preventer 


gal = gallons 


mgd = millions of gallons per day 


MSD = marine sanitation device 


OWS = oil/water separator 


SPP = suspended particulate phase 


TSS = total suspended solids 


WET = whole effluent toxicity 
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2.4.2 Sampling, Measurement, and Observation Frequencies 


This section summarizes the procedures for ensuring compliance with the required sampling, 


measurement, and observation frequencies specified in the GP. Frequencies of general tasks related to the 


operational discharge compliance sampling program are summarized in Table 2-7. 


Compliance monitoring requirements and sampling tasks for each discharge are presented in the 


following sections. All sampling related activities shall be conducted in accordance with this QAPP and 


the applicable written procedure. 


2.4.2.1 Daily Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Attend project health and safety meetings and project planning meetings and provide input and 


communication as it relates to sampling requirements; 


• Maintain and document the condition of the sample storage refrigerator in accordance with the 


procedures outlined in this QAPP and M-I SWACO SOPs 1005 and 1006; and 


• Provide Daily Activities Report to the M-I SWACO NPDES Compliance Supervisor.  


• Document flow/volume estimates and sampling/testing performed to ensure compliance with M-I 


SWACO SOPs and permit stipulations. 


• Monitor to ensure if a chemical additive is used and if discharges from 002 (deck drainage), 005 


(desalination unit wastes), 007 (boiler blowdown), 008 (fire control system test water), 009 (non-


contract cooling water) and 011 (bilge water) exceed 10,000 gallons during any 24-hour period. 


• Collect samples and submit to a contract laboratory (Environ or equivalent laboratory).  Perform 


initial toxicity screening four times per well in accordance with the M-I SWACO SOP and the 


analytical protocols established by Environ for conducting the required toxicity testing. WET 


testing required if any initial toxicity screening does not meet criteria listed in Section 2.4.3.1. 


2.4.2.2 Weekly Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a weekly basis: 


• Inspect and document the current inventory of sampling equipment, supplies, and containers in 


accordance procedures outlined in this QAPP and M-I SWACO SOP 1006; and  


• Request additional materials as necessary. 


• Document weekly measurements and sampling /testing performed to ensure compliance with M-I 


SWACO written procedures and permit stipulations. 


2.4.2.3 Monthly Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 
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• Document or estimate monthly discharge flow volumes from daily measurements in accordance 


with procedures outlined in this QAPP and M-I SWACO SOP 1006 for all discharges; and 


• Provide a monthly discharge flow volume report to the Shell Environmental Compliance 


Engineer and M-I SWACO NPDES Compliance Supervisor detailing all discharges performed 


during the month, including daily discharge volume measurements. 


Table 2-7 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies and Related SOPs 


Frequency Task M-I SWACO SOP 


Daily Attend HSE and project planning meetings N/A 


Maintain sample refrigerator 1005, 1006 


Daily activity report N/A 


Monitor if chemicals are added to the system and if  


discharges exceed 10,000 gals/24-hr period 


1006, 2001, Section 2.4.3 


Weekly Sampling supply inventory 1006 


Monthly Document or estimate monthly discharge flow volumes  1006 


Monthly discharge flow volume report N/A 


Notes: 


HSE = Health, Safety, and Environment 


SOP = standard operating procedure 


2.4.3 Compliance Sampling Requirements for Each Operational Discharge 


Compliance activities include the collection of samples for analysis at the rig compliance laboratory, and 


collection of samples for shipment to the Barrow mobile laboratory and fixed subcontract laboratory. 


Environmental samples will be collected using methods selected to ensure that project DQOs are met. 


Written procedures that outline the procedures to be followed for the collection and analysis of 


environmental samples are included as an attachment to this QAPP. These written procedures ensure that 


project personnel collect representative samples in a consistent manner for all required sampling matrices 


and locations, that contamination is not introduced during collection, and that the sample volumes are 


properly preserved in order to meet project objectives and analytical method requirements.  


The following sections describe the samples to be collected for each discharge to support compliance with 


this QAPP and the GP. For each discharge, the following information is presented: sampling tasks and 


frequency; the type and matrix of samples to be collected; analytical methods; required volume of sample; 


QC samples and frequency; and sample containers, preservation, and holding times. 


2.4.3.1 Effluent Toxicity Testing 


As part of the Phase II Assessment of the EMP, initial toxicity testing will be conducted four times per 


well during exploration drilling activities for the following discharges: 002 (deck drainage), 005 


(desalination unit wastes), 007 (boiler blowdown), 008 (fire control system test water), 009 (non-contact 


cooling water), and 011 (bilge water). 
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The effluent samples will be collected from the discharge stream after the last treatment on the drilling rig 


and before the discharge stream enters the receiving waters. If samples are collected for both toxicity 


testing and operational discharge compliance analyses at the same time, a split sample will be collected. 


Split samples are two or more representative portions taken from one sample collected at the appropriate 


sampling location. To ensure that split samples are representative, the volume of sample collected must 


equal the total volume required for all of the laboratory analyses. For example, if the WET tests were 


triggered by a failure of the initial rapid screening test for a particular discharge, then the maximum 


volume of effluent to be collected at any given time would be 49 L of effluent: WET testing (45 L), TAH 


(0.12 L), TAqH (2 L), static sheen (0.5 L), and pH (0.1 L) analyses. 


Effluent toxicity testing as required under the GP will consist of an initial toxicity screening (100% 


effluent may not be attainable if sample must be salinity corrected to accommodate the optimal salinity 


range for echinoderms) at four different time periods selected to reflect discharge practices and 


operational processes. If the initial toxicity screen indicates the effluent sample may cause adverse 


biological impacts as defined by the toxicity testing threshold limits established for this program, then 


whole effluent toxicity (WET) testing is required and the WET testing sample will be collected as soon as 


practical. In addition, if other discharge thresholds are exceeded as specified by greater than 10,000 


gallons in a 24 hour period and if chemicals are added such that they will end up in the discharge, then 


WET testing will also be initiated.  


The threshold limits established for this program are based on the initial toxicity screening test using 


echinoderm fertilization success. This test has been demonstrated to have a detectable significant criteria 


ranging (i.e., ability to detect an effect) from 15.5% to 25% for various laboratories (Carr et al. 1996, 


USGS 1998, and Porebski et al. 1999). For this program, the initial toxicity screening thresholds include 


the following three criteria, which must all be met to indicate a positive toxicity result:  


1) Test validation requires >70% fertilization. 


2) A sample that has sufficient reduction in fertilization to be identified as an adverse effect requires 


a statistically significant difference between the validated control fertilization test and the 100% 


effluent.  


3) The decline in fertilization compared to the validated control response must be at least 25%.  


For example, if the control percent fertilization was 80%, then the effluent response must be statistically 


significantly different from the control and have exhibited a greater than 25% difference in percent 


fertilization (≤55% fertilization). 


The remote location of the drilling sites in the Chukchi Sea creates logistical challenges for transporting 


samples to the laboratory within the method-required holding times. Due to these challenges, the volume 


of effluent initially collected to conduct the WET testing will include sufficient volume to carry all testing 


through completion (if WET testing is triggered). An adequate volume for each effluent sample will be 


collected to conduct the rapid screening test (2 L), or the chronic WET testing, if triggered (45 L), for a 


particular discharge. The practice of collecting all volume required for the WET testing requirements up 


front has been used to assess the chronic toxicity of discrete discharge events such as storm water runoff 


or de-icing activities, where renewal samples are not able to be collected beyond the time period of the 


event in question. Adequate volume of the initial WET testing sample (45L) will be sufficient to 


accomplish all test initiation activities, including daily test solution renewals of the 7 day chronic assays. 
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Renewal samples will attempt to be collected and transported on an every-other day basis following 


collection of the initial WET sample per EPA guidance. The volume of the second and third sample will 


be 30 L and 20 L, respectively. Effluent samples will be collected for toxicity testing in accordance with 


the Environ Collection of Effluent Samples for Biological Testing SOP ENV001 (Appendix A). 


Testing should be initiated on samples within 36 hours of sample collection, but must not exceed 72 hours 


as prescribed in the GP and method guidance. Effluent samples used for test solution renewals on the 


WET 7-day chronic tests (days 1-6) may be used up to 48-hours after the initial use (test initiation) 


(USEPA 2002). This guidance indicates that samples may be used for test solution renewals at up to 120 


hours from the time of collection. Table 2-8 summarizes these holding times. 


Table 2-8 Effluent Sample Holding Times for Toxicity Testing  


Holding Time for Test Initiation 
Sample Aging for Use as Test Solution Renewal 


(During Test) 


0 – 36 hours (recommended) 


0 – 72 hours (allowed maximum) 


0 – 84 hours (recommended) 


0 – 120 hours (allowed maximum) 


Note: 


Holding times are from time of sample collection. 


All toxicity testing will be conducted at the Environ Port Gamble Environmental Laboratory located in 


Port Gamble, Washington. In order to meet holding times for testing, effluent sample collection for an 


applicable discharge event will be coordinated with helicopter transport and priority air freight shipping 


from Barrow, Alaska.   


An example scenario and timeline for effluent sample collection and shipment is provided below. The 


timeline allows for minor delays in transport. Alaska Airlines has ~20 flights each day from Anchorage to 


Seattle. Departure of samples from Anchorage can occur aboard an earlier or slightly later flight to meet 


the 36 hour holding time (initiate test by 2000 on second day). 


0800-1200 Effluent samples are collected during the morning of the applicable discharge event. 


1200-1300 All samples are packed with ice packs in coolers and CoC procedures are initiated as 


described in this QAPP. 


1300-1400 Samples are transported in the afternoon by helicopter to Alaska Air Cargo GoldStreak® 


in Barrow, Alaska. 


1843-2035 Samples are transported by cargo only or a cargo/passenger aircraft (cargo and 


passengers) in the early evening to Anchorage, Alaska. 


0150-0615 Samples are transported by cargo only, combination of cargo and passenger, or passenger 


aircraft in the early morning to Seattle, Washington. Alaska Air Cargo GoldStreak® 


known shipper status allows transport on passenger aircraft for packages less than 100 


pounds. 


0900-1200 Samples are transported by courier from the Seattle Airport to Environ Port Gamble 


Environmental Laboratory in the morning for sample log-in and test initiation by the 


afternoon. 
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If WET testing is required, 45 L will be collected at the time of initial sample collection. This initial 


volume of sample for WET testing, which includes renewal water volume, will be assigned Priority 1 


(Type I Samples) in the helicopter support priority matrix due to the short holding time for test initiation 


(Table 2-8). Subsequent volumes of renewal water (Sample 2: 30 L; Sample 3: 20 L) will be collected as 


required for compliance with the analytical method, and an attempt to transport this renewal water will be 


made. Transportation of renewal water samples will be assigned transport Priority 3 (Crew Change) 


priority.  


If transport of the renewal water sample is delayed, the laboratory will use the initial aliquot that was 


received; M-I SWACO NPDES Compliance Specialists will continue to attempt to collect the required 


volume of renewal water during the next feasible time.  


The laboratory will document the condition of the sample volume used for WET testing, including any 


variance in receipt of the sample (such as weather delays, or delays due to competing helicopter 


priorities); the nature of the waste stream and effect on toxicity degradation (if any); and the action taken 


by the laboratory (e.g., utilization of the initial sample). Shell will notify EPA of any variance in samples 


collected for WET testing. 


2.4.3.2 Compliance Sampling for Water-Based Drilling Fluids and Drill Cuttings (Discharge 001) 


Prior to drilling each well, the M-I SWACO NPDES Compliance Specialist is responsible for performing 


the following sampling tasks: 


• Stock barite is analyzed and assigned a lot number by the vendor and a Certificate of Analysis 


accompanies each shipment. The M-I SWACO NPDES Compliance Specialist will retain a copy 


of the Certificate of Analysis in the field notebook for the lot of stock barite prior to its use. Each 


time a new lot batch of barite is utilized within the drilling season, the M-I SWACO NPDES 


Compliance Specialist will retain the Certificate of Analysis and record the lot number in the field 


notebook prior to its use.  


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks while discharging water-based drilling fluids and cuttings: 


• Document the flow volume from discharge flow meters or estimate the volume of fluids and 


cuttings discharged hourly by calculating the hourly discharge rate in bbl/hr, and ensure that the 


depth-dependent discharge rate in Table 2-2 is not exceeded. The Shell Environmental 


Compliance Engineer and M-I SWACO NPDES Compliance Supervisor will be notified when 


the discharge rate exceeds 75% of the maximum allowable hourly discharge rate and there is 


potential for that rate to be exceeded. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks on a daily basis: 


• Document the flow volumes from all discharge flow meters and waste volumes in bulk discharge 


holding tanks aboard the drillship in accordance with procedures outlined in this QAPP and M-I 


SWACO SOP 1006. The total daily volumes of drilling fluids and drill cuttings will be recorded 


and reported in the End of Well Report, and total volume discharge per calendar day will be 


recorded daily and reported monthly in the Discharge Monitoring Report (DMR). 
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• Perform and document visible sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• Collect samples and document results for static sheen tests in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. As soon as practicable, perform 


static sheen analysis.  


• Document the quantity of any chemical additive used. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks on a weekly basis: 


• Collect and document a water-based drilling fluids and cuttings sample SPP toxicity in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2002.  


Immediately transfer the SPP toxicity sample to the sample refrigerator for storage awaiting 


packaging for transportation to the fixed analytical laboratory. Package samples for transport to 


the fixed analytical laboratory in accordance with procedures outlined in this QAPP and M-I 


SWACO SOP 2003.  Retain one SPP toxicity sample container in the sample refrigerator until 


acceptable results are received for the sample transported to the fixed analytical laboratory.  If 


problems occur with the original SPP toxicity sample transported to the fixed analytical 


laboratory that will invalidate the results, package and transport the remaining sample to the fixed 


analytical laboratory for analysis. 


Once per well, the M-I SWACO NPDES Compliance Specialist is responsible for performing the 


following sampling tasks: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


• Collect and document a water-based drilling fluid sample for TAH and TAqH in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2008. Immediately 


transfer the samples to the sample refrigerator for storage awaiting packaging for transportation to 


the fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. Samples must be 


collected at the same time as the SPP toxicity sample, to the extent practical (see end of well tasks 


below). 


• When total depth of the well (end of well) has been reached or static sheen test fails, the M-I 


SWACO NPDES Compliance Specialist will collect and document a water-based drilling fluid 


sample for diesel oil (fingerprint) analysis in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006, 2001, and 2008. Immediately transfer the samples to the sample 


refrigerator for storage awaiting packaging for transportation to the fixed analytical laboratory. 


Package samples for transport to the fixed analytical laboratory in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 2003.   
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• When total depth of the well (end of well) has been reached, the M-I SWACO NPDES 


Compliance Specialist is responsible for performing the following tasks: Collect and document a 


water-based drilling fluids and cuttings sample for SPP toxicity in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2002. Immediately transfer the 


sample to the sample refrigerator for storage awaiting packaging for transportation to the fixed 


analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. Retain one SPP 


toxicity sample container in the sample refrigerator until acceptable results are received for the 


sample transported to the fixed analytical laboratory.  If problems occur with the original SPP 


toxicity sample transported to the fixed analytical laboratory that will invalidate the results, 


package and transport the remaining sample to the fixed analytical laboratory for analysis. 


• In support of the EMP, two samples of water-based drilling fluids and two samples of drill 


cuttings will be collected during drilling of the largest casing interval (after the blowout preventer 


(BOP) is set), and two samples of used water-based drilling fluids will be collected during bulk-


mud discharge (if applicable), in Phase II of the monitoring program for a total of six samples 


(Table 3-4). Drilling-mud compositions and monitoring records will be obtained from Transocean 


to the degree possible. The drilling phases targeted for this sampling include 1.) drilling the 


largest casing interval after the BOP is set; and 2.) bulk-mud discharges (if this occurs). The 


water-based drilling fluids and drill cuttings will be collected in clean glass jars, and sample 


handling and analysis will be performed in accordance with Section 3.0. Samples will be 


analyzed for the metals identified in Table A of the GP and for hydrocarbons (specific suite of 


analytes and individual analytes reported in Section 3.0).  


• As required by Section II.A.13.j.1 of the GP, samples will be collected for the analysis of each 


drilling fluids system for the metals identified in Table A of the GP. A sample will be collected 


from each drilling fluids system at the three casing intervals of the lower hole section as described 


in the Drilling Fluid Plan and in accordance with Section 3.4.1.5. Samples of the drilling fluids 


system must be collected when the metals concentrations are projected to be at their maximum 


value for each applicable system. Samples of water-based drilling fluids will be collected in clean 


glass jars, and sample handling and analysis will be performed in accordance with Section 3.0. 


Table 2-9 summarizes the drilling fluid and effluent monitoring tasks and frequencies, and Table 2-10 


summarizes the analytical samples that will be collected for Discharge 001, Water-Based Drilling Fluids 


and Drill Cuttings. 
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Table 2-9 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 001  


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Static sheen tests 1006, 2001, 3004 


Prior to drilling Stock barite metals certificate of analysis 1006 


Weekly SPP toxicity sample 1006, 2001, 2002, 2003, Section 2.4.3 


Once per well pH samples of drilling fluid 1006, 2001, 2012 


TAH/TAqH samples of drilling fluid 1006, 2001, 2003, 2008 


End of well SPP toxicity sample 1006, 2001, 2002, 2003, Section 2.4.3 


Diesel fingerprint sample of aqueous drilling fluid 1006, 2001, 2003, 2008 


During discharge  Daily volume measurements and flow rate estimates for 


discharge of water-based drilling fluids/drill cuttings 


1006 


Notes: 


HSE = Health, Safety, and Environment 


SOP = standard operating procedure 
SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
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Table 2-10 Analytical Sampling for Water-Based Drilling Fluids and Drill Cuttings (Discharge 001) 


Type of 


sample Matrix Parameter 


Analytical 


Method 


Permit 


Limit/    


Water 


Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


Mud & 


cuttings 


from shale 
shakers 


Aqueous 


Suspended 


particulate phase 
(SPP) toxicity 


40 CFR 435, 


App. 2 to 


Subpart A  
(E1619) 


96-hr LC50  


> 30,000 


ppm 


1 L 
(1) 1-gal (4L) 


LDPE jar 
0 to 4°C 90 days 


Weekly and 


End of well 


TAH/TAqH1 


E624 
Report 


(µg/L) 
40 mL 


(3) 40-mL VOA 


vials w/TLS 


Cool <6°C,      


HCl to pH<2 
14 days 


Once per well 


E625 SIM 
Report 


(µg/L) 
1 L 


(2) 1-L amber glass 


jars w/TLC 
Cool <6°C 


7 days to 


extraction,  


40 days to 
analysis 


Aqueous 
Diesel 


fingerprint 
SW8015C No discharge 


10 mL 
(2) 40-mL VOA 
vials w/TLS 


Cool <6°C 


7 days to 


extraction,  


40 days to 
analysis 


End of well, or 


if static sheen 


test fails Oil 10 mL 
(2) 40-mL VOA 


vials w/TLS 


Notes: 


All samples will be collected as grab samples.  
1 Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the end of well. 
µg/L = micrograms per liter 
mg/kg = milligrams per kilogram 


mL = milliliter 


L = liter 
HCl = hydrochloric acid 


LDPE = low-density polyethylene 


OWS = oil/water separator 
SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
TLC = Teflon-lined cap 


TLS = Teflon-lined septa 


VOA = volatile organic analysis
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2.4.3.3 Compliance Sampling for Deck Drainage (Discharge 002) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect samples and document samples for pH analysis in accordance with QAPP procedures 


outlined in this QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, transport 


pH samples to the rig compliance laboratory for analysis.  


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document three 


samples from the OWS effluent on an every-other-day basis in accordance with the procedures 


outlined in Section 2.4.3.1 of this QAPP. Immediately transfer the samples to the sample 


refrigerator for storage awaiting packaging for transportation to the fixed analytical laboratory. 


Package samples for transport to the fixed analytical laboratory in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 2003.   


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks once per discharge event (if conducted continuously): 


• Collect and document samples from the OWS effluent for TAH and TAqH in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2008. Immediately 


transfer the samples to the sample refrigerator for storage awaiting packaging for transportation to 


the fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003.  


• Document the quantity of any chemical additive used. 


• Perform and document visible sheen test in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005.  


• Document the flow volumes from the OWS effluent flow meter in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 1006. Additionally, the volume discharged directly 


overboard will be estimated and recorded. The total volume in gallons will be reported monthly. 


• Collect samples for static sheen tests from OWS effluent and document results in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. Immediately deliver 


samples to the rig compliance laboratory for analysis.  
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Table 2-11 summarizes the effluent monitoring tasks and frequencies, and Table 2-12 summarizes the 


analytical samples that will be collected for Discharge 002, Deck Drainage.  


Table 2-11 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 002 


Frequency Task M-I SWACO (or Misc.) SOP 


Once per discharge 


event (if conducted 


continuously) 


Document discharge flow volumes 1006 


TAH/TAqH samples of deck drainage 1006, 2001, 2003, 2008 


Visual sheen test 1006, 3005 


Static sheen test 1006, 2001, 3004 


Monthly pH sample 1006, 2001, 2012 


Four times per well 


 


Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Notes: 


SOP = standard operating procedure 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
WET = whole effluent toxicity 
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Table 2-12 Analytical Sampling for Deck Drainage (Discharge 002) 


Type of 


sample Matrix Parameter 


Analytical 


Method 


Effluent Limit/    


Water Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


OWS 


Effluent 
Aqueous 


TAH/TAqH 


E624 
Report  


(µg/L) 
40 mL 


(3) 40-mL VOA 


vials w/TLS 


Cool <6°C,      


HCl to pH<2 
14 days 


Once per 


discharge event 


(if conducted 
continuously) E625 SIM 


Report 


(µg/L) 
1 L 


(2) 1-L amber 


glass jars 
w/TLC 


Cool <6°C 


7 days to 


extraction, 


40 days to 
analysis 


Initial 


toxicity 


screening 


EPA/600/R-95-136 
(TOX045) 


Report – 


Test is 


statistically 


significantly 


different from 


control AND  


there is >25% 


decline in 


fertilization 


relative to control 


2-L 
(1) 2-L HDPE 
bottle 


0 to 4°C 90 days 
Four times per 
well 


WET2 


 


EPA/600/R-95-136 


(Topsmelt Chronic 


7d Survival and 


Growth Test)1 or 


 


EPA/821-R-02-014 


(Menidia Chronic 7d 


Survival and Growth 
Test)1 


Report 


45-L + 


renewal 


samples  


(see Section 
2.4.3.1)  


 


 


(2) 20-L and  


(1) 10-L LDPE 
cubitainers 


Cool <6°C 


36 hours  


(Max 72 hrs) 


and requiring 


justification 


for holding 


time if >36 
hours 


Upon failure of 


toxicity screening 
criteria, OR  


Once per well if 


discharge exceeds 


10,000 gal and 


chemicals are 


added to the 
system 


EPA/821-R-02-014 


(Mysid Chronic 7d 


Survival, Growth, 


and Fecundity Test)1 


EPA/600/R-95-136 


(Echinoderm Larval 
Development Test) 


Notes:


All samples collected as grab samples.  







Quality Assurance Project Plan 


Chukchi Sea, M/V Noble Discoverer 


AKG-28-8100– Noble Discoverer 


April 2015 
Page 48 of 160 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Notes (continued): 
1 Samples for these tests should be provided as one, 10-L sample on an every-other-day 
basis. If this sample strategy is not feasible, a single sample of 30 L may be provided at one 


time. 
2 Samples for WET testing may be collected in larger containers (up to 20-L LDPE 
cubitainers or different combination thereof) to facilitate sufficient volume to conduct all 


three tests. 


µg/L = micrograms per liter 
mL = milliliter 


L = liter 


 


EPA = U.S. Environmental Protection Agency 
HCl = hydrochloric acid 


LDPE = low-density polyethylene 


OWS = oil/water separator 
TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TLC = Teflon-lined cap 
TLS = Teflon-lined septa 


VOA = volatile organic analysis 


WET = whole effluent toxicity 
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2.4.3.4 Compliance Sampling for Sanitary Wastes (Discharge 003) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the sanitary waste flow volume from the effluent flow meter in accordance with 


procedures outlined in this QAPP and M-I SWACO SOP 1006.  


• Document the quantity of any chemical additive used. 


• Perform and document visual assessments for floating solids, sheen, debris, sludge, foam, 


deposits, scum, or other residues from discharges of sanitary wastes in accordance with this 


QAPP and M-I SWACO SOP 1006. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a weekly basis: 


• Collect and document treated sanitary waste samples for pH, BOD5, TSS, fecal coliform (FC) 


bacteria, and total residual chlorine (if used as disinfectant) in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006, 2001, 2010, 2011, 2012, 2013, and 2014.  


Immediately deliver pH and total residual chlorine samples to the rig compliance laboratory for 


analysis.  Immediately transfer BOD5, TSS, and FC samples to the sample refrigerator for storage 


awaiting packaging for transportation to the Barrow mobile laboratory. Package samples for 


transport to the Barrow mobile laboratory in accordance with procedures outlined in this QAPP 


and M-I SWACO SOP 2003. 


Table 2-13 summarizes the effluent monitoring tasks and frequencies, and Table 2-14 summarizes the 


analytical samples that will be collected for Discharge 003, Sanitary Wastes. 


Table 2-13 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 003 


Frequency Task M-I SWACO SOP 


Daily  Document discharge flows and waste volumes 1006 


Visual assessments of receiving waters 1006, 3005 


Visual sheen tests 1006, 3005 


Weekly pH sample 1006, 2001, 2012 


BOD5, TSS, Total residual chlorine samples 1006, 2001, 2003, 2010, 2013, 2014 


Fecal coliform bacteria sample 1006, 2001, 2003, 2011 


Notes: 


BOD5 = 5-day biochemical oxygen demand 
SOP = standard operating procedure 


TSS = total suspended solids 


WET = whole effluent toxicity 
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Table 2-14 Analytical Sampling for Sanitary Wastes (Discharge 003) 


Type of 


sample Matrix Parameter 


Preparation 


and 


Analysis 


Method 


Effluent Limit/    


Water Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


Treatment 


System 
Effluent 


Aqueous 


BOD5 SM5210-B 


30 mg/L 


(Monthly average); 


60 mg/L  


(Daily limit) 


1 L (1) 1-L poly bottle Cool <6°C 48 hours 


Weekly TSS SM2540-D 


30 mg/L 


(Monthly average); 


60 mg/L  


(Daily limit) 


1 L (1) 1-L poly bottle Cool <6°C 7 days 


Fecal 


coliform 
bacteria 


SM9222-D 


100 colonies/100 mL 


(Monthly average); 


200 colonies/100 mL 
(Daily Limit) 


100 mL 


(1) 125-mL sterile 


poly container     
w/ Na2S2O3 


Cool <6°C, 


Na2SO3 
8 hours 


Notes: 


All samples will be collected as grab samples. 
L = liter 


mg/L = milligrams per liter 


mL = milliliter 
BOD5 = 5-day biochemical oxygen demand 


Na2S2O3 = sodium thiosulfate 
TSS = total suspended solids 
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2.4.3.5 Compliance Sampling for Domestic Wastes (Discharge 004) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the domestic waste flow volume in accordance with procedures outlined in this QAPP 


and M-I SWACO SOP 1006.  


• Document the quantity of any chemical additive used. 


• Perform and document visual assessments for floating solids, garbage, or foam from discharges 


of domestic wastes in accordance with QAPP Section 3.0 and M-I SWACO SOP 1006. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


Table 2-15 summarizes the effluent monitoring tasks and frequencies for Discharge 004, Domestic 


Wastes. 


Table 2-15 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 004 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual assessments of receiving waters 1006, 3005 


Weekly pH sample 1006, 2001, 2012 


Notes: 


SOP = standard operating procedure 


2.4.3.6 Compliance Sampling for Desalination Unit Wastes (Discharge 005) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  
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• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-16 summarizes the effluent monitoring tasks and frequencies for Discharge 005, Desalination 


Unit Wastes. 


Table 2-16 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 005 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system)  


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 
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2.4.3.7 Compliance Sampling for Blowout Preventer Fluid (Discharge 006) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis. 


Table 2-17 summarizes the effluent monitoring tasks and frequencies for Discharge 006, Blowout 


Preventer Fluid. 


Table 2-17 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 006 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


2.4.3.8 Compliance Sampling for Boiler Blowdown (Discharge 007) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 
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The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• If possible four times per well, at intervals designated to be representative of the discharge’s 


toxicity, a sample will be collected for initial toxicity screening. Each sample will be collected at 


a time period selected to reflect discharge processes and operational processes. Collect and 


document initial toxicity screening samples in accordance with the procedures outlined in Section 


2.4.3.1 of this QAPP. Due to the infrequency of discharge and limited volume of water produced, 


it is unlikely that this screening will be able to be performed four times per well. 


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-18 summarizes the effluent monitoring tasks and frequencies for Discharge 007, Boiler 


Blowdown. 
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Table 2-18 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 007 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.9 Compliance Sampling for Fire Control System Test Water (Discharge 008) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Estimate flow volume in accordance with procedures outlined in this QAPP and M-I SWACO 


SOP 1006. 


• Document the quantity of any chemical additive. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 
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• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


Table 2-19 summarizes the effluent monitoring tasks and frequencies for Discharge 008, Fire Control 


System Test Water. 


Table 2-19 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 008 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.10 Compliance Sampling for Non-contact Cooling Water (Discharge 009) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis for each of the non-contact cooling water discharges: 


• Document the flow volume from the effluent flow meters in accordance with procedures outlined 


in this QAPP and M-I SWACO SOP 1006. 


• Perform and document visual sheen tests for each outfall in accordance with procedures outlined 


in this QAPP and M-I SWACO SOPs 1006 and 3005. 


• Temperature will be monitored continuously and documented for non-contact cooling water (009) 


in accordance with procedures outlined in this QAPP and M-I SWACO LWI-001.  


• Document the quantity of any chemical additive used. 
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The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document three 


samples from the OWS effluent on an every-other-day basis in accordance with the procedures 


outlined in Section 2.4.3.1 of this QAPP. Immediately transfer the samples to the sample 


refrigerator for storage awaiting packaging for transportation to the fixed analytical laboratory. 


Package samples for transport to the fixed analytical laboratory in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis. 


Table 2-20 summarizes the effluent monitoring tasks and frequencies for Discharge 009, Non-contact 


Cooling Water.  


Table 2-20 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 009 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Temperature monitoring of non-contact cooling water 1006, LWI-001 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 
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2.4.3.11 Compliance Sampling for Uncontaminated Ballast Water (Discharge 010) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-21 summarizes the effluent monitoring tasks and frequencies for Discharge 010, Uncontaminated 


Ballast Water.  


Table 2-21 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 010 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.12 Compliance Sampling for Bilge Water (Discharge 011) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the flow volume for discharges from the effluent flow meters in accordance with 


procedures outlined in this QAPP and M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 
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The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


analytical laboratory. Package samples for transport to the analytical laboratory in accordance 


with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Collect and document a sample for static sheen test for discharge of bilge water (011) that has 


been processed through the OWS in accordance with procedures outlined in this QAPP and M-I 


SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-22 summarizes the effluent monitoring tasks and frequencies for Discharge 011, Bilge Water.  


Table 2-22 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 011 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012  


Discharge event Static sheen test  1006, 2001, 3004 
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Notes: 


SOP = standard operating procedure 
WET = whole effluent toxicity 


2.4.3.13 Compliance Sampling for Excess Cement Slurry (Discharge 012) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-23 summarizes the effluent monitoring tasks and frequencies for Discharge 012, Excess Cement 


Slurry.  


Table 2-23 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 012 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test  1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


2.4.3.14 Compliance Sampling for Muds, Cuttings, and Cement at the Seafloor (Discharge 013) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Perform and document visual sheen tests for each outfall in accordance with procedures outlined 


in this QAPP and M-I SWACO SOPs 1006 and 3005. 
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Table 2-24 summarizes the effluent monitoring tasks and frequencies for Discharge 013, Muds, Cuttings, 


and Cement at the Seafloor.  


Table 2-24 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 013 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Notes: 


SOP = standard operating procedure 


2.4.4 Field SOPs 


The SOPs and LWIs are formal, revision-controlled documents that: 


• Define the methods used in the performance of tasks having an effect on the quality of data, 


findings, or conclusions; 


• Provide standard methods for execution and documentation of work, so as to maximize 


uniformity and reliability of products; and 


• Facilitate coordination among individuals performing separate but interdependent tasks. SOPs 


and/or LWIs are generated through a cooperative effort among operations and QA personnel.  


QA personnel coordinate their development, which involves an iterative process of review and revision 


until they are satisfactory to both QA and the technical reviewers. 


2.4.4.1 M-I SWACO SOP and LWI Revisions 


As a SOP or LWI is revised, the revision number is incremented and the revised SOP released to the 


distribution list. SOP and LWI revisions shall be processed through the M-I SWACO NPDES 


Compliance Supervisor or appropriate QA staff. SOP revisions may be necessitated by regulatory 


requirements, technological advancements, or other causes.  


Dated acceptance signatures signify approval of the revisions. One technical reviewer and the M-I 


SWACO NPDES Compliance Supervisor or designee shall approve revisions of SOPs and LWIs.  Once 


formally accepted, the revised document replaces the previous version and is distributed to SOP holders 


with instructions as to which document(s) it replaces. 


The M-I SWACO NPDES Compliance Supervisor distributes SOPs and LWIs to technical staff and 


maintains distribution lists to confirm revisions. New SOPs and LWIs are distributed to responsible 


individuals. 


2.4.4.2 Sampling SOPs and LWIs 


Sampling SOPs and LWIs shall be developed, approved, and distributed to M-I SWACO NPDES 


Compliance Specialists. The SOP and/or LWI shall address, as applicable, the following elements: 
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• The objectives of the GP; 


• A description of the overall sampling scheme (see below); 


• The number and location of sampling points; 


• The number and location of control samples; 


• Requirements for QC samples such as blanks, duplicates/replicates, matrix spikes, etc; 


• The analyses to be performed (physical, chemical, toxicological, biological); 


• The number and size (weight or volume) of samples to be collected for each type of analysis; 


• Sample collection methods, specifying sampling equipment or SOPs, where applicable; 


• Field screening procedures and criteria; and 


• Sample containerization, preservation, and transportation procedures. 


The M-I SWACO NPDES Compliance Specialists and subcontract laboratories shall be notified of 


sampling program schedules in advance, so that personnel and physical resources can be scheduled to 


meet sample holding time limitations and other GP requirements.  


M-I SWACO operational discharge sampling-related SOPs and LWIs are listed in Table 2-25. The SOPs 


and LWIs listed in these tables are also included in Appendix A to this QAPP. 


2.4.5 Analytical SOPs 


Environ effluent toxicity testing SOPs are listed in Table 2-26 and included in Appendix A to this QAPP. 


Analytical SOPs for additional methods performed by subcontract laboratories are available upon request. 


Table 2-25 Operational Discharge Compliance Sampling Related SOPs 


M-I SWACO 


SOP Number 
M-I SWACO SOP Title 


1001 Qualification and Documentation of Computer Programs 


1002 Traceability of Reagents, Standards, and Reference Materials 


1003 Equipment Tracking 


1004 Balance Calibration 


1005 Laboratory Refrigerators 


1006 Field Logs 


1008 Demonstration of Capability 


2001 Chain-of-Custody (C-O-C) Procedures 


2002 Sample Collection for Suspended Particulate Phase (SPP) Toxicity Test 


2003 Packaging and Shipment of Samples 


2004 Decontamination of Equipment 


2008 Sample Collection for TAH and TAqH Analyses 


2010 Sample Collection for Biochemical Oxygen Demand (BOD5) Analysis 
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2011 Sample Collection for Fecal Coliform Analysis 


2012 Field Measurement of pH 


2013 Field Measurement of Total Residual Chlorine 


2014 Sample Collection for Total Suspended Solids (TSS) Analysis 


3004 Free Oil by Static Sheen Method 


3005 Visual Sheen Test Method 


LWI-001 Continuous Temperature Monitoring 


LWI-002 Chemical Inventory Management 


Notes: 


BOD5 = biochemical oxygen demand 


SOP = standard operating procedure 
SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
TSS = total suspended solid


 


Table 2-26 Drilling Fluid and Effluent Toxicity Testing SOPs 


Environ SOP 


Number 
Environ SOP Title 


TOX002 7-Day Chronic Toxicity Study with Atherinops affinis 


TOX012 7-Day Chronic Toxicity Study with Menidia beryllina 


TOX014B 7-Day Chronic Toxicity Study with Americamysis bahia – Survival, Growth, and Fecundity 


TOX043 
Chronic Toxicity Test Using Echinoderm Larvae (Strongylocentrotus purpuratus or Dendraster 


excentricus) 


TOX045 
Chronic Toxicity Fertilization Test Using Echinoderms (Strongylocentrotus purpuratus or Dendraster 


excentricus) 


ENV001 Chukchi Sea BES – Collection of Effluent Samples for Biological Testing  


Notes: 


SOP = standard operating procedure 


SPP = suspended particulate phase 


2.4.6 Sample Handling and Custody 


2.4.6.1 Responsibilities 


The M-I SWACO NPDES Compliance Supervisor, or designee, is responsible for verifying that a 


sampling SOP is prepared that conforms to the provisions of this chapter, while fulfilling GP objectives. 


The M-I SWACO NPDES Compliance Supervisor is responsible for assembling or ordering rig 


compliance laboratory sampling kits. Fixed subcontract laboratories are responsible for supplying sample 


containers for fixed laboratory analyses and Barrow mobile laboratory analyses. M-I SWACO NPDES 


Compliance Specialists are responsible for collecting the field and QC samples as described in this 


chapter and as required by the GP; and for adhering to the sample packaging, labeling, and documentation 


requirements of this chapter and associated SOPs. The M-I SWACO NPDES Compliance Specialist is 


responsible for collecting grab samples at a point representative of the discharge. The subcontract 


laboratory sample custodian is responsible for the proper inspection, login, and storage of incoming 


samples, as defined in the laboratory’s SOPs.  
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2.4.6.2 Sample Containers, Preservation, and Storage 


In general, samples will be collected for rig compliance laboratory analysis, Barrow mobile laboratory 


analysis, and fixed subcontract laboratory analysis in containers as required by the analytical methods. 


Sample containers are provided by the laboratory and may be pre-cleaned and/or pre-preserved (if 


required by the analytical method). 


The M-I SWACO NPDES Compliance Specialist will clean containers for static sheen and retort cuttings 


samples in the rig compliance laboratory following the procedures in SOP 2004 Decontamination of 


Equipment (Appendix A). 


After collection, the samples are maintained at the required temperature (for most samples, 0 - 6°C) under 


CoC procedures until analysis or until they are shipped to a subcontract laboratory for analysis. For 


operational discharge compliance program samples, the samples should not be frozen. Procedures for 


packaging and shipping samples are outlined in M-I SWACO SOP 2003 Packaging and Shipment of 


Samples.  


A summary of the analytical methods, sample containers, preservation, and holding times for samples that 


will be submitted to subcontract laboratories for analysis is included in Table 2-27.  


Table 2-27 Sample Containers, Preservation, and Holding Times 


Analyte/  


Analyte Group 
Method/SOP 


Container(s) (number, 


size, & type per sample) 
Preservation Holding Time 


OIL MATRIX 


Diesel fingerprint SW8015C (2) 40-mL VOA vials w/TLS Cool <6°C 
7 days to extraction,   


40 days to analysis 


AQUEOUS MATRIX 


TAH/TAqH1 


E624 (3) 40-mL VOA vials w/TLS 
Cool <6°C, 


HCl to pH<2 
14 days 


E625 SIM 
(2) 1-L amber glass jars 


w/TLC 
Cool <6°C 


7 days to extraction, 


40 days to analysis 


Diesel fingerprint SW8015C (2) 40-mL VOA vials w/TLS Cool <6°C 
7 days to extraction,   


40 days to analysis 


SPP toxicity 


40 CFR 435, App. 2 


to Subpart A  


(E1619) 


(1) 1-gal (4L) LDPE jar 0 to 4°C 90 days 


Initial toxicity 


screening  


EPA/600/R-95-136 


(Echinoderm 
Fertilization Test) 


(1) 2-L HDPE bottle 
Cool 0-6°C; not 


frozen 


36 hours  


(72 hours maximum) 


WET2 


EPA/600/R-95-136 


(Topsmelt Chronic 


7d Survival and 


Growth Test)1 or 


 


EPA/821-R-02-014 


(Menidia Chronic 


7d Survival and 


Growth Test)1 


2) 20-L and (1) 10-L HDPE 


cubitainers 


Cool 0-6°C; not 


frozen 


36 hours  


(72 hours maximum) 
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Analyte/  


Analyte Group 
Method/SOP 


Container(s) (number, 


size, & type per sample) 
Preservation Holding Time 


EPA/821-R-02-014 


(Mysid Chronic 7d 


Survival, Growth, 


and Fecundity 
Test)1 


EPA/600/R-95-136 


(Echinoderm Larval 
Development Test) 


BOD5 SM5210-B (1) 1-L poly bottle Cool <6°C 48 hours 


TSS SM2540-D (1) 1-L poly bottle Cool <6°C 7 days 


Fecal coliform 


bacteria 
SM9222-D 


(1) 125-mL sterile poly 


container w/ Na2S2O3 


Cool <6°C, 


Na2SO3 
8 hours 


 


Notes: 
1 Samples for these tests may be provided as one, 10-L sample on an every-other-day basis. If this sample strategy is not feasible, a single 


sample of 30 L may be provided at one time. 


 2 Samples for WET testing may be collected in larger containers (up to 20-L LDPE cubitainers or different combination thereof) to facilitate 
sufficient volume to conduct all three tests. 


BOD5 = biochemical oxygen demand 


HCl = hydrochloric acid 
mL = milliliter 


L = liter 


Na2S2O3 = sodium thiosulfate 
SOP = standard operating procedure 


SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
TLC = Teflon-lined cap 


TLS = Teflon-lined septa 


TSS = total suspended solids 
VOA = volatile organic analysis 


WET = whole effluent toxicity 


2.4.6.3 Sample Receipt 


Sample receipt and CoC will be maintained at the fixed subcontract laboratories in accordance with the 


procedures outlined in Section 1.8 of this QAPP. Drilling and effluent samples for toxicity testing require 


additional procedures to verify acceptability upon receipt at the fixed laboratory.  


Receipt of Drilling Fluid Samples for SPP Toxicity Analysis 


Drilling fluid samples provided for biological testing must also meet the temperature requirements 


described above.  The pH of the drilling fluid samples will be tested upon receipt at the laboratory.  If the 


pH is less than 9, if black spots have appeared on the walls of the sample container, or if the mud sample 


has a foul odor, then the sample does not meet the method specific acceptability criteria for drilling fluids 


as specified in Appendix 2, Subpart A of 40 CFR Part 435.  If the drilling fluid does not meet the 


acceptability criteria for testing, the client will be notified and the decision to proceed will be evaluated.  


The drilling fluid should be used for testing within three months from the time of collection.  Elutriate 


samples prepared at the laboratory from the drilling fluids should be used for testing within the same day. 


Receipt of Effluent Samples for Initial Toxicity Screening and WET Testing Samples 


Upon receipt at the subcontract laboratory, water quality parameters are measured for effluent samples. 


These parameters include dissolved oxygen, temperature, pH, and salinity/conductivity. Acceptability 


criteria for water quality parameters are included in Section 2.6. 
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2.4.6.4 Holding Times 


Sample holding time begins with the collection of the sample and continues until the analysis is complete. 


Analytical method holding times are included in Table 2-27.   


Testing for toxicity samples should be initiated on effluent samples within 36 hours of sample collection, 


but must not exceed 72 hours as prescribed in the GP and method guidance (does not apply to drilling 


fluid SPP toxicity testing). Effluent samples used for test solution renewals on the WET 7-day chronic 


tests (days 1-6) may be used up to 48-hours after the initial use (test initiation) and may be used for test 


solution renewals at up to 120 hours from the time of collection. 


2.4.6.5 Sample Retention and Disposal 


Procedures ensuring internal laboratory chain-of-custody shall also be implemented and documented by 


the subcontract laboratory. Samples shall be stored in limited-access, temperature-controlled areas. 


Samples will be retained and disposed of in accordance with laboratory procedures.   


Samples will be retained under proper storage conditions in the rig compliance laboratory. Static sheen 


samples will be retained until the end of the holding time or until the M-I SWACO NPDES Compliance 


Specialist verifies the acceptability of the sample results.  In the event the analytical sample result shows a 


permit exceedance, the sample will be retained until the permittee requests additional testing or provides 


permission for disposal. After expiration of the sample retention period, mud samples are returned to the 


active mud system and cuttings samples are placed in the cuttings disposal system. 


2.4.6.6 Decontamination 


Decontamination is essential for the avoidance of cross-contamination among samples. Reusable, non-


dedicated sampling implement are decontaminated before use and after each sample is collected, in 


accordance with M-I SWACO SOP 2004 Decontamination of Equipment. Generally, sample equipment 


used to collect samples for GP compliance is dedicated equipment and requires minimal decontamination. 


2.4.7 Field Instrument/Equipment Testing, Inspection, Calibration, and Maintenance 


Effluent limitations in the GP involve measurements that shall be made directly in the field –for example, 


the Free Oil by Static Sheen Method (M-I SWACO SOP 3004). In addition, effluent limitations in the GP 


involve measurements that are made in an analytical laboratory – for example, TAH/TAqH and toxicity 


testing. These measurements involve the use of instrumentation that shall be calibrated and in good 


working condition in order to fulfill the quality objectives of the GP. 


This section discusses M-I SWACO’s program for calibration and verification of measuring and test 


equipment used to provide compliance data for the GP. Specific procedures for operation, maintenance, 


and calibration of rig compliance laboratory instrumentation can be found in the associated M-I SWACO 


SOP and/or manufacturer's instructions for each instrument.  


The fixed subcontract laboratory QA Manual documents the quality system under which the laboratory 


operates. The testing, inspection, calibration, and maintenance activities for analytical laboratory 


instrumentation are documented in the subcontract laboratory’s QA Manual and SOPs.  
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2.4.7.1 Responsibilities 


The M-I SWACO NPDES Compliance Specialist or designee will be responsible for maintaining, issuing, 


and tracking field equipment in accordance with this chapter and relevant M-I SWACO SOPs. The Shell 


Environmental Compliance Engineer is responsible for designing QC programs for field measurements. 


M-I SWACO NPDES Compliance Specialists are responsible for performing field measurements, and 


maintaining and calibrating field equipment in accordance with M-I SWACO SOPs, this QAPP, and the 


GP, and for accurately completing the attendant documentation. 


The storage, preventive maintenance, issuing, and tracking of equipment are the responsibility of the M-I 


SWACO NPDES Compliance Supervisor. The M-I SWACO NPDES Compliance Supervisor or designee 


performs the following tasks: 


• Storage of Equipment - Field equipment is kept in a designated, limited-access storage area. 


• Controlling access to the storage area. 


• Issuing Equipment - Field equipment is issued by the M–I SWACO NPDES Compliance 


Supervisor. 


• Preventive Maintenance and Repair – The M-I SWACO NPDES Compliance Specialist performs 


preventive maintenance of field equipment in accordance with the manufacturers recommended 


schedule and procedures. 


• Record keeping and tracking – The M-I SWACO NPDES Compliance Supervisor maintains one 


Equipment Manual for each model of equipment in the Area Office.  The M-I SWACO NPDES 


Compliance Supervisor also keeps records of routine preventive maintenance, repairs and 


utilization of field equipment in an Equipment Log. Each time a piece of equipment is repaired, 


or routine maintenance is performed, an entry is made in the logbook, giving the date, nature of 


repair or maintenance, identification (description and serial number) of the equipment and the 


initials of the person performing the repairs or maintenance work. 


Subcontract laboratories are responsible for performing analytical measurements and maintaining and 


calibrating equipment in accordance with laboratory SOPs, the laboratory QA Manual, applicable 


analytical methods, and the GP; and for accurately completing the attendant documentation. Subcontract 


laboratory documentation shall be available upon request for audit or inspection, and equipment and 


reference material records shall be maintained in accordance with laboratory record retention policy. 


2.4.7.2 Rig Compliance Laboratory Equipment 


Sampling and analytical procedures are performed at the permittee’s drilling rig using M-I SWACO rig 


compliance laboratory. The M-I NPDES SWACO Compliance Specialist shall provide sampling 


equipment to safely collect representative samples of drilling fluids and drill cuttings and other effluents. 


The M-I SWACO NPDES Compliance Specialist shall also provide analytical equipment and supplies 


necessary to perform the Free Oil by Static Sheen Method (M-I SWACO SOP 3004). 


M-I SWACO shall maintain duplicate equipment for the Free Oil by Static Sheen Method (M-I SWACO 


SOP 3004) test at the rig compliance laboratory. 
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The permittee shall provide M-I SWACO with access to a sample refrigerator that is capable of 


maintaining the drilling fluid and drill cutting samples at < 6 degrees Celsius (°C). The permittee shall 


provide a well-ventilated work area with sufficient counter space and adequate fluorescent lighting to 


perform procedures. Electricity shall be of sufficient voltage and amperage to operate retorts, balances, 


computers, and ultraviolet light. The permittee shall also provide storage space for the flammable solvent, 


isopropanol. 


2.4.7.3 Field and Rig Compliance Laboratory Instrument Calibration 


Instrument calibration comprises initial calibration that is used directly for quantification and continuing 


calibration verification that is used to confirm the validity of the initial calibration. Analytical procedures 


for the rig compliance laboratory, such as pH analysis, may require initial calibration and/or calibration 


verification. Analytical procedures for the fixed laboratory analyses may require initial and continuing 


calibration. Calibration procedures will be described in the applicable laboratory SOPs. 


Calibration of thermometers and balance weights shall be verified every two years using National 


Institute of Standards and Technology (NIST) standards.  Each working day, balances and refrigerators, 


shall be checked in the expected use range with NIST traceable standards. Checks shall be recorded on 


the equipment logs provided in the applicable SOPs.  The equipment logs shall indicate the acceptable 


range for the check. Corrective actions for calibration results outside the acceptance range shall also be 


recorded on the equipment logs. If a corrective action is not successful, then the equipment shall be 


removed from service. 


Calibration Procedures 


Equipment shall be calibrated at the frequency specified in the applicable SOPs. Equipment shall be 


calibrated using the procedures specified in the applicable SOPs. The appropriate form for recording the 


calibration of each device is provided in the applicable SOP. The status of equipment with regard to 


calibration needs to be readily available and clearly indicated on equipment and field logs. Applicable 


acceptance criteria for equipment inspection and calibration shall be met before any sample collection or 


sample analyses are performed. Specific procedures for equipment calibration shall be documented in the 


relevant SOP. The results of the inspection and calibration shall be documented on Equipment Inspection 


and/or Calibration Forms.  


Calibration Verification 


Equipment calibration shall be verified by the analysis of appropriate reference materials before samples 


are collected /analyzed and at the required frequency throughout collection and/or analysis. The results 


shall be within the acceptance limits for the applicable SOP in order to proceed with sample collection 


and/or analysis. 


Calibrations shall be documented on the Equipment Log (in the M-I SWACO Area Office) or Equipment 


Calibration Form (on the Drilling Rig). Records pertaining to calibration shall be safely stored for the 


period described in M-I SWACO’s record retention policy. The following information shall be recorded: 


• Date; 


• Time; 
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• Instrument type and serial number; 


• Identification of calibration standard; 


• True value (numerical result, positive, negative) of calibration standard; 


• Response of instrument before repair or adjustment; 


• Response of instrument after repair or adjustment; and 


• Signature of person performing the calibration. 


Rig Compliance Laboratory Equipment Calibration 


Portable analytical instruments (e.g. retorts, balances, and ultraviolet lights) require preventive and 


corrective maintenance, as well as calibration. Calibrations shall be performed in accordance with the 


appropriate M-I SWACO SOP and/or manufacturer's instructions. Portable equipment shall be calibrated 


and inspected prior to and upon return from the field. Rig compliance laboratory equipment calibration is 


summarized in Table 2-28. 


Table 2-28 Rig Compliance Laboratory Equipment Calibration 


Equipment 
Calibration 


Procedure 


Calibration Verification 
SOP 


Method Frequency 


Balance 
Manufacturer’s 


specifications 


Calibration check – 100 g, 500 g, 


1000 g, and 2000 g  F Class Calibration 


Weights 


Daily 1004 


pH Meter 
Manufacturer’s 


Specification 
Calibration check by buffer solution(s) Daily 2012 


Refrigerator 
Manufacturer’s 


specifications 


Verification of operating temperature by 


certified thermometer 
Daily 1005 


Notes:   


g = grams  


SOP = standard operating procedure 


Complete calibration verification forms as indicated in applicable SOPs. Forms will be maintained on drilling rig until completion of drilling 


season. After completion of drilling season, forms will be archived in the M-I SWACO Area Office. 


2.4.7.4 Standards and Reagents 


The M-I SWACO NPDES Compliance Specialists shall retain records for standards and reagents, 


including the manufacturer/vendor, the Certificate of Analysis or purity, the date of receipt, recommended 


storage conditions, and an expiration date. Original containers shall be labeled with an expiration date and 


a unique standard or reagent identifier. The standard or reagent identifier shall also be recorded on the 


Certificate of Analysis or vendor documentation.  


Standards and reagents records shall include the purchased stock or neat compound identifier number, a 


reference to the method of preparation (such as a SOP number) or a description of the preparation 


(including weights and/or volumes), the date of preparation, the expiration date and the preparer’s initials. 


Each prepared standard and reagent will be assigned a unique identifier that is linked to the 


documentation described in this paragraph. The container for each standard and reagent will be labeled 


with the unique identifier and the material expiration date. In order to protect the health and safety of 
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personnel, containers will be labeled with the Hazardous Materials Identification System (HMIS) 


information. 


2.4.7.5 Reference Materials and Standards 


Equipment and standards shall be verified before use and on a continuing basis. Traceability and 


calibration  of  fixed  laboratory  equipment  will  be  discussed  in  the  subcontracted  laboratory QA 


Manual.  Documentation will be maintained at the fixed laboratory as discussed in Section 1.  


Reference Materials 


Reference materials are materials or substances for which one or more properties are sufficiently well 


established to be used for the calibration of an apparatus, for assessment of methods or for assigning 


values to materials.  Generally reference materials are purchased from third parties such as NIST and are 


characterized for content, independent of an analytical method.  Reference materials used to support data 


generated for permit compliance include: 


• Class F weights 


• NIST thermometers 


Original certificates are maintained at the M-I SWACO Area Office and certificate copies are maintained 


with equipment in the rig compliance laboratory.  Reference materials are removed from service upon 


expiration of the certificate and may only be placed back into service once the material is recertified. 


Reference Standards  


Reference standards shall be used for calibration only. Reference standards are removed from service 


upon expiration of the certificate or if calibration indicates the standard is outside of specifications. If the 


material is outside of specifications and correction factors can be established, the reference standard may 


continue in service. The M-I SWACO Area Office shall maintain original records of the correction factors 


with the applicable dates. Copies of relevant correction factors shall accompany the material in the field. 


Traceability 


Calibration certificates shall be provided by the manufacturer and shall indicate traceability to national 


standards. Class F weights, crude oil standards, and NIST thermometers are examples of materials for 


which calibration certificates shall be maintained. Certificates that describe purity or composition of 


standard materials shall also be maintained. Certificates shall be cross-referenced to a material 


identification, such as equipment number, standard, or reagent number. 


2.4.7.6 Refrigerator Testing  


Refrigerators will be monitored using thermometers that have been calibrated using a NIST-traceable 


thermometer. Refrigerator temperatures will be monitored daily and the temperature recorded on Form 


1005-2 Refrigerator Calibration Log. Thermometer calibration procedures and refrigerator monitoring 


procedures are included in SOP 1005 Laboratory Refrigerators. 
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2.4.7.7 Field Compliance Instrument/Equipment Maintenance 


Field equipment is maintained under a tracking and preventive maintenance program. When a piece of 


permit-related equipment is sent to a vendor for repairs or maintenance, a log entry is made giving the 


date, name of vendor, identification of the equipment, description of services required, and initials of the 


person sending the equipment. When the equipment is returned, a similar entry is made to document the 


return and a copy of the repair slip is placed in the Equipment Log. 


When equipment is issued, an entry is made in the Equipment Log giving the date, identification of the 


equipment, initials of the person issuing the equipment and the identity of the person to whom the 


equipment is issued. When the equipment is returned, a similar entry is made, noting date of return, and 


condition of the returned equipment. Through the use of the log, the M-I NPDES Compliance Supervisor 


maintains a continuous written record of the status and the location of each piece of field equipment. 


Equipment that is overdue for scheduled maintenance or is in need of repair is placed “Out of Service”. 


This equipment shall be clearly identified as “Out of Service” until the repair work has been completed 


and the equipment is operating satisfactorily. Equipment that is not marked shall be considered in proper 


working order. 


2.4.8 Fixed Subcontract Laboratory Instrument/Equipment Testing, Inspection, Calibration, and 


Maintenance 


Testing, inspection, calibration, and maintenance for fixed laboratory equipment is performed in 


accordance with laboratory QA Manuals and analytical method requirements. Calibration requirements 


for fixed laboratory equipment are documented in subcontract laboratory SOPs. Subcontract laboratories 


shall maintain equipment and have in place either a service contract, or sufficient spare parts, such that 


method holding times or analytical report due dates are not exceeded. 


The following sections outline specific equipment, materials, and procedures used by the toxicity testing 


subcontract laboratory. 


2.4.8.1 Initial Toxicity Screening and Whole Effluent Toxicity Testing Laboratory Equipment 


Washing Procedures 


All laboratory equipment, glassware, and plasticware used for the toxicity testing program will be cleaned 


to eliminate potential toxicity associated with labware.  Plastic and glassware are scrubbed with a solution 


of non-phosphate detergent and hot tap water, and then rinsed three times with deionized water.  A rinse 


of 10% solution reagent grade hydrochloric acid is followed by three rinses with deionized water.  A rinse 


of reagent grade acetone is followed by air drying under a fume hood.  Acetone is not used on hard 


plastics.  A final three rinses with deionized water is followed by air drying. 


2.4.8.2 Initial Toxicity Screening and Whole Effluent Toxicity Testing Laboratory Materials 


Test Organisms Suppliers 


Test organisms used in the toxicity tests will be from either in-house cultures or collected in areas known 


to be generally free of pollutants, or purchased from reputable culturists.  Organisms are purchased from 
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suppliers who are selected based on their reputation, depth of knowledge concerning the test organisms, 


and their ability to consistently deliver healthy test organisms. 


Upon receipt in the laboratory, test organisms will be slowly acclimated to test conditions in 


environmentally controlled holding areas in accordance with the test protocol for each test organism. Test 


organisms will be evaluated on a performance basis for every test conducted in the laboratory. Negative 


controls will be tested concurrent to each study to evaluate the health of the test organisms and the 


acceptability of the test conditions.  Positive controls (reference toxicant tests) will also be conducted to 


assess the relative sensitivity of test organisms compared to historical laboratory performance.  


Source of Seawater 


Seawater diluent that will be used in this study will come from the northern Hood Canal at Port Gamble, 


Washington. This water source (used as the laboratory control and sample diluent) has been used 


successfully on a wide range of bioassay testing programs.  Artificial seawater may also be prepared from 


deionized water and bioassay-grade sea salts (Crystal Sea Marinemix™) if necessary.  Extensive testing 


with a variety of test species has shown that there is no significant potential for toxicity or 


bioaccumulation from these water supplies.  Chemical analyses are performed annually on these water 


sources and have shown no significant contaminants of concern or bioaccumulation potential. 


2.5 Fixed Laboratory Analysis 


The fixed subcontract laboratories that are proposed for use for the analysis of compliance monitoring 


samples are listed for the corresponding preparation and analytical methods in Table 2-29.   


Table 2-29 Analytical Subcontract Laboratories 


Analytical 


Parameter Matrix Preparation/ Analytical Method Laboratory/Organization 


TAH/TAqH Aqueous 
SW5030B/E624 


SW3520C/E625 SIM 
Primary Laboratory: 


SGS North America, Inc. 


200 W. Potter Drive 


Anchorage, AK 99518 


(907) 562-2343 Main 


(907) 561-5301 Fax 


Backup laboratory: 


TestAmerica Anchorage 


2000 W. International Airport Rd. 


Suite A10 


Anchorage, AK 99502 


(907) 563-9200 Main 


(907) 563-9210 Fax 


Diesel 


fingerprinting 


Aqueous 


Oil 


SW3520C/SW8015C 


SW3550C/SW8015C 


BOD5 Aqueous SM5210-B 


TSS Aqueous SM2540-D 


Fecal coliform Aqueous SM9222-D 


Primary Laboratory: 


SGS Mobile Laboratory 


Barrow, AK 99723 


Backup Laboratories: 


SGS North America, Inc. 


200 W. Potter Drive 


Anchorage, AK 99518 


(907) 562-2343 Main 


(907) 561-5301 Fax 


TestAmerica Anchorage 
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Analytical 


Parameter Matrix Preparation/ Analytical Method Laboratory/Organization 


2000 W. International Airport Rd. 


Suite A10 


Anchorage, AK 99502 


(907) 563-9200 Main 


(907) 563-9210 Fax 


Arctic Fox Environmental, Inc. 


Pouch 340043 


Prudhoe Bay, AK 99734 


(907) 659-2145 Main 


(907) 659-2146 Fax 


SPP Toxicity Aqueous 40 CFR Part 435, App. 2 to Subpart A (E1619) 


 


Environmental Enterprises USA, 


Inc. 


58485 Pearl Acres Road, Suite D 


Slidell, LA 70461 


(800) 966-2788 Main 


(985) 646-2810 Fax 


 


 


Analytical 


Parameter Matrix Preparation/ Analytical Method Laboratory/Organization 


Initial toxicity 


screening  
Aqueous 


EPA/600/R-95-136 


(Echinoderm Fertilization Test) 


Primary Laboratory: 


Environ 


477 NE View Drive 


Port Gamble, WA 98364 


(360) 297-6040 Main 


Backup Laboratories: 


Environmental Enterprises USA, 


Inc. 


58485 Pearl Acres Road, Suite D 


Slidell, LA 70461 


(800) 966-2788 Main 


(985) 646-2810 Fax 


Element Materials Technology 


2417 West Pinhook Road 


Lafayette, LA 70508 


(337) 235-0483 Main 


(337) 233-6540 Fax 


 


WET testing Aqueous  


EPA/600/R-95-136 


(Topsmelt Chronic 7d Survival and Growth Test) or 


EPA/821-R-02-014 


(Menidia Chronic 7d Survival and Growth Test) 


EPA/821-R-02-014 


(Mysid Chronic 7d Survival, Growth, and Fecundity  


EPA/600/R-95-136 


(Echinoderm Larval Development Test) 


Notes:


BOD5 = biochemical oxygen demand 
SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
TSS = total suspended solids 


WET = whole effluent toxicity 


2.5.1 Analytical Laboratory Methods 


Evaluation of the effluent limits and laboratory quantitation limits is required to ensure that project data 


quality objectives are met. Laboratory-specific detection limits and reporting limits will be evaluated 


against the permit effluent limitations to determine whether the sensitivity of the data will be sufficient for 


its intended use.  


Proposed drilling fluid and effluent toxicity testing methods are summarized in Table 2-30.  The initial 


toxicity screening of effluent discharges will utilize the Chronic Toxicity Fertilization Test using 


echinoderms (Strongylocentrotus purpuratus or Dendraster excentricus) as outlined in the “Short Term 
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Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to West Coast Marine and 


Estuarine Organisms” (EPA/600/R-95-136).   


The methods for WET testing are provided in established EPA procedures outlined in “Short Term 


Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to Marine and Estuarine 


Organisms” (EPA-600-4-91-003-Third Ed.) and the “Short Term Methods for Estimating the Chronic 


Toxicity of Effluents and Receiving Water to West Coast Marine and Estuarine Organisms” (EPA/600/R-


95-136).  The WET testing program will use three different species of organisms including the topsmelt, 


Atherinops affinis (or M. beryllina-depending on availability), the mysid shrimp, Americamysis bahia, 


and the purple sea urchin, Strongylocentrotus purpuratus.   


Table 2-31 presents subcontract laboratory analytical methods, detection limits, and reporting limits for 


effluent monitoring. 


 


 


Table 2-30 Drilling Fluid and Effluent Toxicity Testing Methods 


Toxicity Test Test Description Species Method 


Drilling fluid SPP toxicity Mysid 96-Hour Survival Test 
Americamysis bahia 


(Formerly Mysidopsis bahia) 


40 CFR Part 435 


EPA-821-R-11-004 


EPA-821-R-02-012 


Initial (Rapid) toxicity 


screening test 


Chronic Toxicity Echinoderm 


Fertilization Test 


Purple Sea Urchin 


(Strongylocentrotus purpuratus) or 


Green Sea Urchin 


Strongylocentrotus droebachensis 


or  


Sand Dollar  


(Dendraster excentricus) 


EPA/600/R-95/136 


Marine Chronic Toxicity 


Test (WET testing) 


Larval Fish 7-Day Larval 


Survival and Growth Test 


Topsmelt  


(Atherinops affinis) or 


Inland Silverside1 


(Menidia beryllina) 


EPA/600/R-95/136 


or 


EPA-821-R-02-014 


Mysid Shrimp 7-Day Larval 


Survival, Growth, and 


Fecundity Test 


Americamysis bahia 


(Formerly Mysidopsis bahia) 
EPA-821-R-02-014 


Echinoderm Larval Survival 


and Development Test 


Purple Sea Urchin 


(Strongylocentrotus purpuratus) or 


Sand Dollar 


(Dendraster excentricus) 


EPA/600/R-95/136 


Notes: 
1 Menidia beryllina may be used as a substitute for topsmelt.  SPP = suspended particulate phase 
EPA = U.S. Environmental Protection Agency   WET = whole effluent toxicity 


 


Table 2-31 Analytical Laboratory Reporting Limits 


Analytical 


Method Analyte Matrix Permit Limit Units DL RL 


SM5210-B BOD5 Aqueous 30 mg/L 2 2 


SM2540-D TSS Aqueous 30 mg/L 0.15 0.5 
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Analytical 


Method Analyte Matrix Permit Limit Units DL RL 


SM9222-D Fecal coliform Aqueous 100 col/100 mL 1 1 


E624 Benzene Aqueous NA µg/L 0.12 0.4 


E624 Toluene Aqueous NA  µg/L 0.31 1 


E624 Chlorobenzene Aqueous NA  µg/L 0.15 0.5 


E624 Ethylbenzene Aqueous NA  µg/L 0.31 1 


E624 P & M -Xylene Aqueous NA  µg/L 0.62 2 


E624 o-Xylene Aqueous NA  µg/L 0.31 1 


E624 1,3-Dichlorobenzene Aqueous NA  µg/L 0.31 1 


E624 1,4-Dichlorobenzene Aqueous NA  µg/L 0.15 0.5 


E624 1,2-Dichlorobenzene Aqueous NA  µg/L 0.31 1 


E625 SIM Acenaphthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Acenaphthylene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Anthracene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[a]anthracene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[a]pyrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[b]Fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[g,h,i]perylene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[k]fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Chrysene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Dibenzo[a,h]anthracene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Indeno[1,2,3-c,d] pyrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Fluorene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Naphthalene Aqueous NA  µg/L 0.031 0.1 


E625 SIM Phenanthrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Pyrene Aqueous NA  µg/L 0.015 0.05 


SW8015C Diesel Range Organics Aqueous NA mg/L 0.15 0.4 


SW8015C Diesel Range Organics Oil NA mg/kg 620 2000 


Notes: 


SGS North America, Inc. DLs and RLs.  


BOD5 = biochemical oxygen demand 


DL = detection limit 


mg/kg = milligrams per kilogram 


mg/L = milligrams per liter 


µg/L = micrograms per liter 


RL = reporting limit 


SPP = suspended particulate phase 


TSS = total suspended solids 


TUc = chronic toxic units 
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2.6 Field and Laboratory Quality Control Samples 


2.6.1 Field Quality Control Samples and Frequencies 


Field QC samples that will be collected and/or submitted include field duplicates, MS/MSDs, trip blanks, 


and temperature blanks. Field QC samples will be collected and/or submitted at the following 


frequencies: 


• Field duplicates will be collected at a frequency of one per 20 or fewer primary samples for each 


analyte and matrix as described in Table 2-32. 


• MS and MSD samples will be collected for every 20 or fewer samples as described in Table 2-32. 


• Trip blanks will be submitted with every cooler for every shipment containing volatile samples. 


• Temperature blanks will be submitted with every cooler containing analytical samples. 


Table 2-32 summarizes the type and quantity of QC samples required for compliance monitoring. 
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Table 2-32 Field Quality Control Samples 


Discharge Matrix 
Monitoring 


Parameter 
Method Sampling Frequency Field Duplicate MS/MSD


1
 


Trip Blank 


Required? 


Discharge 001 


Water-based 


drilling fluids and 


drill cuttings 


Water-based 


drilling fluids 


and drill 


cuttings 


SPP toxicity E1619 
Weekly and 


end of well 


Duplicate collected each 


time a primary sample is 


collected2 


NA NA 


TAH E624 Once per well 
One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
Yes 


TAqH E625 SIM Once per well 
One duplicate per 20 or 


fewer samples 


One MS/MSD 


per 20 samples 
NA 


Diesel  oil  


(Diesel-range organics) 
SW8015C 


Once per well, or if static 


sheen test fails 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
NA 


Diesel oil in 


storage 


Diesel  oil  


(Diesel-range organics) 
SW8015C If static sheen test fails NA NA NA 


Discharge 002  


Deck Drainage 


OWS effluent TAH E624 


Once per discharge event 


(if conducted 


continuously) 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
Yes 


OWS effluent TAqH E625 SIM 


Once per discharge event 


(if conducted 


continuously) 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
NA 


Discharge 003  


Sanitary Wastes 


MSD effluent BOD5 
SM5210-B Weekly NA NA NA 


MSD effluent TSS SM2540-D Weekly NA NA NA 


MSD effluent Fecal coliform bacteria SM9222-D Weekly NA NA NA 


Notes: 
1 Triple volume of sample must be collected for MS/MSD for organic analyses. Two sample volumes must be collected for inorganic analyses. 
2 A duplicate sample volume will be collected with each primary sample. The duplicate volume will be retained in the rig compliance laboratory refrigerator until acceptable results are received for the 


sample transported to the laboratory. If a problem occurs with the original sample that invalidates the results, the duplicate volume of sample will be packaged and transported to the subcontract 
laboratory for analysis. 
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2.6.2 Laboratory Quality Control  


2.6.2.1 Analytical Method Quality Control Criteria 


Quality control checks for sample collection will be accomplished by a combination of CoC protocols, 


field QA samples, and laboratory QC as prescribed in the sampling or analytical methods. Fixed 


laboratory QC samples will be prepared and analyzed as required by the analytical methods and 


laboratory QA Manuals. Results from LCS/LCSD and MS/MSD samples will be compared to criteria for 


accuracy and precision listed in Table 2-33. 


Table 2-33 Analytical Method Quality Control Criteria 


Analytical 


Method Analyte Matrix 


Laboratory Control Limits 


(Accuracy) 
RPD 


(Precision) LCL (%) UCL (%) 


SM5210-B BOD5 Aqueous 84.6 115.4 20 


SM9222-D Fecal coliform Aqueous NA NA NA 


SM2540-D TSS Aqueous 75 125 5 


E624 Benzene Aqueous 80 120 20 


E624 Toluene Aqueous 75 120 20 


E624 Chlorobenzene Aqueous 80 120 20 


E624 Ethylbenzene Aqueous 75 125 20 


E624 P & M -Xylene Aqueous 75 130 20 


E624 o-Xylene Aqueous 80 120 20 


E624 1,3-Dichlorobenzene Aqueous 75 125 20 


E624 1,4-Dichlorobenzene Aqueous 75 125 20 


E624 1,2-Dichlorobenzene Aqueous 70 120 20 


E625 SIM Acenaphthene Aqueous 45 110 30 


E625 SIM Acenaphthylene Aqueous 50 105 30 


E625 SIM Anthracene Aqueous 55 110 30 


E625 SIM Benzo[a]anthracene Aqueous 55 110 30 


E625 SIM Benzo[a]pyrene Aqueous 55 110 30 


E625 SIM Benzo[b]Fluoranthene Aqueous 45 120 30 


E625 SIM Benzo[g,h,i]perylene Aqueous 40 125 30 


E625 SIM Benzo[k]fluoranthene Aqueous 45 125 30 


E625 SIM Chrysene Aqueous 55 110 30 


E625 SIM Dibenzo[a,h]anthracene Aqueous 40 125 30 


E625 SIM Indeno[1,2,3-c,d] pyrene Aqueous 45 125 30 


E625 SIM Fluoranthene Aqueous 55 115 30 


E625 SIM Fluorene Aqueous 50 110 30 


E625 SIM Naphthalene Aqueous 40 100 30 


E625 SIM Phenanthrene Aqueous 50 115 30 
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Analytical 


Method Analyte Matrix 


Laboratory Control Limits 


(Accuracy) 
RPD 


(Precision) LCL (%) UCL (%) 


E625 SIM Pyrene Aqueous 50 130 30 


SW8015C Diesel Range Organics Aqueous 75 125 20 


SW8015C Diesel Range Organics Oil NA NA NA 


Notes: 


BOD5 = biochemical oxygen demand 


LCL = lower control limit 


RPD = relative percent difference 


TSS = total suspended solids 


UCL = upper control limit 


WET = whole effluent toxicity 


For operational discharge compliance sampling under the GP, the completeness goal is 100%. If a sample 


is determined to be invalid or unusable, the sample will be recollected as soon as practicable.  The M-I 


SWACO NPDES Compliance Specialist will be responsible for ensuring that all samples are collected as 


required by the permit. 


2.6.2.2 Toxicity Testing Quality Control Criteria 


The test acceptability criteria and performance standards for the proposed toxicity tests are summarized in 


Tables 2-34 and 2-35. The toxicity tests incorporate standard QA/QC procedures to ensure that the test 


results are valid. Standard QA/QC procedures include the use of negative and positive controls, the use of 


testing replicates, and water quality monitoring.  All limits established for this program meet or exceed 


those recommended by USEPA.  


All data collected and produced will be recorded on approved data sheets, which will become part of the 


permanent data record of the program. If any aspect of a test deviates from protocol, the test will be 


evaluated to determine whether it is valid according to test acceptability criteria and performance 


standards.    


Each toxicity test includes sample replication of 3 to 8 replicates, depending on the test.  The data 


generated are checked by the responsible laboratory technician and reviewed independently by another 


analyst to assess precision. The maximum percent difference (MPD) for replicates and the reference 


toxicant tests are evaluated relative to the permissible bounds of the methods.  Acceptable accuracy levels 


are also assessed by the calibration of water quality instruments, the use of certified standards, and the 


establishment of acceptable water quality testing parameters.  For example, water quality is monitored 


and, adjusted if necessary, throughout testing in at least one test replicate. Parameters that fall outside of 


acceptable test ranges may require corrective action. 


The sensitivity of test organisms will be evaluated using positive control reference toxicant tests.  


Reference toxicant tests will be conducted on each batch of test organisms either concurrently with 


project samples or monthly, as specified under the QA requirements for each test.  The reference toxicant 


test will consist of an exposure to at least five concentrations of a reference substance (known toxicant) 


used to assess the health and sensitivity of the test organisms.  The test duration and endpoint will mimic 


those of the corresponding bioassay.  Dilutions will be selected to bracket laboratory historical LC50/EC50.  
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The LC50/EC50 results will be compared with historical data from definitive bioassays with the reference 


substance. The reference toxicant substances will be copper sulfate, ammonium chloride, or other 


toxicants as appropriate for evaluating the sensitivity of test organisms. 


Table 2-34 Water Quality Criteria and Performance Standards 


Analyte 


Water Quality Test Parameters Acceptability Criteria 


Dissolved 


oxygen Temperature pH Salinity 


Drilling Fluid (Mud) SSP Mysid Acute 


Survival Toxicity Test 


Aeration to 


maintain  
DO > 5.3 mg/L 


20 ± 2°C 6 – 93 20 ± 2 ppt 


Chronic Toxicity Echinoderm Fertilization 


Test 
DO > 4.0 mg/L 12 ± 1°C 6 – 9 34 ± 2  ppt 


Larval Topsmelt 7-Day Chronic Survival 


and Growth Test 


Aerate if  


DO < 4.0 mg/L 
20 ± 1°C 6 – 9 5 – 34 ppt1 


Larval Menidia 7-Day Chronic Survival 


and Growth Test 


Aerate if  


DO < 4.0 mg/L 
25 ± 1°C 6 – 9 5 – 32 ppt1 


Mysid Shrimp 7-Day Larval Survival, 


Growth and Fecundity Test 


Aerate if  


DO < 4.0 mg/L 
26 ± 1°C 6 – 9 20 – 30 ppt1 


Echinoderm Larval Survival and 


Development Test 


Aerate if  


DO < 4.0 mg/L2 
15 ± 1°C 6– 9 34 ± 2 ppt 


Notes: 
1 Target should not deviate by ± 2 ppt during test period. 
2 No aeration during testing. 
3 7.8 ± 0.1 (at initiation in the 100% elutriate). 


Table 2-35 Toxicity Test Acceptance Criteria and Performance Standards 


Test Organism (Protocol – SOP) Test Acceptability Criteria 


Drilling Fluid (Mud) SPP Mysid Acute Survival Toxicity 


Test 


(40 CFR Part 435, EPA-821-R-11-004, EPA-821-R-02-012) 


1. Survival in the controls ≥ 90% 


Initial Toxicity Screening Test  


Chronic Toxicity Echinoderm Fertilization Test 


(Strongylocentrotus purpuratus or Dendraster excentricus) 


(EPA/600/R-95/136, WDOE WQ-R-95-80 – SOP No. 


TOX045) 


1. At least 70% fertilization in controls 


2. The dilution water and the effluent egg blanks have 


essentially no eggs with fertilization membranes. 


3. Minimum significant difference (MSD) of <25% 


4. Final sperm stock concentration must be ≤33,600,000 


sperm/mL AND one of the following conditions: 


a. Trial fertilization used – final sperm stock must not 


exceed double the target density selected that would 


provide 70-<100% fertilization without 


oversperming 


b. Sperm/egg ratio kept at ≤500:1 (without trial 


fertilization) and confirmation of sperm stock 


≤5,600,000 sperm/mL 


c. Use any reasonable sperm stock density and run two 


extra sets of controls (high and low density).  The 


high density control (0.200 mL of sperm stock) must 


have at least 5% higher fertilization than the low 


density control (0.050 mL of sperm stock) 
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Test Organism (Protocol – SOP) Test Acceptability Criteria 


WET Tests:  


Larval Fish 7-Day Chronic Survival and Growth Test 


Topsmelt (Atherinops affinis) 


(EPA/600/R-95/136 – SOP No. TOX002) 


1. Survival in the controls ≥ 80% 


2. 0.85 mg average weight of control larvae (9 days old) 


Larval Fish 7-Day Chronic Survival and Growth Test 


Inland Silverside (Menidia beryllina) 


(EPA-821-R-02-014 – SOP No. TOX012) 


1. Survival in the controls ≥ 80% 


2. 0.50 mg average weight of control larvae (7 days old)  


Mysid Shrimp 7-Day Larval Survival, Growth, and 


Fecundity Test 


(EPA/821-R-02-14 – SOP No. TOX014B) 


1. Survival in the controls ≥ 80% 


2. 0.20 mg average weight of control larvae (7 days old) 


3. MSD for growth ≤ 37% 


4. Egg production in ≥ 50% of females 


Echinoderm Larval Survival and Development Test 


(EPA/600/R-95/136 – SOP No. TOX043) 


1. Normal development in the controls ≥ 80% 


2. MSD for growth < 25% 


 


Notes: 


EPA = U.S. Environmental Protection Agency 


mL = milliliter 
MSD = minimum significant difference 


SPP = suspended particulate phase 


SOP = standard operating procedure 


2.7 Documents and Records 


2.7.1 Responsibilities 


The M-I SWACO NPDES Compliance Supervisor or designee establishes and maintains the central files 


for project records, training records, qualified subcontractor files, and other important documentation. 


Each M-I SWACO NPDES Compliance Specialist is responsible for assembling supporting 


documentation generated in his or her task and forwarding the documentation to the Shell Environmental 


Compliance Engineer and the M-I SWACO NPDES Compliance Supervisor at the end of the season. In 


addition, the M-I SWACO NPDES Compliance Specialist is responsible for providing the rig compliance 


laboratory reports to the permittee. 


The M-I SWACO NPDES Compliance Supervisor and other signatories shall approve revisions of 


controlled documents such as the QAPP and associated SOPs and LWIs. The M-I SWACO NPDES 


Compliance Supervisor is responsible for determining, through consultation with technical staff, the 


activities that require SOPs or LWIs, and for working with the appropriate technical experts to develop 


the SOPs and LWIs.  The M-I SWACO NPDES Compliance Supervisor is responsible for obtaining 


technical review and approval of SOPs and LWIs, for maintaining control of QAPP and revisions, and for 


maintaining an up-to-date distribution list for written procedures. 


M-I SWACO NPDES Compliance Specialists are responsible for performing tasks in accordance with 


applicable written procedures, except as explicitly directed by the relevant contract or Health and Safety 


policy. M-I SWACO NPDES Compliance Specialists are  responsible  for  maintaining  copies  of  


applicable  written procedures at  the  rig compliance  laboratory  locations, performing the procedures 


defined in the written procedures, maintaining documentation as required by the written procedures, and 
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notifying management of deviations from written procedures. M-I SWACO NPDES Compliance 


Specialists are also responsible for assisting the Shell Environmental Compliance Engineer and/or the M-I 


SWACO NPDES Compliance Supervisor in designing accurate and practical written procedures, and in 


keeping the written procedures up-to-date. 


2.7.2 Field and Laboratory Records 


M-I SWACO shall retain copies of observations, calculations and derived data, calibration records, and a 


copy of the test report in accordance with the BMP and permit requirements. Records that are generated 


or stored by computers shall have hard copy or write-protected backup copies. Field notebooks shall be 


assigned an identification number and each page of the notebook shall be sequentially numbered. The M-I 


SWACO NPDES Compliance Supervisor shall maintain completed notebooks, hard copy electronic 


records, write-protected backup records, and test reports. Records that are expected to be generated to 


document compliance with drilling fluid and effluent monitoring requirements are provided in Table 2-36.  


The records shall include the identity of the personnel involved in sampling, sample receipt, preparation 


calibration, and testing. Data, except those generated by automatic data collection systems, shall be 


recorded directly, promptly, and legibly in permanent ink.  


Changes to records shall be signed or initialed by responsible staff. Entries shall not be obliterated by 


methods such as erasures, overwritten files, or markings. Corrections to recordkeeping errors shall be 


made by one line marked through the error. The individual making the corrections shall sign (or initial) 


and date the correction. This requirement also applies to electronically maintained records.  
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Table 2-36 General Permit Compliance Records by Location 


Record 
Shell Quality Assurance/  


Central Project Files 


Compliance 


Specialist Notebook 
M-I SWACO Area Office 


Quality Assurance Project Plan (QAPP) Original Copy2  


Audit Reports Original Copy  


HSE Manual Copy Copy 2  


Material Safety Data Sheet (MSDS) Copy Copy 2  


SOPs and LWIs Copy Copy 2 Original 


Personnel Qualifications Copy  Original1 


Training Documentation Form Copy  Original1 


Demonstration of Capability Copy Copy Original1 


Computer Program Verification Original   


Equipment Manuals Original Copy  


Reference Material Certificates Original Copy  


Equipment Log Original Copy  


Field Notebook Archive Copies3 Copy  


Daily Activity Report Archive Copies3 Copy 2  


Equipment calibration forms Archive Copies3 Copy  


Sample chain-of-custody forms  Archive Copies Copy  


Analytical reports from rig compliance laboratory  Archive Copies3,4,5 Copy  


Fixed analytical laboratory data packages Archive Copies3,4,5   


Certification of Analysis – mercury and cadmium content in Barite Archive Copies3 Copy  


Drilling Fluid Inventory Archive Copies3   


Monthly Discharge Flow Volume Report Archive Copies3   


Static Sheen Results Archive Copies3 Copy  


Notes: 
1 Certified copy. 
2 Electronic copy.  
3 Rig compliance laboratory records will be retained in accordance with the permit requirements. Fixed laboratories shall maintain originals of their analytical data in accordance with 


their internal QA programs. 


4 Including QC results, if applicable. 
5 Copy of CoC document, with recipient’s signature at sample transfer to be filed. Sample transfer is defined as the point at which the sample is delivered to any third party.   
6 Originals provided to permittee at required frequency (e.g., at end of drilling season). 
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2.7.2.1 Deviations 


Deviations from SOPs, if any, shall be documented on Corrective Action Report Forms (Table 2-37). 


 


CAR No.     
 


Date:      


 


Table 2-37 Service Quality Non-Conformance Report 


To: From: 


Findings or Deviations 


Answer Due Date Signature 


Review and Comments 


Date Signature 


Review and Comments Follow up Actions 
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2.8 Reporting 


2.8.1 Notifications 


If any of the discharge limits are exceeded or if other suspected BMP Plan noncompliance or modification 


occurs, the Shell Compliance Duty Officer (907-830-7435) must be called immediately. Noncompliance 


of the NPDES GP that may endanger health or the environment (if any) must be reported to the EPA by 


telephone within 24 hours from the time of occurrence. This includes any unanticipated bypass or upset 


that exceeds discharge limitations in the permit or any violation of maximum daily discharge limitations 


for any of the pollutants listed in Part 1 of the GP requiring 24-hr reporting.  


If NPDES GP noncompliance occurs, the Shell Environmental Compliance Engineer will complete and 


file the necessary reports to the EPA in accordance with permit requirements. 


2.8.2 Discharge Monitoring Reports 


All discharge monitoring results and effluent sampling will be summarized in the Discharge Monitoring 


Report (DMR) form EPA No. 3320-1 or equivalent. Monitoring data and other reports will be submitted 


electronically using NetDMR (http://www.epa.gov/netdmr). DMRs will be submitted to EPA no later 


than the 20th of the month following the completed reporting period. 


All permit records are submitted to Shell. Annual sampling results will be reported on the January DMR. 


All records of monitoring information shall be retained at least 5 years from the date of the sample, 


measurement, report, or application. 


The permittee must ensure that records of monitoring information include: 


• The date, exact place, time of sampling or measurements, and the name(s) of the individual(s) 


who performed the sampling or measurements; 


• The date(s) analyses were performed and the names of the individual(s) who performed the 


analyses; 


• The analytical techniques or methods used; and 


• The results of such analyses. 


Noncompliance reporting that is not required to be reported within 24 hours is to be included with the 


Discharge Monitoring Reports and submitted monthly. Shell is to preserve all reports and records for a 


period of at least five years from the date of sample, measurement, report, or application, or for the term 


of this permit, whichever is longer. 


2.8.3 TAH/TAqH Reporting 


Total aromatic hydrocarbons, or TAH, is determined by summing the results of EPA Method 602 (plus 


xylenes) or EPA Method 624 to quantify monoaromatic hydrocarbons. Total aqueous hydrocarbons, or 


TAqH, are determined by summing the results for TAH and EPA Method 610 or EPA Method 625 (to 


quantify PAHs listed in EPA Method 610). For samples where one or more analytes has a detectable 


result, TAH and TAqH will be presented as the sum of the detectable results. Detectable results include 


results that are reported as estimated (e.g., J-flagged) because the result is greater than the detection limit 
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and less than the reporting limit. If all results for the sample are nondetect, one-half the reporting limits 


for all nondetect results will be summed.  


2.9 Data Reporting  


A group of samples submitted to the subcontract laboratory at the same time and included on the same   


CoC form will be considered a sample delivery group. The results for this sample delivery group will be 


reported as one analytical data package. The analytical data package must contain adequate information to 


verify the quality of the data and be presented in a clear and concise manner. Data packages must include, 


at minimum, the following elements:  


• Cover sheet, which identifies the project; 


• Table of contents; 


• Case narrative, which documents all discrepancies with the data contained in the report, including 


(but not limited to) sample receipt, holding time(s), documentation of QC discrepancies and 


corrective action, matrix interferences; 


• Preparation and analytical methods used; 


• Sample identification; 


• Analytical results, including detection limits, reporting limits, and dilution factors;  


• Laboratory qualifiers; 


• Date(s)/time(s) of collection, receipt, preparation, analysis; 


• Sample receipt and management records; and 


• QA/QC sample results and supporting information. 


The toxicity testing laboratory is required to report results that include all information recommended by 


the test protocols for quality assurance review and data validation, as follows: 


• Test methods used for toxicity testing and statistical analyses; 


• Source of  testing water including a description of any pretreatment, and results demonstrating 


survival and growth of test organism in test water; 


• Source, history, and age of test organisms and if appropriate culturing information, or collection 


information.  Records should include information regarding taxonomic identification of test 


organisms; 


• Source of food composition and procedures used to prepare and dispense food to test chambers; 


• Description of experimental design including test setup, test monitoring, and test termination.  


Water quality and observation records should be summarized and included in report; 


• Methods used for physical and chemical characterization of test matrices; 


• A table of biological data for each sample, including negative and positive control information; 
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• Methods used for statistical analysis; 


• A description of any deviations from the methodology or problems with the process and 


procedures of analyses; 


• Original data sheets for water quality, survival, growth, abnormalities, reference toxicant, and 


statistics as applicable by test protocol; 


• Chain-of-custody records; and 


• References and literature. 


2.10 Data Review and Qualification 


All analytical data that the laboratory generates shall be verified before submittal to the permittee. This 


internal data review process, which is multi-tiered, shall include all aspects of data generation, reduction, 


and QC assessment. All definitive data shall be reviewed first by the analyst, and then by the supervisor 


of the respective analytical section using the same criteria. Elements for review or verification at each 


level must include, but are not limited to, the following: 


• Sample receipt procedures and conditions; 


• Sample preparation; 


• Appropriate analytical SOPs and methodologies; 


• Accuracy and completeness of analytical results; 


• Correct interpretation of all raw data, including all manual integrations; 


• Appropriate application of QC samples and compliance with established control limits; 


• Verification of data transfers; 


• Documentation completeness; and 


• Accuracy and completeness of data deliverables (hard copy and electronic). 


2.10.1 Laboratory Data Evaluation 


The calibration, QC, corrective actions, and flagging requirements will be performed in accordance with 


the laboratory QA Manual and the analytical methods. The laboratory shall apply data qualifiers as part of 


its internal validation activities. Flagging criteria apply when acceptance criteria are not met and when 


corrective actions are not successful or not performed. The supervisor of the respective analytical sections 


shall review the data qualifiers. 


The laboratory’s QA section shall perform internal review prior to issuance of the final data packages. 


The laboratory project representative shall complete a final review on all of the completed data packages 


and issue the final reports. 


2.10.2 Data Review and Verification 


Staff reviewing permit compliance data will conduct a QA/QC review and assessment of laboratory data 


deliverables, including an evaluation of:  
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• The information provided on the analytical data sheets, including QC sample results;  


• The laboratory case narrative and any flags that the laboratory applied as part of its data 


validation and usability assessment; 


• The sample collection documentation, including CoC records; and 


• Field laboratory data sheets and supporting documentation.  


This review will also verify the accuracy and completeness of field activities, including the adherence to 


the procedures as described in the cited SOPs and the specified analytical methods. In general, analytical 


data that have been reviewed by the laboratory QA section and permit compliance staff will be considered 


acceptable for use, including results that were flagged as part of the laboratory QA review and validation. 


Laboratory flags and case narratives will be reviewed as part of the data quality review and assessment to 


confirm that the quality of the data is acceptable for its intended purpose.      
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3.0 Environmental Monitoring Program 


3.1 Introduction and Overview 


In the management of its activities, Shell has contracted with Olgoonik Fairweather, LLC for the 


implementation of the Environmental Monitoring Program (EMP) portion of its exploration program in 


the Chukchi Sea. This section addresses the GP compliance tasks that will be performed by Olgoonik 


Fairweather LLC under contract to Shell during offshore drilling exploration.  


Table 3-1 defines the roles and responsibilities of the EMP implementation team. The specific details of 


responsibilities may change during project execution. Changes will be documented and communicated to 


the project team to ensure that project personnel are aware of appropriate points of contact and to avoid 


any gaps in responsibilities. 


Table 3-1 Roles and Responsibilities of the EMP Implementation Team 


Role Responsibilities 


Shell Science Lead 


(SL) 
• Technical input on and review of project scope and equipment specifications 


• Participation in identification of risks, opportunities, and hazards 


Shell Project Lead 
(PL) 


• Ultimate program responsibility and management  


• Project execution 


• Permitting 


• Accounting  


• Stakeholder communication  


Shell 


Representative 
(Shell Rep) 


• Offshore based single point accountability for operations and oversees the projects assets and 


contractors in regards to program delivery, health, safety, security and environment (HSSE), 
reputation, stakeholder and regulatory compliance requirements established for the project 


• Coordination of operational implementation in the field 


• Sample shipping logistics 


• Day to day communication with Shell 


Vessel Master 


(VM) 


• Is the primary operator of the vessel 


• In United States (US) waters, must comply with US Coast  Guard (USCG), state, and local 


regulations  


• Is responsible for all aspects of boating operations, regardless of any senior personnel present on 
the boat. These responsibilities include, but are not limited to:  


o Safety of the vessel and all persons on board  


o Safe transport of the vessel to and from  her berth, if applicable  


o The safe operation of all shipboard equipment  


o Ensuring that all required operational and safety equipment is on board and that crew and 
passengers know the location and how to operate safety/survival equipment  


o Report all accidents, incidents, boardings, citations, safety concerns according to USCG 
regulations  


Olgoonik 


Fairweather Project 


Manager (PM) 


• Planning, coordination, and execution of the program as defined by Shell 


• Oversight of project assets and subcontractors 


Olgoonik 


Fairweather  Lead 


Scientist (LS) 


• Development of EMP design and quality assurance project plan (QAPP) 


• Coordination and approval of study reports 


• Oversight of field and analytical activities  
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Role Responsibilities 


Sr Marine 


Technician (MT) 
• Field Instrument/Equipment Calibration, Maintenance, and Operation 


• Works with VM to determine if conditions are acceptable for deployment of sampling tools 


• Oversight and coordination (e.g., between VM and CS) of deployment and retrieval of sampling 


gear 


Principle 


Investigator(s) (PI) 
• Onshore based lead scientist for particular scientific field or subcontractor 


• Contribute expertise to development of sampling design, EMP, QAPP, and final reports. 


• Plan field sampling and execute post-field processing activities 


• Review laboratory data for reasonableness and usability 


• Communication of quality assurance (QA) and quality control (QC) requirements to project 
personnel 


Chief Scientist (CS) • Offshore based overall field scientific lead 


• Ensures field sampling procedures comply with QAPP and Standard Operating Procedures 


(SOPs) are being followed 


• Documents sample collection and processing activities, and initiates sample custody and/or 


additional sampling  


• Maintain custody of field records during ship-board activities 


• Review field records at the end of each sampling day 


Field Team(s) (FT) • Collect the samples after the sampling equipment is retrieved  


• Take control of the collected samples once determined to be acceptable and maintain custody of 


samples collected for chemical analysis 


• Process and preserve samples according to the QAPP, including all field documentation  


• Prepare and ship samples under custody to the appropriate analytical laboratories   


Laboratory 


Manager(s)  (Lab 


Manager) 


• Conduct all sample analysis, reporting, analytical activities, as well as all activities related to 


sample custody records and processing in accordance with their contracts and the QAPP and 
SOPs 


• Review/QC data, assign laboratory qualifiers, and implement corrective action 


• Ensure independent QA oversight 


• Communicate any issues that could affect sample integrity, data quality, or schedule to 


contracting Laboratory QA/QC Officer 


• Perform internal verification and validation of all reported data 


• Submit data packages and electronic data deliverables (EDDs) that conform to QAPP 


requirements 


Laboratory QA/QC 


Officer (Lab 
QA/QC) 


• Review analytical data to verify that QAPP and SOP requirements were achieved 


• Ensure data are traceable to raw data, calculations are accurate 


• Ensure data qualifiers are applied to any data that do not meet the QAPP measurement quality 


objectives (MQO) requirements 


• Report the results of audit to management 


3.2 Data Quality Objectives 


The data quality objectives of the EMP are to address the following NPDES GP requirements: 


1) Complete an initial site assessment, including a physical sea bottom survey, to ensure the 


exploratory facility is not located or anchored in a sensitive biological area or habitat;  


2) Evaluate water-quality characteristics of the receiving water and potential effects of the 


specified discharges;  
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3) Evaluate sediment characteristics of the seafloor and potential effects of the discharges on the 


sediment characteristics;  


4) Evaluate potential effects to the benthic community structure due to deposition of Discharge 


001 (water-based drilling fluids and drill cuttings) and Discharge 013 (muds, cuttings, cement 


at the seafloor), which includes both spatial and temporal changes in community diversity 


and abundance; and  


5) Evaluate the plume(s) in the vicinity of the discharges 


3.3 EMP Technical Approach: (Phase I through IV) 


The technical approach for the EMP requires collection of data during four different phases shown in 


Table 3-2.  The types of analysis for the four phases are shown in Table 3-3. The sampling design 


described in Section 3.5 will describe each of the four phases and how they meet the DQOs of the EMP.  


The sampling design is based on and intended to meet the data quality objectives (DQOs) of the EMP. 


Table 3-2 Summary of Field Sampling for the Four Monitoring Phases 


EMP 


Component Matrix 


Permit 


Reference 


Existing 


Baseline Data 


(Phase I 


replacement) 


(pre-drill 


baseline)1 


Phase II 


(during) 


Phase III 


(post-drill) 


Phase IV 


(no later 


than 15 


months post 


drill) 


Physical 


Oceanography/ 
Meteorology 


Physical Characteristics 


(water) 
II.A.f.2. (X)2    


Plume Monitoring 


(water) 
II.A.j.4  X   


Biology 


Benthic Community 


Structure 


(benthos/epibenthos) 


II.A.f.4 


II.A.i.2 
X   X 


Physical Sea Bottom 
Survey 


II.A.f.1. 


II.A.h.1. 


II.A.i.1 


X  X X 


Chemistry 


Water-based Drilling 


Fluids/Drill Cuttings 
II.A.j.1  X   


Sediment Characteristics 


(surface sediment) 
II.A.j.2 X  X X 


Benthic Community 


Bioaccumulation 
Monitoring (tissue) 


II.A.j.3 X  X X 


Chemistry 


(continued) 


Receiving  Water 


Chemistry 
II.A.f.3. (X)3 X   


Plume Monitoring 


(water) 
II.A.j.4  X   


Notes: 
1 As indicated in the EMP, Appendix A, Phase I data includes historical data within the previous 5 years, sampling completed in 2012, 2013, 


additional samples of opportunity , and samples that may be collected concurrent with Phase II.  
2 Water column physical characteristics have historically been collected and additional data may be collected during Phase II. 
3 Reference samples will be collected outside the plume during Phase II as the most representative baseline (Phase I) data during drilling. 
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3.3.1 Phase I Assessments 


The Phase I data collected from the previous 5 years was compiled and analyzed to determine the 


variability within and among the data sets from the same region and to establish whether historical data 


from a larger geographical area may be predictive of current baseline data at site-specific locations.  The 


results demonstrate that baseline data are available and are sufficient for replacement of Phase I permit 


requirements; therefore, Phase I sampling requirements are not addressed in this QAPP. The results of 


this analysis are presented in the EMP Appendix A.  
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Table 3-3 Summary of Analytical Parameters by Matrix 


Parameter  Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Volatile Organic Carbon (VOC)/ 


Total Aromatic Hydrocarbons (TAH)2,3 (Phase II)4 
    Phase II 


Saturated Hydrocarbons (SHC) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Total Petroleum Hydrocarbons (TPH) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Polycyclic Aromatic Hydrocarbons (PAH) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Petroleum Biomarkers    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Percent Lipid     
Phase III 


Phase IV 
 


Particulate Organic Carbon (POC) (Phase II)      


Total suspended solids (TSS) (Phase II)      


Grain Size 
   


Phase III 


Phase IV  
 


Total organic carbon (TOC) 
   


Phase III 


Phase IV  


 


 


Sediment profile imaging 


(Sea Bottom) or ROV camera survey    


Phase III 


Phase IV  
 


Benthic Community Structure (benthos/epibenthos) 
   


Phase IV 
 


 


Aluminum (Al) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Antimony (Sb) 
 


Phase II Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 
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Parameter  Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Arsenic (As) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Barium (Ba) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Beryllium (Be) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Cadmium (Cd) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Chromium (Cr) 
 


Phase II Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Copper (Cu) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Iron (Fe) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Lead (Pb) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Manganese (Mn)    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Mercury (Hg) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Methyl mercury 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Nickel (Ni) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Selenium (Se) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Silver (Ag) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Tin (Sn) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 
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Parameter  Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Titanium (Ti) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Thallium (Tl) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Vanadium (V)    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Zinc (Zn) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Total metals 
 


6 19 195 195 195 


Notes: 
1 Analyses for total recoverable [metals] concentrations must be conducted and reported for each metal using EPA methods. The results must be reported in “mg/kg of whole mud (dry weight) and 


moisture content (percent by weight) of the original drilling fluid sample.”  
2 TAH “as determined by EPA Method 602 (plus xylenes)”. 
3 Total Aqueous hydrocarbons (TAqH) is the sum of TAH + PAH. 
4 As indicated in the EMP, Appendix A, Phase I data includes historical data, sampling completed in 2012, 2013 additional samples of opportunity, and samples that may be collected concurrent with 


Phase II. 
5 All required metals (Table A, NPDES GP) are included in the 19 metals. Manganese and vanadium are also included in sediments, muds and cuttings, and tissue sample analyses bringing the total 


metals for those matrices and phases to 21. 
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3.3.2 Phase II Plume Monitoring and Observations 


The objective of the plume-monitoring component is to measure metals, organics, turbidity and total 


suspended solids throughout the water column during periods of maximum discharge of water-based 


drilling fluid and drill-cuttings (Discharge 001). Additionally, the objective is to focus characterization 


efforts on areas of expected deposition of water-based drilling fluid and drill-cuttings based on model 


predictions. Plume monitoring will also serve as a check/verification of modeled effluent behavior. 


Phase II plume monitoring will be conducted from a vessel configured to conduct environmental 


monitoring. Safety, operational and navigational issues could limit the ability to delineate plumes in the 


immediate vicinity of the drilling operations. Within these logistical constraints, efforts will be made to 


safely locate and sample the plume(s) during the drilling process.  In order to assess maximum discharge 


of metals, hydrocarbons, turbidity, and total suspended solids, two primary time periods will be targeted. 


(1) Drilling of the largest casing interval after the BOP stack is set; this time period represents the 


expected maximum discharge rate over the longest time interval of water-based drilling fluids and 


drill-cuttings during the drilling process.  


(2) During and/or immediately following bulk drilling fluid discharge; this discharge represents a 


period when only water based drilling fluid (with some finer entrained drill cuttings) is 


discharged and total suspended solids could be higher due to the small particle size of the material 


(barite and bentonite). 


In the event that sampling during these time points cannot be conducted in the field, secondary options are 


presented in the EMP. During the two discharge events listed above, up to seven sampling stations will be 


targeted for sample collection (Figure 3-1).  A total of up to 70 water samples will be targeted for 


collection plus 6 samples of drill cuttings and drilling mud will be collected during Phase II (Table 3-4).  


The direction of the predominant currents will be measured with the ADCP system and will be used to 


inform actual sampling stations during field activities. 


The data collected during the Phase II monitoring will be used to assess the location of the plume(s), to 


refine model inputs, and to help inform the Phase III and IV monitoring efforts. 
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Figure 3-1 Phase II Water Sampling Stations 
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Table 3-4 Number of Samples Slated for Collection during Phase II 


Sampling Water 


Depth
1
 


Transect 


Type 


Number of Samples (Estimated) 


Phase – 


Largest 


Casing 


Interval 


Phase – Bulk 


Drilling Fluids
2
 


Other Intervals
4
 


Total Number 


of Samples 


1 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


10 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


20 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


30 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


2 m above bottom 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


Drill-Cuttings Drilling Rig 2 0
3
 2 4 


Drilling Fluid Drilling Rig 2 2 2 6 


Subtotal  Up to 39 Up to 37 Up to 4 Up to 80 


Notes:
1 Sampling water depth may vary depending on in-field measurements of turbidity during plume monitoring, weather conditions, or operational 


parameters.  
2 If bulk discharge event occurs.  


3 No separate drill cuttings samples will be collected because they are not present at significant concentrations in the bulk drilling fluids. 
4 Drill-cuttings and drilling fluids will be collected at each interval beyond the top hole as specified in the Drilling Fluids Plan. 


3.3.3 Phase III Assessment 


Phase III incorporates the post drill sampling immediately (as soon as practicable) following cessation of 


drilling at a well site. In the event that unforeseen circumstances occur preventing the environmental 


sampling of data immediately after drilling, the EPA will be notified immediately to determine the next 


course of action. A four-transect design (N, E, S, and W) off-set 22.5 degrees in line with the annual mean  


current direction, in conjunction with four different radii at 100 m, 250 m, 500 m, and 1000 m from the 


drill site location, will be used (Figure 3-2; Table 3-5). 







Quality Assurance Project Plan 


Chukchi Sea, M/V Noble Discoverer 


AKG-28-8100– Noble Discoverer 


April 2015 
Page 101 of 160 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Figure 3-2 Phase III and IV Sampling Stations 
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These transect orientations may be modified in the field, depending on observations made during the field 


effort (e.g., the Phase II ADCP data indicate a different trajectory for the predominant downstream 


current direction),  and/or sediment profile imaging or ROV survey, and sediment grab samples will be 


used to also help determine the depositional area of the muds and cuttings. 


Table 3-5 Summary of Near-Field and Far Field
1
 Phase III and IV Samples Slated for 


Collection 


Discipline 


Number of Sample 


Design Near-field 


stations 


Number of Far-


Field
1
 stations Number of samples 


Sediment Profile Imagery Up to 17 Up to 2-4 Up to 19-212 


Benthic ecology (Phase IV 


only) 
Up to 17 Up to 2-4 


Up to 57-63 (3 reps, 


possibly 5 reps, 


depending on field 


conditions and 


operational limitations) 


Chemistry—sediments Up to 17 Up to 2-4 Up to 19-21 


Chemistry—biota (clams) Up to 4 Up to 1-2 Up to 5-6 


Chemistry—biota 


(amphipods) 
Up to 4 Up to 1-2 Up to 5-6 


Notes: 
1 Far-field samples will be collected at 2-4 stations contemporaneous with the near-field stations. Far-field stations will be 


consistent with a subset of stations from the CSESP, where possible.  
2 Multiple photographs will be taken at each station (plan-view and cross-sectional) to ensure at least one high-quality photograph 


per station. 


3.3.4 Phase IV Assessment 


The sampling that occurs for the Phase IV monitoring must follow the same sampling design as for the 


Phase III sampling, as per the NPDES permit (Figure 3-2; Table 3-5). Sediment profile imaging (or 


similar technology), sediment chemistry, and tissue chemistry sample collection for Phase IV, if possible 


(e.g., if organisms are present for sample collection for chemical analysis), will be identical to the Phase 


III sampling design.  Benthic community structure will be added for the Phase IV assessment to measure 


and assess any potential long term impacts to the benthic community as a result of the exploratory drilling 


operations.  Three to five replicate sediment samples for identification and enumeration of benthic 


infauna will be collected from up to17 near-field stations and 2-4 far-field reference locations. 


3.4 Field Sampling 


3.4.1 Sampling Methods 


The following section summarizes the field sampling procedures that will be used to implement the 


environmental monitoring plan.  Details are provided in field SOPs provided in Appendix B. 


3.4.1.1 Navigation 


The Shell vessel navigation system will be used to track vessel and sampling locations during 


environmental monitoring if the accuracy of the system meets the EMP requirements (±10 m).  If the 
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vessel navigation system cannot meet this level of accuracy, an auxiliary system will be provided to 


define sampling locations.  The location of each sample is marked as a waypoint when the FT 


communicates to the VM that a sample is about to be collected.  The milestone number is documented in 


the field log by the FT and the pre-assigned sample identification (ID) number is recorded with the 


waypoint number, creating a link between each sample and the station coordinates. 


3.4.1.2 Acoustic Doppler Current Profiler (ADCP) 


An ADCP will be mounted on the environmental sampling vessel. Real time water velocity data from this 


ADCP system will be used to determine the water speed and direction to estimate the probable trajectory 


of the plume. In addition, backscatter data from the ADCP will be used if adequate strength backscatter 


data are present, to determine the three dimensional shape of the plume and influence sampling locations 


and depths. Integrating the ADCP data with the sampling XYZ locations is done to maximize the 


effectiveness of the Phase II plume-sampling component.  


After determining the XY sampling locations based on ADCP data, the Z component (water depth) will 


ultimately be determined by review of the turbidity and transmittance downcast data from the Sea-Bird 


SBE25plus system (Section 3.4.1.3). Discrete samples will be collected during the upcast at depths 


selected to cover the maximum and minimum range of turbidity observed in the downcast. Review of 


ADCP data will be ongoing throughout the discharge sampling event to maintain sampling focus within 


the observed plume (if a plume is observed). Sample XY and Z positions may change during the sampling 


as water velocities change.  


3.4.1.3 Conductivity, Temperature, and Depth (CTD) 


A Sea-Bird Electronics, Inc., SBE25plus (or similar) CTD profiler with (at a minimum) a turbidity sensor 


(e.g., Nephelometric Turbidity Units (NTU)) and a transmissometer will provide real-time multi-


dimensional data on suspended solids to optimize water-sampling locations. The CTD may be mounted 


on the carousel water sampler and may be used to collect hydrographic data at each water station, 


depending on the apparatus used to collect water samples. 


Twenty-five (25) carousel sensor measurements will be collected during the downcast from near surface 


(approximately 1 meter) to within approximately 2 m of the sea floor at each station.  Salinity and density 


(as sigma-t) will be calculated using Sea-Bird software from the conductivity, temperature and depth data.  


Navigational position and time will be recorded concurrently with the hydrocast measurements.  CTD 


profiles and the presence of suspended solids detected by the turbidity sensor(s) and transmissometer will 


indicate the presence of the plume in addition to ADCP water column velocity data and real-time weather 


conditions.  Water samples will be collected during the upcast or downcast (depending on rosette type, to 


minimize sample contamination) within the depth zones indicating plume characteristics.   CTD operation 


will follow the guidance of Battelle SOP 5-367-01 Sea-bird Electronics SBE 25plus Sealogger and SBE 


32 Carousel Water Sampler System. 


3.4.1.4 Water Samples 


A total of up to 70 water samples representing the five different sampling depths in the water-column will 


be targeted for collection during Phase II using a multiple bottle carousel sampler (e.g., example pictured 


in Figure 3-3) or similar system. Samples will be collected in the carousel using GO-FLO or OTE Niskin 
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bottles (C Free).  The sampling layout is depicted in Figure 3-1.  Table 3-4 summarizes the sampling 


design. Sampling collection using the carousel sampler will follow the guidance of Battelle SOP 5-367-01 


Sea-bird Electronics SBE 25plus Sealogger and SBE 32 Carousel Water Sampler System. 


Transect locations will maximize the plume coverage in response to discharge and plume dynamics. The 


general procedure during each sampling event is proposed as follows:  


1) The field team will use the real-time or near-real time ADCP data (if available) along with 


recent water column velocity data to determine the current direction and speed near the 


drilling operation. 


2) Prior to initiation of plume sampling, whole-water samples and CTD/turbidity data will be 


collected along the reference transect located at least 1,000 m away and perpendicular to the 


up-current end of the downstream plume transect (Figure 3-1).  


3) The plume-monitoring transect will be conducted across the plume (laterally) at intervals from 


as close to the release point as it is safe to occupy and down-current until evidence of the 


plume (e.g., turbidity measurements above background levels) disappears (Figure 3-1). 


ADCP data will be used to help locate the plume vertically and horizontally based on water 


volume velocity data and acoustic backscatter data. Modifications to the transect scheme may 


be made at the discretion of the CS in response to conditions encountered in the field. 


4) Additional vessel transects along the plume (axially) may be made at the discretion of the field 


leader to help locate plume boundaries, pending vessel logistical considerations and priorities 


in the field. 


5) Water samples will be collected with a sampling carousel within the plume at up to six stations 


along three transects (two stations per transect) oriented in the direction of the predominant 


current at each of five depths. The main plume transect will be positioned along the primary 


current direction. Two additional transects will be set at approximately ±10-15 degrees from 


the primary current direction (Figure 3-1). All plume-transect sampling stations will be 


attempted within 1000 m from the drilling location, with the near-field stations being as close 


to the discharge as logistically possible. The sampling vessel will be equipped with a 


laboratory supporting on-board water filtration for collection of water samples for analysis of 


dissolved metals. Water samples will be filtered as soon as practical on-board the vessel 


laboratory. 


6) ADCP and CTD data will be used in an adaptive manner to optimize the location and depth for 


discrete water sample collection to capture the densest portion of the plume when possible.  


General target sample depths are approximately 1 m (near-surface), 10 m, 20 m, 30 m below 


the surface of the water, and 2 m above the sea bottom. 
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Figure 3-3 Example Carousel Water Sampler with Go-Flow Bottles and CTD Sensors 
 


 


3.4.1.5 Muds and Cuttings 


Two samples of used water-based drilling fluids and two samples of drill cuttings will be collected during 


drilling of the largest casing interval (after the blowout preventer (BOP) is set), and two samples of used 


water-based drilling fluids will be collected during bulk-mud discharge (if applicable), in Phase II of the 


monitoring program, for a total of 6 samples (Table 3-4). In addition, Permit No.: AKG-28-8100 Section 


II.A.13.j.1 requires metals analysis of each drilling fluid system.  Different weight drilling systems are 


utilized in each drilling interval as described in the Drilling Fluids Plan.  A sample from each drilling 


interval beyond the top hole (as specified in the Drilling Fluids Plan, i.e., 17 ½”, 12 ¼”, and 8 ½” hole 


sizes) will be collected and analyzed for the metals identified in Table A of Permit No.: AKG-28-8100 


(Additional 4 samples shown in column termed “Other Intervals” in Table 3-4). Drilling-fluid 
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compositions and monitoring records will be obtained from the Daily Mud Report and Well Mud recap 


(done at end of well) to the degree possible.   


The water-based drilling fluids and drill cuttings will be collected by personnel on the Shell drilling rig 


(e.g., M-I SWACO NPDES Compliance Specialists) and placed in clean glass jars. Sample handling and 


analysis will be performed in accordance with Section 3.5.2.   


3.4.1.6 Sediment Samples 


Sediments will be sampled at up to 17 near-field stations and up to two to four far-field stations during 


Phases III and IV with a double van Veen grab sampler (Table 3-5). Analytical chemistry samples will be 


collected from the top 2 cm (i.e., the surficial layer) of sediment. Depending on sediment observations 


from van Veen grab collections, gravity-core samples also may be collected in the field to obtain truly 


undisturbed cross-sectional samples of the sediment layer and to provide information on the 


depth/thickness of solids deposition caused by Discharges 001 and 013. The thickness of any overlying 


materials (water-based drilling fluids and drill cuttings) will be estimated by the CS or appropriate FT 


lead at the time of sample collection and recorded as part of the field documentation efforts. 


Van Veen Grab Sampler 


The double van Veen grab sampler is designed to be deployed from a vessel equipped with a power winch 


and A-frame or boom system and to collect undisturbed surface sediment samples to a maximal depth of 


approximately 15 cm. The double van Veen grab sampler enables chemistry and benthic infaunal samples 


to be co-collected from the same deployment.  Fairweather Science (FWS) SOP 06 Surface Sediment 


Sampling Using a Modified van Veen Grab Sampler describes the operation of the grab sampler.  Based 


on the sediment surface, the penetration depth of the grab sampler will be modified for softer or denser 


sediments. Weight will be added for dense, stiff sediment or removed for soft sediments.  A sheet of 


material (e.g., plastic, plywood) may be fastened to the grab frame to slow the descent rate into the 


sediment to prevent over-penetration. In addition, the grab sampler can be used in a variety of sea 


conditions. 


Upon return of the grab sampler to the deck of the vessel, the sampler will be placed on a table to enable 


sediment collection from the buckets. The hinged access doors on the top of the sampler are opened to 


determine whether the sample is acceptable for collecting material for analysis.  The discipline specific 


FT lead makes this determination.  An acceptable sample collection is one that displays the following 


characteristics: 


• Sampler is not overfilled with sediment, the jaws are fully closed and the top of the sediment is 


below the level of the open doors. 


• Overlying water must be present and must not be excessively turbid. 


• No significant leakage of water from the sampler of the bucket used for collecting a sample, 


unless sediment is very coarse grained (e.g., gravel or coarse sand). 


• The sampler is at least 80% full of sediment or the desired penetration has been achieved. 


• The sediment is level on at least one side. 
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Overlying water with no excessive turbidity indicates that the sediment sample is undisturbed and that 


surface sediments remain intact (i.e., there was no significant leakage of water and, hence, fine sediment 


remains in the sampler).  If unacceptable, the grab sampler will be redeployed at a slightly different 


location to avoid disturbance of the sediment layer from previous unacceptable grabs and drops of 


unwanted sediment. 


If the grab sample is acceptable then samples will be collected according to the following steps: 


1) Remove overlying water from the grab by siphoning or pumping through a pre-cleaned 


Teflon tube. (See Section 3.5.1.11 for equipment decontamination procedures). 


2) Collect samples through the access doors into stainless steel bowls and/or clean glass sample 


jar, avoiding sediment that contacts the metal sides of the grab. 


3) Collect the top 2 cm of sediment in the grab using a Kynar®-coated (or equivalent) scoop 


pre-marked with a 2-cm marking.  This surficial sediment layer represents recent 


accumulation (in this case, potentially drilling muds and cuttings discharged as a result of the 


drilling operations) and incorporates the primary biogenic zone.  


Once the top 2 cm have been removed from the grab into the homogenizing container, it will be gently 


but thoroughly mixed to a homogeneous color and consistency and subsampled into the appropriate 


containers for analysis of organics, metals, grain size, and total organic carbon (See Table 3-6). Any 


rocks, large shells, or rock debris will be removed from the sample.  


Gravity Core 


If collected, the sediment-core samples would be obtained most likely in the immediate vicinity of the 


drilling location and at the stations located within the 100 m and 250 m concentric radii from the drill site. 


If evidence exists in the field of muds or cuttings thicker than expected beyond the 100 m radii, additional 


core samples may be taken. Core samples would be collected only if/when sediment samples collected by 


grab or other data indicated substantial thickness of drilling muds or cuttings. Decisions regarding 


additional coring will be made at the discretion of the CS. Any sediment core samples would be in 


addition to the scope of the surface sediment sampling described earlier (e.g., in Table 3-5).   


Battelle SOP 5-342 Collecting Sediment Cores with a Piston Push/Hammer Corer describes the operation 


of the gravity core.  After collection, the core liner with sediment will be removed from the outer core 


tube.  Following penetration and removal, the core will be examined for integrity and volume.  The core 


is acceptable if the appropriate length is collected and the sediment recovered is relatively undisturbed 


throughout its depth.  Disturbed cores will be rejected; a new core liner installed; and the station will be 


resampled. If not immediately processed, the core liner will be sealed at each end with electrical tape or 


an equivalent system (e.g. cable tie) and stored upright in ice for up to 6 hours prior to processing.  


Pre-cleaned core liners will be used to collect each sample; a new liner will be used for each station.  The 


cores must be chilled (Table 3-6) and stored upright until processing. 


Core sample processing will be conducted in the field on the vessel as follows:   


1) Store the core liner with sample vertically prior to extraction. 
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2) Insert a piston (constructed from Teflon®, plastic, or aluminum) attached to a post that is 


longer than the core into the bottom of the core tube. 


3) Push the core tube down by hand, pushing adequate sediment (~4cm to satisfy laboratory 


requirements) out of the top of the core. 


4) Using a clean utensil (plastic or Kynar® covered), scrape the outside of the core away and 


discard (this removes any material smeared along the sides of the core liner).   


5) Using a second clean utensil (plastic or Kynar® covered), cut the sediment even with the top 


of the core tube and transfer to a clean collection jar.    


6) Continue to extrude, scrape off the edges, and sample the core until completed. The length of 


each core segment will be based on observed horizons identified by the CS.  It is anticipated 


that segment thicknesses could range from 4 – 10 cm. 


7) Gently but thoroughly mix the sediment to a homogeneous color and consistency and 


subsample sediment into the appropriate containers for analysis of organics, metals, grain 


size, and total organic carbon (See Table 3-6). 


Table 3-6 Sample Containers, Sample Sizes, Preservative Requirements, and Holding 


Times for Sediments, Tissue, and Water 


Compound Class 


Minimum 


Sample 


Size Container
1
 Preservation Holding Time


2
 


Sediment/Water-Based Drilling Fluids/Cuttings 


Hydrocarbons3 8oz Glass with Teflon lid Frozen –20°C 


1 year to 


extraction/40 
days to analysis 


VOC, muds and cuttings only 10g Glass with Teflon lid Cool <6ºC 14 days 


Metals 2oz Glass with Teflon lid Frozen –20°C 1 year 


Mercury 
4oz 


(1/2 filled) 
Glass with Teflon lid Frozen –20°C 1 year 


Methylmercury 
4oz 


(1/2 filled) 
Glass with Teflon Frozen –20°C 1 year 


TOC 2 oz Glass 
Cool <6°C, above 


freezing 
6 months 


Grain Size 4 qt Plastic bag 
Cool <6°C, above 


freezing 
6 months 


Benthic Animals 60ml 
Whirl-Pak® plastic 


bags, various sizes 
Buffered Formalin 1 month 


Benthic Animals 60 mL Glass jars 


Transfer from 


formalin to 
ethanol 


Indefinite 


Tissue 


Hydrocarbons 8oz Glass with Teflon Frozen –20 °C 


1 year to 


extraction/40 
days to analysis 


Metals 2oz Glass with Teflon Frozen –20 °C 1 year 
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Compound Class 


Minimum 


Sample 


Size Container
1
 Preservation Holding Time


2
 


Tissue (continued) 


Mercury 4oz Glass with Teflon Frozen –20 °C 1 year 


Methylmercury 4oz Glass with Teflon Frozen –20 °C 1 year 


Water 


VOC4 
3 x 40 ml 


vials 
Glass with Teflon-


lined lid 


No head space. 


 


Acidified to a pH 


≤2 with 


hydrochloric acid, 


above freezing 


14 days 


Hydrocarbons5 


1 L  


(two 1-L 


bottles 
collected) 


Glass with Teflon-


lined lid 


Acidified to a pH 


≤2 with 


hydrochloric acid, 
above freezing 


14 days to 


extraction/40 
days to analysis 


Metals (dissolved) 1L HDPE 


Acidified to a pH 


≤2 with Nitric 
Acid 


6 months 


Metals (particulate filter) 
1 mg on 


filter6 


Plastic petri dish; 


double Ziploc bags 
Dry 6 months 


Mercury 0.5 L Teflon 


Acidified to a pH 


<2 with 
Hydrochloric Acid 


90 days 


Methylmercury 0.5 L 
Glass with Teflon-


lined lid 


Acidified to a pH 


<2 with 
Hydrochloric Acid 


180 days 


POC 1 
Glass Fiber filter in 


plastic petri dish 
Frozen 1 year 


TSS 1 Polycarbonate Filter 
Frozen in sealed 


petri dish 
6 months 


Notes: 
1 Container Types:  G = Glass/Teflon-lined lid; P=Plastic SPEX.   
2 "x" days/"y" days = maximum days from sampling to extraction/maximum days from extraction to analysis.  
3 PAH, SHC/TPH, petroleum biomarkers.  
4 Three 40-ml VOC vials w/ Teflon® septum and Zero head space.  
5 PAH, SHC/TPH.  
6 Volume filtered on 0.47-mm, 0.4-µm pore size polycarbonate filter based on the TSS concentration is typically 0.5 – 2.0 L. 


3.4.1.7 Sediment Samples - Benthic Ecology Samples 


Infaunal and epifaunal benthic invertebrates will be sampled with a double van Veen grab sampler at up 


to 17 near field stations and up to two to four far-field stations. Three to five replicate grab samples will 


be collected at each station (Table 3-5, Figure 3-2). Sediment samples for benthic ecology will be 


collected using the same protocol as for sediment samples collected for environmental chemistry. FWS 


SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler describes the operation of 


the grab sampler. Photographs of the surface of the grab samples will be taken to compare to Plan View 


photographs taken during the SPI or ROV program.  
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Following the completion of the sediment sample collection at a particular station, a clean plastic bin will 


be placed underneath each side of the non-disturbed (no sediment removal for chemistry) grab samplers 


to empty the bucket with the remaining sediment for biota sorting (both for benthic ecology and biota 


chemical analysis samples). Samples will be rinsed using a 1.0-mm mesh stainless steel screen with water 


pressure sufficient enough to remove sediments but weak enough to minimize damage to the animals to 


isolate biological material (a stacked 0.5 mm sieve may also be placed beneath the 1.0 mm sieve to 


capture smaller organisms). The bucket that was used for sediment chemistry sampling may be used to 


obtain additional tissue mass for chemistry samples. Rinse water will be seawater filtered at least as low 


as the smallest sieve to remove any indigenous pelagic organisms that may be introduced into the benthic 


sample. Biological and sediment residues will be carefully removed from the sieve so that all visible 


animals, sediment particles, and fragments will be removed. The biological and sediment residue 


remaining in each sieve will be placed into separate pre-labeled plastic jars or Whirl-Pak® bags, 


preserved in 10% formalin buffered with borax or equivalent and securely stored for shipment to the 


laboratory. The sieving and sample preservation procedures for benthic ecology samples are described in 


Environ SOP SAM043.02 Benthic Sample Collection and Processing for Shell Baseline Environmental 


Sampling Program – Chukchi Sea.  


3.4.1.8 Tissue Samples for Chemistry 


Collection of biota samples (clams and amphipods) will be attempted at up to four (4) near-field stations 


and up to one to two additional reference stations each during both Phases III and IV (Table 3-5).  Target 


locations for biota sampling will be stations 3, 7, 11, and 15 (stations along the mean current transect 


anticipated to be the area of potential plume) but the actual locations will be determined in the field based 


on the availability of clams and amphipods. Due to natural patchiness of the biota, it is unlikely that biota 


samples will be able to be collected at all specific proposed stations. Biota samples for tissue analysis will 


be collected by using a combination of a clam rake and double van Veen grab sampler at the same station 


for clams and by using baited modified minnow traps for amphipods. Previous efforts at collecting 


bivalves and other benthic organisms in the Chukchi Sea (J. Hardin, Battelle, San Diego, CA, pers. obs.) 


indicated that clams are not obtained in numbers large enough for tissue volumes required for chemical 


analyses with the double van Veen grab sampler. Alternatively, the use of a clam rake towed for a few 


minutes often provides adequate numbers of bivalves. Because sample size is important for chemical 


analysis in order to have enough sample mass to meet target detection limits for all analyses, the use of 


the clam rake is warranted for bivalve collection.  Battelle SOP 5-365-01, Collecting Benthic and 


Epibenthic Invertebrates with a Towed Clam Rake and SOP 5-368-01, Collecting Amphipods for 


Chemical Analysis Using Baited Traps describe the collection procedures. 


For bivalves, following the clam rake sample collection, the catch is brought aboard and emptied into 


large plastic tubs. The contents of the tubs then are sorted by trained personnel using clean-gloved hands. 


Target bivalve species include Astarte spp. and Macoma spp. If numbers are sufficient to provide the 


required tissue mass, one and the same species will be collected at each station; however, if this is not 


possible then it is more important to collect sufficient tissue mass for the analyses.  Preliminary 


identification of the bivalve species will be determined in the field and verified by taxonomic 


identification.  Collected bivalves are placed in a clean sieve and gently rinsed with seawater to remove 


external sediment and debris prior to being counted and photographed. Clams will be placed into pre-


cleaned glass containers, and frozen. For amphipods, traps are recovered to the ship. Traps are opened up 
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and amphipods are gently rinsed from the trap and screens into a clean plastic sieve. Amphipods are 


separated from any visually adhered materials and sediment, then transferred into pre-cleaned glass 


containers, photographed, then frozen (Table 3-6). Chemical analysis will be conducted separately on 


whole body clams and on whole body amphipods (i.e., the organisms will not be dissected prior to 


chemical analysis).  


3.4.1.9 Sediment Profile Imaging 


Plan-view digital photographs of the seafloor and sediment profile images (cross-sectional digital 


photographs of the sediment-water interface) will be obtained using SPI technology at up to 17 near field 


stations per drill site and up to two to four reference stations. Images will be assessed to characterize 


baseline seafloor conditions. Operation of the SPI will follow the guidance of NewFields SAM044.02 


Sediment Profile Imaging (SPI) and Plan View (PV) Photography Collection.  


The SPI system consists of a camera enclosed in a waterproof, pressure-resistant housing, a 45° prism that 


penetrates the sediment, and a mirror that reflects an image of the sediment profile through the camera 


lens to a digital camera (Figure 3-4). The camera frame also supports a downward-looking camera to 


view the surface of the seafloor. These images are viewed onboard the vessel after the system has been 


retrieved and permit the scientific crew to view conditions of the seafloor and the ability to provide near 


real-time guidance of sampling activities and strategy. The two independent camera systems are triggered 


by mechanical switches. The plan-view camera is triggered first at a pre-determined elevation above the 


sea bottom. When the system hits the sea bottom and the prism begins to penetrate the sediment, the SPI 


camera switch initiates time-delay electronics that trigger the camera to collect an image when the prism 


has completed penetration (~15 seconds). At each station, the camera is lowered to the seafloor a 


minimum of three times to ensure that replicate images suitable for analysis are obtained. At any station 


where difficulties are encountered, additional camera drops can be made. The date, time, station, water 


depth, photo number, and estimated prism penetration are recorded in a field log, with each drop of the 


camera also logged. The digital images are transferred to an onboard computer after each station for back-


up. Images are transferred to a third location (e.g., an on-vessel external hard-drive) at least 1 time/day.  
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Figure 3-4 Sediment Profile Imaging and Plan View Camera Systems 


 


Alternatively, photography of the ocean floor can be accomplished by the use of an ROV equipped with a 


downward-facing central digital camera with two flashes on both sides. The device may be placed in a 


sealed titanium housing with a window allowing for wide angle photographs, depending on water depth 


and pressure considerations. The distance between the sea floor bottom and the camera is known through 


the use of an altimeter on the ROV. If used, the ROV system provides both digital photographs and video 


recordings of sea bed characteristics and the epibenthic infaunal community structure only. 


The ROV is powered through a hydraulic propulsion system which is supplied with power from the 


surface vessel through an electrical control umbilical. The ROV is deployed from the vessel or rig via an 


electrical winch that is attached to a tether management system (TMS). Once deployed, the TMS is 


suspended vertically below the surface vessel at an altitude above the seafloor of approximately 10 m. 


The ROV is then able to exit the TMS and make access to the seafloor to conduct its visual inspection of 


the sampling stations. Dependent on the ROV system in use, a lateral offset (maximum flying distance) 


between the ROV and TMS would be no greater than 100m. A video system consisting of multiple 


cameras allows the operators to direct the ROV and manipulate both mechanical arms and other systems. 


The ROV will be lowered to within 1-2 meter of the seafloor or to a distance such that the sea bed is not 


disturbed by the ROV propulsion system. Photographs and video footage at each sampling site will be 


collected for approximately 30 minutes at each sampling station visited or as required by the onboard 


science crew. Imagery is recorded in real time onto digital hard drives that are located onboard the vessel 


or rig. The digital images are transferred to an external hard drive after each station for back-up. Images 


are transferred to a third location (e.g., an on-vessel external hard-drive) at least 1 time/day. 
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3.4.1.10 Contamination Prevention 


Extreme care will be taken to avoid cross-contamination of sampling equipment and samples during 


collection and processing.  FWS SOP-04 Decontamination of Equipment – Sediment, BRL SOP-01 Field 


Go Flo Bottle Decontamination, and FWS SOP-07 Decontamination of Tissue Sampling Equipment 


describe general procedures for decontamination of field sampling equipment.  Other procedures include 


the following: 


• Avoid contact with hydrocarbon sources and any possible metals contamination during the 


collection of samples.  


• Use only clean stainless steel, Kynar® or similar coating, and/or plastic equipment and utensils 


for sample collection.  


• Decontaminate all components of the sampling equipment prior to use.  


• Store sampling equipment away from grease drips from winches and winch wire, diesel smoke, 


and other potential airborne contaminants (e.g., smoking) when it is not being used to sample. 


• Process samples in a clean area outside the influence of gasoline or diesel engines fumes and 


exhaust gases.   


Rigorous decontamination procedures will be used to ensure that sampling equipment is clean and comply 


with the QAAP. The CS will be responsible for assuring SOPs are followed. 


To the extent possible, non-contaminating, pre-cleaned materials (glass, stainless steel, Teflon™) will be 


used for sample collection.  When this is not possible (steel equipment, core liners), the sampling 


equipment will be cleaned as described below; 1% Alconox® solution (or equivalent) will be used as 


soap.  The use of solvents as part of the equipment decontamination process will be avoided, if possible, 


to limit the generation of solvent waste.  However, if any oily sheen is noted or if oil contamination is 


suspected, then the affected equipment will be rinsed three times with methanol.  The methanol must be 


completely evaporated prior to use of the equipment. 


• Any utensils that will contact samples for chemical analysis (e.g., Kynar® coated, stainless steel, 


or plastic utensils, screens and forceps) will be scrubbed with soap and water and rinsed three 


times with deionized water.   


• During the sample collection and processing, field personnel will wear nitrile (or equivalent) 


gloves that will be changed between stations. 


• Sample coring equipment will be cleaned prior to use and between samples.  A new core liner 


will be used for each station.  Other components of the core will be thoroughly scrubbed with a 


stiff brush and soapy water and thoroughly rinsed with site water at the beginning of each day and 


between each sampling station.   


• All sources of contamination (airborne sources, fingers, unclean equipment) should be avoided. 


• The core liner will be sealed at both ends to contain the sediment and keep contamination out.  


The core sample will not be removed from the liner until it is ready for processing under 


controlled conditions.  
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3.4.2 Sample Handling and Custody 


The procedures described in this section are designed to ensure that sample integrity and custody are 


maintained at all times.  If the sampling labeling, preservation, holding times, or custody requirements are 


not met, Shell will be notified.  The laboratory may proceed with testing with client approval and the data 


will be qualified by including a discussion of any protocol deviations in the analysis report.  If deemed 


feasible, the client may elect to provide a replacement sample for the out-of-specification sample and the 


initial sample rejected for further testing.  


3.4.2.1 Sample Labeling 


A unique sample identification (ID) number must be assigned to each sample.  The sample ID must be 


documented by the CS in the field logbook and communicated to the ship navigation system so that 


sample location and collection information are definitively linked to a specific sample container. The 


sample ID is a concatenation of the sample year, station ID, replicate number, sample type in the form as 


shown in Table 3-7. For example, a sample collected from Burger A drill site, station BA001a, which is 


replicate 3 for benthic ecology would be identified as: 14-BA001a-03-BE. Each sample will also include 


a designation to include analysis type (eg. Hydrocarbons or metals in sediment, water or tissue). 


Table 3-7 Sample Identification Scheme 


Character Position in Sample ID Description Example 


1,2 Year 14 (i.e., 2014) 


3-8 Station ID BA001a 


9,10 Replicate Number 03 


11,12 Sample Type BE 


Sample Identification Code Definitions 


Codes for Sample Types QC Sample Types Visit Number 


AC = Amphipod chemistry 


BC = Bivalve chemistry 


BE = Benthic ecology 


CC = Cuttings chemistry 


DC = Drilling fluid chemistry 


GS = Grain size 


LC = Water (liquids) chemistry 


PV = Sediment Profile Imaging plan 
view camera photograph 


SC = Sediment chemistry 


SP = Sediment Profile Imaging 
photograph 


TOC = Total organic carbon 


EB = Equipment blank 


FB = Field blank 


TB = Trip blank (VOCs) 


A unique sample ID if re-sampling is 


needed.   


The default is 01, and is incremented 
each time a sample is recollected. 


Each sample must be labeled with the unique sample identification number as soon as it is containerized.   


Sample labels must provide sufficient detail to uniquely identify each sediment sample and allow tracking 


to field activities.  An example label is shown in Figure 3-5. 
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Figure 3-5 Example Sample Label 


 


Project  Chukchi Sea    Sample ID_________________________ 


Collection Date (YYMMDD)  Time (2400) Station ID_________________________ 


Matrix (Circle one): Sediment / Water / Tissue / Drilling Fluid / Cuttings 


Water Type (Circle one): Whole / Particulates / Dissolved 


Tissue Type (Circle one or enter other): Macoma / Astarte / Other:      


Analysis Type: Organics   Metals   POC   TSS   TOC   Grain size   Biology    


Preservation (Circle): Chill   Freeze   Acidify   Formalin   None   Other_____________ 


Sample Collector Initials:__________ 


Container ___ of ___ (e.g., 1 of 2, 2 of 2) if the sample is contained in more than one container.   


3.4.2.2 Sample Preservation and Packing for Shipment 


Once samples are transferred to sample containers for analysis, they will be preserved as specified in 


Table 3-6 and maintained at the required temperature/conditions until packaged for shipment to the 


laboratories.  FWS SOP-03 Sample Packaging and Shipping describes these procedures.  Every effort 


will be made to deliver the samples to the analytical laboratories in a timely manner to meet the sample 


holding times.    


To prepare samples for shipment,  


• Protect the sample jars with shock insulation such as bubble wrap.  The cooler should have 


insulation placed on the bottom of the cooler and the samples should be wrapped in insulation if 


breakable or crushable containers are used. 


• For coolers containing samples for chemical analysis, add gel ice or cubitainers of frozen water to 


achieve the proper temperature and to ensure that the samples stay at a constant temperature for 


their entire trip.  


• Pack samples tightly so that they cannot move freely in the cooler; they must be secure.  


• An upper weight limit of 50 pounds per cooler is suggested.  


• For coolers containing samples for chemical analysis, place a temperature blank container in each 


cooler. 


• Record the contents of the coolers and list them on the chain-of-custody (CoC) forms. 


• Affix two CoC seals on each cooler with samples. Packing and labeling will conform to IATA 


regulations for the sample preservative.   







Quality Assurance Project Plan 


Chukchi Sea, M/V Noble Discoverer 


AKG-28-8100– Noble Discoverer 


April 2015 
Page 116 of 160 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


3.4.2.3 Holding Times  


Sample holding conditions and holding times are defined in Table 3-6.  Holding times are determined 


from the time of sample collection.  Documentation must be sufficient to track sample holding, 


processing, and analysis times to ensure that holding times are met.  Samples must be held in a controlled 


area with limited access.  Some data results with short holding times may be flagged due to the logistics 


of transporting the samples from the remote site to the analytical laboratories. These data are expected to 


still be usable within the confines of the data quality objectives presented in this QAPP.  


Field samples collected for organics or metals analysis will be held for six months after delivery of final 


data; sample extracts and digestates will be held for one month.  Disposal records for unextracted 


samples, extracted samples, sample containers, and sample extracts must be sufficient to provide tracking 


from collection, through laboratory receipt, to sample disposal. 


3.4.2.4 Chain-of-Custody Records 


Sample custody records are the administrative records associated with the physical possession and/or 


storage history of each individual sample from sample collection to the final analytical result and sample 


disposal. FWS SOP-02 Sample Custody and FWS SOP-03 Sample Packaging and Shipping describe 


these procedures.  Sample custody will be initiated by the sample collection records that identify for each 


unique sample identification number the date, time, collection location, and collector.   


During the survey, samples will be in the custody of the FT(s), who will store samples securely under the 


preservation requirements defined in Table 3-6.  When samples are packaged for shipment to the 


analytical laboratories, the FT(s) will verify that each sample is recorded on the appropriate custody form.  


Each sample custody form will be signed by the FT(s), relinquishing the samples once he/she has verified 


that the custody form is accurate; that all samples present in the shipping container are listed on the form, 


and that the sample descriptions, requested analytical methods, and sampling dates are accurate.  The 


sample custody form provides a record of the samples collected and analyses requested.  The custody 


form should be sealed in a plastic bag and taped to the inside lid of the cooler.  The original sample 


custody forms accompany the samples; the shipper will keep a copy.   


If more than one cooler is sent in one shipment to the laboratory, then each cooler will contain a separate 


custody record for the samples in that cooler.  In addition, the outside of the coolers will be marked to 


indicate the number of coolers in the shipment (e.g., 1 of 2, 2 of 2).  Two custody seals will be placed on 


each cooler lid on opposite sides and will be signed and dated.  


Upon receipt at the designated laboratory, sample custody forms will be signed by the person receiving 


the samples once that person has verified that all samples identified on the custody forms are present in 


the shipping container.  Any discrepancies will be noted on the form (in addition to any internal 


laboratory documentation policy) and the sample receiver will immediately contact the Lab Manager to 


report missing, broken, or compromised samples.   


Each analytical laboratory must have a formal, documented system designed to provide sufficient infor-


mation to reconstruct the history of each sample, including preparation of sampling containers, sample 


collection and shipment, receipt, distribution, analysis, storage or disposal, and data reporting within the 
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laboratory.  Laboratory documentation must provide a record of custody for each sample throughout 


processing, analysis, and disposal.   


Field custody of electronic data, including all data on navigation, CTD, dissolved oxygen, ADCP acoustic 


backscatter, and optical-backscatter turbidity will be the responsibility of the field survey’s CS. The field 


custody of the electronic data consists of creating external hard-drive backups of all electronic data 


generated each day. The label on the backup media will include a survey ID, date, and name of person 


creating the backup files. The data will be transferred to a software system capable of physical 


oceanographic processing upon completion of the survey. 


3.4.2.5 Sample Archiving 


Samples must be archived under the conditions specified in Table 3-6 until the final analytical data have 


been received, reviewed, and approved by the scientific field specific PI. 


3.4.3 Field Instrument/Equipment Calibration, Maintenance, and Operation 


Field equipment must be tested, maintained, and calibrated according to SOPs and the manufacturers’ 


instructions prior to use in the field to avoid breakdowns that could impact schedule or loss of data.  The 


instruction manuals and SOPs must be available for all field equipment so that trouble-shooting and 


routine repairs can be conducted in the field.  Spare parts recommended by the manufacturer should be 


stocked on the vessel.  Major maintenance should be documented in the field logbook.  Maintenance must 


be documented to track instrument performance or problems.  Documentation should include the name of 


the person performing the maintenance, date maintenance was performed, a description of the 


maintenance activity, and (if the maintenance was performed in response to a specific instrument 


performance problem) the result of re-testing to demonstrate that the instrument performance had been 


returned to acceptable standards prior to re-use. Calibration, maintenance, testing, and inspection 


requirements for field equipment are defined in Table 3-8 and is the responsibility of the MT. 


3.5 Laboratory Analysis 


3.5.1 Analytical Methods 


Laboratory-specific detection limits and reporting limits have been evaluated against the EMP objectives, 


and have been deemed sufficient for their intended uses.  


Table 3-9 summarizes the methods that will be utilized by matrix and parameter.  As noted on the table, 


more than one method may be used for trace metals. Analytical laboratory SOPs and QA/QC data will be 


provided to the EPA upon request. 


Table 3-8 Field Equipment Calibration, Maintenance, Testing, and Inspection 


Equipment Activity Frequency 


Carousel- 


Sea Bird SBE25plus CTD and 


sensors (or equivalent)1 


Calibration Prior to survey 


Maintenance Prior to survey; as necessary 


Testing After any modifications/changes 


Inspection 
Visual inspection before and after each cast, data reviewed 


after each cast 
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Equipment Activity Frequency 


GPS2 


Calibration NA 


Maintenance 
As necessary (GPS systems do not require scheduled 


maintenance) 


Testing 
As necessary (GPS systems do not require scheduled 


testing) 


Inspection 
As per Ship’s standard procedures, data accuracy will be 


continuous during critical navigation operations 


Sediment Profile Imaging  


System3 


Calibration Prior to survey 


Maintenance 
Prior to survey; as necessary during survey (no scheduled 


maintenance) 


Testing After each cast 


Inspection 
Visual inspection before and after each cast; photographs 


reviewed after each cast 


ADCP 


Calibration Prior to survey 


Maintenance Prior to survey and deployment 


Testing Prior to survey and deployment.  


ROV System Maintenance Ongoing as required for continued operations 


Notes:
1 Samples/direct measurements collected: Conductivity/salinity, temperature, depth, fluorescence, turbidity, transmissivity.  
2 Samples/direct measurements collected: Location of sampling equipment at time of sample or direct measurement. 
3 Samples/direct measurements collected: Sediment profile images, sediment characterization.  
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Table 3-9 Laboratory Analytical Methods 


Compound Class 


(Units) 


Method 


(EPA Citation) 


Possible 


Laboratory
1
 


Laboratory SOP 


Analysis Method 


Water 


VOCs EPA 82602 Battelle – Norwell 
5-245 


GC/MS purge and trap 


PAH EPA 8270 Battelle – Norwell  
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle – Norwell  
5-202 


GC/FID 


Metals (Dissolved): As, Be, Cd, 


Cr, Cu, Ni, Pb, Sb, Se, Tl, Zn 
EPA 1640, (Mod) 


Brooks Rand 


Laboratory 
BR-0066/BR-0060 


Metals (Dissolved): Ag, Al, Ba , 


Fe, Mn, Sn, Ti, V 
EPA 1638, (Mod) 


Brooks Rand 


Laboratory 
BR-0060 


Mercury (Dissolved) EPA 1631E 
Brooks Rand 


Laboratory 
BR-0006 


Methylmercury (Dissolved) EPA 1630 
Brooks Rand 


Laboratory 
BR-0011 


Metals (Particulates): Al, Ba, 


Cr, Fe,  Zn, Sb 
EPA 1638, (Mod) 


Brooks Rand 


Laboratory 
BR-0060 


POC (Particulates) EPA 9060/Lloyd Kahn 
Brooks Rand 


Laboratory 
EPA 9060/Lloyd Kahn 


TSS (Particulates) SM 2540 D (Mod) 
Brooks Rand 


Laboratory 
BR-1500 (Mod) 


Sediment and Drilling Fluids/Cuttings 


VOCs, muds and cuttings only EPA 8260 Battelle – Norwell 
5-245 


GC/MS purge and trap 


PAH EPA 8270 Battelle – Norwell 
5-157 


GC/MS 


Petroleum Biomarkers EPA 8270 (Mod) Battelle – Norwell 
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle – Norwell 
5-202 


GC/FID 


Metal: Ag, As, Ba, Be, Cd, Ni, 
Pb, Sb, Se, Sn, Tl, V 


EPA 6020A 
Florida Institute of 


Technology 


FIT-2012 Series 


ICP-MS 


Metals: Al, Cr, Cu, Fe, Mn, Ti, 


Zn 
EPA 7000B 


Florida Institute of 


Technology 


FIT-2010 Series 


FAAS 


Total Mercury EPA 7473 Battelle – Sequim 
FIT-2014 


CVAAS 


Methylmercury EPA 1630M Battelle – Sequim 
MSL-I-015 


CVAF 


TOC Modified EPA 415.1 
Florida Institute of 


Technology 


FIT-2015 


TOC Analyzer 


Grain Size NA 
Florida Institute of 


Technology 


FIT-2010-GS 
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Compound Class 


(Units) 


Method 


(EPA Citation) 


Possible 


Laboratory
1
 


Laboratory SOP 


Analysis Method 


Tissue 


PAH/Petroleum  EPA 8270 Battelle – Norwell 
5-157 


GC/MS 


Petroleum Biomarkers EPA 8270 (Mod) Battelle – Norwell 
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle – Norwell 
5-202 


GC/FID 


Metal: Ag, As, Ba, Be, Cd, Ni, 


Pb, Sb, Se, Sn, Tl, V 
EPA 6020A 


Florida Institute of 


Technology 


FIT-1012 Series 


ICP-MS 


Metals: Al, Cr, Cu, Fe, Mn, Ti, 


Zn 
EPA 7000B 


Florida Institute of 


Technology 


FIT-1013 Series 


FAAS 


Total Mercury EPA 7473 Battelle – Sequim 
MSL-I-034 


CVAAS 


Methylmercury EPA 1630M Battelle – Sequim 
MSL-I-015 


CVAF 


Percent Lipid NA Battelle – Norwell 
SOP 5-190 


Gravimetric 


Notes:
1Possible analytical laboratories are listed. Laboratories may change prior to project implementation and may include ALS Global (Kelso, WA for 


hydrocarbons, TOC, Grain Size analysis) and Brooks Rand Laboratory (Seattle, WA for metals analysis) or other contract analytical 


laboratory/laboratorie(s).  
2 VOC compounds are the Method 602 compounds plus o, m, p-xylene.  
3 Inductively-coupled plasma-mass spectrometer (ICP-MS) following preconcentration using method of Nakashima et al. (1988).  
4 Inductively-coupled plasma-mass spectrometer (ICP-MS) following preconcentration using a SeaFast system (Hathorne et al. 2012).  
5 USEPA SW-846 Method Series 6010C with analysis by inductively coupled plasma/mass spectrometry (ICP-MS) according to FIT SOP 6005.  


3.5.2 Samples for Metals Analysis 


Samples of drill cuttings, mud samples, water, sediments, and tissues will be analyzed for a suite of 


metals. The analyses will be conducted following protocols that have been developed specifically for 


reliable trace-level analysis of the target metals in complex marine environmental samples. The analytical 


protocols have been used extensively for baseline characterization and monitoring the potential impact of 


offshore oil and gas activities in Alaska, including in the CSESP, Chukchi Offshore Monitoring In 


Drilling Area – Chemistry and Benthos (COMIDA-CAB), Arctic Nearshore Impact Monitoring In 


Development Area (ANIMIDA), and Continuation of Arctic Nearshore Impact Monitoring In 


Development Area (cANIMIDA) programs. Table 3-10 lists the metals that will be analyzed for each 


phase of the EMP and the applicable analytical instrument. 


3.5.2.1 Metals in Water (Phase II) Samples 


Dissolved metals in water samples collected during drilling activities (Phase II) will be analyzed for the 


list of 19 metals (Table 3-10). The dissolved-phase metal samples will be pre-concentrated prior to 


analysis. Particulate-bound metals in water samples collected during the plume-monitoring component in 


Phase II will be analyzed for 6 metals (Table 3-10) known to be indicators of particles derived from 


drilling muds and cuttings; the suspended particles will be air-dried (at ~50% humidity). The samples will 


be analyzed by inductively coupled plasma/mass spectrometry (ICP/MS) for determination of the 
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different metals. Mercury concentrations will be measured by Cold Vapor Atomic Fluorescence 


Spectrometry (CVAFS). These methods are based on USEPA methods described for Series 1630 and 


1631E (CVAFS), and Series 1638 (ICP/MS), with optimization to address the required detection limits 


and the sample matrices.  


3.5.2.2 Metals in Sediment (Phases II, III, and IV) Samples 


Sediment samples and muds and cuttings samples will be analyzed for a suite of 19 metals (see Table 3-


10). The well-mixed mud/cuttings and sediment will be freeze-dried and then totally digested in Teflon
 


beakers using concentrated high-purity hydrofluoric acid (HF), nitric acid (HNO3) and perchloric acid 


(HclO4). The liquid-phase and clear samples will be diluted with distilled deionized water (DDW) prior to 


analysis. The dissolved-phase water samples will be concentrated prior to analysis. Sediment samples to 


be analyzed for mercury will be digested by heating with HNO3 and sulfuric acid (H2SO4). The samples 


will be analyzed by FAAS, CVAF, cold vapor atomic absorption spectrometry (CVAAS), or ICP/MS for 


determination of the different metals. Total mercury concentrations will be measured by CVAAS and 


methylmercury by CVAF.  These methods are based on USEPA methods described for Series 7000 


(FAAS and ICP-MS), Series 7473 (CVAAS), Series 1630M (CVAF), and Series 6010A (ICP/MS, with 


optimization to address the required detection limits and the sample matrices). Analyses of muds and 


cuttings for concentrations of total recoverable metals will be conducted following EPA methods, and 


results will be reported in mg/kg of whole mud (dry weight) and moisture content (percent by weight) of 


the original drilling-fluid sample. Laboratory limits of quantitation (LOQ) and limits of detection (LOD) 


are defined in Table 3-10.  
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Table 3-10 Metals and Analytical Instruments for Each Phase of Environmental Monitoring with Laboratory Limits
1 


Analyte 


Analytical 


Instrument
2 


Dissolved 


Metals   Water 


Particulate Metals 


Water 


Sediment &Drilling 


Mud/Cuttings Tissue 


MDL 


(µg/L) 


MRL 


(µg/L)
 


MDL 


(µg/g)    


MRL*Est 


(µg/g)     


LOQ 


(µg/g) 


LOD 


(µg/g) 


LOQ 


(µg/g) 


LOD 


(µg/g) 


Aluminum (Al) ICP-MS 50 150 TBA 3.00 0.015% 0.003% 10 2 


Antimony (Sb) ICP-MS 0.004 0.015 - - 0.005 0.0014 0.005 0.001 


Arsenic (As) ICP-MS 0.030 0.100 - - 0.10 0.02 0.06 0.012 


Barium (Ba) ICP-MS 1.00 3.00 TBA 0.01 0.05 0.01 0.05 0.01 


Beryllium (Be) ICP-MS 0.006 0.013 - - 0.005 0.001 0.005 0.001 


Cadmium (Cd) ICP-MS 0.004 0.012 - - 0.025 0.005 0.005 0.001 


Chromium (Cr) ICP-MS, FAAS 0.040 0.100 TBA 0.03 8 1.6  0.05 0.01 


Copper (Cu) ICP-MS,FAAS 0.04 0.12 - - 8.5 1.7  0.01 0.002 


Iron (Fe) ICP-MS, FAAS 12.0 50.0 TBA 1.00 0.05% 0.01% 12.5 2.5 


Manganese (Mn) ICP-MS, FAAS 0.75 3.00 - - 15 3 5 1 


Mercury (Hg), Total 


CVAF 


(Dissolved) 


CVAAS 


(other) 


0.10 ng/L 0.40 ng/L - - 5 ng/g 2 ng/g 5 ng/g 1.9 ng/g 


Methylmercury 


(MeHg) 
CVAF 0.02 ng/L 0.05 ng/L - - 0.05 ng/g 0.01 ng/g 5 ng/g 1.5 ng/g 


Nickel (Ni) ICP-MS 0.04 0.14 - - 0.20 0.04 0.05 0.01 


Lead (Pb) ICP-MS 0.003 0.013 - - 0.10 0.02 0.015 0.003 


Selenium (Se) ICP-MS 0.070 0.210 - - 0.1 0.02 0.075 0.015 


Silver (Ag) ICP-MS 0.011 0.036 - - 0.015 0.003 0.02 0.004 


Tin (Sn) ICP-MS 2.50 7.50 - - 0.05 0.01 0.01 0.002 


Titanium (Ti) ICP-MS, FAAS 2.50 10.00 - - 0.1% 0.02% 0.1% 0.02% 


Thallium (Tl) ICP-MS 0.003 0.010 - - 0.015 0.003 0.005 0.001 


Vanadium (V) ICP-MS 1.05 3.00 - - 0.01 0.01 0.05 0.01 


Zinc (Zn) ICP-MS, FAAS 0.26 0.75 TBA 0.20 2.5  0.5  2 0.4 
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Notes:
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  
2 CVAAS = Cold Vapor Atomic Absorption Spectrometry; CVAF = Cold Vapor Atomic Fluorescence; FAAS = Flame Atomic Absorption Spectrometry; GFAAS = Graphite Furnace Atomic 


Absorption Spectrometry; and ICP/MS = Inductively Coupled Plasma/Mass Spectrometry. 
3 Laboratory detection limits are verified and updated periodically according to FIT’s quality system.  Detection limits current at the time of analysis may vary from those defined in this QAPP.  The 


actual laboratory LOQs and LODs will be reported with the laboratory data.  
4 To be determined (TBD). Laboratory LODs will be developed and reported with the study data. 
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3.5.2.3 Metals in Tissue (Phases III and IV) Samples 


Tissue samples will be analyzed for a suite of 19 metals (Table 3-10). Tissue samples for all metals, with 


the exception of Hg, will be freeze-dried and then digested by sequential addition of concentrated, high-


purity nitric acid (HNO3), hydrogen peroxide (H2O2), and hydrochloric acid (HCl). The solution will be 


diluted with distilled/deionized (DDW). Mercury analyses will be conducted following digestion with 


concentrated, high-purity HNO3 and H2SO4 


The samples will be analyzed by FAAS, CVAF, or ICP/MS for determination of the different metals. 


Mercury concentrations will be measured by CVAF and CVAAS. These methods are based on USEPA 


methods described for Series 7000B (FAAS), Series 1630M (CVAF), Series 7473 (CVAAS), and Series 


6010C (ICP/MS, with optimization for particular sample matrices). 


3.5.3 Samples for Hydrocarbon Analysis (Phases II, III, and IV) 


Samples of drilling mud, cuttings, sediment, and tissues will be analyzed for a suite of PAH, petroleum 


biomarkers (sterane/triterpanes; St/Tr), TPH, and SHC compounds. Water samples collected during Phase 


II monitoring will be analyzed for VOCs, TPAH, SHC and TPH; but, petroleum biomarkers will not be 


measured in the water samples. The analyses will be conducted following SOPs (e.g., 5-157, see Table 3-


9) that have been developed specifically for reliable trace-level analysis of the target parameters in 


complex marine environmental samples (e.g., Trefry et al. 2003 and 2012). The analytical protocols have 


been used extensively for baseline characterization and monitoring the potential impact of offshore oil 


and gas activities in Alaska, including in the CSESP, ANIMIDA, and cANIMIDA programs for 


hydrocarbon analysis. 


The instrumental analysis will be conducted following methods that are modified from USEPA Methods 


8015 (SHC) and 8270 (PAH and biomarkers), to obtain improved sensitivity and specificity, to include a 


number of additional key target parameters (e.g., alkyl PAHs and petroleum biomarkers), and to ensure 


that the analysis is appropriate for complex samples of drilling mud/cuttings, sediments, and biological 


tissues. The sample analyses are summarized below. 


3.5.3.1 Hydrocarbons in Water Samples (Phase II) 


Water samples will be extracted for PAH, SHC, TPH, and VOC compounds (Table 3-11, Table 3-12, and 


Table 3-13) following laboratory SOPs. Briefly, water samples will be prepared by fortifying a 1–2 L 


sample with surrogate internal standard (SIS) compounds, serially extracting the analytes of interest with 


dichloromethane (DCM), and preparing the samples for instrumental analysis. The sample extract will be 


dried and concentrated over anhydrous sodium sulfate and then will be purified with an alumina clean-up 


column. The extract will be concentrated and spiked with internal standards (IS) and split for instrumental 


analysis. One split will be submitted for SHC and TPH analysis by modified EPA Method 8015 by using 


gas chromatography with flame-ionization detection (GC/FID). The other split will be submitted for PAH 


analysis that uses a modified EPA Method 8270 gas chromatography/mass spectrometry (GC/MS) 


method with the detector operating in the selected ion-monitoring (SIM) mode. Target compounds will be 


quantified by using the method of internal standards using the SIS compounds resulting in surrogate 
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recovery-corrected data generated to represent the native sample concentrations.  Laboratory reporting 


limits (RL) and method detection limits (MDLs) are reported in Table 3-11, Table 3-12 and Table 3-13.  
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Table 3-11 List of Polycyclic Aromatic Hydrocarbon and Alkyl PAH Target Analytes with Reporting Limits and Method 


Detection Limits
1
 


Parameter 


Whole Water (ng/L) Sediment (ng/g dry) Tissues (ng/g dry) 


RL MDL
2 


RL MDL RL MDL 


Naphthalene3 5.0 3.28 1.2 0.531 2.9 2.98 


C1-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C2-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C3-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C4-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


Biphenyl 5.0 1.43 1.2 0.162 2.9 1.25 


Acenaphthylene 5.0 1.02 1.2 0.186 2.9 1.04 


Acenaphthene 5.0 1.17 1.2 0.150 2.9 1.06 


Dibenzofuran 5.0 1.36 1.2 0.201 2.9 2.29 


Fluorene 5.0 1.02 1.2 0.138 2.9 3.02 


C1-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


C2-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


C3-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


Anthracene 5.0 1.27 1.2 0.225 2.9 0.726 


Phenanthrene 5.0 1.20 1.2 0.246 2.9 2.62 


C1-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C2-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C3-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C4-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


Retene 5.0 0.681 1.2 0.174 2.9 0.600 


Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C1-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C2-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C3-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 
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Parameter 


Whole Water (ng/L) Sediment (ng/g dry) Tissues (ng/g dry) 


RL MDL
2 


RL MDL RL MDL 


C4-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


Fluoranthene 5.0 0.682 1.2 0.444 2.9 0.944 


Pyrene 5.0 0.531 1.2 0.537 2.9 0.848 


C1-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C2-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C3-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C4-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


Benzo(a)anthracene 5.0 0.610 1.2 0.369 2.9 0.752 


Chrysene 5.0 0.710 1.2 0.333 2.9 0.606 


C1-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C2-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C3-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C4-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


Benzo(b)fluoranthene 5.0 0.883 1.2 0.390 2.9 0.723 


Benzo(k)fluoranthene 5.0 0.839 1.2 0.201 2.9 0.663 


Benzo(e)pyrene 5.0 0.798 1.2 0.303 2.9 0.642 


Benzo(a)pyrene 5.0 1.14 1.2 0.411 2.9 0.468 


Perylene 5.0 2.48 1.2 0.354 2.9 0.612 


Indeno(1,2,3-cd)pyrene 5.0 0.808 1.2 0.462 2.9 0.543 


Dibenz(a,h)anthracene 5.0 1.09 1.2 0.285 2.9 0.279 


Benzo(g,h,i)perylene 5.0 0.990 1.2 0.450 2.9 0.417 


Notes:
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary from those defined in this QAPP.  The actual 
laboratory MDLs and RLs will be reported with the laboratory data. Water MDL/RL based on a 1L sample size with a dilution factor of 1 and a PIV = 500uL.  Sediment MDL based on a 20g sample 


size (wet weight; 16.63 g dry weight) with a dilution factor of  2 and PIV = 1000uL.  Tissue MDL based on 20 g sample size (wet weight; 3.58 g dry weight) with a dilution factor of 2.05L and PIV = 


500uL. 
3 Bolded compounds are the 16 priority PAH pollutants. 
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Table 3-12 List of Saturated Hydrocarbons Target Analytes with Reporting Limits and Method Detection Limits
1
 


Parameter 
Whole Water (ng/L) 


Sediment and Drilling 


Mud/Cuttings (ng/g dry) 
Tissues (ng/g dry) 


RL MDL2 RL MDL RL MDL 


n-Nonane 500 43.1 120 7.46 305 28.7 


n-Decane 500 54.2 120 5.70 305 90.2 


n-Undecane 500 31.4 120 5.93 305 35.8 


n-Dodecane 500 31.9 120 6.42 305 30.4 


n-Tridecane 500 24.1 120 7.57 305 21.5 


Isoprenoid RRT 1380 NA3 NA NA NA 305 NA 


n-Tetradecane 500 22.7 120 5.66 305 29.6 


Isoprenoid RRT 1470 NA NA NA NA 305 NA 


n-Pentadecane 500 26.5 120 5.49 305 56.3 


n-Hexadecane 500 36.3 120 12.9 305 30.1 


Norpristane (1650) NA NA NA NA 305 NA 


n-Heptadecane 500 35.5 120 5.71 305 48.0 


Pristane 500 31.3 120 25.0 305 95.3 


n-Octadecane 500 50.5 120 8.06 305 23.9 


Phytane 500 33.2 120 9.23 305 24.9 


n-Nonadecane 500 38.5 120 4.91 305 26.9 


n-Eicosane 500 46.8 120 10.1 305 30.6 


n-Heneicosane 500 54.1 120 3.07 305 29.3 


n-Docosane 500 58.9 120 17.6 305 36.3 


n-Tricosane 500 43.5 120 6.97 305 25.8 


n-Tetracosane 500 63.6 120 17.4 305 25.1 


n-Pentacosane 500 69.8 120 15.4 305 16.2 


n-Hexacosane 500 72.6 120 10.2 305 15.4 


n-Heptacosane 500 69.5 120 8.97 305 25.9 
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Parameter 
Whole Water (ng/L) 


Sediment and Drilling 


Mud/Cuttings (ng/g dry) 
Tissues (ng/g dry) 


RL MDL2 RL MDL RL MDL 


n-Octacosane 500 78.9 120 9.62 305 19.7 


n-Nonacosane 500 58.3 120 6.26 305 23.0 


n-Triacontane 500 57.7 120 6.85 305 21.1 


n-Hentriacontane 500 55.6 120 4.05 305 40.0 


n-Dotriacontane 500 52.7 120 5.74 305 25.7 


n-Tritriacontane 500 58.1 120 2.87 305 23.9 


n-Tetratriacontane 500 47.0 120 4.99 305 30.6 


n-Pentatriacontane 500 50.0 120 5.19 305 26.8 


n-Hexatriacontane 500 45.4 120 4.44 305 31.1 


n-Heptatriacontane 500 48.1 120 9.92 305 40.0 


n-Octatriacontane 500 43.2 120 5.65 305 44.3 


n-Nonatriacontane 500 49.9 120 9.26 305 52.6 


n-Tetracontane 500 52.4 120 10.0 305 60.6 


SHC Total (C9-C40) NA NA NA NA NA NA 


TPH Total (C9-C40) NA 9200 NA 694 NA 267,000 


Notes: 
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary from those defined in this QAPP.  The actual 
laboratory MDLs and RLs will be reported with the laboratory data. Water MDL based on 1L sample with a dilution factor of 1 and pre-injection volume (PIV) = 500uL.  Sediment MDL based on a 


20g sample size (wet weight; 16.63 g dry weight) with a dilution factor of  2 and PIV = 1000uL.  Tissue RL is estimated based on 20 g sample size (wet weight; 3.36 g dry weight) with a dilution factor 


of 2.05L and PIV = 500uL.  
3 NA = standards not available for this compound; the RL and MDL of the compound which elutes prior to the isoprenoid compound is applied.  
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Water samples will be analyzed for VOCs using gas chromatography by purge-and-trap techniques (Table 


3-13).  Samples are spiked with SIS and RIS and an inert gas is bubbled through the water samples.  The 


VOCs are purged from the aqueous phase to the gas phase, which is swept through a sorbent trap where 


the VOCs are trapped, heated and back flushed with inert gas to desorb the components onto a non-polar 


fused silica capillary chromatographic column, separated via capillary gas chromatography, and identified 


and quantified using electron ionization mass spectrometry in the Full Scan mode.  Target compounds 


will be quantified by using the method of internal standards using the SIS compounds resulting in 


surrogate recovery-corrected data generated to represent the native sample concentrations. 


Table 3-13 List of VOC Target Analytes with Reporting Limits and MDLs
1
 


Notes: 
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time 


of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of 
analysis may vary from those defined in this QAPP.  The actual laboratory MDLs and RLs will be reported with the laboratory data. Water 


MDL based on a 0.02 L sample size and a dilution factor of 1.  Sediment MDL based on a 5g sample size and a dilution factor of 1.3 These 


parameters may be analyzed by GC/MS purge and trap (SOP 5-245) or GC/MS SIM (SOP 5-157).  MDLs are for GC/MS SIM using 20 g 
wet wt sediment (16 g dry weight) and 1L of water.3 To be determined (TBD). Laboratory MDLs will be developed and reported with the 


study data.  


3.5.3.2 Hydrocarbons in Sediment Samples (Phases III and IV) 


Samples of sediments, drilling muds, and cuttings will be extracted for PAH (Table 3-11), SHC and TPH 


(Table 3-12), and petroleum biomarkers St/Tr (Table 3-14), following laboratory SOPs. Muds and 


cuttings will also be analyzed for VOCs. Briefly, approximately 30 g of wet sediment will be fortified 


with SIS compounds and serially extracted with DCM. Less material may be used for the analyses of used 


drilling mud and cuttings because they may contain higher hydrocarbon concentrations than native 


sediment. 


The sample extract will be dried and concentrated over anhydrous sodium sulfate. The extract will be 


purified with activated copper to remove any sulfur that is present and then will be purified further with 


an alumina clean-up column. The extract then will be purified further using silica gel column fraction to 


Parameter 


Whole Water (ng/L) Drilling Muds and Cuttings (ng/g) 


RL MDL
2 


RL MDL 


1,4-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


1,3-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


1,2-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


Benzene 2950 564 11.8 1.21 


Chlorobenzene3 TBD2,3 TBD TBD TBD 


Ethylbenzene 2860 506 11.4 1.62 


Toluene 1930 348 7.69 1.08 


m-xylene 938 227 3.70 0.603 


p-xylene 1990 311 7.94 1.20 


o-xylene 957 180 3.82 0.528 


Total Aromatic Hydrocarbons 


(TAH) NA NA NA NA 
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isolate the TPH/SHC fraction and petroleum biomarker fraction (F1) from the aromatic hydrocarbon 


fraction (F2). The resulting extracts will be concentrated and spiked with IS compounds. The TPH/SHC 


and petroleum biomarker F1 extracts will be submitted for TPH and SHC analysis by modified EPA 


Method 8015 using GC/FID and for petroleum biomarkers analysis by modified EPA Method 8270 using 


GC/MS-SIM. The F2 extract will be submitted for PAH analysis also using the modified EPA Method 


8270 by GC/MS-SIM analysis. Target compounds will be quantified by using the method of internal 


standards using the SIS compounds resulting in surrogate recovery-corrected data generated to represent 


the native sample concentrations. The laboratory also will determine the sediment grain size and the total 


organic carbon (TOC) content of the sediments. Sediments will be processed by the sieve and pipette 


methods to determine sediment grain size with data for the following four fractions: gravel, sand, silt, and 


clay. For organic matter, the TOC content will be measured at 900ºC with a total-carbon analyzer. 
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Table 3-14 List of Petroleum Biomarker (St/Tr) Target Analytes with Reporting Limits and Method Detection Limits
1
 


Compound Synonym 


Sediment (ng/g dry) Tissue (ng/g dry) 


RL MDL
2 


RL MDL 


C23 Diterpane T4-C23Diterpane 1.8 0.318 7.6 1.39 


13β,17α-diacholestane(20S) S4-Diacholestane 0.60 0.114 2.5 0.402 


13β,17α-diacholestane(20R) S5-Diacholestane 0.60 0.114 2.5 0.402 


C29 Tricyclictriterpane(20S) T9-C29Tricyclictriterpane 1.8 0.318 7.6 1.39 


C29 Tricyclictriterpane(20R) T10-C29Tricyclictriterpane 1.8 0.318 7.6 1.39 


5α,14α,17α-cholestane(20R) Cholestane 0.60 0.114 2.5 0.402 


18α(H)-22,29,30-trisnorhopane(TS) T11-Trisnorhopane(TS) 1.8 0.318 7.6 1.39 


17α(H)-22,29,30-trisnorhopaneI T12-TrisnorhopaneI 1.8 0.318 7.6 1.39 


5α,14α,17α,24-methylcholestane(20R) S24-Methylcholestane 0.60 0.114 2.5 0.402 


5α,14α,17α,24-ethylcholestane(20S) S27-Ethylcholestane(S25) 0.60 0.114 2.5 0.402 


5α,14α,17α,24-ethylcholestane(20R) S28-Ethylcholestane(S28) 0.60 0.114 2.5 0.402 


17α(H),21β(H)-30-norhopane T15-Norhopane 1.8 0.318 7.6 1.39 


18α(H)-oleanane T18-Oleanane 1.8 0.318 7.6 1.39 


17α(H),21β(H)-hopane T19-Hopane 1.8 0.318 7.6 1.39 


22S-17α(H),21β(H)-30-homohopane T21-Homohopane 1.8 0.318 7.6 1.39 


22R-17α(H),21β(H)-30-homohopane T22-Homohopane 1.8 0.318 7.6 1.39 


17β(H),21β(H)-hopane 17β(H),21β(H)-hopane 1.8 0.318 7.6 1.39 


Notes: 
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project 


implementation.  
2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary 


from those defined in this QAPP.  The actual laboratory MDLs and RLs will be reported with the laboratory data.  Sediment MDL based on a 20g 


sample size (wet weight; 16.63  g dry weight) with a dilution factor of 1 and PIV = 1000uL.  Tissue RL was estimated based on a 20g sample size (wet 
weight; 4.03  g dry weight) with a dilution factor of  2.05L and PIV = 1000uL. In the event that additional petroleum biomarkers are included in 


analysis, RLs and MDLs can be provided by the laboratory upon request. 
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3.5.3.3 Hydrocarbons in Tissue Samples (Phases III and IV) 


Samples of biological tissues will be extracted for PAH (Table 3-11), SHC and TPH (Table 3-12), and 


petroleum biomarkers St/Tr (Table 3-14) following laboratory SOPs. About 20 g of wet tissue will be 


fortified with SIS compounds and serially extracted with DCM. The tissue will be extracted by 


maceration using a TissueMizer® or equivalent, with stainless-steel probes. The sample extract will be 


dried and concentrated over anhydrous sodium sulfate. The extract will be purified with an alumina clean-


up column. The extract then will be purified further with silica-gel column fraction to isolate the 


TPH/SHC fraction and petroleum biomarker fraction (F1) from the aromatic hydrocarbon fraction (F2). 


The resulting extracts will be concentrated and spiked with IS compounds. The TPH/SHC and petroleum 


biomarker F1 extracts will be submitted for TPH and SHC analyses by modified EPA Method 8015 using 


GC/FID and for analysis of petroleum biomarkers by modified EPA Method 8270 using GC/MS-SIM. 


The F2 extract will be submitted for PAH analysis using the modified EPA Method 8270 by GC/MS-SIM 


analysis. Target compounds will be quantified by using the method of internal standards using the SIS 


compounds resulting in surrogate recovery-corrected data generated to represent the native sample 


concentrations. The laboratory also will determine the lipid content of the tissue, based on the total 


extractable material (TEM).  


3.5.4 Macrofaunal Analysis 


Sediment samples will be processed shipboard by sieving according to methods outlined in Section 


3.5.1.8, and taxonomic analysis will be conducted on infaunal invertebrates to determine community 


composition. In the laboratory, receipt of benthic samples will be logged and processing steps recorded in 


a notebook to track each sample. Samples will be kept in formalin for a minimum of 1 month, and 


preferably no longer than 4 months, to prevent decalcification of small bivalve shells. After 1–3 months, 


the formalin in benthic samples will be decanted and the samples rinsed and then preserved in isopropyl 


alcohol (or 70% ethanol). Decanted formalin and rinsing water will be poured through a 0.5-mm mesh 


screen or smaller to capture any specimens that otherwise would be lost. Biological tissues in the 1.0-mm 


mesh sieve samples will be sorted from the sediment remains into major taxonomic units, and the 


invertebrate animals will be identified to the lowest practical taxonomic category. A small sample “tag” 


will be created on waterproof paper for each group of specimens of similar taxonomic determination to 


follow that group through identification and weighing. Samples will be weighed for wet-weight biomass 


and stored in alcohol in a glass container along with the specimen tags. Data will be entered into a 


computer with a database program. After analysis, samples should be moved to glass containers for long-


term storage and archival. Lids will be sealed with plastic liners, electrical tape or parafilm to reduce the 


rate of evaporation of fluids.  


Resulting metrics include taxonomic identification, abundance (individuals m
-2


), and biomass (g m
-2


). The 


data on benthic density and biomass resulting from taxonomic analysis will be used for statistical 


analysis. A small subset of samples employed for community analysis should be reprocessed by a 


different technician or multiple technicians, when appropriate. Where questions arise, specimens will be 


compared with the authoritative voucher sets or sent to an appropriate taxonomic expert. Quality-control 
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methods for benthic taxonomic analysis will follow guidelines outlined in SOP SAM043.02 Benthic 


Sample Collection and Processing for Shell Baseline Environmental Sampling Program – Chukchi Sea.  


3.5.5 Sediment Profile Imaging Analysis 


Table 3-15 below identifies the range of parameters that may be evaluated from the sediment photos. 


Further descriptions of the parameter groups are provided below. 


Table 3-15 Sediment Profile Imaging Parameters 


Parameter Units Method
 


Description 


Sediment grain size 
Modal phi φ 


interval 
Visual analysis (V) 


An estimate of sediment types present. 


Determined from comparison of images of 
known grain size. 


Prism penetration cm 
Computer analysis 


(CA) 


A geotechnical estimate of sediment 


compaction. Average of maximal and 


minimal distances from sediment surface to 
bottom of prism window. 


Sediment surface relief cm CA 


An estimate of small-scale bed roughness. 


Maximal depth of penetration minus minimal 
depth. 


Apparent Redox Potential 


Discontinuity depth 


(from color change in sediment) 


cm 
 


CA 


Estimate of depth to which sediments appear 


to be oxidized. Area of aerobic sediment 


divided by width of digitized image 


Thickness of sediment layers cm CA 
Measure thickness above original sediment 


surface 


Methane/Nitrogen Gas Voids number V Count 


Epifaunal Occurrence number V Count, identify 


Tube Density number/cm2 V Count 


Tube Type 


Burrow Structures 


Pelletal Layer 


Bacterial Mats 


 


— 


cm 


— 


 


V 


V 


V 


 


Identify 


Measure thickness, area 


Determine presence and color 


Infaunal occurrence         number V Count, identify 


Feeding Voids         number V Count, measure thickness, area 


Apparent Successional Stage — V,CA 
Estimated based on all of the above 


parameters 


 


Sediment Grain Size—This parameter is a textural feature of the sediment used to describe the type of 


sediment present. Based on grain-size distribution, the nature of the physical forces acting on a habitat can 


be inferred. Grain size is determined by comparison of collected images with a set of standard images for 


which mean grain size has been determined in the laboratory.  


Prism Penetration—This parameter provides an indication of sediment stiffness, with the profile camera 


prism acting as a penetrometer. The further the prism enters into the sediment, the softer the sediment is 


and typically indicates higher water content. Penetration is measured as the distance from the leading 
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(deeper) edge of the prism to the sediment-water interface, up the length of the face plate. If the weight of 


the camera frame is not changed during image collection, the prism penetration provides a means for 


assessing the relative compaction between stations. In the unlikely event adjustments to weight and/or 


flotation are made, a minimum of three replicate drops with both system weight/flotation setups will be 


made to provide corrections for prism penetration calculations.   


Surface Relief—Surface relief is measured as the difference between the maximal and minimal 


penetration measurements recorded from the sea bottom in one image. Another way to describe this 


measurement is the distance between the ‘peaks’ and ‘valleys’ of the sea bottom within the image. This 


parameter provides an estimate of small-scale bed roughness, on the order of the width of the prism’s face 


plate (15 cm).  


Apparent Color Redox Potential Discontinuity (SPI RPD) Layer—This parameter is used as an estimator 


of benthic habitat quality. It is the depth to which sediments are oxidized. The term “apparent” is used in 


describing this parameter because no actual measurement is made of the redox potential. An assumption 


is made that, given the complexities of iron and sulfate reduction-oxidation chemistry, reddish-brown 


sediment color tones (Diaz and Schaffner 1988) are indications that the sediments are oxic or at least are 


not intensely reducing. This assumption is in accordance with the classical concept of RPD depth, which 


associates it with sediment color (Fenchel 1969, Lyle 1983). The depth of the apparent color RPD is 


defined as the area of all the pixels in the image discerned as being oxidized divided by the width of the 


digitized image.  


Surface Features—A variety of physical and biological features can be seen at or on the sediment surface. 


These features can range from SAV, worm tubes, fecal pellets, epibenthic organisms, bacterial mats, algal 


mats, shells, mud clasts, and bed forms to feeding pits and mounds. Each of these features provides 


information on the type of habitat and its quality. Surface features are evaluated visually from each slide 


and compiled by type and frequency of occurrence. 


Subsurface Features—Subsurface features include a wide variety of features (such as infaunal organisms, 


burrows, water-filled voids, gas voids, or sediment layering) and reveal information about physical and 


biological processes influencing the sea floor. Subsurface features also provide data about the physical–


biological control occurring in a habitat. 


Successional Stage—Sediment profile data can be used to estimate successional stage of the fauna in a 


habitat (Rhoads and Germano 1986). Successional stage is based on the theory that organism-sediment 


interactions follow a predictable sequence after a major seafloor disturbance (Rhoads and Germano 


1982). Characteristics that are associated with pioneering or colonizing (Stage I) assemblages (Pearson 


and Rosenberg 1978), such as dense aggregations of small polychaete tubes at the surface and shallow 


apparent RPD layers, may be readily visible in sediment-profile images. Advanced or equilibrium (Stage 


III) assemblages also have characteristics that can be seen in profile images, such as deep apparent RPD 


layers and subsurface feeding voids. Stage II is intermediate between Stages I and III and has 


characteristics of both (Rhoads and Germano 1986).  
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ROV Images-Once the survey is complete, the photos and video data will be sorted, analyzed and 


archived by the science crew. The videos and photos are directly interpreted by benthic scientists and 


observations recorded on forms provided for this purpose.  A data sheet is filled out for each video. 


3.5.6 Laboratory Instrument/Equipment Calibration, Maintenance, and Operation 


Laboratory instruments and equipment must be tested, maintained, and calibrated according to SOPs and 


the manufacturers’ instructions prior to use.  The manufacturer manuals and SOPs must be readily 


available at the bench so that trouble-shooting and routine repairs can be performed correctly.  All routine 


maintenance and non-routine repairs are to be documented in a permanent location (e.g., electronically or 


in bound logbooks).  The return to analytical control is demonstrated by successful calibration.  


Instruments and equipment that are out-of-calibration must be tagged or removed from the laboratory to 


prevent inadvertent use. Calibration requirements are defined in Table 3-16. 


• Certified calibration standards will be used for instrument calibration. Where possible, standards 


will be traceable to National Institute of Standards and Technology (NIST).   


• Stock solutions for spiking solutions, surrogate compounds, and other organic or inorganic 


compound mixes will be made from reagent-grade chemicals or as specified in the SOPs.  All 


analytical stock solutions will be prepared using Class-A volumetric ware.   


• Preparation of stock solutions must be documented including the parent material used (lot number 


and concentration), the amount used, the final solution volume, and the final solution 


concentration.  Specific handling and documentation requirements for the use of standards will be 


defined in laboratory SOPs.   


• All new calibration or spiking solutions must be analyzed against a previously accepted standard 


to verify that the concentrations are acceptable. 


Prior to analysis, a calibration curve must be verified through the analysis of a check solution prepared 


from a source (or at least a lot) independent of that used for the initial calibration curve.  The calibration 


check solutions must include all targeted analytes. 
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Table 3-16 Calibration Procedures for Laboratory Instruments 


Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Battelle, Hydrocarbons/Metals (sediment and biota) 


Gas 


Chromatography/ 


Mass Spectrometry 


(GC/MS) 


 


Initial Calibration 


(ICAL) Standard 


Prior to samples ≤25% relative standard deviation (RSD) 


for 


each analyte and 


average RSD for 


all analytes ≤ 15%, R≤0.995 


Reanalyze, if failure repeats, take remedial action, if 


failure continues, a new ICAL is performed 


Independent 


Calibration Check 


(ICC) 


After ICAL or if 


failure of continuing 


calibration verification 


(CCV) 


 


PD must be ≤ 25%  for each analyte and 


internal standard (IS) area has not 


changed by more than a factor of two 


from the area in level 3 ICAL 


Evaluate and re-analyze, if this ICC fails, perform 


remedial action and reanalyze. If a second ICC fails, a 


new ICAL is performed or justify results.   


CCV Beginning and end of 


10 injections, or 24 hr 


period 


≤25% from true check std. conc. For 


each analyte and average difference for 


all analytes ≤ 15%, and IS area has not 


changed by more than a factor of two 


from the area in level 3 ICAL 


 


Re-injection of samples prior to a CCV may be 


warranted. Evaluate samples, sample extracts must be 


bracketed by an acceptable CCV 


GC-Flame 


Ionization Detection 


(FID) 


 


ICAL Standard 


 


Prior to samples ≤25% relative standard deviation (RSD) 


for  


each analyte and 


average RSD for 


all analytes ≤ 20%,  R≤0.995  


Evaluate, re-analyze if necessary, discuss with PM 


 


ICC  After ICAL RSD  must be ≤ 25%  for each analyte 


and ≤ 25%  for the mean, the IS area 


must be within a factor of 2 from the 


Level 3 ICAL and mass discrimination 


must be ≥0.8   


Reanalyze, if failure repeats, take remedial action, if 


failure continues, a new ICAL is performed 


CCV After every 10 


injections, or 24 hr 


≤25% from true check standard conc. For 


each analyte and average difference for 


all analytes ≤ 20% 


Reanalyze, if failure repeats, take remedial action, if 


failure continues, a new ICAL is performed. Samples 


must be bracketed by an acceptable CCV 
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Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Purge and Trap 


GC/MS 


 


ICAL Standard Prior to samples ≤30% RSD for each analyte and average 


RSD for all analytes ≤ 15%, R≤0.995 


Recalibrate if >10% of target analytes exceed %RSD or 


R2 criteria 


If < 10% of target compounds exceed criteria, 


recalibration is not required provided %RSD is < 40% or 


R2 >0.98. If failure repeats, take remedial action, if 


failure continues, a new ICAL is performed 


Purge and Trap 


GC/MS (continued) 


 


ICC After ICAL PD must be ≤ 30%  for most analytes 


(40-60% for oxygenates)  and the IS area 


must be within a factor of 2 from the 


Level 3 ICAL   


Recalibrate if >10% of target analytes exceed criteria. 


Reanalyze, perform remedial action as necessary, 


reanalyze if second ICC fails, a new ICAL is performed 


CCV beginning and end of 


each 12 h period 


≤30% PD for each analyte, average 


difference for all analytes ≤ 15% and the 


IS area must be within a factor of 2 from 


the Level 3 ICAL  


Reanalyze if >10% of target analytes exceed criteria. If < 


10% of target compounds exceed criteria, affected 


sample re-analysis is not required if the % difference for 


exceeding analytes is < 40% (or 60% for oxygenates) 


Evaluate and re-analysis of samples analyzed after failed 


CCV, if necessary. Samples must be bracketed by an 


acceptable CCV 


CVAAS 


 


5 point curve  Before, during, and 


after analysis of 20 


samples 


R2>0.995 Recalibrate 


Total Hg cold vapor 


atomic fluorescence 


spectrophotometer 


(CVAFS) 


 


5 point curve using 


two standards 


Daily RSD<15% Recalibrate 


Methylmercury 


CVAF 


 


5 point curve using 


two standards 


Daily RSD<15% Recalibrate 


ICP-MS 


 


3-5 point curve 


depending on 


metal; r≥0.999 for 


all metals 


Recheck standards 


every 8-10 samples 


Continuing calibration with %RSD 


<15% 


Rerun samples 


FAAS 


 


3-5 point curve 


depending on 


metal; r≥0.999 for 


all metals 


Recheck standards 


every 8-10 samples 


Continuing calibration with %RSD 


<15% 


Rerun samples 
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Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Brooks Rand Lab, metals (water and particulates) 


Total Hg cold vapor 


atomic fluorescence 


spectrophotometer 


(CVAFS) 


 


6 point curve using 


two standards 


Daily RSD<15% and low calibration point 


recovery 75-125% 


Reanalyze suspect calibration standard. If criteria still 


not met, then re-prepare standards and recalibrate the 


instrument 


Methylmercury 


CVAFS 


 


 7 point curve 


using two 


standards 


Daily RSD<15% and low calibration point 


recovery 65-135% 


Reanalyze suspect calibration standard. If criteria still 


not met, then re-prepare standards and recalibrate the 


instrument 


ICP-MS (waters and 


particulates) 


 


5 point curve Daily Correlation coefficient 0.995, 1st standard 


MRL with ± 20% rec. 


Reanalyze suspect calibration standard. If criteria still 


not 


met, then re-prepare standards and recalibrate the 


instrument 


Total Carbon 


Analyzer, Shimadzu 


(POC) 


SSM-TOC 


 


4 pt curve, r≥0.999 Recheck standards 


every 8-10 samples 


Continuing calibration %RSD <15% Rerun Calibration 
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3.6 Quality Assurance/Quality Control 


Personnel performing QA activities within each organization must be trained and independent of the 


technical work they are reviewing.  QA staff will monitor the technical components of the project 


according to organizational SOPs to ensure the accuracy, integrity, and completeness of the data. 


Analytical staff members will be responsible for ensuring that sample tracking, sample preparation, and 


analytical instrument operation all meet the quality-control criteria detailed in the applicable analytical 


SOPs. 


The project design incorporates SOPs to ensure consistency (Table 3-17) and QC procedures and checks 


in both the field and laboratory in order to assess data quality.  The study design and QC samples are 


intended to assess the major components of total study error, which facilitates the final evaluation of 


whether environmental data are of sufficient quality to support the related decisions.  The QC sample 


requirements are designed to provide information on measurement error that can be used to initiate 


corrective actions with the goal of limiting the total measurement error. Note:
 
Possible analytical 


laboratories and associated SOPs are listed in Table 3-17. Laboratories may change prior to project 


implementation and may include other contract analytical laboratories (and subsequently slightly different 


SOP numbers and titles). 


Table 3-17 Standard Operating Procedures 


SOP Number SOP Title 


Field 


FWS SOP-01 Field Documentation 


FWS SOP-02 Sample Custody 


FWS SOP-03 Sample Packaging and Shipping 


FWS SOP-04 Decontamination of Equipment – Sediments 


FWS SOP-05 Preparation of Field Quality Control Samples 


FWS SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler 


FWS SOP-07 Decontamination of Sampling Equipment 


FWS SOP-08 Preparation of Field Quality Control Samples – Tissues 


BRL SOP-01 Field Go Flo Bottle Decontamination 


SOP 5-365-01 Collecting Benthic and Epibenthic Invertebrates with a Clam Rake 


SOP 5-368-01 Collecting Amphipod for Chemical Analysis using Baited Traps 


SAM043.02 Benthic Sample Collection and Processing 


SAM044.02 Sediment Profile Imaging and Plan View Photography Collection 


SOP 5-367-01 At-Sea Collection of Hydrographic Data Using CTD and Carousel System 


SOP 5-342-01 Collecting Sediment Cores with a Piston Push/Hammer Corer 


FIT-0001 Field Collection of Seawater Samples for Dissolved Trace Metals 


FIT-6001 Filter Preparation for Suspended Matter Collection and Trace Metal Analysis 
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SOP Number SOP Title 


FIT-6002 Collection and Digestion of Particulate Samples for Trace Metal Analysis 


Laboratory 


SOP 5-157 
Identification and Quantification of Semi-Volatile Organic Compounds by Gas Chromatography/Mass 


Spectrometry 


SOP 5-190 Tissue Extraction for Trace Level Semi-Volatile Organic Contaminant Analysis 


SOP 5-191 
Size Exclusion high performance liquid chromatography (HPLC) Cleanup of Sample Extracts for 


Semi-Volatile Organic Pollutants 


SOP 5-192 
Soil/Sediment Extraction Using an Orbital Shaker Table Method for Trace Level Semi-Volatile 


Organic Contaminant Analysis 


SOP 5-200 Water Extraction for Trace Level Semi-Volatile Organic Contaminant Analysis 


SOP 5-202 
Determination of Low Level Total Petroleum Hydrocarbons and Individual Hydrocarbon 


Concentrations in Environmental Samples 


SOP 5-245 Preparation and Analysis of Volatile Hydrocarbons in Environmental Samples 


SOP 5-328 Removal of Sulfur from Environmental Sample Extracts 


SOP 5-330 
Silica Gel Fractionation of Environmental Extracts for the Separation of Saturated Hydrocarbons and 


Aromatic Compounds 


SOP 5-329 Alumina Clean-up of Environmental Sample Extracts 


SOP 6-010 Sample Receipt, Custody, and Handling 


FIT-2010-GS Grain size by sieve and pipette 


BR-0066 
Reductive Precipitation of Total Recoverable and Dissolved Metals from Brackish and Seawater 


Samples 


BR-0060 
Determination of Trace Elements by Inductively Coupled Plasma - Mass Spectrometry using a Perkin-


Elmer ELAN DRC II 


FIT-1012 Series  Determination of (Metals) in Tissues  ICP-MS  


FIT-1013 Series Determination of (Metals) in Tissues by FAAS 


FIT-2010 Series Determination of (Metals) in Sediments by FAAS 


FIT-2012 Series Determination of (Metals) in Sediments by ICP-MS  


BR-0060 (Mod) 
Determination of Trace Elements by Inductively Coupled Plasma - Mass Spectrometry using a Perkin-


Elmer ELAN DRC II (Particulates) 


BR-0006 
Procedure for EPA Method 1631, Revision E: Mercury in Water by Oxidation, Purge and Trap, and 


Cold Vapor Atomic Fluorescence Spectrometry (CVAFS) 


BR-0011 
Determination of Methyl Mercury by Aqueous Phase Ethylation, Trap Pre-Collection, Isothermal GC 


Separation, and CVAFS Detection 


FIT 2015 Determination of Total Organic Carbon  


MSL-I-015 Methylmercury in Tissues and Sediments by Cold Vapor Atomic Fluorescence (CVAF) 


MSL-I-034 
Determination of Mercury in Tissues and Sediments by Direct Thermal Decomposition and Cold 


Vapor Atomic Absorption Spectrometry (CVAAS) 


MSL-I-034-02 
Determination of Mercury in Tissues and Sediments by Direct Thermal Decomposition and Cold 


Vapor Atomic Absorption Spectrometry (CVAAS) 


SAM043.02 Benthic Sample Collection and Processing 
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3.6.1 Field Quality Control 


Field QC samples will be collected in the same type of sample containers and in all other ways handled in 


the same manner as other field samples.  The field QC samples will be assigned unique sample numbers 


and will be submitted to the analytical laboratory as routine samples.  If abnormalities are detected in field 


QC samples, the data associated with the QC samples will be assessed to determine if project data are 


affected.  FWS SOP-05 Preparation of Field Quality Control Samples and FWS SOP-08 Preparation of 


Field Quality Control Samples – Tissue describe specific procedures for preparing field QC samples. 


The following field QC samples will be collected:  


• Trip blanks will be prepared and submitted for analysis at the frequency of one per shipping 


container of VOC samples. 


• Temperature blanks will accompany each cooler that contains samples with a temperature 


preservative requirement. The temperature blank will be created either in the field or laboratory 


by filling polyethylene bottles with deionized water or sediment, depending on the matrix being 


shipped.   


• Field duplicates will be collected as separate co-located sample and will be analyzed for the same 


chemical and physical parameters as the other samples from its location.  At a minimum, field 


duplicates are collected at 5% each of the sediment, water, and tissue samples. 


Field QC samples that will be collected specific to the EMP are described in the following sections. 


3.6.1.1 Equipment (Rinsate) Blank (EB) 


An equipment blank is a sample of contaminant-free medium (typically reagent-grade water) that has 


been passed through or over the sampling equipment used to collect field samples.  An equipment blank 


is collected in the same type of sample containers and in all other ways is handled in the same manner as 


other field samples. The equipment blank must be collected during the sampling event, after collection of 


at least one field sample, after normal equipment decontamination procedures, and prior to collection of 


the next field sample.  Sampling devices for sediment include the grab, stainless steel spoons or spatulas, 


bowls, and flexible tubing.  EB will be collected at a frequency of 5% of the total number of field samples 


collected for sediment and water.  


3.6.1.2 Field Blanks   


Field blanks will be collected in the field, depending on the type of associated analysis. For example, a 


sample of analyte free water poured into the container in the field, preserved and shipped to the laboratory 


with field samples serves to assess contamination from field conditions during sampling. Additionally, 


filter blanks will be collected for the dissolved metals to estimate any contamination associated with the 


field filtering process. Field blanks are prepared at a frequency of 5% of the total number of field samples 


collected for sediment and water. 


3.6.1.3 Laboratory Duplicates (Laboratory Splits) 


Laboratory duplicates (also called laboratory splits) are used to assess the precision of the analytical 


method and laboratory handling. For the laboratory duplicate analysis, one sample will be split by the 
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analytical laboratory into two portions and each analyzed. When collecting samples to be analyzed for 


laboratory duplicates, typically double the normal sample volume is required. This requires filling a larger 


size sample bottle, or filling two normal size sample bottles and labeling one with the site name and the 


second with the site name plus “laboratory duplicate”. Laboratory duplicate samples are collected, 


handled, and delivered to the analytical laboratory in the same manner as environmental samples. In some 


cases, laboratory duplicates may be replaced by matrix spike and matrix spike duplicate samples, which 


also are indicative of precision of the analytical method and laboratory handling.  


3.6.1.4 Benthic Samples 


For benthic samples, every effort will be made to use only grabs that have demonstrated no wash-out of 


the sediment surface. The quantity of sediment retained in the van Veen grab buckets should range from 


full to minimum penetration depth regardless of the material type and/or coarseness. Samples with 


insufficient penetration and low-volume of sediment recovery are rejected for community comparison 


samples. Samples will be carefully dropped into buckets and transported and poured into the sieves 


without significant spillage. A substantial spillage will require a new sample. Samples will be rinsed over 


a 1.0-mm mesh with a water pressure strong enough to remove sediments, but weak enough to minimize 


damage to the animals (nested sampling with a stacked sieve with 0.5-mm mesh may also be used). 


Biological and sediment residues will be carefully removed from each sieve so that all visible animals, 


sediment particles, and fragments will be removed. Samples then will be placed into Whirl-Pak® bags or 


jars labeled with the date of collection, station name, replicate number, sieve mesh size, and initials of 


personnel packaging the samples. Pertinent information also will be recorded on sample collection sheets 


listing the collection date, station name, water depth, and gross sediment characteristics. This information 


will also be included on a waterproof sample tag that is placed inside the specimen jar or container. The 


pertinent information then will be entered by the field personnel into the shipboard database for managing 


workflow and data collections and will be checked by the field lead daily for accuracy. 


3.6.1.5 Accuracy and Precision of the ADCP and CTD Sensor Arrays 


Table 3-18 defines typical accuracy and precision of ADCP instrument sensors.  Accuracy and precision 


are determined based on the pre-season calibration check and post-season calibration check.  Table 3-19 


defines typical accuracy and precision of the CTD instrument sensors.  The accuracy and precision of the 


equipment deployed during the environmental monitoring will be similar to these values and will be 


documented and reported with the data. 


Table 3-18 Typical Accuracy and Precision of Instrument Sensors (ADCP and OBS) 


Sensor 
Model 


(or equivalent) 
Measurement Units Range Accuracy Precision 


ADCP 


 


Teledyne RDI 


Workhorse Sentinel 


300khz (or 
equivalent) 


Current velocity cm/s 0 to 500 1 0.1 


Depth M 0 to 40 2% 1 cm 


Waves cm, sec > 0 cm   > 3.3 sec 1%, 1% 1cm, 0.5 sec 


OBS 


Seapoint Sensors 


Turbidity Meter (or 
equivalent) 


Turbidity NTU 0 to 25 
Calibration 


Dependent 
2% 
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Table 3-19 Typical Accuracy and Precision of Instrument Sensors (CTD) 


Sensor 
Model/Method  


(or equivalent) 
Units Range Accuracy Resolution 


Depth 


(Pressure) 


Sea-Bird SBE 


25plus  


(or equivalent) 


Meters 0 to 100 
0.1% of range 


(0.1m) 


0.002% of range 


(0.002m) 


Temperature 


Sea-Bird SBE 


25plus 


 (or equivalent) 


ºC -5 to +35 0.001 0.0003 


Conductivity 


Sea-Bird SBE 


25plus V2  


(or equivalent) 


mS/cm 0 to 7000 0.0003 0.00004 


Dissolved Oxygen SBE43 % Saturation 0-120 ± 2%  


pH SBE18 pH units 0-14 ± 0.1 ± 0.02 


Fluorescence/Turbidity ECO-FLNTUrt 


µg/L 


Chlorophyll 
0-50 0.025 0.001 


NTU 


(Nephelometric 


Turbidity Unit) 


0-25 0.013 0.001 


Colored Dissolved 


Organic Matter 


(CDOM)  


Wet Labs ECO-


FLCDrt CDOM 
µg/L 0.03-75-500 0.03 093 0.001 


Turbidity 


Seapoint Sensors 


Turbidity Meter (or 


equivalent) 


NTU 


0 to 25 
Calibration 


Dependent 
0.01 


0 to 125 5% 2% 


0 to 500 5% 2% 


Light Transmittance 


WET Labs C-Star 


Transmissometer 


25cm (or 


equivalent) 


m-1 0 to 40 0.20 0.01 


Altimeter Valeport Meter 0.1–100 0.01  


ADCP 


Teledyne RDI 


Workhorse Sentinel 


300khz (or 


equivalent) 


Current 


velocity (cm/s) 
0 to ± 2000 


± 0.5% of 


water velocity 


relative to 


ADCP 


± 0.5 cm/s 


0.1 


Echo Intensity 


Profile 


(decibels) 


0 to 80 1% ±1.5dB 


Depth(m) 0 to 165 2% 0.5m (bin size) 
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3.6.2 Laboratory Quality Control 


Quality control is an integral part of the laboratory activities. It establishes methods for maximizing the 


quality of operations and analyses, provides analysts with metrics about method performance, and aids 


project managers in identifying and correcting systematic and random problems that can plague the 


laboratory operations. 


Laboratory samples will be processed and analyzed in analytical batches or sample delivery groups 


(SDGs) of ≤20 field samples plus laboratory QC.  A suite of QC samples that monitors the accuracy and 


precision of the methods will be incorporated into each batch as defined below.  In addition to these QC 


samples, surrogate internal standards will be spiked into each sample analyzed for organic compounds.  


The acceptance criteria and corrective action for each QA sample is defined in Table 3-20. 


Table 3-19 Measurement Quality Criteria
1
 


QC Sample Type Measurement Quality Objective Corrective Action 


Field Duplicate (DU) 


No criteria defined.  Results will be used 


to assess sample heterogeneity or 


inconsistent sample handling and analysis 


procedures 


 


VOC (water/drill mud/ cuttings) 


Method Blank (MB) 


Target analyte concentration in MB <5x 


the MDL.  Data are acceptable if field 


sample concentration >5x MB; data <5x 


the MB will be flagged regardless of MB 
concentration 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 


data with qualifiers; e..g., “B” data qualifier, 
unless “J” flagged. 


Field Trip Blank (TB) 
Target analyte concentration in TB <5x the 


MDL.  


Review with PI.  If data fail MQO, report data 


with qualifiers; e.g., “B” data qualifier.  


Laboratory Control Sample 


(LCS) 


Spiked target analytes must be recovered 
at 50-130% 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 


data with qualifiers; e.g., “N” data flag. 


Matrix Spike (MS) 


Spiked target analytes must be recovered 


at 70-130%. Spike concentration must be 


>5x unspiked field sample concentration 
for MQO to apply. 


Compare with LCS results. If the MS results are 


outside the LCS, review with the PI to determine 


if the difference is attributed to matrix effect or 


analytical error. Review all sample prep records, 


re-analyze as directed by the PI. If data fail 


MQO, report data with qualifiers; e.g., “MI” data 
flag. 


Hydrocarbons (PAH/SHC/TPH/Biomarker)2 


Method Blank (MB) 


Target analyte concentration in MB <5x 


the MDL, or MB result is N-qualified.   


Data are acceptable if field sample 


concentration >5x MB; however, field 


sample data <5x the MB will be B-


qualified regardless of MB concentration. 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 


data with qualifiers; e..g., “B” data qualifier, 
unless “J” flagged. 


Laboratory Control Sample 


(LCS) 


Target analyte recoveries:70-130%;  


50-130% for nonane. 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 
data with qualifiers; e.g., “N” data flag. 
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QC Sample Type Measurement Quality Objective Corrective Action 


Matrix Spike (MS) 


Target analyte recoveries:70-130%;  


50-130% for nonane.   


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 
apply. 


Compare with LCS. If the MS results are outside 


the LCS, review with the PI to determine if 


difference is due to matrix effects or analytical. 


Review sample prep records, re-analyze as 


directed by the PI.  If data fail MQO, report data 
with qualifiers; e.g., “MI” data flag. 


Matrix Spike Duplicates 


(MSD) 


RPD ≤ 30%.   


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 


apply. 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 
data with qualifiers; e.g., “MI” data flag. 


North Slope Crude (NSC) 


RPD ≤ 30%.   


Concentration must be >5x the MDL for 
MQO to apply. 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 
data with qualifiers; e.g., “N” data flag. 


Standard Reference 


Material (SRM)  


 


PD ≤ 30% from target concentration and 


the 95% confidence level.  


Analyte concentration must be certified 


and >5x the MDL for MQO to apply. 


Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 
data with qualifiers; e.g., “N” data flag. 


Surrogate Internal Standard 


(SIS) 


Recoveries: 40-120%. Review with PI, possibly re-analyze and/or re-


extract and reanalyze.  If data fail MQO, report 
data with qualifiers; e.g., “N” data flag. 


Battelle Metals (Except Mercury and Methyl Mercury) 


MB 
<5x the MDL, or field sample 


concentration >10x MB. 


Review with PI, possibly reanalyze. If all 


samples are >10x the MB, no corrective action is 


required. If samples are <10x the MB, the batch 


is re-prepped and re-analyzed. If data fail MQO, 


report data with qualifiers; e.g., “N” data flag. 


MS 


Target recoveries: 80-120%. 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 
apply. 


Review with PI, possibly reanalyze. Failure of 


multiple MQOs requires re-preparation and 


reanalysis of batch. If data fail MQO, report data 


with qualifiers; e.g., “N” data flag. 


MSD 


RPD ≤ 20%. 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 
apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM 
Target recovery: 80-120% of certified 


value. 


Review with PI, possibly reanalyze. Failure of 


multiple MQOs requires re-preparation and 


reanalysis of batch. If data fail MQO, report data 
with qualifiers; e.g., “N” data flag. 


Battelle Mercury 


MB 
<5x the MDL, or field sample 


concentration >10x MB. 


Review with PI, possibly reanalyze. If all 


samples are >10x the MB, no corrective action is 


required. If samples are <10x the MB, the batch 


is re-prepped and re-analyzed. If data fail MQO, 


report data with qualifiers; e.g., “N” data flag. 


OPR  


(mercury analysis only; one 


at start and one at end of 


batch; similar to LCS) 


Target recoveries: 70-130% of (sediment 


and tissue). 


Review with PI, possibly re-prepare and 


reanalyze with all samples in associated batch for 


failed analytes.  If data fail MQO, report data 
with qualifiers; e.g., “N” data flag. 


MS 


Target recoveries: 80-120% (sediment and 


tissue). 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 
apply. 


Review with PI, possibly reanalyze. Failure of 


multiple MQOs requires re-preparation and 


reanalysis of batch. If data fail MQO, report data 
with qualifiers; e.g., “N” data flag. 
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QC Sample Type Measurement Quality Objective Corrective Action 


MSD 


RPD ≤ 20% (sediment and tissue). 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 
apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM 
Target recovery: 80-120% of certified 


value (sediment and tissue). 


Review with PI, possibly reanalyze. Failure of 


multiple MQOs requires re-preparation and 


reanalysis of batch. If data fail MQO, report data 
with qualifiers; e.g., “N” data flag. 


Sensitivity 


Low-level Check Sample analyzed at the 


MRL 


Target recovery: 80-120%.  


Concentration must be >5x the MDL for 
MQO to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


Battelle Methylmercury 


MB 
<5x the MDL, or field sample 


concentration >10x MB. 


Review with PI, possibly reanalyze. If confirmed 


and all samples are > 10x the blank, no 


corrective action is required. If samples are <10x 


the blank, the batch must be re-prepped and re-


analyzed. If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


OPR  


(one at start and one at end 
of batch; similar to LCS) 


Target recovery: 67–133%. 


Review with PI, possibly re-prepare and 


reanalyze with all samples in associated batch for 


failed analytes.  If data fail MQO, report data 


with qualifiers; e.g., “N” data flag. 


MS 


Target recovery: 65-135%.  


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 


apply. 


Review with PI, possibly reanalyze. Failure to 


meet criteria shall be reported in Data Summary. 


Failure of multiple MQOs requires re-


preparation and reanalysis of batch. If data fail 


MQO, report data with qualifiers; e.g., “N” data 


flag. 


MSD 


RPD ≤ 35%.  


Spike concentration must be >5x unspiked 


field sample concentration for MQO to 


apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM 
Target recovery: 67-133% of certified 


value. 


Review with PI, possibly reanalyze. Failure of 


multiple MQOs/OPRs requires redigestion and 


reanalysis of batch. If data fail MQO, report data 
with qualifiers; e.g., “N” data flag. 


Sensitivity 


Low-level Check Sample analyzed at the 


MRL 


Target recovery: 80-120%.  


Concentration must be >5x the MDL for 
MQO to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


TOC (Sediment) 


LCS 80 – 120% of certified value  


Correct Problem, re-prepare and reanalyze LCS 


and all samples in associated batch for failed 
analytes. If problem persists, call PI. 


QADU RPD <10% at 10x detection limit 
Review with PI, re-extract and reanalyze.  If data 


continues to fail, report data with qualifiers. 


SRM ±15% of certified value 


Reanalyze. Failure to meet criteria shall be 


reported in Data Summary. Failure of multiple 


CRMs requires redigestion and reanalysis of 
batch.  
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QC Sample Type Measurement Quality Objective Corrective Action 


Completeness >90% Report results and assess impact 


POC (Water Particulates) 


MB 
All analytes in the method blank must be 


less than ½  the RL  


Re-prepare and reanalyze the method blank and 


all samples processed with the contaminated 
blank. If problem persists, call PI. 


LCS 80 – 120% of certified value  


Correct problem, re-prepare and reanalyze LCS 


and all samples in associated batch for failed 
analytes. If problem persists, call PI. 


LCSD RPB<10% 
Review with PI, re-extract and reanalyze.  If data 


continues to fail, report data with qualifiers. 


SRM ±15% of certified number 


Reanalyze. Failure to meet criteria shall be 


reported in Data Summary. Failure of multiple 


SRMs requires redigestion and reanalysis of 
batch.  


Completeness >90% Report results and assess impact. 


TSS (Water) 


MB 


No target analyte concentrations ≥ RL or ≥ 


10% of the measured values of the 
samples (whichever is larger) 


Reweigh and reanalyze the method blank and all 


samples processed with the contaminated blank. 
If problem persists, qualify or raise RL 


Dup RPD ≤ 15%  
Reweigh and reanalyze the method blank and all 


samples. If problem persists, qualify. 


Grain Size (Sediment) 


Laboratory Duplicate 
RDP<20% of any individual values for 


gravel, sand, silt, or clay 


Correct problem by re-homogenizing sediment 


to provide a more representative sample and 
repeat analysis. 


Completeness >90% Assess impact and take corrective action. 


Brooks Rand Metals in water and particulates  (Except Mercury and Methylmercury) 


MB 


Mean ≤ LOQ; SD ≤ MDL or MBs 


<1/10thsample result 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test and 


if a minimum of 3 MB remain. If MBs are still 


high following rejection of any Grubb’s outlier, 


then a batch specific MDL is estimated (EMDL) 


by multiplying the standard deviation of the 


remaining MBs by 3x. The batch specific MRL 


is estimated (EMRL) by multiplying the EMDL 


by 3x. All results are evaluated against the 


EMDL and EMRL, and data is qualified if 
necessary. 


Filter Blank (for dissolved 


metals) (FB) 
N/A N/A 


MS/MSD 
Recovery = 70-130% and RPD ≤ 30% 


If criteria not met, results must be qualified. If 


RPD criteria not met, then sample may be 


reanalyzed, but this is not required. Sample 


matrix may be inhomogeneous. A post-digestion 


spike (PDS) can be analyzed to evaluate 


instrument accuracy and also to determine if 


matrix interference is occurring at the prep stage 


or at the analytical stage. An MSA curve may be 


prepared and analyzed along with the samples to 


quantify and correct for interference. 


SRM 


Recovery = 70-130% unless limits set by 


SRM manufacturer are greater or 


element/SRM specific limits have been 


If SRM true value is ≥5x the LOQ and if the 


recovery is outside of the control limit, then 


batch must be reprepared. 
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QC Sample Type Measurement Quality Objective Corrective Action 
established 


Brooks Rand Mercury in water and particulates 


MB 


Each MB ≤ 0.5 ng/L and StDev ≤ 0.1 ng/L 


or highest MB < 0.1 times the lowest 


reported result. 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test and 


if a minimum of 3 MB remain. If MBs are still 


high following rejection of any Grubb’s outlier, 


then a batch specific MDL is estimated (EMDL) 


by multiplying the standard deviation of the 


remaining MBs by 3x. The batch specific MRL 


is estimated (EMRL) by multiplying the EMDL 


by 3x. All results are evaluated against the 


EMDL and EMRL, and data is qualified if 
necessary. 


OPR (CCV) 
Recovery = 77 – 123% 


Reanalyze samples bracketed by failing CCV 


unless QA Manager accepts a passing spike 
instead. 


MS/MSD 
Recovery = 71 – 125%; RPD ≤ 24% 


If recoveries similar but fail recovery criteria, an 


interference is present in the sample and the 


result must be qualified. If RPD criteria not met, 
then the MS/MSD should be reanalyzed. 


SRM   Recovery = 75-125% Correct problem 


Brooks Rand Methylmercury in water and particulates 


MB 


Avg ≤ 0.045 ng/L StDev ≤ 0.015 ng/L or < 


1/10th of associated samples 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test and 


if a minimum of 3 MB remain. If MBs are still 


high following rejection of any Grubb’s outlier, 


then a batch specific MDL is estimated (EMDL) 


by multiplying the standard deviation of the 


remaining MBs by 3x. The batch specific MRL 


is estimated (EMRL) by multiplying the EMDL 


by 3x. All results are evaluated against the 


EMDL and EMRL, and data is qualified if 


necessary. 


OPR (CCV) 
Recovery = 70-130% 


Reanalyze samples bracketed by failing CCV 


unless QA Manager accepts a passing spike 
instead. 


MS/MSD 


Recovery = 65 – 135% (Recovery Criteria 


for Matrix Spike samples  are based on 


recovery corrected results); RPD ≤ 35% 


If recoveries similar but fail recovery criteria, an 


interference is present in the sample and the 


result must be qualified. If RPD criteria not met, 


then the system is not in control. Correct 
problem and reanalyze all associated samples. 


SRM/BS 


Recovery = 67 – 133% (Recovery Criteria 


for BS samples are based on recovery 


corrected results). 


Reanalyze remaining volume. Correct problem 


prior to continuing analysis. 


Sediment Profile Imaging 


Independent Check 


Measurements ±1.0 cm and Counts ± 2 


counts 


Pixel density (adequate focus, exposure, 
and detail) 


Reanalyze all images for parameters out of QC 


range. 


Benthic Organisms (Sediment) 


Laboratory report 
>90% for Overall precision, analytical 


precision, analytical Accuracy/Bias 


Correct problem, resort, reweigh all samples in 


batch. 
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QC Sample Type Measurement Quality Objective Corrective Action 


Taxonomy 


100% of junior taxonomist samples 


verified. Questionable organisms of senior 


taxonomists verified 


Discuss identifications with taxonomists. 


Note:
 1 Table represents criteria for all matrices unless otherwise noted. 2 Hydrocarbon MQOs are based on the use of surrogate recovery corrected 


data.  


The following laboratory QC samples will be analyzed: 


• Method blank for each preparatory and analytical batch. 


• LCS (prepared using contaminant-free matrix-specific sample, e.g., Ottawa sand or sodium 


sulfate [sediment] and clean Tilapia [tissue]). 


• MS/MSD samples, prepared from the same parent sample and spiked with the analytes of interest 


at approximately 10X the MDL. 


• A laboratory duplicate (QADU) is a second aliquot of a field sample processed and analyzed to 


monitor precision. It may be a second matrix-spike sample. As previously described, MS/MSD 


data may replace the laboratory duplicate sample analysis.  


Additional laboratory QC specific to the EMP are described in the following sections. 


3.6.3 Standard Reference Material 


An SRM is characterized by a metrologically valid procedure for one or more specified properties, 


accompanied by a certificate that provides the value of the specified property, its associated uncertainty, 


and a statement of metrological traceability.  A SRM is prepared with each processing batch for the 


appropriate sample matrix and analytical parameters (SRMs are not available for all parameters and 


sample types) to assess accuracy of the analytical procedures where applicable to a given matrix and 


analyte. 


3.6.3.1 North Slope Crude Reference Oil 


A NSC Reference Oil sample is used to evaluate the instrumental accuracy and also provide petroleum 


pattern information in the petroleum hydrocarbon analyses, aiding in the qualitative identification of 


target analytes. The NSC is analyzed for organics only. 


The MQO for each QC sample in this project are presented in Table 3-20. Analytical results that do not 


meet the MQOs will be submitted to and/or reviewed with the PI for assessment of the potential impact of 


the results. Affected samples may be reanalyzed at the PI's discretion. QC sample data that are accepted 


outside the MQOs qualified, and the rationale for accepting the analysis will be documented. 


3.6.3.2 Samples for Biological Community Analysis 


A small subset of samples employed for community analysis will be reprocessed by a different technician 


or multiple technicians, when appropriate. Where questions arise, specimens will be compared with the 


authoritative voucher sets, sent to an appropriate taxonomic expert. Quality-control methods for benthic 


taxonomic analysis will follow guidelines adapted from the US EPA’s Environmental Monitoring and 


Assessment Program (www.epa.gov/emap/html/pubs/docs/groupdocs/estuary/field/labman.html). 
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A substantial amount of data already exist for the outer continental shelf (OCS) Chukchi Sea as a result of 


extensive, multidisciplinary research programs (both industry and government) conducted over the past 


five years. These data are presented in the EMP Appendix A (OF, 2014) and will be used as part of the 


Phase I baseline characterization.  Hence, baseline-characterization data already exist from empirical data 


collected in the past 5 years. 


3.7 Data Management 


During this study, both hard copy and electronic data records will be generated in the field by several 


principle investigators from different organizations.  Each PI is responsible for ensuring that records 


generated by their field staff follow the requirements of this QAPP.  Similarly, field samples will be 


analyzed in several fixed laboratories for a variety of parameters; the laboratory manager is responsible 


for ensuring that data management procedures are consistent with this QAPP.   All the organizations that 


collect data in support of the EMP will maintain the original records that support their findings, report 


detailed results and provide copies of their records to OF at the end of each reporting phase.   


3.7.1 Document Control  


The QAPP and associated SOPs are controlled documents.  The following procedures will be 


implemented to ensure that project personnel have the current versions of these documents.  


• The document version number and effective date is defined in the header control block.  


• Each organization will maintain a master list of current SOPs, which are approved by 


management and assigned an effective date. 


• A distribution list is maintained for this QAPP and associated SOPs.   


• SOPs that describe environmental data collection activities must be reviewed prior to use to 


ensure they are current and updated as needed.   


Field and laboratory logbooks must be bound, dated, paginated and distinctly labeled. 


3.7.1.1 Field Documentation 


Field records must provide a detailed description of sample collection activities to ensure that samples 


and data are traceable and defensible.  FWS SOP-01 Field Documentation describes these procedures.  


Field observations will be documented in real time in bound field logbooks and will provide a record of 


field activities, observations, and measurements during sampling.  All field records and documentation 


must comply with the documentation requirements defined in this QAPP.  Field forms required for this 


study will be included in the EMP project Sampling and Analysis Plan.  The field logbooks will be 


reviewed and approved independently at the end of each survey day.   


3.7.1.2 Laboratory Documentation 


Documentation of all laboratory activities is critical for tracking data and evaluating the success of any 


activity.  Laboratory documentation requirements must be defined in a laboratory QA Manual or specific 


SOPs.  At a minimum, the laboratories will maintain the following documentation records: 
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• Calibration and maintenance of all instruments and equipment involved in the collection of 


environmental data  


• Preparation of calibration standards, spiking solutions, and dosing solutions such that each unique 


preparation can be tracked to the original (neat) material 


• Lot numbers for all standards, stock solutions, reagents, and solvents 


• Sample processing or preparation for testing such that it is traceable to sample receipt records  


• Sample analyses and results of analyses  


• Rejected data, accompanied by explanations of the failure and the corrective action 


• Data reduction formulas such that reported data are traceable to raw data. 


3.7.2 Data Storage Requirements 


Storage of project data must ensure that the integrity and traceability of data are maintained.    In the field, 


electronic data will be backed up daily to a second media (e.g., separate hard drive, thumb drive, CD), 


labeled, and stored securely.  Field logs must maintain an inventory of the location of electronic files.  


Each laboratory must have a documented system of daily incremental and at least monthly full data 


backups, storage and recovery.  Electronic data files received from the laboratories will be stored on a 


networked project folder with incremental daily and full monthly backups.  Storage locations must be 


appropriate for the media (paper or electronic) and limit access or availability of the data.  Once the study 


is complete, original field records and copies of laboratory records will be submitted to Shell.  All 


hardcopy and electronic project files will be archived by the organization that generated the data for at 


least 5 years. 


3.7.3 Documentation Standards 


All data generated during the course of this project must be able to withstand challenges to their validity, 


accuracy, and legibility.  To meet this objective, data are recorded in standardized formats and in accord-


ance with prescribed procedures.  The documentation of all environmental data collection activities must 


meet the following minimum requirements: 


• Data must be documented directly, promptly, and legibly.  All reported data must be uniquely 


traceable to the raw data.  All data reduction formulas must be documented. 


• Handwritten data must be recorded in ink.  All original data records include, as appropriate, a 


description of the data collected, units of measurement, unique sample ID and station or location 


ID (if applicable), name (signature or initials) of the person collecting the data, and date of data 


collection.  


• Any changes to the original (raw data) entry must not obscure the original entry.  The change 


must be initialed and dated by the person making the change. 


• The use of pencil, correction fluid, and erasable pen is prohibited. 


During the project, records will be maintained in a secure location that minimizes loss as follows: 
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• Hardcopy records will be maintained in the project files of the principle investigator at each 


organization.  This includes administrative records, field logs, and other field raw data.  Field logs 


and custody forms will also be scanned and saved in pdf format and saved in a networked project 


folder. 


• Electronic records will be maintained on in a networked project folder.  No project files may be 


maintained on personal computers except as temporary working files. 


• The results of QA/QC reviews, audits, and assessments will be saved in the QA network folder.  


Hardcopy audit records will be maintained in the QA files. 


3.7.4 Hardware and Software Requirements 


The following computer hardware and software standards requirements are established: 


• Software used to capture or transfer data electronically from analytical instruments to data 


management systems must be described in QA documentation, and validated prior to use.   


• Data tracking from raw output to final values must be maintained.  Data access and change 


control must be defined, limited, and traceable.  


• Calculations performed by analytical instruments, data management software, and spreadsheets 


must be verified. 


• All data and derived products will be stored in the laboratory computers and backed up on CDs. 


3.7.5 Changes and Deviations 


During the conduct of this study, it may be necessary to modify the planned activities.  Modifications that 


are anticipated prior to field or laboratory work will be reported to the LS, who will assess the potential 


impact and contact the client if the changes are major (e.g., those that would affect the study objectives, 


design, or data quality).  All modifications will be described in the final report.   


Changes that are not anticipated prior to the planned activities are deviations and must be communicated 


and documented.  Documentation will include an assessment of any impact that the deviation has on the 


study design and data quality, and any corrective action implemented.  Minor deviations (e.g., those that 


would not impact the study objectives, design, or data quality) will be reported to and approved by the 


appropriate PI and the LS.  Major deviations (e.g., those that could impact the study objectives, design, or 


data quality) will be reported to the LS and client.  A discussion of major deviations and potential impact 


on the project objectives will be included in the final report. 


3.7.6 Data Reporting  


The reporting requirements for this project are defined by the analytical methods and intended use of the 


data.   


Field measurements will be reported as follows: 


• Water and sediment depth: feet 


• Station location: WGS84 latitude and longitude (may change in field, system and units are always 


recorded with coordinates)  
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The concentrations of chemical compounds analyzed for this project will be reported in the units defined 


in Tables 3-10 through 3-15.  Sediment concentrations will be reported on a dry weight basis and tissue 


concentrations will be reported on a dry weight basis.  Additional data reporting requirements are as 


follows: 


• Total PAH: the sum of all PAH compounds determined, including alkyl homologues, except 


retene (to ensure comparability to historical data) 


• Total PAH16:  the sum of the 16 priority pollutant PAHs (EPA method 610) Total TPH (SHC): 


the concentration based on the total resolved compounds and unresolved complex mixture in the 


SHC (F1) fraction (C9 – C40).   


• Total SHC: the sum of the individual resolved SHC target compounds (C9 – C40) 


• TAH: Method 602 volatiles +_o, m, p-xylene 


• TAqH: TAH+PAH (sum of the 16 PAH, as defined above) 


• Non-detect values in sums: Sum of EPA 16 priority pollutant PAH (Total PAH16) will include all 


detected compounds plus all non-detected compounds using ½ of the MDL reported for each non-


detected compound. All other summations will use a zero value for non-detects when used to 


calculate summations.  


3.7.7 Data Reduction 


Data reduction is the process of converting raw numbers (e.g., numbers of organisms per replicate) into 


data that can be displayed graphically, summarized in tables, or compared statistically for differences 


between mean values for sampling times or stations.  The data discussed in this section are those data that 


require some manipulation before being submitted to the data management consultant for entry into the 


database. 


3.7.7.1 Infaunal Analysis 


Historical and new data will be assessed for two attributes. These include standardizing the taxonomy to 


equivalent ‘species’ taxa groups and identification and removal of non-benthic species (e.g., pelagic 


organisms). All original data will be provided but the analyses to be performed will be based on these two 


modifications to the data. 


3.7.7.2 Organics and Metals 


GC/MS and GC/FID data will be acquired on PC-based Chemstation® minicomputers with dedicated 


chromatography software and reduced using MS Enviroquant® software.  All GC/MS and GC/FID data 


files will be transferred electronically to a PC so that the data can be incorporated into an electronic 


database or spreadsheets for final quantification and tabular results presentation.  Data for metals analysis 


by CVAF, CVAAS, ICP-MS, FAAS, and ZGFAAS are collected and processed by the instruments’ 


software systems.  Processed data are electronically transferred to Excel™ spreadsheet format for EDD 


generation.  The final reduction of analytical chemistry data will account for the size of the processed 


sample and dilution factors.   
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3.7.7.3 Total Organic Carbon 


Total organic carbon measurements are acquired on instrument software and downloaded onto Excel™ 


spreadsheets for final quantification and tabular results presentation.  TOC results will be reported as 


percent total organic carbon on a dry weight basis. 


3.7.7.4 Grain Size 


Grain size will be reported as percent of the total for each size fraction measured.  Silt content is 


determined by subtracting the total clay content from the mud content.  Data are entered onto a 


spreadsheet for calculation of silt content.  In addition to weight percent by size class, the Gravel: Sand: 


Silt: Clay ratio and a numerical approximation of mean size and sorting (standard deviation) are 


calculated.   


3.7.7.5 Sediment Profile Imaging Analysis 


After visual and computer image analyses are completed, a standard set of parameters (Table 3-15) taken 


from both analyses is combined and tabulated for reporting.  If appropriate, statistical analyses can be 


done to test hypotheses by applying appropriate parametric (e.g., t-test, ANOVA) and/or nonparametric 


techniques. 


3.8 Data Review/Qualification 


Data review conducted for this project is designed to ensure that reported data are accurate and traceable.  


Each organization generating data will perform the following data review: 


• All data that are hand-entered from an original source to another location (e.g., from field logs to 


spreadsheets or from an instrument output to a spreadsheet) will be verified by the Lab Manager 


prior to use in calculations or entry into a database.   


o Manually transcribed data are highly susceptible to errors, which could include 


transposing numbers in the copying process, mis-associating data (e.g., assigning results 


to the wrong sample), and creating untraceable data by assumption, interpolation, 


extrapolation (e.g., adding information such as units, times or dates that are not recorded 


in the original entry).  Hand-entered data must be verified 100%. 


o Electronically-transcribed data errors generally consist of an entire entry or record being 


copied into the wrong location or not copied over at all, resulting in missing data.   


• All manual calculations will be performed by a second person to verify that calculations are 


accurate and appropriate. 


• Calculations performed by software will be independently verified to ensure that the formulas are 


correct, appropriate, and consistent, and that calculations are accurately reported.  . 


Reported data will be independently reviewed to verify that reported data are accurate and traceable. The 


review will verify that data were generated according to the methods and MQC defined in this QAPP, 


including review of:  


• Sample holding times and preservation requirements vs. the requirements of Table 3-6. 
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• Initial and continuing calibration methods, frequency and results vs. the requirements of Table 3-


16. 


• Sample extraction and analysis procedures vs. the requirements of Table 3-9. 


• Laboratory QC results vs. the requirements of Table 3-20. 


Laboratory data that do not meet the requirements of this QAPP will be re-extracted and/or re-analyzed 


whenever possible.  However, if it is not possible (e.g., sample consumed) or beneficial (sample exceeds 


holding time) to re-extract or re-analyze then data qualifiers will be added and reported with the data.  


Laboratory data qualifiers are defined in Table 3-21. 


Table 3-20 Analytical Data Qualifiers 


Laboratory Qualifiers
1
 


Organic Chemistry Data Qualifiers 


N 
The QC result does not meet the accuracy, precision, or method blank MQO.  The quality control result, not the related 


sample compound, is qualified. 


n 


The QC result does not meet the base accuracy or precision MQO, but meets the contingency criteria.   


Spiked sample (MS/MSD) and SRM result is less than 5X the native sample concentration or less than 5X the MDL 


(field sample replicate). 


B 
Blank contamination. The analyte was detected in the field sample at <5X the Method Blank concentration; the 


qualifier is applied to the field sample.  The B qualifier is not applied if the sample data is J-qualified. 


J Estimated value: The analyte was positively identified but at a concentration less than the sample-specific RL. 


U Analyte was not detected at a 3-5:1 signal:noise ratio. The reported data value is the sample-specific MDL. 


D Dilution analysis value.  The initial analysis was outside the calibration range of the instrument. 


E Estimated value.  Result is greater than the highest calibration concentration.  


ME Estimated value.  Significant matrix interference.  


MI Significant matrix interference. Value could not be determined or estimated. 


T Holding time (HT) exceeded. 


H Surrogate compound was diluted out.  Qualifier used when surrogate recovery is affected by dilution of sample extract. 


NA Not applicable. 


Metals Chemistry Qualifiers (including Mercury and Methylmercury) 


N 
The QC result does not meet the accuracy, precision, or method blank MQO.  The quality control result, not the related 


sample compound, is qualified. 


J Estimated value: The analyte was positively identified but at a concentration less than the sample-specific RL. 


U 
Not detected above the MDL: The associated reported value is the MDL, adjusted by any dilution factor used in the 


analysis (i.e., the sample-specific MDL). 


D Dilution analysis value.  The initial analysis was outside the calibration range of the instrument. 


NA Not applicable 


NS Not spiked 


Notes: 
1MDL = method detection limit, as determined by EPA Method (USEPA 1997. 40 CFR part 136, Appendix B rev. 1.11); RL = reporting 


limit, the field sample concentration equivalent to a final extract concentration of that of the low calibration standard; MRL = method 


reporting limit, the MDL multiplied by 3.18 (based on an MDL determination using 7 replicates).  
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As a final review, the project principle investigator or laboratory manager at each organization will 


review and make professional judgments about the usability of data generated by that organization based 


on the field notes, field and laboratory QC results¸ and environmental reasonableness.   


Data reported in tables or deliverables will be audited by, or under the direction, of the Project QA 


Officer.  Errors noted in data audits will be communicated to analysts and project management and 


corrected data will be verified.  No data measurements will be eliminated from the reported data or 


database and data gaps will not be filled through interpolation, extrapolation, or with other existing data.  


The loss of samples during shipment or analysis will be documented in the data reports. 
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SOP/LWI 
Number 


SOP/LWI TITLE 


1001 Qualification and Documentation of Computer Programs 
1002 Traceability of Reagents, Standards, and Reference Materials 
1003 Equipment Tracking 
1004 Balance Calibration 
1005 Laboratory Refrigerators 
1006 Field Logs 
1008 Demonstration of Capability 
2001 Chain-of-Custody (C-O-C) Procedures 
2002 Sample Collection for Suspended Particulate Phase (SPP) Toxicity Test 
2003 Packaging and Shipment of Samples 
2004 Decontamination of Equipment 
2005 Collection of QC Samples 
2006 Collection of Oil and Grease Samples 
2007 Sample Collection for Chromium VI, Silver, and Thallium in Water-Based Drilling Fluid 
2008 Sample Collection for TAH and TAqH Analyses 
2010 Sample Collection for Biochemical Oxygen Demand (BOD5) Analysis 
2011 Sample Collection for Fecal Coliform Analysis 
2012 Field Measurement of pH 
2013 Field Measurement of Total Residual Chlorine 
2014 Sample Collection for Total Suspended Solids (TSS) Analysis 
3001 Retort Inspection and Recalibration 
3002 Base Fluids Retained on Cuttings Retort Test Procedure 
3003 Reverse Phase Extraction Method for Detection of Oil Contamination in Non-Aqueous 


  3004 Free Oil by Static Sheen Method 
3005 Visual Sheen Test Method 


LWI-001 Continuous Temperature Monitoring 
LWI-002 Chemical Inventory Management 
ENV001 Chukchi Sea BES – Collection of Effluent Samples for Biological Testing 
TOX002 7-Day Chronic Toxicity Study with Atherinops affinis 
TOX012 7-Day Chronic Toxicity Study with Menidia beryllina 


TOX014B 7-Day Chronic Toxicity Study with Americamysis bahia – Survival, Growth, and 
Fecundity 


TOX043 Chronic Toxicity Test Using Echinoderm Larvae (Strongylocentrotus purpuratus or 
Dendraster excentricus) 


TOX045 Chronic Toxicity Fertilization Test Using Echinoderms (Strongylocentrotus purpuratus 
or Dendraster excentricus) 
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1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides consistent methodology for documenting that 


the software used to collect, analyze, process or maintain data is validated or verified.  In addition, 


this SOP describes protocols for archiving historical software versions and manuals. 
 


 


2.0       Definitions 
 


2.1       Program – proprietary code developed, maintained, and controlled by a third-party vendor. 


An example of this would be Microsoft Excel® or the Discharge Tracking Application® by 


APEX. 
 


2.2 Routine – spreadsheet or database templates developed by a third-party vendor or in-house 


that uses input and output capabilities as well as functional capabilities of the program to 


perform mathematical manipulations. 
 


2.3 Verification – systematic methodology used to document the validity of adequacy, accuracy 


and reliability of program results and the validity of the models and algorithms used. 
 


3.0       Interferences 
 


3.1       No specific interferences are known for this procedure. 
 


4.0       Health and Safety Considerations 
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Spreadsheet program such as Microsoft Excel® 


 


5.2       Database program such as Microsoft Access® 


 


5.3       Discharge Tracking Application® by APEX 
 


5.4       Other software programs as may be necessary to meet the requirements of the General 


Permit. 
 


5.5       Routines for performing calculations or data management. 
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6.0 Reagents and Standards 
 


6.1 No specific reagents and standards are specified in this SOP. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
 


7.1 Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0 Quality Control 
 


8.1 This is a quality control procedure. 
 


9.0 Calibration and Standardization 
 


9.1 No specific calibration or standardization procedures are required for this SOP. 
 


10.0 Procedure 
 


10.1 All purchased software must be used in accordance with the terms of the software license. 
 


10.2 Documentation  is  established  and  maintained  to  demonstrate  the  validity  of  software 


program results and the validity of the models and algorithms used in the software. 
 


10.3 Verification is not required of the proprietary code that is the basis of commercial software 


programs such as Microsoft Excel® or Microsoft Access®.   Verification is required of 


inputs/outputs and the calculations of routines. 
 


10.4 Verification is required for industry-specific software programs, however Industry workgroup 


efforts to validate this software may be relied upon in lieu of a full verification. 
 


10.5 Verification includes one or more of the following steps: 
 


10.5.1  Performing hand calculations to verify key calculations within the routine. 
 


10.5.2  Comparing the results to published technical papers. 
 


10.5.3  Comparing the results of one program to a verified program that performs the same 


calculations. 
 


10.5.4  Comparing the results to a previously completed project for which a verified program or 


hand-computations were used. 
 


11.0 Calculations 
 


11.1 Types of calculations appropriate for this procedure are described in Section 10. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Software or routines are removed from use if verification indicates that incorrect results are 


produced from the software or routine. 
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13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 Software manuals. 
 


15.0 Documentation 
 


15.1 Computer program documentation includes 
 


15.1.1  A listing of algorithms and formulas. 
 


15.1.2  The results of the verification checks in Section10.5. 
 


15.2 The Quality Assurance Office or designee maintains the software verification documentation. 
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1.0       Scope and Applicat ion  
 


This Standard Operating Procedure (SOP) provides consistent methodology for providing traceability 
of reagents, standards and reference materials.  This SOP applies to all laboratory standards, 
reagents and reference materials that are used for the calibration of equipment, preparation of 
samples and standards and the analysis of samples. 


 


 
2.0       Definit ions  


 
2.1 Reference  materials  -  Materials  or  substances  for  which  one  or  more  properties  are 


sufficiently well established to be used for the calibration of an apparatus, for assessment of 
methods or for assigning values to materials.  Examples of reference materials include NIST 
thermometers and Class F weights. 


 


2.2 Stock Standards – Certified standards received from a vendor and used as part of the 
analytical procedure or used to prepare calibration standards at appropriate concentrations. 
The NIST SRM 1582 is a stock standard material used to prepare positive controls for the 
RPE test. 


 


2.3       Working Standards – Traceable standards prepared from certified stock standards. 
 


3.0       Interfer ences 
 


3.1       No specific interferences are known for this procedure. 
 


4.0       Health and Safety Consider ations  
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 
procedures outlined in the Global HSE Manual. 


 


4.2 Consult  Material  Safety  Data  Sheets  (MSDS)  before  handling  reference  materials  or 
standards. 


 


5.0       Equipme nt  and Suppli es 
 


5.1       No specific equipment is specified in this SOP. 
 


6.0       Reagents and Standar ds 
 


6.1 No specific reagents and standards are specified in this SOP.  Reagents and standards are 
specified in equipment calibration SOPs. 
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7.0 Sample Coll ecti on, Pr eservation, Ship ment and Stora ge 
 


7.1 Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0 Qual ity Control  
 


8.1 This is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in M-I SWACO SOP 2009 (Compliance 
Engineer Training). 


 


9.0 Calibrati on and St andardizati on 
 


9.1 This SOP defines a methodology for tracing reagents, standards and reference materials 
used for the calibration of equipment, preparation of samples and standards and the analysis 
of samples. 


 


10.0 Proc edure 
 


10.1 The traceability of reagents, standards and reference materials are the responsibility of the 
Compliance Supervisor. 


 
10.2 Upon receipt of a reagent, standard or reference material, the Compliance Supervisor (or 


designee) assigns a unique identifier to the material.  The same identification may be applied 
to multiple containers of the same lot of material received at the same time. 


 


10.2.1  The material identification is placed on certificates that apply to the reference material. 
Certificates  are  maintained  in  the  District  Office  with  the  Reagent,  Standard  and 
Reference Material Log. 


 


10.2.2  The identification of the reagent, standard or reference material, and the expiration date 
of the material from the manufacturer’s certificate and the M-I SWACO identification 
number are recorded in the Reagent, Standard and Reference Material Log (Figure 1). 


 


10.2.3  Reference materials are removed from service upon expiration of the certificate and may 
only be placed back into service once the material is recertified. 


 


10.3 Reagents and standards are only prepared from materials that have not expired.   The 
expiration date of the prepared reagent or standard (working standard) is the earliest of the 
expiration dates of the materials used to prepare the working standard. 


 


10.3.1  The identification number of the certified reagent or standard, the identification number of 
the reagent or standard prepared from the certified material, the methods used for 
preparation (volumes, masses, names of chemicals, etc.) and the expiration date (the 
earliest of the expiration dates of the materials used to prepare the new reagent or 
standard) are recorded in the Reagents and Standards Preparation Log (Figure 2). 
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10.3.2  Standards and reagents are removed from service at the expiration date. 
 


11.0 Calculati ons 
 


11.1 No calculations are necessary for this procedure other than those required to document 
reagent and standard preparation. 


 


12.0 Data Assessment and Correcti ve Act ion  
 


12.1 Reagents, standards and reference materials are removed from service upon expiration of 
the certificate. 


 


13.0 Polluti on Prev enti on and Wast e Management 
 


13.1 Expired standards and reagents are disposed of properly at the expiration date. 
 


14.0 References 
 


14.1 Appropriate equipment manuals. 
 


14.2 M-I SWACO SOP 1004 – Balance Calibration 
 


14.3 M-I SWACO SOP 1005 – Laboratory Refrigerators 
 


14.4 M-I SWACO SOP 3001 – Retort Inspection and Calibration 
 


14.5 M- I SOP 3002 – Base Fluids Retained on Cuttings Retort Procedure 
 


15.0 Docum entation 
 


15.1 Figures 3 and 4 are examples of entries into the Reagents, Standards and Materials Log 
(Figure 3) and the Reagents and Standards Preparation Log (Figure 4). 


 
15.2 The Equipment Coordinator maintains certificates for reagents, standards and reference 


materials in the District Office. 
 


15.3 The Compliance Engineer maintains copies of reagents, standards and reference materials 
log and certificates with the mobile laboratory equipment. 


 


15.4 Upon completion of the Drilling Interval, the copies of reagents, standards and reference 
material log and certificates are filed by the Records Custodian in the District Office. 
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Figur e 1 
 


Reagents, Standards and Reference Materi als Log 
 


Date: M-I SWACO ID 
No:  


Ident ific ation o f Material Expir ation  Date Signatu re: 
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Figur e 2 
 


Reagents a nd Standards Prep arati on Log 
 


Date: Working  
Stand ard ID:  


Prepared from 
M-I SWACO ID 


No.:  


Preparation  Detail s Expir ation  
Date 


Signatu re: 
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Figur e 3 
 


Example Reagents, Standard s and Reference Materi als Log 
 


Date: M-I SWACO ID 
No:  


Ident ific ation o f Material Expir ation  Date Signa ture: 


8-8-2003 0222554 10mL JP Tube From Certificate 
 


(2 years from Cal. Date) 


 


Toby Pierce 


8-8-2003 0225778 20mL JP Tube From Certificate 
(2 years from Cal. Date) 


Toby Pierce 


8-8-2003 21015846 
(Serial number) 


NIST Traceable Thermometer From Certificate 
(2 years from Cal. Date) 


Toby Pierce 


8-8-2003 12222 F-Class Weights From Certificate Toby Pierce 


8-8-2003 I12222 Isopropyl alcohol 02-05(3 years) Toby Pierce 


8-8-2003 N12222 NAF Calibration Fluid (NovaPlus B) 02-05(3 years) Toby Pierce 


8-8-2003 F12222 F Crude Oil Standard 02/05 (3 years) Toby Pierce 


8-8-2003 RPE110803 RPE Standard 1% 11-08-03 Toby Pierce 


     


      Example Form  
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Figur e 2 
 


Example Reagents an d Standards Pr eparati on Log 
 


Date: Working  
Stand ard ID:  


Prepared from 
M-I SWACO ID 


No.:  


Preparation  Detail s Expir ation  
Date 


Signatu re: 


1/31/02 W02-01 R02-01 / R02-02 87 mg dissolved into 10 ml 
methylene chloride 


12/31/04 Toby Pierce 


1/31/01 W02-02 W02-01 / R02-03 40 μl of W02-01 mixed into 10 
ml IPA 


12/31/03 Toby Pierce 


        


Use Only If Standard is prepared on 
 


Rig 
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Quality Assurance Officer  Date 
 
 


Compliance Supervisor  Date 
 


 
1.0       Scope and Application 


 


This   Standard   Operating   Procedure   (SOP)   provides   consistent   methodology   for   tracking, 
maintaining and calibrating laboratory equipment.  This SOP applies to all laboratory equipment that 
is used for the preparation of samples and standards and the analysis of samples. 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1 No  specific  equipment  is  specified  in  this  SOP. Equipment  is  specified  in  equipment 
calibration and analytical SOPs. 


 


6.0       Reagents and Standards 
 


6.1 No specific reagents and standards are specified in this SOP.  Reagents and standards are 
specified in equipment calibration SOPs. 


 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       This is a quality control procedure. 
 


9.0       Calibration and Standardization 
 


9.1       This  SOP  defines  a  methodology  for  tracking  and  maintaining  equipment  calibrations. 
Calibration procedure details are described in SOPs for calibration and inspection. 
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10.0 Procedure 
 


10.1 The   storage,   preventive   maintenance,   issuing   and   tracking   of   equipment   are   the 
responsibility of the Compliance Supervisor. 


 


10.2 Preventive Maintenance and Repair 
 


10.2.1 Field equipment undergoes preventive maintenance in accordance with the manufacturers 
recommended schedule and procedures. 


10.2.2  When a piece of equipment is sent to a vendor for repairs or maintenance, a log entry is 
made into the Equipment Log (Figure 1) giving the date, name of vendor, identification of the 
equipment, description of services required, and initials of the person sending the equipment. 
When the equipment is returned, a similar entry is made to document the return and a copy 
of the repair slip is placed in the Equipment Log (Figure 1). 


 


10.2.3  Equipment that is overdue for scheduled maintenance or is in need of repair, is placed “Out 
of Service”.   This equipment shall be clearly identified as “Out of Service” until the repair 
work has been completed and the equipment is operating satisfactorily.  Equipment that is 
not marked shall be considered in proper working order. 


10.3 Storage of Equipment 
 


10.3.1  Field equipment is kept in a designated, limited-access storage area.   The Compliance 
Supervisor controls access to the storage area. 


 


10.3.2  The Compliance Supervisor (or designee) issues equipment to each Compliance Engineer. 
 


10.3.3  When equipment is issued to a project, an entry is made in the Kit Tracking Log (Figure 2) 
giving the date, project number, identification of the equipment, initials of the person issuing 
the equipment and the identity of the person to whom the equipment is issued.  When the 
equipment is returned, a similar entry is made, noting date of return, and condition of the 
returned equipment. 


 


10.3.4  A Compliance Kit Checksheet (Figure 3) is also filled out when a kit is sent to the field.  It 
details the inventory of that kit. 


10.4 Calibration Procedures 
 


10.4.1  Equipment shall be calibrated at the frequency specified in the applicable SOPs. 
 


10.4.2   Equipment shall be calibrated using the procedures specified in the applicable SOPs. 
 


10.4.3   The status of equipment with regard to calibration needs to be readily available and clearly 
indicated on equipment and field logs. 


10.4.4  Equipment calibration shall be verified by the analysis of appropriate reference materials 
before samples are collected/analyzed and at the required frequency throughout collection 
and/or analysis. 
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10.4.5  The results of inspections and/or calibrations shall be documented on equipment inspection and/or calibration forms as specified in 
the applicable SOPs. 


10.4.6  The results shall be within the acceptance limits for the applicable SOP in order to proceed with sample collection and/or analysis. 


10.4.7  Records pertaining to  calibration  shall  be  safely stored  for  the  period  described  in  M-I SWACO’s record retention policy.  
The following information shall be recorded:  


10.5 Contingency Plan 
 


• Date 
 


• Time 
 


• Instrument type and serial number 
 


• Identification of calibration standard 
 
• True value (numerical result, positive, negative) of calibration standard 


 
• Response of instrument before repair or adjustment 


 
• Response of instrument after repair or adjustment 
 
• Signature of person performing the calibration 
 


10.5.1  M-I SWACO shall maintain duplicate equipment for the RPE test (ultraviolet light) at the 
mobile lab. 
 


10.5.2  Since the ROC procedure is performed daily, a duplicate retort shall be maintained in the 
mobile laboratory.  If the backup retort is put into service due to malfunction of the primary 
retort, the Compliance Supervisor shall be notified immediately so that a replacement retort 
can be shipped to the mobile laboratory within 24-hours. 
 


10.5.3  Duplicate glassware for the retort shall also be maintained at the mobile laboratory.  If the 
glassware is unusable, the Compliance Supervisor shall be notified immediately so that 
replacements can be shipped to the mobile laboratory within 24-hours. 


11.0 Calculations 
 
11.1 No calculations are necessary for this procedure. 


 
12.0 Data Assessment and Corrective Action 


 
12.1 Equipment that is overdue for scheduled maintenance or is in need of repair, is placed “Out 


of Service”. 
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12.2 Equipment that cannot produce an acceptable calibration is placed “Out of Service” until the 
appropriate corrective action is complete. 


 


12.3 Notify the Compliance Supervisor and/or Quality Assurance Officer if equipment requires 
repair, maintenance or calibrations. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 Appropriate equipment manuals. 
 


14.2 SOP 1004 – Balance Calibration 
 


14.3 SOP 1005 – Laboratory Refrigerators 
 


14.4 SOP 3001 – Retort Inspection and Calibration 
 


15.0 Documentation 
 


15.1 The Compliance Supervisor keeps records of routine preventive maintenance, repairs and 
utilization of field equipment in an Equipment Log (Figure 1). 


15.2 The  Compliance  Supervisor  maintains  original  equipment  manuals,  reference  material 
certificates and Equipment Logs in the District Office files. 


 


15.3 The Compliance Engineer maintains copies of the applicable equipment manuals, reference 
material certificates and Equipment Logs with the mobile laboratory equipment. 


 


15.4 The Compliance Supervisor completes the equipment inspection and/or calibration forms as 
specified in the applicable SOPs.  Calibration data sheets are maintained in the Equipment 
Log and a copy accompanies the mobile laboratory equipment. 


 


15.4.1 If the Compliance Engineer calibrates equipment during a fluids drilling interval, the form is 
maintained in the Drilling Interval notebook. 


15.4.2 Upon completion of the Drilling Interval, copies of the equipment calibration records are 
returned to the Compliance Supervisor and placed in the project files. 
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Figure 1 


 


Equipment Log 
 


Equipment:  Equipment ID No.:  
Manufacturer:  Serial No.:  
Date  In 
Service: 


   


Calibration Records (may reference Equipment Calibration/Inspection Logs if used) 


Date: Time: Calibration 
Std ID: 


Std True Value: Equipment 
Response 


Signature: 


      


      


      


      


      


      


      


      


      


      


      


      
Maintenance Records 


Date: Nature of Repair/Vendor and Services Required Signature: 
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Compliance Kit Log  (Figure 2) 
Kit Number  
Date In Service  


   


 
Date: Time: Project Issued To / 


Received From: 
Condition of 
Equipment 


Issuer 
Initials 


Recipient 
Initials 


       
       
       
       
       
       
       
       
       
       
       
       
Date Comments: 
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Compliance Kit Checklist  (figure 3) 
 


Kit No. 
Assembled By:    


Date: 
 


Retort Serial # Orange Notebook#   Serial # Exp. Date 
1. TB Balance #  RPE Std#   
2. F-Class Weights #  Crude #   
3. NIST Thermometer  Serial #  IPA #   
 Printer Serial #     
      


 
 


Equipment Quantity Actual Comment  Equipment Quantity Actual Comment 
Retorts 3    Beaker 100 ml 1   JP Tube Stand 1   Marker 1   


JP Tubes 50 ml 6   IPA 1 Gal 1   
JP Tubes 20 ml 6   F Crude 1   
JP Tubes 10 ml 6   Nova Plus B 1   


Steel Brush 3   Black Light 2   
Wide Brush 3   View Box 1   


JP Brush 3   Calibration Wts. 1   
Pipe Cleaners 10   Accessory Wts. 1   
Fuse 5 amp 4   Labels 10   
Fuse 1 amp 4   TB Scale 1   


Legs 4   Glass Jars 12   
Rubber Plugs 2   IO Filter Discs 20   


O Rings 10   Cuttings Scale 1   
Reamer 3   Field Notebook 1   


Heat Sinks 2   Printer 1   
Never Seeze 3   Black Cartrdg. 2   
Condenser 3   RPE Bags 10   


Mitts 2   Waste Bottle 5   
Hook 1   1 Gal. Buckets 4   
Cells 6   Viscosity Cup 1   


RPE Standard1% 1   NIST Batteries 1   
Binder & Tabs 2   Contico 2   
Zipper Bags 2   RPE Box 1   


    NIST 
Thermometer 


1   


    8 oz jars 8   
    Labels 10   
        


(Sheet 1 of 2) 
 


Static Sheen Test Kit is to be supplied by the Permittee. 


Steel wool is the responsibility of the Compliance Engineer. 
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Kit No. 


Compliance Kit Checklist 
(Continued) 


 
 


 
Certificates and Paperwork 


 
 


Verification of Certification for 10 ml JP Tubes 
Serial # Cal. Date Serial # Cal. Date 


    
    
    


Verification of Certification for 20 ml JP Tubes     
    
    


Verification of Certification for 50 ml JP Tubes     
    
    


Certificate of Conformity for 10 ml JP Tubes   
Certificate of Conformity for 50 ml JP Tubes  
Traceable Certificate for Digital Thermometer  
Traceable Certificate for Weights  
32 oz. Glass Jar Cleanliness Certification  
Attachment Weights Sheet  
Equipment Tracking Sheet for Kit  
MSDS for F Crude Oil  
MSDS for IPA  
MSDS for Novaplus B  


  
  
  


 


 
(Sheet 2 of 2) 


 
TOXICITY AND GC/MS KITS ARE TO BE ORDERED BY THE RIG FROM THE LAB OF 


CHOICE OF THE PERMITEE 
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for routine operation 
and maintenance of the laboratory balances.  This SOP applies to all laboratory balances that are 
used for the preparation of samples and standards and for the analysis of samples. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Ohaus triple beam balance, Model 750-SW 
 


5.2       Balance Calibration Log (Form 1004-1) 
 


6.0       Reagents and Standards 
 


6.1 Class F (or traceable OIML Class M2 or traceable ASTM E617 Class 6) weights: 100 g, 500 
g, 1000 g, and 2000 g 


 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       The balance is calibrated daily while in use. 
 


8.2       Triple beam balances have an allowable deviation of ±  0.1 % from the recorded NIST 
certified weight. 
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8.3 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 This SOP defines calibration procedures for the balance. 
 


10.0 Procedure 
 


10.1 Ensure that the weighing platform is clean.  If the weighing platform is not clean, clean the 
pan with water.  Dry the pan completely before proceeding with the calibration. 


 


10.2 Calibration 
 


10.2.1  Record the balance identification and weight identification when the Balance Calibration Log 
is initiated. 


 


10.2.2  Record the analyst initials adjacent to the date the balance is calibrated. 
 


10.2.3  Verify that the slide weights on zero (seated in the zero notch). 
 


10.2.4 The beam should be level with the pointer.  If this is not the case, “tare” the balance by 
adjusting the thumbscrew underneath the pan until the pointer rests at zero. 


 


10.2.5  Place the 100 gram (g) weight on the weighing pan.  Move the weights on the beam until the 
beam is level with the center of the arrow. 


 


10.2.6  To find the mass of the object on the pan, simply add the numbers from the three beams. 
Record the mass in the Balance Calibration Log in the appropriate column. 


 


10.2.7  Repeat steps 10.2.4 and 10.2.5 for the 500, 1000 and 2000 g weights. 
 


10.2.8  If the mass exceeds the tolerance shown in Table 1 for the true weight (as provided by the 
Class F certification), recalibrate.  If necessary, clean the balance pan.  If the mass(s) is (are) 
outside the tolerance, notify the Quality Assurance Officer and/or Equipment Coordinator and 
make arrangements for the repair of the balance. 


 


10.3 Operation 
 


10.3.1  Never weigh anything without prior daily calibration. 
 


10.3.2  Make sure the weighing platform is clean and that the balance is level horizontally. 
 


10.3.3  Never weigh anything without using a container such as a beaker or retort cup. 
 


10.3.4  Record the mass after the beam is stable. 
 


10.4 Maintenance 
 


10.4.1  Remove any material that has spilled. 
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10.4.2  Record all maintenance on the Balance Calibration Log. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Fail the balance if the balance cannot be zeroed. 
 


12.2 Fail the balance if the mass exceeds the tolerance shown in Table 1 for the true mass (as 
determined by the weight certification). 


 


12.3 If the readings are not within range, notify the Quality Assurance Officer and/or Equipment 
Coordinator. 


 
13.0 Pollution Prevention and Waste Management 


 
13.1 Wastes are not generated with this procedure. 


 
14.0 References 


 
14.1 Ohaus manual 


 
15.0 Documentation 


 
15.1 All balance calibration and maintenance information is recorded on the Balance Calibration 


Log. 
 


15.2 Acceptability of the calibration is documented in Section 4 of the Daily Activity Report. 
 


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.  Enter a comment in 
the comment column as to why the balance was not calibrated. 


 


15.4 The Compliance Engineer maintains the Balance Calibration Log during a fluids drilling 
interval in the Drilling Interval Notebook. 


 


15.5 Upon completion of the fluid drilling interval, original Balance Calibration Logs are provided 
to the permittee. 


 


15.6 The District Office archives copies of the Balance Calibration Log in the District Office after 
completion of a fluids drilling interval. 


 


15.7 Copies of the Class F weight certificates are stored in the Drilling Interval Notebook.  The 
Equipment Coordinator stores the original weight certificates with the Equipment Log in the 
District Office. 
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Table 1 
 


Acceptance Ranges for Balance Calibration 
 


Weight (g) Acceptance Range (g) 


2000 ± 2 or 0.1% of true 


1000 ± 1 or 0.1% of true 


500 ± 0.5 or 0.1% of true 


100 ± 0.1 or 0.1% of true 







 


 


 
 
 
 


Balance Calibration 


 
 
 
 
 
 
 
 


Form 1004-1 
 


Balance Calibration Log 


SOP No: 1004 
Date: March 2012 
Revision: 6 
Page: 5 of 5 


 


Operator:  OCS-G Number:  Month / Year:  


Balance ID:  F Class Weight ID:  Rig Name:  


Area and Block (surface location):  


Compliance Engineer 1:  Compliance Engineer 2:  


 
Date 


Analyst 
Initials 


100 
± 0.1 g 


500 
± 0.5 g 


1000 
± 1 g 


2000 
± 2 g 


Acceptable? 


(Yes / No) 


 
Comment 


Analyst 
Signature 


1         
2         
3         
4         
5         
6         
7         
8         
9         


10         
11         
12         
13         
14         
15         
16         
17         
18         
19         
20         
21         
22         
23         
24         
25         
26         
27         
28         
29         
30         
31         
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for refrigerator 
monitoring.  This SOP applies to all refrigerators in the laboratory that are used for storage of 
samples and standards. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the HSE Manual.  Volatile or explosive materials may only be stored 
in refrigerators rated as explosion-proof. 


 


5.0       Equipment and Supplies 
 


5.1       NIST traceable thermometer, such as Control Company 61161-310 or equivalent 
 


5.2       Refrigerator 
 


6.0       Reagents and Standards 
 


6.1       NIST certified thermometer, such as Control Company 61161-310 or equivalent 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       The temperature of the refrigerator is verified daily. 
 


8.2       Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program. Training on SOP revisions will be documented  
through  completion  of  Form  2009-1,  as  described  in  SOP  2009  (Compliance  Engineer 
Training). 
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9.0 Calibration and Standardization 


 
9.1 The refrigerator thermometer is calibrated against an NIST certified thermometer every two 


years. 
 


10.0 Procedure 
 


10.1 Thermometer Calibration 
 


10.1.1  Place the NIST thermometer and the refrigerator thermometers in an ice-water bath. 
 


10.1.2  Record date checked, the temperature each thermometer reads, the adjustment required 
for the refrigerator thermometers to agree with the NIST thermometer, and the analyst 
initials in the Thermometer Calibration Log (Form 1005-1). 


 


10.1.3  Label the thermometer with the date checked, the temperature, the adjustment required 
to be accurate, and the analyst initials. 


 


10.2 Refrigerator Calibration: 
 


10.2.1 Check refrigerator temperatures daily using the thermometer located inside the 
refrigerator. 


 


10.2.2  Record the analyst initials and the current temperature from the thermometer taking the 
adjustment into account on the Refrigerator Calibration Log. 


 


10.2.3  Adjust the refrigerator if the temperature is outside the quality control limits.  Record the 
temperature after the adjustment. 


 


10.2.4  Document any adjustments made in the Refrigerator Calibration Log (Form 1005-2). 
 


10.2.5  Report any refrigerators that are not functioning properly to the permittee and request the 
permittee make arrangements for repairs or replacement. 


 


10.3 Maintenance: 
 


10.3.1  Promptly remove and discard samples and standards that are no longer being used. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Thermometers are calibrated every two years and the results recorded on the Certificate of 
Calibration issued by the manufacture. 


 
12.2 Each thermometer certificate is marked with the correction factor. 
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12.3 The refrigerator temperature must be between 2 and 6°C to be in compliance. 


 
12.4 Document adjustments to the operation of the refrigerator on the Refrigerator Calibration Log 


(Form 1005-2). 
 


12.5 Report any refrigerators that are not functioning properly to the permittee and request the 
permittee to make arrangements for repairs or replacement.  Identify affected samples to the 
permittee.  Note the request and affected samples on the Refrigerator Calibration Log. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 References are not applicable to this procedure. 
 


15.0 Documentation 
 


15.1 Refrigerator temperatures and temperature adjustments are recorded in the Refrigerator 
Calibration Log. 


 
15.2 Thermometer  calibration  information  is  recorded  on  the  Thermometer  Certificate  of 


Calibration. 
 


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.  Enter a comment in 
the comment column as to why the refrigerator was not calibrated. 


 


15.4 The Compliance Engineer maintains the Refrigerator Calibration Log during a fluids drilling 
interval in the Drilling Interval Notebook. 


 


15.5 The Compliance Engineer maintains a copy of the certificate for the refrigerator thermometer 
in the Drilling Interval Notebook. 


 


15.6 Upon completion of fluids drilling interval, original Refrigerator Calibration Logs are provided 
to the permittee. 


 


15.7 The District Office archives copies of the Refrigerator Calibration Log after completion of a 
fluids drilling interval. 


 


15.8 The Equipment Coordinator maintains the Thermometer Calibration Log in the Equipment 
Log at the District Office. 
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Form 1005-1 
 


Thermometer Calibration Log 
 


 
Date: Analyst 


 


Thermometer Identification Actual 
Reading °C 


Correction Comment 


 


NIST Thermometer 
 


 
 
 
 


Not to be used in the field 







 


 


 
 
 
 


Laboratory Refrigerators 


 
 
 
 
 
 


 
Form 1005-2 


Refrigerator Calibration Log 


SOP No: 1005 
Date: March 2012 
Revision: 6 
Page: 5 of 5 


 


Month and Year:  Operator:  


OCS-G Number:  Rig Name:  


Area and Block (surface location):  


Compliance Engineer 1:  Compliance Engineer 2:  


 


 


D
a
te


 Analyst 
Initials 


4 ± 2 ° 
C 


Comment Analyst 
Signature 


 


D
a
te


 Analyst 
Initials 


4 ± 2 ° 
C 


Comment Analyst 
Signature 


1     17     


2     18     


3     19     


4     20     


5     21     


6     22     


7     23     


8     24     


9     25     


10     26     


11     27     


12     28     


13     29     


14     30     


15     31     


16          


NIST Calibrated Thermometer Serial Number:  


Thermometer Correction Factor 
(from Certificate): °C 


Date of Last Calibration:  


Comments:  
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for the completion of 
field logs such as the field notebooks and Daily Activity Reports.  The Field notebook is the only 
acceptable format for the handwritten initial collection of sampling information.  The Daily Activity 
Reports are the primary format for organizing the documentation contained in the Drilling Interval 
Notebook and maybe handwritten or electronic. 


 


 
2.0       Definitions 


 
2.1       Day – Midnight (00:00) through 23:59, unless otherwise directed by the permittee. 


 
2.2       Field Notebook – Waterproof, bound notebook used to record sample collection information. 


 
2.3       Daily Activity Report – Form for summarizing sampling, calibration and analytical results. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Indelible pens 
 


5.2 Drilling Interval Notebook containing elements as described in Table 3-1 of the M-I SWACO 
Quality Manual 


 


5.3       Field Notebook 
 


6.0       Reagents and Standards 
 


6.1       No reagents or standards are required for the completion of this procedure. 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1 This procedure documents the summary of sample collection, preservation, shipment and 
analysis activities that is maintained on the Daily Activity Reports and Field Notebooks. 
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8.0 Quality Control 
 


8.1 This is a quality control procedure designed to define the requirements for completing 
theField Notebooks and Daily Activity Reports. 


 
8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 


Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 This procedure describes the protocol for documenting acceptable calibration on the Daily 
Activity Reports. 


 
10.0 Procedure 


 
10.1 The sample identification is composed of the sample location, date, time and initials of the 


sampler.  For example, a sample collected from the centrifuge on January 31, 2002 at 
20:35 by John Doe would be labeled as Cent/013102/20:35/JD.  This identifier is placed 
on the sample label, recorded in the Field Notebook and in appropriate sections of the Daily 
Activity Report.  Field duplicates are identified by appending “-D” to the sample identification. 


 


10.2 Field Notebook 
 


10.2.1  When the Field Notebook is initiated, the first page of the notebook is labeled with the OCS- 
number, block number, permittee and well name.  Printed names and signatures of each 
person entering data in the field notebook are also recorded on the first page. 


 


10.2.2  The Compliance Engineer records sample collection data in the Field Notebook at the time 
samples are collected. 


 


10.2.3  Each  page  should  be  dated,  signed  and  numbered  sequentially.    There  should  be  no 
skipped, blank pages. 


 


10.2.4  The date, time, location and sampler signature are recorded for each sample taken in the 
Field Notebook. 


 


10.2.5 The sample identification as described in Section 10.1 is assigned to each sample and 
recorded in the Field Notebook. 


 


10.2.6  Other data relevant to the sample collection such as measured depth or density can also be 
recorded in the Field Notebook. 


 


10.2.7  Other critical compliance activities, including communications from rig personnel, may also 
be recorded. 


 


10.2.8  The format for recording sampling data in the field notebook is shown in Figure 1. 
 


10.2.9  Recording initial handwritten information in other places is not authorized.  No other personal 
records shall be maintained. 
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10.3 Daily Activity Report 
 
10.3.1  The Daily Activity Report (Form 1006-1) is completed DAILY during a drilling fluid interval. 


 


10.3.2  More than one Daily Activity Report may be necessary to capture all the daily information. 
Use as many forms as necessary to accurately record all the daily information. 


 


10.3.3  The Date, Operator, Area, OCS-G, and Rig Name are completed at the beginning of each 
day.  The Compliance Engineer signs at the end of each day.  This information is repeated 
if additional Daily Activity Reports are completed. 


 


10.3.4  Communications from other personnel that are critical to compliance activities are recorded 
in this section. 


 


10.3.5 Observations that may affect compliance, (e.g., weather, drilling fluid deliveries, etc.) are 
recorded.  This is an appropriate block to record if no compliance activities are performed 
during the day. Record the current depth and drilling activity daily in this section. 


 


10.3.6  Section 1 summarizes sampling and analytical activities for the retention on cuttings (ROC) 
procedure. 


 


10.3.6.1   The sample identification (Section 10.1) is recorded in the column 1 of the Daily Activity 
Report. 


 


10.3.6.2   The drilling interval depth as associated with this sample and as recorded in the APEX 
software is recorded in column 2. 


 


10.3.6.3   Record the identification of the field sampling plan or the SOP that was followed to collect 
the sample in the Sampling Reference column (column 3). 


 


10.3.6.4   The analytical result (%ROC) is recorded in column 4. 
 


10.3.6.5   Record comments relevant to the test or sample in column 5 (such as interval # and 
footage represented by sample). 


 


10.3.6.6   Record the Daily and Well ROC average at the bottom of section 1. The Well ROC 
average should be recorded every day. 


 


10.3.7  Section 2 summarizes the sampling and analytical activities for the reverse-phase extraction 
(RPE) procedure, Static Sheen test, and other on-site compliance activities. 


 


10.3.7.1   The sample identification (Section 10.1) is recorded in column 1 of the Daily Activity 
Reports. 


 


10.3.7.2   Identify the location where the sample was taken from. (Column 2) 
 


10.3.7.3   Sample preservation is recorded in column 3. 
 


10.3.7.4   List the test method or SOP reference used to perform the testing procedure in column 4. 
 


10.3.7.5   The test result (pass/fail) is recorded in column 5. 
 
10.3.7.6   Record comments relevant to the test or sample in column 6.







© Copyright M-I L.L.C., 2004, All Rights Reserved. 


SOP No: 
Date: 
Revision: 


Page: 


1006 
March 2012 
6 


4 of 8  


Field Logs 


 
 
 
 
 
 
 
 


  
 
 
 


10.3.8  Section 3 is used for the collection of samples for contract laboratory analyses 
 


10.3.8.1  If the samples are transferred to the permittee or another third party such as a laboratory, 
then chain-of-custody (C-O-C) documentation is required as described in M-I SWACO 
SOP 2001 (Chain-of-Custody Procedures). 


 


10.3.8.2   The sample identification (Section 10.1) is recorded in column 1. 
 


10.3.8.3   The analyses requested (i.e. toxicity, GC/MS, etc.) are recorded in column 2. 
 


10.3.8.4   Sample preservation is recorded in column 3. 
 


10.3.8.5   The C-O-C number is recorded in column 4. 
 


10.3.8.6   The status (shipped or stored) of the sample is recorded in column 5 or 6. 
 


10.3.8.7   Record comments relevant to the sample in column 7. 
 


10.3.9  Section 4 is used to summarize daily equipment calibration procedures. 
 


10.3.9.1   The equipment identification is the unique identifier assigned to the equipment by the 
Equipment Coordinator.  The equipment identification is entered in column 1. 


 


10.3.9.2   The calibration procedure is entered in column 2.  The procedure may reference a SOP or 
the name of the procedure. 


 


10.3.9.3   The analyst notes the acceptability of the calibration and/or inspection in column 3. 
 


10.3.9.4   Comments (i.e., malfunctions, repairs, maintenance, etc.) are noted in column 4. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Corrective action is required if Field Notebooks or Daily Activity Reports are not correctly 
completed. Generally, the corrective action is additional Compliance Engineer training. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 M-I SWACO SOP 2001 (Chain-of Custody Procedures) 
 


14.2 Final NPDES General Permit for New and Existing Sources and New Dischargers in the 
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the 
Outer Continental Shelf of the Gulf of Mexico (GMG290000) 
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14.3  Final NPDES General Permit for the Eastern Portion of the Outer Continental Shelf (OCS) of 
the Gulf of Mexico (GOM) (GMG280000); 63 FR 55745 (October 16, 1998); 66 FR  
1498(March 14, 2001 Modification); 66 FR 18253 (April 6, 2001 Corrections); 65 FR 30886 
(May15, 2000) 


 
14.4 Operator and M-I SWACO Safe Work Plan 


 
15.0 Documentation 


 
15.1 Daily Activity Reports are maintained in the Drilling Interval Notebook during the fluids 


drilling interval. 
 


15.2 Upon completion of the drilling interval, original Daily Activity Reports are provided to the 
permittee and copies of the Daily Activity Reports are archived in the project files in the 
District Office. 


 


15.3 Field notebooks are provided to the permittee at the completion of the fluids drilling interval 
and copies of the field notebooks are archived in the project files in the District Office. 
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Figure 1 -Example Field Notebook
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Figure 1- Example Field Notebook Page (continued) 
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Daily Activity Report 
Date:   Compliance Engineer:   
Operator:   Surface Area and 


Block   
OCS-G Number:   Rig Name:   
Rig Phone Number:   Rig Fax Number:   
Communications:   


Observations:   


Section 1 - ROC 
Sample Identification 


(Location/Date/Time/Init) 
Sample 
Depth 


(ft) 


Sample Collection 
Reference 


%ROC Comments 


          
          
          
   


     
            


Daily ROC Percentage     
Well ROC Percentage     


Section 2 - Other on-Site Samples 
Sample ID 


(Loc/Dt/Time/Int) 
Collection 


Site/Location 
Preserv-


ative 
Test 


Method 
Test Result Comment 


            
            
            
            


Section 3 - Offsite Samples 
Sample ID 


(Loc/Dt/Time/Int) 
Analysis 


Req. 
Preserv- 


ative 
C-O-C 


No. 
Shipped? Stored? Comments 


              


              


Section 4 - Equipment Calibration 
Equipment 


Identification No. 
SOP/Procedure Calibration/Inspection 


Acceptable? (Yes/No) 
Comments (Time of Malfunct; 


Repairs/Maint.) 


        
        
        


        
        Compliance Engineer Signature 


  
Date 
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1.0       Scope and Application 


 


This Standard Operating Procedure (SOP) provides a consistent methodology for analyst 
demonstration of capability.  This SOP applies to all analysts that are performing environmental 
compliance analyses.  This SOP describes the procedure for analyst demonstration of capability to 
perform analytical procedures described in the 3000 series SOPs. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1       Health and safety considerations are described in the applicable analytical SOP. 


 
5.0       Equipment and Supplies 


 
5.1       See applicable analytical SOP. 


 
6.0       Reagents and Standards 


 
6.1       See applicable analytical SOP. 


 
7.0       Sample Collection, Preservation, Shipment and Storage 


 
7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 


 
8.0       Quality Control 


 
8.1 Each  analyst  must  demonstrate  acceptable  precision  and  accuracy  as  defined  in  the 


referenced EPA methods prior to analyzing compliance samples. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training).
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9.0 Calibration and Standardization 
 


9.1 Calibration and standardization requirements are described in the applicable analytical SOP. 
 


10.0 Procedure 
 


10.1 ROC Test Procedure 
 


10.1.1  The analytical procedure is M-I SWACO SOP 3002. 
 


10.1.2  Obtain sufficient drill cuttings to perform the analytical procedure in quadruplicate.  Cuttings 
should contain approximately 5 to 20 %ROC. 


 


10.1.3  Thoroughly mix the cuttings and aliquot four replicates. 
 


10.1.4  Analyze each replicate using the procedure in M-I SWACO SOP 3002. 
 


10.1.5  Successful  demonstration  of  analyst  capability  requires  that  the  analyst  coefficient  of 
variation (CV) be less than 10%. 


 


10.2 RPE Test Procedure 
 


10.2.1  The analytical procedure is M-I SWACO SOP 3003. 
 


10.2.2  Six quality control standards shall be prepared by spiking a Crude Oil F (or equivalent) into 
an internal olefin-based drilling fluid and a vegetable-ester based drilling fluid.  The final 
concentrations of oil shall be 0.1%, 1%, and 2% in each drilling fluid.   Sufficient volumes 
shall be prepared such that ten (10) aliquots of each standard are available for extraction 
and analysis. 


 


10.2.3  A minimum of ten aliquots of each standard shall be prepared and analyzed according to the 
test method.  Record the results on Form 3003-1 of M-I SWACO SOP 3003. 


10.2.4  Successful demonstration of analyst capability will yield the results shown in Table 1 for the 
data set: 


 


Table 1 
 


Analyst Demonstration of Capability for RPE Procedure 
 


Concentration Acceptability 


0.1 % Oil Detected in less than 20% of the samples 


1% Oil Detected in greater than 75% of the samples 


2% Oil Detected in greater than 90% of the samples 
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⎜ 
⎠ 


10.3 Continued Proficiency 
 


10.3.1  Continued proficiency for the ROC test is demonstrated by meeting the 95% mass balance 
requirement of M-I SWACO SOP 3002 and by acceptable field duplicate precision of less 
than 10 relative percent difference (RPD), to be performed once per twenty sampling 


intervals (to be tracked with the compliance engineer check sheet).  Continued proficiency 
for the RPE test is demonstrated by correct interpretation of the positive and negative 
controls and spike samples. 


 


 
11.0 Calculations 


 
11.1 ROC Test Procedure 


 
11.1.1  Precision of the replicate analyses is calculated with the following equations: 


 


n = Total number of samples 
 


 


X = Average of four replicate measurements (X) X  = (X1 + X2 + X3 + X4)/n 
 
 


⎛ ( X − X ) 2 ⎞ 
SD = Sample standard deviation SD =   ∑ ⎜ 


⎝ 
⎟ 


n − 1 ⎟
 


 


 
 


CV = Coefficient of variation CV = 
S  D x100 
X 


 


 


11.1.2  Accuracy of duplicate analyses is calculated with the following equation: 


(A1  − A2 )
 


RPD = Relative Percent Difference RPD = 
(A1 + A2 ) 


x200
 


 
Where A1 and A2 are the duplicate measurements 


 


 
12.0 Data Assessment and Corrective Action 


 
12.1 If the analyst does not successfully complete the Demonstration of Capability, the analyst is 


retrained and the Demonstration of Capability is repeated.  The analyst will not perform a 
given compliance procedure until the Demonstration of Capability is successfully completed. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes generated with this procedure are managed as described in the applicable analytical 
SOP.
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14.0 References 
 


14.1 M-I SWACO SOP 3001 (Retort Inspection and Calibration) 
 


14.2 M-I SWACO SOP 3002 (Base Fluids Retained on Cuttings (ROC) Retort Test Procedure) 
 


14.3 M-I  SWACO  SOP  3003  (Reverse  Phase  Extraction  (RPE)  Method  for  Detection  of  Oil 
Contamination in Non-Aqueous Drilling Fluids (NAF)) 


 
15.0 Documentation 


 
15.1 The Certification Statement shown in Figure 1 is completed after the successful conclusion 


of a Demonstration of Capability. 
 


15.2 Retain the raw data (applicable completed forms and instrument printouts) and the original 
certification in the District Office personnel qualifications files. 


 


15.3 The Compliance Engineer maintains a copy of the Demonstration of Capability certification in 
the Compliance Engineer notebook. 
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Figure 1 Demonstration of Capability Certification Statement 
 


Date:  


District Office Name:  


District Office 
Address: 


 


Analyst(s) Names:  


Matrix:  


Method number, SOP#, Rev#, and Analyte or Class of Analytes or Measured Parameters: 


 


 


 
We, the undersigned, CERTIFY that: 


 
1. The analysts identified above, using the cited test method(s), which is in use at this District Office for 


the analyses of samples have met the Demonstration of Capability. 
 


2. The analyst(s) identified on this certification performed the test method(s). 
 


3. A copy of the test method(s) and the laboratory-specific SOPs are available for personnel on-site. 
 


4. The data associated with the demonstration of capability are true, accurate, complete and self- 
explanatory. 


 
5. Raw data (including the original of this certification form) necessary to reconstruct and validate these 


analyses have been retained at the District Office.  A summary of the demonstration of capability 
is attached to the original certification form and maintained in the analyst’s training records.  The 
associated information is well-organized and available for review by authorized assessors or 
inspectors. 


 
 
 


Senior Operations Manager Signature Date 
 
 
 


Quality Assurance Officer’s Name Signature Date 
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1.0 Scope and Application 
 


This Standard Operating Procedure (SOP) describes the procedures for custody procedures for 
collection and submittal of permit compliance samples to mobile and fixed laboratories. 


 


 
2.0 Definitions 


 
2.1 Chain-of-custody  is  defined  in  National  Investigation  Center  Policies  and  Procedures 


-330/9-78/001-R, Revised May 1986 as: 
 


1. It is in your possession, or 
 


2. It is in your view, after being in your possession, or 
 


3. It was in your possession and then you locked it up to prevent tampering, or 
 


4. It is in a designated secure area. 
 


 
3.0 Interference 


 
3.1 No specific interferences are known for this procedure. 


 
4.0 Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Plan. 
 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0 Equipment and Supplies 
 


5.1 Chain-of-Custody (C-O-C) Form 
 


5.2 Refrigerator that meets the criteria of M-I SWACO SOP 1005 
 


5.3 Indelible Pen 
 


6.0 Reagents and Standards 
 


6.1 Reagents or standards are not applicable to this procedure. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
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7.1 Sample collection, preservation, shipment and storage requirements are described in the 
sample and analysis SOPs. 


 


8.0 Quality Control 
 


8.1 This is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration or standardization requirements are not applicable to this procedure. 
 


10.0 Procedure 
 


10.1 Mobile Laboratory Analyses 
 


10.1.1  Label sample containers at sample collection as specified in M-I SWACO SOP 1006. 
 


10.1.2  C-O-C forms are not required for mobile laboratory analyses. 
 


10.1.3  Record sample collection information in the Field Notebook and on the Daily Activity Report 
as described in M-I SWACO SOP 1006. 


 


10.1.4  Store samples for mobile laboratory analyses in a designated secure area under the proper 
conditions as specified in the sampling and analysis SOPs. 


 


10.2 Fixed Laboratory Analyses 
 


10.2.1  Label sample containers at sample collection as specified in M-I SWACO SOP 1006. 
 


10.2.2  Complete the contract laboratory C-O-C as described below.  If a contract laboratory C-O-C 
is not available or if the samples will be sent to the M-I SWACO laboratory, then complete 
the M-I SWACO C-O-C (Figure 1). 


 


10.2.3  The sampler shall sign and date C-O-C in the area for  
 


10.2.4  Enter the Permittee Name and Location on the C-O-C form. 
 


10.2.5  Enter the field sample identification, the analyses requested, the date and time of sample 
collection, preservation and number/type of containers in the appropriate spaces. 


 


10.2.6  Repeat step 10.2.5 for each sample. Use additional C-O-C forms as needed. 
 


10.2.7  Complete Section 3 of the Daily Activity Log as described in M-I SWACO SOP 1006. 
 


10.3 Samples are stored under proper conditions until shipped or transferred to a third party. 
 


10.4 When  samples  are  provided  to  the  drilling  rig  or  shipped  to  a  fixed  laboratory,  the 
  Compliance Engineer shall sign and date the Released  block.  The person receiving the 
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samples shall sign and date the  by  The Compliance Engineer retains a copy of 
the executed C-O-C and includes the original C-O-C with the samples. 


 


10.5 The Compliance Engineer will ensure that the samples and original, executed C-O-C are 
sent to the contract laboratory or delivered to the appropriate personnel on the drilling rig. 


 


10.6 Pack and ship the samples as specified in M-I SWACO SOP 2003. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Corrective action is required if C-O-C forms are not correctly completed.   Generally, the 
corrective action is additional Compliance Engineer training. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1  Investigation  Center  Policies  and  Procedures  Manual  EPA-330/9-78/001-R, 
Revised May 1986. 


 


14.2 M-I SWACO SOP 1006 
 


14.3 M-I SWACO SOP 2003 
 


15.0 Documentation 
 


15.1 Sample collection information is recorded as described in M-I SWACO SOP 1006. 
 


15.2 Provide the receiving party with the original executed C-O-C when submitting the samples 
for analyses.  Retain a copy of the executed C-O-C. 


 


15.3 Archive the C-O-C copies in the Drilling Interval Logbook during the drilling interval. 
 


15.4 Upon completion of the drilling interval, provide the permittee with a copy of the C-O-Cs 
retained after submittal of the samples.  Archive a separate copy in the project files at the 
District Office. 
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Quality Assurance Officer Date 
 
 
 


Compliance Supervisor Date 
 


 
1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of drilling 
fluid samples for use in toxicity tests. These samples would be sent to a contract laboratory for 
96-hour suspended particulate phase (SPP) toxicity testing using the method defined in 40 CFR 
435, Appendix 2 to Subpart A. 


 
 
2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in a (1) 1-gal (4L) LDPE jar with plastic lid. 
 
7.2 Sample will be maintained at 4±2 °C until analyzed. 
 
7.3 Sample will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.3 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Drilling mud formulations to be tested shall be collected from active fluid systems.  Obtain 


well-mixed grab sample from beneath the shale shaker after the mud has passed through the 
screens. Sample shall be stored in LDPE containers or in other appropriate uncontaminated 
vessels. This sample will be collected and analyzed weekly and at EOW.   


 The following sample containers will be provided by the laboratory. Sample containers may vary 
by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements.  


 
Analyte Method Container Preservative Holding Time 


SPP toxicity 
40 CFR 435, Appendix 


2 to Subpart A 
(1) 1-gal (4L) LDPE jar  4±2°C 


Initiate test within 90 
days of sampling 


 
10.2 Fill container with drilling fluid.  Place the cap tightly on container after filling. 
 
10.3 Label sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody.  


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Mud samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  One of 


the samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or 
blue ice) and continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.    
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 40 CFR 435, Appendix 2 to Subpart A 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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Quality Assurance Officer    Date 
 
 


Compliance Supervisor      Date 
 


1.0 Scope and Application 
 


This Standard Operating Procedure (SOP) presents procedures for labeling samples, and 
packaging and shipping samples for transfer to an analytical laboratory. 


 


2.0 Definitions 
 


2.1 Environmental  samples    samples   whose  toxic,  flammable,   corrosive,  or  otherwise hazardous 
constituents represent less than one percent by volume of the sample. 


 
2.2 Hazardous samples  samples whose total concentration of toxic, flammable, corrosive or otherwise 


hazardous constituents are likely to be equal to or greater than one percent by volume of the 
sample. 


 


3.0 Interferences 
 


3.1 Use packaging material to fill the unused space in the cooler to prevent sample containers from breaking.  
Ensure that sample containers are tightly sealed.  Improperly sealed or broken containers can result in 
cross-contamination. 


 
3.2 Double-bag wet ice in resalable bag to prevent leaking, which can contribute to cross-contamination. 
 
3.3 Maintain temperature at 4±2°C so that water samples do not freeze.   


 
4.0 Health and Safety Considerations 


 
4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0 Equipment and Supplies 
 


5.1 Use supplies provided by the laboratory.  If not available, then obtain the following supplies: 
 


5.1.1 Pre-cleaned sample containers 
 
5.1.2 Sample labels 


 


5.1.3 Sturdy cooler, in good repair 
 


5.1.4 Bubble wrap or other packing material 
 


5.2 Absorbent pads or packing material, such as vermiculite 
. 
5.3 Strapping tape 
 
5.4 Ziploc® type bags (or equivalent), gallon and quart size 


 
5.5 Ice (sufficient quantity to chill samples to 4°C) 


 
5.6 Shipping labels and custody seals 


 
5.7 Air bill and/or manifest 
 
5.8 Indelible pen and/or marker 
 
5.9 Field logbook 
 
5.10  Chain-of-custody 
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5.11 Temperature blank 
 
5.11 Trip blank (if required) 
 


   6.0 Reagents and Standards 
 


6.1 No reagents or standards are required for this procedure. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
 


7.1 Samples will be collected in accordance with the applicable sampling SOP using the appropriate 
container and preservative required by the analytical method.  These containers will be provided by the 
contract laboratory.   


 
7.2 Samples will be stored in a dedicated laboratory refrigerator and maintained at 4±2°C until analyzed. 
 
7.3 Samples will be shipped according to the procedures described in this SOP (Section 10.0). 


 


8.0 Quality Control 
 


8.1 This SOP is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration and standardization procedures are not applicable. 
 


10.0 Procedure 
 


10.1 Samples  should  be  collected  in  appropriate  containers  with   sufficient  volume  and 
preservation as described in the sampling SOPs . 


 


10.2 Sample Labeling 
 


10.2.1  Samples shall be uniquely identified, labeled, and documented in the field at the time of collection.  


10.2.2  Samples collected for laboratory analysis are identified by using standard sample labels that are 
affixed to the sample containers.  The following information shall be included on the sample label 
at the time of collection using waterproof, non-erasable ink: 


 Date - A six-digit number indicating the year, month and day of collection; 
 Time - A four-digit number indicating the military time of collection; 
 Sample Number  sample identification as described in M-I SWACO SOP 1006 (Field 


Logs) and applicable sampling SOPs; 
 Preservative - (if any); 
 Sampler - Signature of person collecting the sample; and  
 Requested Analyses. 


10.3 Follow chain-of-custody procedures throughout cooler packaging and shipment.  Refer to M-I  SWACO 
SOP 2001 (Chain-of-Custody Procedures).  


 
10.4 Select the best method to transport the material based on quantity and hazard(s) of the sample. 


Qualified personnel will ship samples that are designated as hazardous materials. 
 


10.5 Sample Packaging 
 







SOP 


 
 


 
March 2012 
6 


3 of 5 
Packaging and Shipment of Samples 


 


 


10.5.1 This procedure only applies to those samples that M-I SWACO is packaging and shipping. 
Most samples will be transferred to the permittee and the permittee will be responsible for packing 
and shipping the sample. 


 


10.5.2   Environmental  samples  should  be  packed  prior  to  shipment  using  the  following procedures: 


 Allow sufficient headspace (approximately 10 percent of the volume of the container) in all 
bottles, except for volatile water samples.  Samples collected in VOA vials for volatile analyses 
(TAH, SW8260B, etc.) should have no headspace. 


 Ensure that the lids on all bottles are tight. 


 Select a sturdy cooler in good repair.  Secure and tape the drain plug with packaging tape. 


 Place glass sample bottles into bubble wrap bags or wrap a layer of bubble wrap around glass 
containers. 


 The samples are packed in a cooler using cushioning material such as bubble wrap, vermiculite, 
Styrofoam pellets, etc.   Crushed ice or ice cubes shall not be used for packing material. 


 Place noxious samples in paint cans with vermiculite before being placed in the cooler.  The 
recipient of the samples shall be notified in advance so that proper precautions may be taken 
when opening the shipping container. 


 Ensure that each cooler contains a temperature blank.  Temperature blanks are plastic bottles 
containing water that are provided by the laboratory.  


 If the cooler contains samples for volatile analyses (TAH, SW8260B, etc.), verify that the cooler 
contains a trip blank.  A trip blank is a set of (3) sealed 40-mL VOA vials containing reagent grade 
water.  These are provided by the contract laboratory. 


 Fill the resalable plastic bags with ice.  Double-bag the ice to minimize leaks.  Place the bags on 
the sides of the cooler and double line the top of the samples. 


 Complete the chain-of-custody (CoC) form in accordance with M-I SWACO SOP 2001 (Chain-of-
Custody Procedures) and applicable sample SOPs. Sign and date the CoC before placing it in the 
cooler with the samples. 


 The last page of the completed chain-of-custody form shall be kept with the field records. 
Place the original Coca in a resealable plastic bag and tape to the inside of the cooler lid. 


 Add more packing material if needed.   


 Sign and date custody seals.  Place one on each end of the cooler, across the cooler lid. Use clear 
packaging tape across each custody seal. Seal the cooler with packaging tape. 


 The cooler lid is labeled with the name, address, and phone number of the destination 
laboratory and the return address and phone number of the shipper.  Air bills or manifests 
provided by the shipping company are also completed with the required information.  The label on 
the cooler lid also shall identify the contents as environmental samples. 


 The completed and labeled coolers shall be shipped as appropriate to minimize sample holding 
times and to maintain preservation. 


10.5.3   Hazardous environmental samples are provided to the permittee to arrange for shipping. 


 If M-I SWACO personnel must ship the samples, it will be necessary to 
determine the DOT classification of hazardous environmental samples prior to 
shipment before exact labeling and shipping procedures can be determined.  A 
qualitative knowledge of the composition of the materials is necessary for 
classification. Consult with trained personnel who have knowledge of dangerous 
goods or hazardous materials regulations (see Section 13 - References) prior to 
packaging and shipping hazardous samples. Specific information for packaging 
and shipping hazardous samples is outside the scope of this SOP.  
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10.6 Sample Shipping 
 


10.6.1   This procedure only applies to those samples that M-I SWACO is packing and shipping. 
Most samples will be transferred to the permittee and the permittee will be 
responsible for packing and shipping the sample. 


10.6.2   Samples collected in the field shall be transported to the laboratory or field testing 
site as expeditiously as possible to avoid hold time exceedence and to ensure that 
samples remain properly preserved.  If necessary, samples shall be kept chilled prior 
to shipping. 


10.6.3 Sample coolers will be transported via helicopter to Barrow. An M-I SWACO 
representative will transfer the samples to Alaska Airlines Gold Streak for direct 
shipment to the appropriate laboratory for analysis. 


 


10.6.3  Samples must be classified prior to shipment, as either environmental or hazardous 
materials samples. If there are questions, contact the Compliance Supervisor or 
appropriate permittee personnel. 


 
10.7 Shipping addresses 
  
 Organic and Metals Analyses: 


 SGS Environmental Services, Inc. 
 200 W. Potter Drive 


Anchorage, AK 99518 
 (907) 562-2343 
 
 Pace Analytical 
 940 So Harney 
 Seattle, WA 98108 
 (206) 767-5060 
 
 SPL, Inc.  
 500 Ambassador Coffer Parkway 
 Scott, LA 20583 
 (337) 237-4775 
 
 Stock barite analyses: 


 SGS Environmental Services, Inc. 
 200 W. Potter Drive 
 Anchorage, AK 99518 
 (907) 562-2343 
 
 TestAmerica Laboratories, Inc. 
 6310 Rothway Street 
 Houston, TX 77040 
 (713) 690-4444 
 
 Toxicity Analyses: 


Bio-Aquatic Testing, Inc. 
 2501 Mayes Road, Suite 100 
 Carrollton, TX 75006 
 (972) 242-7750 
 (866) 822-7250 
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 Environmental Enterprises USA, Inc. 
 58485 Pearl Acres Road, Suite D 
 Slidell, LA 70461 
 (985) 646-2787 
 (800) 966-2788 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 No corrective action is required by this procedure. 
 


13.0 Pollution Prevention and Waste Management 
 


13.1 Minimize the quantity of samples shipped to the amount needed for the analytical tests. 
 


14.0 References 
 


14.1 Regulations for transportation of hazardous materials in interstate, intrastate, and foreign 
commerce by rail car, aircraft, motor vehicle, and vessel are promulgated in 49 CFR Parts 
171 through 181, Subchapter C- Hazardous Materials Regulations. 


 
14.2 Regulations for packing, marking, labeling, and shipping of dangerous goods by air transport 


are promulgated by the International Air Transport Authority (IATA), which is equivalent to 
United Nations International Civil Aviation Organization (UN/ICAO).   Dangerous Goods 


Regulations.  International Air Transport Association (IATA). 
 


14.3 Regulations for packing, marking, labeling, and shipping of dangerous goods by marine 
vessel are promulgated by the International Maritime Organization (IMO). International 


Maritime Dangerous Goods Code.  International Maritime Organization (IMO), Amendment 
29-98. 


 
14.4 M-I SWACO SOP 1006 (Field Logs) 


 
14.5 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


 
15.0 Documentation 


 
15.1 Archive the air bill or manifest with the CoC in the Drilling Interval Logbook during the 


drilling interval. 
 


15.2 Upon completion of the drilling interval, provide the permittee with the original air bill or manifest.  Archive 
a copy of the air bill or manifest in the project files at the District Office.







SOP No: 
Date: 
Revision: 
Page: 


2004 
March 2012 
5 
1 of 2 


Decontamination of Equipment 


© Copyright M-I L.L.C., 2004, All Rights Reserved. 


 
 
 
 
 


 


 
 
 


Quality Assurance Officer Date 
 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides consistent methodology for decontamination of 
sampling equipment.  Removing contaminants from equipment minimizes the likelihood of sample 
cross contamination, reduces or eliminates transfer of contaminants to clean areas, and prevents the 
mixing of incompatible substances. 


 


2.0       Definitions 
 


2.1       No specific definitions are necessary to complete this procedure. 
 


3.0       Interferences 
 


3.1       The use of an untreated potable water supply is not acceptable. 
 


4.0       Health and Safety Considerations 
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 
procedures outlined in the Global HSE Plan. 


 


4.2       Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0       Equipment and Supplies 
 


5.1       Long and short handled brushes 
 


5.2       Paper towels 
 


5.3       Plastic or galvanized tubs, buckets or stainless steel sink 
 


5.4       Drying rack 
 


5.5       Appropriate personal protective equipment (PPE) 
 


6.0       Reagents and Standards 
 


6.1       Non-phosphate detergent such as Alconox  
 


6.2       Potable (treated tap) water 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
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8.0 Quality Control 
 


8.1 Efficacy of decontamination procedures can be determined by the collection and analysis of 
equipment blanks. 


 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration and standardization procedures are not applicable. 
 


10.0 Procedure 
 


10.1 Don appropriate PPE (minimum safety glasses with side shield and gloves). 
 


10.2 Fill a sink, bucket or tub (large enough to contain equipment) with potable (treated tap) water 
and non-phosphate detergent. 


 


10.3 Place the equipment in the soapy water and scrub the equipment. 
 


10.4 Rinse the equipment with copious quantities of potable (treated tap) water. 
 


10.5 Allow the equipment to air dry on a clean surface covered with paper towels or on a drying 
rack, if available. 


 


10.6 Cover the sampling equipment or analytical glassware during storage. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 If equipment blanks contain detectable concentration of target analytes, add extra cleaning 
steps to the procedure. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Follow permi ements for disposal of rinse water and soapy solutions. 
 


14.0 References 
 


14.1 No references are applicable. 
 


15.0 Documentation 
 


15.1 No documentation is necessary for this procedure.
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Quality Assurance Officer  Date 


Compliance Supervisor  Date 


1.0 Scope and Application 


This Standard Operating Procedure (SOP) describes procedures to collect quality control samples.  


Requirements for collecting quality control samples are described in the appropriate sampling and 


analysis SOPs. 


2.0 Definitions 


2.1 Equipment Blank � provides a measure of the efficacy of decontamination procedures 


through the collection and analysis of a contaminant-free material that has been exposed to 


the sampling equipment. 


2.2 Duplicate - a pair of field samples that are chemically identical at the time of containerization.  


Duplicates provide a measure of the precision in the sample collection and analysis 


procedures for a given sample matrix. 


2.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) � prepared in the laboratory by spiking two 


aliquots of a single field sample with a known quantity of analyte.  The MS/MSD samples are 


prepared and analyzed using the same conditions as the field sample.  MS/MSD samples 


provide a measure of the precision and accuracy of the sample collection and analysis 


procedures for a given sample matrix.   


3.0 Interferences 


3.1 The quality control samples described in this procedure (duplicate and matrix spike) may 


provide information about sample interferences. 


4.0 Health and Safety Considerations 


4.1 No specific health and safety considerations are necessary other than the general 


procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


5.0 Equipment and Supplies 


5.1 Pre-cleaned sample containers (with preservatives, if required) 


5.2 Stainless steel or plastic sampling bowl 


5.3 Stainless steel or plastic sampling spoon 
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5.4 Other equipment as for collecting samples, as described in the applicable sampling SOPs. 


6.0 Reagents and Standards 


6.1 Analyte-free water 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 Sample collection, preservation, shipment and storage requirements are described in the 


sampling and analysis SOPs. 


8.0 Quality Control 


8.1 This is a quality control procedure. 


8.2 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


9.0 Calibration and Standardization 


9.1 Calibration and standardization procedures are not applicable. 


10.0 Procedure 


10.1 Refer to M-I SWACO SOP 1006 (Field Logs) for sample identification requirements.  Refer to 


M-I SWACO SOP 2001(Chain-of-Custody Procedures) for chain-of-custody procedures.  


10.2 Equipment Blanks 


10.2.1 Equipment blanks are not collected on disposable or dedicated equipment.  If an 


equipment blank is required in the sampling and analysis SOPs or in the rig-specific 


sampling plan, then follow the procedures described below. 


10.2.2 Properly decontaminate the sampling device as described in M-I SWACO SOP 2004 


(Decontamination of Equipment).  


10.2.3 Select the proper sample containers and an appropriate quantity of analyte-free water. 


10.2.4 Slowly pour the analyte-free water through, over or into the sampling device until the 


sample bottle is filled to the appropriate level. 


10.2.5 Securely tighten the cap on the bottle. 


10.3 Duplicate Samples 


10.3.1 If a field duplicate sample is required in the sampling and analysis SOPs, then follow the 


procedures described below. 


10.3.2 Select the proper containers for a sample and a duplicate sample. 
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10.3.3 Collect the sample in accordance with the appropriate sampling SOPs. 


10.3.4 For cuttings samples, collect the sample material into a sample container and thoroughly 


homogenize the sample with a spoon.  Take half the sample and place into another 


sample container, and homogenize both.   


10.3.5 For mud samples, thoroughly homogenize the samples. 


10.3.6 Fill the appropriate sample jars, placing equal portions of sample into the sample bottles. 


10.3.7 Securely tighten the caps on the sample bottles. 


10.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 


10.4.1 Many laboratories can prepare the MS/MSD samples from the submitted sample volume.  


The sampler is only required to identify the sample for MS/MSD analysis on the chain of 


custody.   


10.4.2 If the laboratory requires additional sample volume (as indicated in the sampling and 


analysis SOPs or in the rig-specific sampling plan), the samples should be collected as 


duplicate samples, filling three bottles with sample. 


10.5 Prepare the sample bottle(s) for shipment in accordance with M-I SWACO SOP 2003 


(Packaging and Shipment of Samples). 


11.0 Calculations 


11.1 No calculations are necessary for this procedure. 


12.0 Data Assessment and Corrective Action 


12.1 If the duplicate results consistently show poor precision, increase the time spent 


homogenizing the sample. 


13.0 Pollution Prevention and Waste Management 


13.1 Waste management procedures discussed in the applicable sampling and analysis SOPs 


apply to the equipment blank, field duplicate and matrix spike samples.   


14.0 References 


14.1 ��Handbook of Analytical Quality Control in Water and Wastewater Laboratories�.  EPA-


600/4-79-019, March 1979. 


14.2 M-I SWACO SOP 1006 (Field Logs) 


14.3 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


14.4 M-I SWACO SOP 2003 (Packaging and Shipment of Samples) 


14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 
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15.0 Documentation 


15.1 Collection of quality control samples is recorded in the field notebooks and on the Daily 


Activity Reports. 


15.2 Daily Activity Reports are maintained in the Drilling Interval Notebook during the synthetic 


fluids drilling interval. 


15.3 Upon completion of the drilling interval, original Daily Activity Reports are provided to the 


permittee and copies of the Daily Activity Reports are archived in the project files in the 


District Office. 


15.4 Field notebooks are provided to the permittee at the completion of the synthetic fluids drilling 


interval and copies of the field notebooks are archived in the project files in the District 


Office. 
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Quality Assurance Officer Date


Compliance Supervisor Date


1.0 Scope and Application


This Standard Operating Procedure (SOP) describes processes to collect samples for oil and grease
analyses. NPDES compliance samples must be analyzed by an on-shore contract laboratory using
Environmental Protection Agency (EPA) Method 1664A (n-Hexane Extractable Material (HEM; Oil
and Grease) and Silica Gel Treated n-Hexane Extractable Material (SGT-HEM; Non-polar Material)
by Extraction and Gravimetry). This SOP is designed to provide general guidelines for the types of
equipment and sampling procedures required for the collection of representative samples from
various sampling ports. Specific procedures for sampling are described in the rig-specific


Sampling and Analysis Plans.


2.0 Definitions


2.1 Sample port – the sample locations, such as lines or taps, where the samples will be
collected.


2.2 Equipment Blank – provides a measure of the efficacy of decontamination procedures
through the collection and analysis of a contaminant-free material that has been exposed to
the sampling equipment.


2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location
as the original sample. Duplicate samples are collected simultaneously or in immediate
succession, using identical recovery techniques, and treated in an identical manner during
storage, transportation, and analysis.


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with
a known quantity of analyte and extracting and analyzing both the spiked and the unspiked
duplicate. In the absence of matrix interferences, the difference between the analytical
results for these two duplicates will yield an acceptable recovery rate for the spike.


3.0 Interferences


3.1 Sample interferences may be observed in the analytical results if sampling equipment is not
properly decontaminated between samples or if contaminated gloves or sample containers
are used.


4.0 Health and Safety Considerations


4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in
the material safety data sheet [MSDS]) is recommended.
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4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas
of the drilling rig.


4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO
safety procedures.


4.4 Consult the MSDS for specific health and safety information about the fluids being used in
the treatment process.


4.5 Sample containers may contain hydrochloric acid; gloves must be worn when handling
sample containers.


4.6 Safety goggles must be worn during sample collection procedures.


4.7 Follow safety guidelines and precautions for use of PTFE bailers.


5.0 Equipment and Supplies


5.1 Nitrile gloves or other gloves suitable for handling fluid samples (as per MSDS) and
containers with hydrochloric acid. Change gloves before and between each sample.


5.2 Chain-of-custody (C-O-C)


5.3 Disposable PTFE bailer, 2” by 36”


5.4 Uncontaminated Nylon rope or twine


5.5 Drip pan, metal


5.6 Purge bucket, such as 1-gallon metal bucket, for collecting purge volume of completion fluid


5.7 Sample bottles for EPA Method 1664A analyses: 1-liter pre-cleaned glass sample containers
(with preservatives) and PTFE-lined screw cap


5.8 Sturdy ice chest with packing materials for sample containers.


6.0 Reagents and Standards


6.1 Hydrochloric (HCl) acid, 6N


7.0 Sample Collection, Preservation, Shipment and Storage


7.1 Samples should be preserved to < pH 2 using 6N HCl acid.


7.2 Samples should be maintained at 4C 2 until tested.


7.3 Ship samples as described in M-I SWACO SOP 2003 (Packaging and Shipment of
Samples).


8.0 Quality Control
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8.1 Samplers are trained in using this procedure by the Compliance Supervisor.


8.2 If samples are collected with reusable equipment, collect field blanks as described in M-I
SWACO SOP 2005 (Collection of Quality Control Samples).


8.3 Collect field duplicates every 10 samples.


8.4 Training records are maintained and are available from the M-I SWACO Compliance
Supervisor upon request.


8.5 No plastic sampling containers or sampling devices of any kind shall be used.


8.6 No composite sampling shall be performed without permittee written permission.


9.0 Calibration and Standardization


9.1 Calibration and standardization procedures are not required.


10.0 Procedure for Collecting Oil and Grease Samples


10.1 The objective of this procedure is collecting a representative sample in a glass bottle.


10.2 FIELD DOCUMENTATION: All information for this sampling procedure is recorded in the
field notebook as per M-I SWACO SOP 1006 (Field Logs).


10.3 Sampler must identify each sample and sample location. This is recorded in the field
notebook as per M-I SWACO SOP 1006 (Field Logs).


10.4 It is preferential to use disposable sampling equipment. Reusable sampling tools must be
decontaminated using the procedures in M-I SWACO SOP 2004 (Decontamination of
Equipment) before collecting the samples. If reusable sampling equipment is used to collect
samples, then field blanks must be collected as described in M-I SWACO SOP 2005
(Collection of Quality Control Samples).


10.5 The preferential sample point is a tap in the treatment system that can be isolated with a
valve. This point will allow the collection of a grab sample directly into the sample bottle.


10.6 Collection from a Sampling Port


10.6.1 The sampler shall take the monthly Oil and Grease sample after the last point of filtration
before the fluid is discharged. This sample shall be representative of the fluid after it has
returned from the well bore and be representative of the fluid being discharged.


10.6.2 Calculate the amount of liquid present in the dead space between the line and the sample
port.


10.6.3 Place a drip pan under the port and place the completion purge bucket in the drip pan. The
completion purge bucket should be of sufficient size to hold the amount of liquid present in
the dead space.
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10.6.4 Slowly open the sample port and purge the volume of the liquid calculated above from the
line and collect in the waste bucket. Purge the sample port for a minimum of 10 seconds.
Return the liquid to the process for recycling.


10.6.5 After purging the line, collect the sample directly into the appropriate sample container. Do
not pre-rinse the container. Do not overfill the container. If the container is overfilled the
sample must be returned to the processing equipment for recycling and the used container
must be placed in the appropriate waste container and a new sample collected into a new
container.


10.6.6 Fill the sample bottle to approximately 1 inch of the top of the sample container.


10.6.7 If the sample container did not contain preservative, add 5 ml of 6N HCl to the 1-liter
container. Use pH paper to verify a pH of less than 2. If pH is not less than 2, add 6N HCl to
lower pH below 2.


10.6.8 Place the cap on the container and tighten. If the cap is cracked or has dropped on the
grating, use a new cap.


10.6.9 Close the sample port valve after collection of the samples. Verify that the valve is closed.


10.7 Collection Using a PTFE Bailer


10.7.1 This procedure is designed to collect samples from a pit, tank, drum or other container that
does not have liquid flow or a sample tap. In lieu of a tap, samples may be collected through
the depth of the container using a PTFE bailer.


10.7.2 Follow M-I SWACO and Operator safety procedures for lockout/tagout of circulating and
agitating equipment that may cause entanglement of sampling equipment.


10.7.3 Don the appropriate personal protective equipment. Use double pair of nitrile gloves.


10.7.4 Tie uncontaminated nylon rope or twine to the end of the PTFE bailer. Check the knot to
ensure that PTFE bailer will not slip off the rope. Double check that the bailer will not slip off
of the rope.


10.7.5 Lower the PTFE bailer into the container until approximately 1-foot below the surface of the
liquid.


10.7.6 Remove the PTFE bailer and observe the liquid in the bailer for phase differences. If phase
differences are observed, consult with the Operator before submitting the sample for
analysis.


10.7.7 Empty the PTFE bailer into the sample container


10.7.8 If the PTFE bailer specified in this SOP is used for sample collection, there should be
sufficient volume to fill a 1-liter glass container.


10.7.9 If the sample container did not contain preservative, add 5 ml of 6N HCl to the 1-liter
container and 2 ml of 6N HCl to the 100-ml containers.
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10.7.10Place the cap on the container and tighten. If the cap is cracked or has dropped on the
grating, use a new cap.


10.8 Quality Control Samples


10.8.1 If the sampler is required to collect MS/MSD samples, they should be collected as duplicate
samples but with three sets of samples (one original sample, one matrix spike sample, and
one matrix spike duplicate). Collect an additional one or two aliquots (1 L, additional smaller
volume, or both) using the same sampling procedure for each set of twenty samples or less.
These samples will be designated the matrix spike and, if collected, the matrix spike
duplicate.


10.8.2 It is preferable to use disposable sampling equipment. M-I SWACO must obtain prior
written permission from the Operator’s Environmental Engineer prior to sampling with
reusable sampling equipment. Reusable sampling tools must be decontaminated using the
procedures in M-I SWACO SOP 2004 (Decontamination of Equipment) before collecting the
samples. If reusable sampling equipment is used to collect samples, then field blanks must
be collected as described in M-I SWACO SOP 2005 (Collection of Quality Control Samples).


10.8.3 Collect a field duplicate at a frequency of 1 in 10 samples using the same sampling
procedure.


10.9 Sample Labeling and Shipment


10.9.1 Complete the sample labels as described in M-I SWACO SOP 2003 (Packaging and
Shipment of Samples).


10.9.2 Prepare the samples for EPA 1664A analysis for shipment to the on-shore contract
laboratory in accordance with M-I SWACO SOP 2003 (Packaging and Shipment of
Samples).


11.0 Calculations


11.1 If applicable, calculate the dead volume (V) in the purge line using the following equation:


V (gallons) = (7.48)()(r2)(h)


Where = 3.14


r = radius of sampling port (feet), and


h = length of port to be purged (feet).


12.0 Data Assessment and Corrective Action


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved,
sample bottle cracker, etc.), it must be returned to the processing equipment for recycling
and the used container must be placed in the appropriate waste container.
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12.2 If the cap is cracked or has dropped on the grating, use a new cap.


13.0 Pollution Prevention and Waste Management


13.1 Return the purge volume to the treatment process


13.2 Follow operator's requirements for disposal of rinse water and soapy solutions that result
from decontamination of the sampling equipment.


13.3 Follow operator's requirements for disposal of used PPE equipment.


13.4 Follow operator's requirements for disposal sampling equipment.


14.0 References


14.1 Final NPDES General Permit for New and Existing Sources and New Dischargers in the
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the
Outer Continental Shelf of the Gulf of Mexico (GMG290000)


14.2 Final NPDES General Permit No. GMG 460000 for Offshore Oil and Gas Activities in the
Eastern Gulf of Mexico


14.3 Operator and M-I SWACO Safe Work Plan


14.4 Method 1664, Revision A n-Hexane Extractable Material (HEM; Oil and Grease) and Silica
Gel Treated n-Hexane Extractable Material (SGT-HEM; Non-polar Material) by Extraction
and Gravimetry, EPA-821-R-98-002 (PB99-121949), February 1999.


14.5 M-I SWACO SOP 1006 (Field Logs)


14.6 M-I SWACO SOP 2001 (Chain-of-Custody Procedures)


14.7 M-I SWACO SOP 2003 (Packaging and Shipping of Samples)


14.8 M-I SWACO SOP 2004 (Decontamination of Equipment)


14.9 M-I SWACO SOP 2005 (Collection of Quality Control Samples)


15.0 Documentation


15.1 Identify samples as described in M-I SWACO SOP 1006 (Field Logs).


15.2 For those samples shipped to fixed laboratories, field and quality control sample information
is entered on the C-O-C as described in M-I SWACO SOP 2001 (Chain-of-Custody
Procedures).
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1.0 Scope and Application 
 


 The purpose of this procedure is to provide a consistent method for the collection of drilling 
fluid samples for analysis for chromium VI, silver, and thallium. These samples will be sent to a 
contract laboratory for testing by method SW6020A (chromium, silver, and thallium).  
Chromium VI will be analyzed as total chromium. 


 
2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location 


as the original sample.  Duplicate samples are collected simultaneously or in immediate 
succession, using identical recovery techniques, and treated in an identical manner during 
storage, transportation, and analysis. 


 


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with a 
known quantity of analyte and extracting and analyzing both the spiked and the unspiked 
duplicate. In the absence of matrix interferences, the difference between the analytical 
results for these two duplicates will yield an acceptable recovery rate for the spike. 


 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas 


of the drilling rig. 
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4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO 
safety procedures. 


4.4 Consult the MSDS for specific health and safety information about the fluids being used in 
the treatment process. 


4.5 Safety goggles must be worn during sample collection procedures. 


5.0 Equipment and Supplies 


5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  
Change gloves before and between each sample. 


5.2 Clean sample container with preservative (provided by the contract laboratory). 


5.3 Chain-of-custody. 


5.4 Sturdy ice chest with ice and packing materials for sample containers. 


6.0 Reagents and Standards 


6.1 There are no standards required for this procedure. 


7.0 Sample Collection, Preservation, Shipment, and Storage 


7.1 Each sample will be collected in a 500-mL poly container preserved with HNO3.   


7.2 Samples will be maintained at 4±2 °C until analyzed. 


7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 
and Shipment of Samples). 


8.0 Quality Control 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 


8.2 Samples must be maintained at 4±2 °C until tested. 


8.2 Quality control samples will be collected at the following frequencies: 


 Field duplicate samples (one per 10 or fewer samples) 


 Matrix spike (MS) samples (one MS per 20 or fewer samples) 


9.0 Calibration and Standardization 


9.1 No calibration required. 
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10.0 Procedure 


10.1 Sample must be collected when the drilling fluid is expected to have the highest concentrations 
of metals (e.g., after formulation and prior to use). This sample will be collected from the water 
phase of the drilling fluid with the purpose of obtaining partitioning of metals from drilling fluid to 
receiving water.  The sample should be collected from the mud pits. 


 The following sample containers will be provided by the laboratory. Sample containers may 
vary by laboratory; however, all sample containers and preservatives must comply with 
analytical method requirements. 


Analyte Method Container Preservative Holding Time 


Total chromium 


Total silver 


Total thallium 


SW6020A 1 x 500 mL poly HNO3, 4±2°C 180 days 


10.2 Fill each container using care not to overflow or rinse out the preservative. Place the cap tightly 
on each container after filling. 


10.3 Collect quality control samples.  If required, collect  a  field  duplicate  sample  using  the  same  
sampling procedure as the original sample.  If the sampler is required to collect MS and MSD 
samples, two additional aliquots should be collected in the same manner as duplicate samples 
(one original sample, one matrix spike sample, and one matrix spike duplicate).  These 
samples will be designated the matrix spike and, if collected, the matrix spike duplicate. 


10.4 Label each sample container with the sample identification number.  The sample identification 
is composed of the sample location, date, time, and initials of the sampler. For example, a 
sample collected on January 31, 2012 at 1852 by John Doe would be labeled as 
SS/013112/18:52/JD.  The label shall also contain the operator name, the block name and 
number, the OCS-G number, the analysis requested, the sample collection date and time, and 
sampler initials. Sample identification information will be recorded on the chain-of-custody.  


10.5 Record sample location and identification information in the field notebook as per M-I SWACO 
SOP 1006 (Field Logs). 


10.6    Mud samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  
Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2 °C until the time of testing. 


11.0 Calculations 


11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.  


13.0 Pollution Prevention and Waste Management 


13.1 Return the purge volume to the treatment process. 


13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 


14.0 References 


14.1 Permit No: AKG 280000 


14.2 SW-846 Method 6020A 


14.3 M-I SWACO SOP 1006 (Field Logs) 


14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 


14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 


15.0 Documentation 


15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


The purpose of this procedure is to provide a consistent method for the collection of 
drilling fluid samples for analysis for total aromatic hydrocarbons (TAH) and total aqueous 
hydrocarbons (TAqH). These samples will be sent to a contract laboratory for testing by 
methods SW8260B (TAH) and SW8270D SIM (TAqH). 


 


2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location as 


the original sample.  Duplicate samples are collected simultaneously or in immediate 
succession, using identical recovery techniques, and treated in an identical manner during 
storage, transportation, and analysis. 


 


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with a 
known quantity of analyte and extracting and analyzing both the spiked and the unspiked 
duplicate. In the absence of matrix interferences, the difference between the analytical 
results for these two duplicates will yield an acceptable recovery rate for the spike. 


 
3.0 Interferences 
  
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 
 
4.1 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 
 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
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4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 
the drilling rig. 


 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
 
5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in a 40 ml VOA vial or 1-L amber glass jar with Teflon®-lined cap.   
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 


8.0 Quality Control 
 


8.1 Samples must be maintained at 4±2 °C until tested. 
 


8.2 Quality control samples will be collected at the following frequencies: 
 


 Field duplicate samples (one per 10 or fewer samples) 
 Matrix spike (MS) and matrix spike duplicate (MSD) samples (one MS/MSD pair per 20 or 


fewer samples) 
 Trip blank (supplied by the laboratory; one trip blank per cooler containing samples for 


volatile analysis). 
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9.0 Calibration and Standardization 
 


9.1 No calibration required. 
 
10.0 Procedure 
 
10.1 Sample should be collected at the EOW (at same time as the SPP toxicity test). This sample 


will be collected once per well from water based drilling fluid. Drilling fluid formulations to be 
tested shall be collected from the  active fluid systems. The following sample containers will 
be provided by the laboratory. Sample containers may vary by laboratory; however, all sample 
containers and preservatives must comply with analytical method requirements. 


   
Analyte Method Container Preservative Holding Time 


TAH SW8260B 3 x 40 mL VOA vial HCl, 4±2°C 14 days 


TAqH SW8270D SIM 2 x 1 L amber glass jar 4±2°C 7 days to extraction, 40 
days to analysis 


 
 Obtain a grab sample from beneath the shale shaker after the mud has passed through the 


screens. Fill each container directly if possible. Collect samples in order of decreasing volatility 
(i.e., fill the VOA vials first, then the 1 L amber glass jars). Fill each VOA vial completely, leaving 
no headspace in the vial.  Use care not to rinse out the preservative. Place the cap tightly on 
each container after filling. 


 
10.3 Collect QC samples for each analytical method.  
  
 10.3.1 If required, collect a field duplicate sample using the same sampling procedure as the 


original sample. 
 
 10.3.2 If the sampler is required to collect MS and MSD samples, two additional aliquots should 


be collected in the same manner as duplicate samples (one original sample, one matrix spike 
sample, and one matrix spike duplicate).  These samples will be designated the matrix spike 
and, if collected, the matrix spike duplicate. 


 
10.4 Label each  sample container with the sample identification number.  The sample 


identification is composed of the sample location, date, time, and initials of the sampler. For 
example, a sample collected from the shale shaker on January 31, 2012 at 1852 by John 
Doe would be labeled as SS/013112/18:52/JD.  The label shall also contain the operator 
name, the block name and number, the OCS-G number, the analysis requested, the sample 
collection date and time, and sampler initials. Sample identification information will be recorded 
on the chain-of-custody.  


 
10.5    Samples shall be immediately chilled in a dedicated laboratory refrigerator to 4°C ±2.  One of the 


samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or blue 
ice) and continuously maintained at 4±2 °C until the time of testing. 


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 
 
12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 


sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container. 


 
13.0 Pollution Prevention and Waste Management 
 
13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 
 
14.1 Permit No: AKG 280000 
 
14.2 SW-846 Methods 8260B and 8270D SIM 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for five-day biochemical oxygen demand (BOD) analysis. These samples 
would be sent to a contract laboratory for testing by Standard Method 5210B. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 1-L poly bottle. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater and domestic wastewater discharges. Samples will be 
collected weekly for BOD analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
 


Analyte Method Container Preservative Holding Time 


BOD5 SM20 5210B (1) 1-L poly bottle 4±2°C 48 hours 


 
10.2 Fill the container with wastewater.  Place the cap tightly on each container after filling. 
 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody.  


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.   
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Standard Method 9222D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for fecal coliform analysis. These samples will be sent to a contract 
laboratory for testing by Standard Method 9222D. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Sterile sample container with preservative (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 Sodium thiosulfate (Na2S2O3) preservative. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 125-mL sterile poly container w/ Na2S2O3. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater and domestic wastewater discharges. Samples will be 
collected monthly for fecal coliform analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
 


Analyte Method Container Preservative Holding Time 


Fecal coliform SM20 9222D 
(1) 125-mL sterile poly 
container w/ Na2S2O3 


Na2S2O3, 4±2°C 8 hours 


 
10.2 Allow the line to clear for several minutes prior to sampling.  Fill container directly and use care 


not to touch the inside of the container to avoid contamination of the sample.  Use care not to 
overfill the container or rinse the preservative out of the container.  Place the cap tightly on each 
container after filling. 


 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody. 


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs).   
 
10.4    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.  


 
13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Standard Method 9222D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the field measurement 
of pH. This method uses a portable pH meter, such as the Hach HQ11d or equivalent, to measure 
pH in water based on USEPA Method 150.1.     


 


2.0 Definitions 


 
2.1 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.2 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Oil of any type in a water sample will coat the pH electrode. Temperature changes of the water 


during pH measurement will cause drift. 
 
3.2 Refer to the manufacturer’s instruction manual. 
 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures.  
 
4.3 Safety goggles must be worn during sample collection procedures. 
 
4.4 Consult MSDSs before  hand l ing  re fe rence  mate r ia ls  o r  standards. 
 
5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
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5.2 Daily activity report form and field logbook. 
 
5.3 Portable pH meter and manufacturer’s instruction manual. 
 
6.0 Reagents and Standards 


 
6.1 Buffer solution(s) for calibration. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples are collected at frequencies according to Region 10 Permit requirements as outlined in 


rig specific QAPP documentation from the locations specified in the rig-specific Sampling Plan.   
 
7.2 Sample should be analyzed immediately following collection. 
 
8.0 Quality Control 


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 
8.2 Refer to manufacturer’s instruction manual for check standard procedures. 
 
9.0 Calibration and Standardization 
 
9.1 The portable pH meter will be calibrated according to the manufacturer’s instruction manual. 
 
10.0 Procedure 
 
10.1 Samples to be tested shall be collected from the locations specified in the rig-specific Sampling 


Plan for discharges requiring pH testing. pH will be monitored according to Region 10 Permit 
requirements as outlined in rig specific QAPP documentation. 


 
10.2 Collect water in one 100-mL plastic bottle with plastic cap.   
 
10.3 Analyze the sample immediately.  Follow the procedures in the manufacturer’s instruction 


manual. 
 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5 Decontaminate pH probe or other reusable sampling equipment between samples. 
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11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 


12.0 Data Assessment and Corrective Actions 


 


12.1 There is no data assessment associated with this procedure.  
 
13.0 Pollution Prevention and Waste Management 


 


13.1 The wastewater samples will be placed into the sanitary or domestic wastewater systems. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment.  
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Manufacturer’s instruction manual for portable pH meter 
 
14.3 USEPA Method 150.1 
 
14.4 M-I SWACO SOP 1006 (Field Logs) 
 
14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Daily activity report and field logbook. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the field measurement 
of total residual chlorine in sanitary wastewater discharges. This method uses the Hach Pocket 
Colorimeter™ II test kit, or equivalent, to measure total chlorine in wastewater using a method 
equivalent to Standard Method 4500-Cl F,G.  Monitoring is not required if chlorine is not used as 
a disinfectant or for facilities serving fewer than 10 persons    


 
 
2.0 Definitions 


 
2.1 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
3.0 Interferences 


 
3.1 Cold water can cause condensation on the sample cells during color development that can 


interfere with instrument readings. Examine sample cells for condensation and wipe to remove 
excess liquid prior to reading. 


 
3.2 Avoid collecting sample in a plastic container because plastics can react with and consume 


chlorine.  
 
3.3 See manufacturer’s instruction manual for more information about potential interferences. 
 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures.  
 
4.3 Safety goggles must be worn during sample collection procedures. 
 
4.4 Consult MSDSs  before  handling  reference  materials  or standards. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Daily activity report form and field logbook. 
 
5.3 Hach Pocket Colorimeter™ II or equivalent instrument Instruction Manual and test kit. 
 
6.0 Reagents and Standards 


 
6.1 N,N-diethyl-p-phenylenediamine (DPD) Total Chlorine Reagent Powder Pillows, or other 


method-specific reagent. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples of wastewater are collected weekly from the locations specified in the rig-specific 


Sampling Plan.   
 
7.2 Sample should be analyzed within 15 minutes immediately following collection. 
 
8.0 Quality Control 


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 
8.2 Accuracy check procedures are included in the manufacturer’s instruction manual. 
 
9.0 Calibration and Standardization 
 
9.1 Instrument will be calibrated according to the manufacturer’s instruction manual. 
 
10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater discharges. Samples will be collected weekly for total 
residual chlorine analysis. 


 
10.2 Collect the sample in 100-mL plastic bottle with plastic cap.   
 
10.3 Analyze the sample within 15 minutes.  Follow the procedures in the manufacturer’s instruction 


manual. 
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10.4 Record results on the Daily Activity Report (Form 1006-1) and the field logbook. 
 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 


12.0 Data Assessment and Corrective Actions 


 


12.1 There is no data assessment associated with this procedure.  
 
13.0 Pollution Prevention and Waste Management 


 


13.1 The wastewater samples are placed into the sanitary wastewater systems.  
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Manufacturer’s instruction manual 
 
15.0 Documentation 
 
15.1 Daily activity report and field logbooks.
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for total suspended solids (TSS) analysis. These samples would be sent 
to a contract laboratory for testing by Standard Method 2540D. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 1-L poly bottle. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater discharges. Samples will be collected weekly for TSS 
analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
Analyte Method Container Preservative Holding Time 


TSS SM20 2540D (1) 1-L poly bottle 4±2°C 7 days 


 
10.2 Fill the container with wastewater.  Place the cap tightly on each container after filling. 
 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody. 


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or blue 
ice) and continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container. 
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment 
 
14.0 References 


 


14.1 Permit No: AKG280000 
 
14.2 Standard Method 2540D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 


The modified API Recommended Practice 13B-2 is designed to measure the amount of non-


aqueous drilling fluid (NAF) contained on cuttings generated during a drilling operation.  The 


procedure is a retort test that measures oil material (NAF base fluid) and water released from a 


cuttings sample when heated in a calibrated and properly operating �retort� instrument.  The 


inspection and calibration requirements described in this standard operating procedure (SOP) will 


demonstrate that the retort is properly calibrated and operating prior to performing the API 


Recommended Practice 13B-2 (M-I SWACO SOP 3002). 


2.0 Definitions 


2.1 Base Fluid - the continuous phase or suspending medium of a drilling fluid formulation. 


2.2 NAF � non-aqueous drilling fluids, i.e., with a base fluid that is a water-immiscible fluid. 


3.0 Interferences 


3.1 No interferences are known for this procedure. 


4.0 Health and Safety Considerations 


4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


4.3 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 


4.4 The NAF retention on cuttings involves separating liquids from approximately 50 ml of 


cuttings by distillation at high temperature in a 50 ml mud retort apparatus.  Two retorts may 


be running simultaneously and continuously for several hours at a time.  This procedure 


generates heat and a small amount of water and organic vapor. 


4.5 If the condenser or cup hole is plugged, the retort may explode.  The condition of the 


equipment should be checked daily during use. 


Quality Assurance Officer  Date 


Compliance Supervisor  Date 
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4.6 The temperature of the retort will be at 950ºF during testing, so it is a potential thermal 


hazard. 


5.0 Equipment and Supplies 


5.1 Digital thermometer, range �50 to 150 C,  1 C between �20 and 100 C (VWR 61161-310 


or equivalent) 


5.2 Triple-beam balance, range 2000 g, precision  0.1g 


 


5.3 10 ml Disposable Syringe, (Becton, Dickinson and Company) No.309603, or equivalent. 


5.4 Teflon  syringe filter, 25-mm, 0.45 m pore size, Whatman or equivalent. 


5.5 Retort Assembly, retort body, cup and lid: 303 stainless steel or equivalent. 


5.5.1 Retort cup with lid, volume 50 ml 


5.5.2 Condenser � capable of cooling the oil and water vapors below their liquification 


temperature 


5.5.3 Heating jacket � nominal 350 watts 


5.5.4 Temperature control � capable of limiting temperature of retort to at least 930 F (500 C) and 


enough to boil off all NAFs. 


5.5.5 JP-Tube (Liquid Receiver) � 10 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside diameter 


10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 20 C; accompanied by 


Certificate of Verification. 


5.5.6 JP-Tube (Liquid Receiver) � 20 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside diameter 


13-mm; wall thickness 1.2  0.1 mm; calibration to contain �TC� @ 20 C; accompanied by 


Certificate of Verification. 


5.5.7 JP-Tube (Liquid Receiver) � 50 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.25 ml graduations (or 0 � 100% graduations); precision  


0.05 ml; outside diameter 10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 


20 C; accompanied by Certificate of Verification or Certificate of Conformity. 


5.6 Fine steel wool (No. 000 or 0000)  


5.7 Drill bit or stiff wire 







Retort Inspection and Calibration 


© Copyright M-I L.L.C., 2004, All Rights Reserved.


SOP No: 3001 


Date: March 2004 


Revision: 4 


Page: 3 of 12 


5.8 Thread sealant lubricant � high temperature lubricant; Never-Seez  or equivalent 


5.9 Paper towels 


5.10 Miscellaneous cleaning aids � pipe cleaners, brush, retort spatula and cork screw. 


6.0 Reagents and Standards 


6.1 Solids free NAF 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 A sample of solids-free NAF is collected from the batch of NAF as sent by the supplier, prior 


to circulating down hole, according to the procedures described in the appropriate sampling 


SOP. 


8.0 Quality Control 


8.1 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


8.2 The inspection procedures described in Sections 10.3, 10.4, and 10.5 are performed at the 


following frequency: 


8.2.1 Inspect when new, prior to placing in service. 


8.2.2 Inspect at the beginning of service at a new location (or well). 


8.2.3 Inspect daily. 


8.2.4 Inspect when returned from location to the Compliance Supervisor. 


8.2.5 Inspect prior to performing the verification procedures listed in Sections 10.7 and 10.8. 


8.3 The procedure described in Section 10.7 is performed at the following frequency: 


8.3.1 Verify prior to placing in service. 


8.3.2 Verify monthly while in service. 


8.4 The procedure described in Section 10.8 is performed at the following frequency: 


8.4.1 Verify prior to placing in service through documentation of a Certificate of Verification or 


Certificate of Conformity. 


8.4.2 Verify at a minimum every two years. 
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9.0 Verification and Standardization 


9.1 This SOP defines verification procedures for the retort. 


9.2 Calibrate the balance as described in M-I SWACO SOP 1004 (Balance Calibration). 


9.3 Calibrate the thermometers as described in M-I SWACO SOP 1005 (Laboratory 


Refrigerators). 


10.0 Procedure 


10.1 Prior to running all tests, inspect the retort cup lid hole and the retort cell-condenser tube to 


verify both are fully open and free of any solids accumulation.  Clean these passages with a 


pipe-cleaner and �rod� with a drill bit or stiff wire before all tests. 


10.2 Perform the visual inspection daily (See 10.3, 10.4 and 10.5). 


10.3 Visually inspect retort cup, cup lid and retort cell top for the following: 


10.3.1 General cell damage (i.e., cracks, splits, dents, wear, warping, etc.). 


10.3.2 Condition of threads (clean and sharp). 


10.3.3 Interior and exterior metal surface damage (pitting, wall thinning, etc.). 


10.3.4 Cup lid hole should be fully open and free of any solids accumulation. 


10.3.5 Retort cell-condenser tube should be checked with the drill bit or �T�-handled drill bit to 


insure that the connection is fully open, and free of any solids accumulation. 


10.3.6 Complete appropriate items on the Daily Inspection Retort Form (Form 3001-1). 


10.4 Visually inspect retort case and external heating jacket for: 


10.4.1 General damage (i.e., split case, evidence of electrical arcing, heat damage, cracks, splits, 


wear or warping of heating chamber, etc.). 


10.4.2 Electrical cord for damage or evidence of arcing or shorting. 


10.4.3 If external visual inspection indicates a potential problem, disconnect the power cord, 


remove front cover and inspect thermal blocks, electrical connections, free operation of 


thermostat, etc. 


10.4.4 Smooth operation of switches and control. 


10.4.5 On/off operation of indicator lights. 


10.4.6 Complete the appropriate items on the Daily Inspection Retort Form (Form 3001-1). 


10.5 Visually inspect the JP-tube for: 
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10.5.1 Permanent identification marking legibility. 


10.5.2 Scale on volume division legibility. 


10.5.3 Chips or cracks in glass. 


10.5.4 Debris or solids that cannot be removed. 


10.6 If the retort fails any of the inspections in Sections 10.3 through 10.5, mark as �Out of 


Service�.  Clean or repair if possible; alternatively return to manufacturer for repair/inspection 


or discard and replace.  After cleaning or repairs, re-inspect the retort. 


10.7 Volumetric NAF Recovery Performance Test  


10.7.1 Allow the retort heating chamber to cool below 150 F prior to beginning any new retort test. 


10.7.2 Clean and dry the retort assembly and condenser. 


10.7.3 Pack the retort body (upper chamber) with steel wool. 


10.7.4 Apply lubricant/sealant to threads of retort cup and retort stem (high-temperature grease, 


i.e. Never-Seez ). 


10.7.5 Prior to performing the Volumetric NAF Recovery Performance Test, filter the NAF test 


material.  Pour the NAF into a 10 ml plastic syringe fitted with a disposable 0.45 m filter. 


Expel the NAF into a clean 50 ml JP-tube.  Repeat as necessary to fill the JP-tube. 


10.7.6 Pour the solids-free NAF from the 50 ml JP-tube into the retort sample cup. 


10.7.7 Place the lid on retort sample cup and rotate to obtain a proper fit, allowing excess NAF 


base fluid to escape so that final volume is exactly 50 ml.  Wipe excess NAF base fluid from 


lid, outside of cup and threads; avoid wicking out NAF base fluid from the retort cup lid hole. 


10.7.8 Screw the retort sample cup into the retort body (upper chamber).  Keep assembly upright 


so that NAF does not escape or flow into the drain/condenser tube.  (Although there are no 


solids to be trapped by the steel wool, using the steel wool will assure the NAF does not 


escape or flow into the drain or condenser tube). 


10.7.9 Attach the condenser to the retort assembly, seating firmly. Keep assembly upright so that 


NAF does not escape or flow into the drain/condenser tube. 


10.7.10 Attach or position the calibrated 50 ml JP-tube used in 10.7.5 so that it will collect all of the 


condensed NAF liquid. 


10.7.11 Turn on the retort and allow it to run at least one hour.   


10.7.12 When no more NAF condensed liquid is recovered, remove the JP-tube and allow the 


condensate to cool to room temperature. 


10.7.13 Read and record the total volume of NAF fluid collected on the Periodic Retort Verification 


Data Sheet (Form 3001-2).  If the amount of condensed NAF liquid is less than 48.5 ml, 


repeat the procedures in Section 10.7. 
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10.8 JP-Tube (Liquid Receiver) Volume Specification Verification: 10 ml, precision  0.05 ml or 20 


ml, precision  0.05 ml: 


10.8.1 Allow JP-tube and distilled water to reach ambient temperature.  Measure water 


temperature with digital thermometer.  Record the temperature and record density of water 


at nearest temperature (Table 1) on the Periodic Retort Verification Data Sheet (Form 3001-


2). 


10.8.2 Place the clean, empty JP-tube on the balance and record the empty weight (W1, grams). 


10.8.3 Use the pipette to fill JP-tube to the first gradation (2 ml) with distilled water.   


10.8.4 Place JP-tube on the balance.  Record the weight of the JP-tube (W2, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.5 Add an increment of water to the next gradation (4 ml) with the distilled water. 


10.8.6 Place JP-tube on the balance.  Record the weight of the JP-tube (W3, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.7 Add an increment of water to the next gradation (6 ml) with the distilled water. 


10.8.8 Place JP-tube on the balance.  Record the weight of the JP-tube (W4, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.9 Add an increment of water to the next gradation (8 ml) with the distilled water. 


10.8.10 Place JP-tube on the balance.  Record the weight of the JP-tube (W5, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.11 Add an increment of water to the next gradation (10 ml) with the distilled water. 


10.8.12 Place JP-tube on the balance.  Record the weight of the JP-tube (W6, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.13 Calculate JP-tube volumes, VMark, as shown in Equation 1.  Use the density of water at the 


measured temperature.  Record the VMark on the Periodic Retort Verification Data Sheet 


(Form 3001-2). 


Wb � Wa (g) 
VMark = 


Density of water (g/ ml 
Equation 1


  where 


a � weight of JP-tube and water prior to adding increment 


b � weight of JP-tube and water with increment added 


10.9 If the retort fails any of the calibration verifications in Sections 10.7 or 10.8, mark as �Out of 


Service�.  Clean or repair if possible; return to manufacturer for repair/inspection or discard 


and replace.  After cleaning or repairs, re-inspect, and recalibrate the retort. 
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11.0 Calculations 


11.1 The JP-tube volume, VMARK, is calculated as shown in Equation 1 in Section 10.7. 


12.0 Data Assessment and Corrective Actions 


12.1 If any of the questions on the Daily Inspection Retort Form (Form 3001-1) are answered 


�Yes�, the retort must be removed from service until cleaning, repairs and/or maintenance 


are complete.   


12.2 The retort may be returned to service after successful completion (�No�) of the Daily 


Inspection Retort Form (Form 3001-1). 


12.3 If the retort fails any of the calibrations on the Periodic Retort Verification Data Sheet (Form 


3001-2), mark as �Out of Service�.  Clean or repair if possible; return to manufacturer for 


repair/inspection or discard and replace.  After cleaning or repairs, reinspect, and recalibrate 


the retort. 


12.4 The retort may be returned to service after successful completion of the calibrations on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


12.5 Repairs and/or maintenance and other corrective actions are noted on the Daily Inspection 


Retort Form (Form 3001-1) or the Periodic Retort Verification Data Sheet (Form 3001-2). 


13.0 Pollution Prevention and Waste Management 


13.1 The only waste material generated by this procedure is the NAF.  The waste is returned to 


the mud system upon completion of the tests. 


14.0 References 


14.1 Appendix 7 to Subpart A of Part 435 and API Recommended Practice 13B-2. 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 


14.3 M-I SWACO SOP 1005 (Laboratory Refrigerators) 


14.4 M-I SWACO SOP 3002 (Base Fluid Retained on Cuttings Retort Test Procedure) 


 


15.0 Documentation 


15.1 Complete the Daily Retort Inspection Sheet (Form 3001-3) daily during a drilling interval.   
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15.1.1 The Compliance Engineer maintains the Daily Retort Inspection Sheet during a synthetic 


fluids drilling interval in the Drilling Interval notebook.   


15.1.2 Upon completion of the synthetic fluid drilling interval, original Daily Retort Inspection Sheet 


are provided to the permittee.  The District Office archives copies of the Daily Inspection 


Retort Form after completion of a synthetic fluids drilling interval. 


15.1.3 The Daily Retort Inspection Sheet must be restarted if a retort is changed out during the 


month. 


15.1.4 Mark all unused fields with �N/A� and/or a line though the unused blank.  Enter a comment 


in the comment column as to why the retort  was not calibrated. 


15.1.5 The Daily Retort Inspection Form (Figure 1) may be used to calibrate retorts on a single day 


basis such as in preparation for a periodic verification. 


15.2 Complete the Periodic Retort Verification Data Sheet (Form 3001-2) at the frequencies 


specified in Section 8.3. 


15.2.1 If the Compliance Engineer calibrates the retort during a synthetic fluids drilling interval, the 


form is maintained in the Drilling Interval notebook and archived in the project files upon 


completion of a drilling interval. 


15.2.2 If the equipment coordinator calibrates the retort, the original form is maintained in the 


Equipment Log and a copy accompanies the retort in the Equipment records. 


 


 


Figure 1:  Water Density Table 
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Form 3001-1:  Daily Retort Inspection Form


Operator:  Location: (Surface Location) 


OCS-G Number:  Rig Name:  


Date and Time:  Analyst:  


Retort Model:  Retort ID:  


Visual Condition Inspection (10.3,10.4, 10.5) Yes No Comment 


Retort cell damaged (10.3)?    


Retort threads damaged (10.3)?    


Retort metal surfaces damaged (10.3)?    


Retort cup lid hole plugged (10.3)?    


Retort cell-condenser plugged (10.3)?    


Retort case damaged (10.4)?    


Electrical cord damaged (10.4)?    


Thermal blocks, electrical connections, operation of    


Switches and controls stick (10.4)?    


Indicator lights do not operate (10.4)?    


Permanent ID of JP-tubes illegible (10.5)?    


Volume scales illegible (10.5)?    


Chips or cracks in glass (10.5)?    


Debris or solids in JP-tubes (10.5)?    


Retort Model:  Retort ID:  


Visual Condition Inspection (10.3,10.4, 10.5) Yes No Comment 


Retort cell damaged (10.3)?    


Retort threads damaged (10.3)?    


Retort metal surfaces damaged (10.3)?    


Retort cup lid hole plugged (10.3)?    


Retort cell-condenser plugged (10.3)?    


Retort case damaged (10.4)?    


Electrical cord damaged (10.4)?    


Thermal blocks, electrical connections, operation of    


Switches and controls stick (10.4)?    


Indicator lights do not operate (10.4)?    


Permanent ID of JP-tube illegible (10.5)?    


Volume scale illegible (10.5)?    


Chips or cracks in glass (10.5)?    


Debris or solids in JP-tube (10.5)?    


If any response is �Yes�, then clean and repair or remove from service. 


Analyst Signature:  Date:  
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Form 3001-2 Periodic Retort Verification Data Sheet 


Date:  Analyst:  


Operator:  OCS-G Number:  


Area and Block: 
(Surface Location) 


Rig:  


Balance ID:  JP Tube ID:  


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


JP-Tube Volume Procedure (10.8) (Every 2 years) 


 Weight (gram) Water Density 


(grams) 


Calculated 


Volume (ml) 


Volume Scale 


Reading (ml) 


Pass/Fail  


(Within 0.05mL) 


W1      


W2      


W3      


W4      


W5      


W6      


Procedure Results Yes No Comments 


NAF Recovery < 48.5 ml (10.7)? 


JP-tube volume exceeds  0.05 ml (10.8)?
If any response is �Yes� then clean and repair or remove from service.


Analyst Signature:  Date:  
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Quality Assurance Officer  Date 


Compliance Supervisor  Date 


1.0 Scope and Application 


The modified API Recommended Practice 13B-2 is designed to measure the amount of non-


aqueous drilling fluid (NAF) contained in cuttings generated during a drilling operation.  The 


procedure is a retort test that measures NAF base fluid and water released from a cuttings sample 


when heated in a calibrated and properly operating �retort� instrument.  This Standard Operating 


Procedure (SOP) provides a consistent methodology for completing the retort test.  A sample of 


cuttings is heated in the retort, which distills out the liquid associated with the sample.  The liquid is 


condensed and collected in a receiver and separated into two liquid phases, the NAF base fluid and 


water. 


2.0 Definitions 


2.1 Base Fluid - the continuous phase or suspending medium of a drilling fluid formulation. 


2.2 NAF � non-aqueous drilling fluid, i.e. with a base fluid that is a water-immiscible fluid. 


3.0 Interferences 


3.1 No interferences are known for this procedure. 


4.0 Health and Safety Considerations   


4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


4.3 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 


4.4 The NAF retention on cuttings involves separating liquids from approximately 50 ml of 


cuttings by distillation at high temperature in a 50 ml mud retort apparatus.  Two retorts may 


be running simultaneously and continuously for several hours at a time.  This procedure 


generates heat and a small amount of water and organic vapor. 


4.5 If the condenser or cup hole is plugged, the retort may explode.  The condition of the 


equipment should be checked daily during use. 


4.6 The temperature of the retort will be at 950ºF during testing, so it is a potential thermal 


hazard. 


5.0 Equipment and Supplies 
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5.1 Triple-beam balance, range 2000 g, precision  0.1g 


5.2 Retort Assembly, retort body, cup and lid: 303 stainless steel or equivalent. 


5.2.1 Retort cup with lid, volume 50 ml 


5.2.2 Condenser � capable of cooling the oil and water vapors below their liquification 


temperature 


5.2.3 Heating jacket � nominal 350 watts 


5.2.4 Temperature control � capable of limiting temperature of retort to at least 930 F (500 C) 


and enough to boil off all NAFs. 


5.2.5 JP-Tube (Liquid Receiver) � 10 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside 


diameter 10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 20 C; 


accompanied by Certificate of Verification. 


5.2.6 JP-Tube (Liquid Receiver) � 20 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside 


diameter 13-mm; wall thickness 1.2  0.1 mm; calibration to contain �TC� @ 20 C; 


accompanied by Certificate of Verification. 


5.3 Fine steel wool (No. 000 or 0000) 


5.4 Drill bit or stiff wire 


5.5 Thread sealant lubricant � high temperature lubricant; Never-Seez  or equivalent 


5.6 Paper towels 


5.7 Miscellaneous cleaning aids � pipe cleaners, brush, retort spatula and cork screw. 


5.8 Permittee-approved software for ROC calculations 


5.9 Retort Input Data Form 3002-1 


5.10 Daily Activity Report Form 1006-1 


6.0 Reagents and Standards 


6.1 There are no reagents or standards associated with this method. 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 Sampling will be performed with sampling equipment decontaminated as per M-I SWACO 


SOP 2004 (Decontamination of Sampling Equipment) or with dedicated sampling equipment.  


Samples will be collected as described in the applicable sampling SOPs. 


7.2 A representative sample is collected from each discharge stream at a point following the last 


treatment equipment.  Sample locations are described in the rig-specific sampling plan. 
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7.3 Samples within each interval must be collected within one hour of each other.  Testing 


should be started within two hours of individual sample collection.   


8.0 Quality Control 


8.1 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


8.2 Demonstration of Capability:  Each analyst that performs this procedure shall have 


successfully completed a Demonstration of Capability as defined in M-I SWACO SOP 1008 


(Demonstration of Capability). 


8.3 Once per 20 sampling intervals, analyze two duplicate samples (two aliquots of the same 


sample after careful homogenization) which are expected to have a ROC between 5% and 


20%.  Calculate the relative percent difference (RPD) between the two results.  The RPD 


should be less than 10%. (track duplicate sampling intervals using compliance engineer 


check sheet) 


8.4 The mass balance for each sample is calculated using the permittee-approved software.  For 


each sample, the mass balance must be within  5% of the mass of the wet sample. 


9.0 Calibration and Standardization 


9.1 M-I SWACO SOP 1004 (Balance Calibration) describes the calibration and standardization 


for the balance used in this procedure. 


9.2 M-I SWACO SOP 3001 (Retort Inspection and Calibration) describes the calibration and 


standardization for the retort used in this procedure. 


10.0 Field Procedure for Testing ROC Using the 50 ml Compliance Retort 


10.1 Prior to running all tests, perform the Daily Inspection described in M-I SWACO SOP 3001 


(Retort Inspection and Calibration) and complete the Daily Inspection Equipment Form. 


10.2 All testing data is recorded on the Daily Activity Report as specified in M-I SWACO SOP 


1006 (Field Logs).  Sample data are recorded on the ROC Data Input Sheet (Figure 1). 


10.3 Analytical procedure 


10.3.1 Pack the retort body (upper chamber) with steel wool. 


10.3.2 Apply lubricant/sealant to threads of retort cup and retort stem (high-temperature 


grease, i.e. Never-Seez ). 


10.3.3 Weigh and record the mass of the clean empty retort cup, lid and body to 0.1 g. This is 


mass A. 
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10.3.4 Gently mix the cuttings to obtain a homogeneous sample. Partially fill the retort sample 


cup with the sample.  Remove any sample that is on the threads with a paper towel.  


10.3.5 Place the lid on the retort sample cup and rotate to obtain a proper fit. 


10.3.6 Screw the retort sample cup into the retort body (upper chamber).  Keep the assembly 


upright.  Weigh and record the mass to 0.1 g; this is mass B. 


10.3.7 Attach the condenser to the retort assembly, seating firmly.  Keep the assembly upright 


and place the retort assembly into the retort oven and close the lid.  


10.3.8 Weigh and record the mass of the clean, empty 10 ml or 20 ml JP-tube to 0.1 g. This is 


mass C. 


10.3.9 Attach or position the weighed 10 or 20 ml JP-tube so that it will collect all of the 


condensed NAF liquid and water.  Secure the JP-tube at the proper height with the 


rubber washer provided in the retort kit so all the condensed fluids will be collected. 


10.3.10  Turn the retort on and run for a minimum of 1 hour.  The thermostat shall be set at 


950 F.  


10.3.11  After all the NAF has boiled off, turn off the retort.  Remove the JP-tube and allow it to 


cool.  Observe the JP-tube; if solids have boiled into the JP-tube, the test is void and  


you must repeat the test.  Record the volume of water; this is V in mls.  If an emulsion 


interface is present, carefully heat the JP-tube.  Wearing the thermal protection gloves 


provided in the retort kit, remove the retort from the heating jacket while grasping the 


condenser.  Carefully heat the emulsion band by rolling the JP-tube against the retort 


cell.  This is done over short time intervals as to avoid boiling the liquids. After the 


emulsion is broken, allow the JP-tube to cool and read and record the water volume 


(lowest point of the meniscus).  This is your V in mls.  


10.3.12  Weigh and record the mass of the JP-tube and its contents (oil and water).  This is 


mass D in grams.  


10.3.13 Remove the assembly and condenser from the heating jacket and allow them to cool 


without water quenching.  


10.3.14 Weigh and record the mass of the cooled retort cell body and lid.  This is mass E in 


grams.  


10.3.15  Clean the retort assembly, condenser and JP-tube immediately after finishing each 


test.  Scrape the solids from the retort assembly and condenser.  Wipe clean with a 


paper towel.  Immerse in water if necessary to remove the solids.  Clean the receiver 


as described in M-I SWACO SOP 2004 (Decontamination of Equipment). 


10.3.16  Gently place the metal heat sink in the heating jacket to absorb the heat.  This will 


accelerate the cooling time between retort runs.  
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11.0 Calculations 


11.1 Calculate the RPD as follows: 


(R1 � R2) *200 
RPD =  


(R1 + R2) 


 where R1 = the higher ROC result 


  R2 = the lower ROC result 


11.2 The permittee-approved software calculates the mass balance using the following equation: 


(MD + MBF + V) 
Mass Balance = 


Mw 


where MD = Mass of dry retort cuttings (Mass E � Mass A) 


 MBF = Mass of NAF base fluid (Mass D � Mass C � Volume V) 


 V = Volume of water recovered (assumes 1 ml = 1 g) 


  Mw = Mass of wet cuttings (Mass B � Mass A) 


11.3 The permittee-approved software performs the required calculations.  


12.0 Data Assessment and Corrective Actions 


12.1 The permittee-approved software assesses the data.  The software provides the mass 


balance result or a warning if the mass balance criteria are not met. 


12.2 The procedure shall be repeated for any sample that fails the mass balance ratio. 


Homogenize the sample thoroughly and repeat the procedure if the sample is still within the 


holding time.  If the sample has exceeded the holding time and drilling is still inside the 


interval, collect another sample, thoroughly homogenize the new sample and repeat the 


procedure.  If the sample has exceeded the holding time and drilling has commenced in the 


next interval, thoroughly homogenize the original sample and repeat the procedure. 


12.3 The procedure shall be repeated using a smaller sample size for any sample where solids 


boiled over into the JP-tube. Homogenize the sample thoroughly and repeat the procedure if 


the sample is still within the holding time.  If the sample has exceeded the holding time and 


drilling is still inside the interval, collect another sample, thoroughly homogenize the new 


sample and repeat the procedure.  If the sample has exceeded the holding time and drilling 


has commenced in the next interval, thoroughly homogenize the original sample and repeat 


the procedure. 
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12.4 If the holding time is exceeded and drilling is still inside the interval, collect another set of 


samples and repeat the procedure.  If the holding time is exceeded and drilling has 


commenced on the next interval, use the data from the original sample. 


13.0 Pollution Prevention and Waste Management 


13.1 Samples are retained until the holding time has expired or until the Compliance Engineer has 


verified the acceptability of the test results, whichever comes first. 


13.2 The waste material generated by this procedure is NAF and water that is returned to the mud 


system.  The fluid is returned to the active mud system upon completion of the tests. 


Cuttings (excess sample) are returned to the mud system. 


 


14.0 References 


14.1 Appendix 7 to Subpart A of Part 435 and API Recommended Practice 13B-2. 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 


14.3 M-I SWACO SOP 1006 (Field Logs) 


14.4 M-I SWACO SOP 1008 (Demonstration of Capability) 


14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 


14.6 M-I SWACO SOP 3001 (Retort Inspection and Calibration) 


15.0 Documentation 


15.1 Sample collection information is recorded in the Field Notebook. 


15.2 Calculations are documented in the permittee-approved software and recorded in the Daily 


Activity Report (Form 1006-1) 


15.3 Mark all unused fields with �N/A� and/or a line though the unused blank.  


15.4 The Compliance Engineer maintains the Retort Input Data Forms (Form 3002-1) and 


software outputs in the Drilling Interval Notebook.  A copy of the Retort Input Data Forms 


(Form 3002-1) is provided to the permittee daily. 


15.5 Upon completion of the drilling interval, provide the permittee with the Retort Input Data 


Forms (Form 3002-1) and software outputs.  Archive a copy of the Retort Input Data Forms 


(Form 3002-1) and software outputs in the project files at the District Office. 
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Form 3002-1 Retort Input Data 


Certificate of Analysis 


Operator:  Rig:  Date:  


Area & Block: 


(Surface Location)


OCS-G Number:  Interval #:  


Method Reference:  
40 CFR 435, Appendix 7 to Subpart A � API Recommended 


Practice 13B-2 
Permit Number:  


Sample Collection Point:  Sample Time:  


Start Depth:  End Depth:  Sample Depth:  Sample Vol.:  


Retort Start 
Time: 


 
Retort End 


Time: 
 Retort S/N:  Cell #:  


RETORT CELL WITH STEEL WOOL (A):  Grams 


CELL + WET CUTTING WEIGHT (B):  Grams 


EMPTY JP TUBE WEIGHT (C):  Grams 


LIQUID + JP TUBE WEIGHT (D):  Grams 


CELL + DRY CUTTING WEIGHT (E):  Grams 


WATER VOLUME IN JP TUBE (V):  mL 


Mass Balance:  1 ± 0.ð5 


ROC RESULT FROM SOFTWARE:  %BF 


Comments: 


Sample Collection Point:  Sample Time:  


Start Depth:  End Depth:  Sample Depth:  Sample Vol.:  


Retort Start 
Time: 


 
Retort End 


Time: 
 Retort S/N:  Cell #:  


RETORT CELL WITH STEEL WOOL (A):  Grams 


CELL + WET CUTTING WEIGHT (B):  Grams 


EMPTY JP TUBE WEIGHT (C):  Grams 


LIQUID + JP TUBE WEIGHT (D):  Grams 


CELL + DRY CUTTING WEIGHT (E):  Grams 


WATER VOLUME IN JP TUBE (V):  mL 


Mass Balance:  1 ± 0.ð5 


ROC RESULT FROM SOFTWARE:  %BF 


Comments: 


Software Used: 
(Name and Version) 


Interval Average 
% BF: 


 Well Average % BF:  


Analyst Signature:  Date:  
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Quality Assurance Officer Date 
 
 


Compliance Supervisor Date 
 


 
1.0 Scope and Application 
 


 This Standard Operating Procedure (SOP) provides consistent methodology for the qualitative 
(pass/fail) analysis of drilling fluid or drill cuttings for static sheen. Static sheen is a 
compliance test for the  discharge of free  requirement for discharge of drilling fluids 
and drill cuttings from offshore production platforms. 


 
2.0 Definitions 


 
2.1 Free oil  any oil contained in a waste stream that, when discharged, will cause a film or 


sheen upon or a discoloration of the surface of the receiving water. 
 
2.2 Sheen    a  silvery  or  metallic  reflection  or  gloss;  increased  reflectivity,  visual  color, 


iridescence or an oil slick on the water surface. 
 
3.0 Interferences 


 
3.1 This test requires that the sample be introduced below the water surface.  Any introduction of 


the  sample  to  the  water  surface  (e.g.,  from  outside  the  syringe  when  immersing  and 
removing it from the water) interferes with the test observation. 


 
3.2 Residual free oil on improperly washed equipment is a primary source of contamination.  All 


reusable equipment must be thoroughly cleaned using the procedures in M-I SWACO SOP 
 2004 (Decontamination of Equipment). 
 
4.0 Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Plan. 
 
4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 
5.0 Equipment and Supplies 
 
5.1 Equipment and supplies are to be provided by the permittee.  If they are not available, obtain 


the items listed below. 
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5.2 2 Rubbermaid® dishpans, No. 2951 or 11.5 quart or equivalent.  (Container must have an 


internal cross-section parallel to its opening has an area of 1000 cm2 ± 50 cm2 and a depth 
of 13 to 30 cm). 


 
5.3 20- or 30-gallon black plastic trash bags. 
 
5.4 20-mL or 25-mL disposable plastic syringes. 
 
5.5 Disposable plastic weigh boats. 
 
5.6 Sample collection containers: 32-oz wide-mouth glass jar with Teflon®-lined cap or equivalent; 


cleaned as specified in M-I SWACO SOP 2004 (Decontamination of Equipment). 
 
5.7 Stainless steel spatula. 
 
5.8 Triple beam balance. 
 
5.9 5-gallon bucket for seawater. 
 
5.10 Ambient seawater. 
 
5.11 Test area with fluorescent lighting. 
 
5.12 Daily activity report (M-I SWACO SOP 1006  Field Logs). 
 
5.13 Static Sheen Test Report Form 3004-1. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards associated with this method. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples of drilling fluids are collected daily from beneath the shale shaker after cuttings 


have been removed.  The sample volume should range from 200 to 500 mL and be collected 
in a glass jar. 


 
7.2 Samples of drill cuttings are collected daily from the shale shaker screen with a clean 


spatula or similar instrument and placed in a sample container.  The sample volume should 
range from 200 to 500 g. 
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7.3 Samples must be tested no later than one hour after collection. Samples must be stored in a 


dedicated laboratory refrigerator and maintained at 4±2°C until tested. 
 
8.0 Quality Control  


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


  
9.0 Calibration and Standardization 
 
9.1 Calibrate the balance as described in M-I SWACO SOP 1004 (Balance Calibration). 
 
10.0 Procedure 
 
10.1 Cut a new plastic garbage bag in half and place the liners in each dishpan. 
 
10.2 Collect five gallons of seawater. 
 
10.3 Pour the seawater into the plastic bag-lined dishpans to within ½ inch of the top. 
 
10.4 Mud Samples 
  
 10.4.1 Homogenize the mud sample thoroughly. 
 
 10.4.2 Fill and empty the disposable syringe with the homogenized mud three times.  Fill the 


syringe with 20 mL of mud. Inject 15 mL of mud into the seawater 1 cm below the surface. 
 
 10.4.3 Stir the seawater with a syringe to distribute the test material homogenously. 
 
10.5 Cuttings Samples 
  
 10.5.1 Mix the cuttings thoroughly with a clean spatula. 
 
 10.5.2 Using the stainless steel spatula, weigh 15 grams of cuttings onto a disposable plastic 


weigh boat. 
 
 10.5.3 In the second dishpan, immerse the weigh boat into the water and use the spatula to 


scrape the cuttings into the bottom of the container.  Stir the cuttings with the spatula to evenly 
distribute the solids on the bottom of the dishpan. 
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10.6 Observations 
 
 10.6.1 Make all observations within one hour of transferring the sample into the container. 


Observations should be made every 10 minutes with the final observation being 60 minutes 
from the start of the test. 


 
 10.6.2  Look  for  a  silvery  or  metallic  sheen,  or  gloss,  increased  reflectivity,  visual  color, 


iridescence or an oil slick.  Look from at least three directions at angles 30 to 60 degrees from 
horizontal. 


 
 10.6.3 If the free oil covers more than 10% of the surface area, the film may be too thick to 


see color or sheen, so look for an oil slick. 
 
 10.6.4 If a sheen is observed on less than ½ of the surface area continue to make 


observations for a total of one hour.  If the sheen still covers less than ½ of the surface area at 
the end of one hour, the sample passes the static sheen test and the discharge can continue. 


 
 10.6.5 If the sample causes a sheen to occur on more than ½ of the surface area within one 


hour of starting the test, the sample does not pass the static sheen test.  Notify the permittee. 
 


10.6.6 Record observations on the Static Sheen Test Report Form 3004-1. 
 


 10.6.7 Record results on the Daily Activity Report (Form 1006-1). 
 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If a test for a sample is not begun within one hour of sample collection or if a negative result 
is not confirmed by continued observation for up to one hour, the test is invalid.  Collect 
another sample and repeat the test.  


 
12.2 If a sample does not pass the sheen test, notify the permittee. 
 
13.0 Pollution Prevention and Waste Management 


 


13.1 Samples are retained until the holding time has expired or until the Compliance Engineer has 
verified the acceptability of the test results, whichever comes first. 


 
13.2 Plastic trash bag liners are placed in the trash. 
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13.3 The seawater/mud and seawater/cuttings slurries are placed into the mud system. 
 
14.0 References 


 


14.1 Appendix 1 to Subpart A of Part 435. 
 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 
 


14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 


 
15.1 Sample collection information is recorded in the Field Notebook and the Daily Activity Report. 
 
15.2 The results of the static sheen tests are recorded on the Static Sheen Test Report Form (Form 


3004-1) and on the Daily Activity Report (Form 1006-1). 
 
15.3 Mark all unused fields with  and/or a line though the unused blank.  Enter a comment in 


the comment column as to why the empty column was not used. 
 
15.4 The Compliance Engineer maintains the Static Sheen Report Forms in the Drilling Interval 


Notebook. 
 
15.5 Upon completion of the drilling interval, provide the permittee with the original Static Sheen 


Test Report Forms.  Archive a copy of the Static Sheen Test Report Forms in the project files 
at the District Office. 
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Form 3004-1  Static Sheen Test Report 
Form 


 


Certificate of Analysis 


Operator:  OCS-G Number:  


Rig Name:  Area and Block: 
(Surface Location) 


Permit Number:  Method Reference: 
 


40 CFR Subpart A, Appendix 1 to Subpart A 


Sample ID Number   


Date of Sampling and Analysis   


Type of Sample   


Time of Sampling   


Location of Sample 
  


Sample Collector   


Test Location   


Analyst   


Time Test Initiated   


Observations Time Pass  / Fail Time Pass  / Fail 


1     


2     


3     


4     


5     


6     


Results of Analysis Pass / Fail Pass / Fail 


Comments: 


Analyst Signature: Date: 
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1.0 Scope and Application


The purpose of the procedure is to provide a consistent method for performing a visual sheen test of
waste streams discharging into the marine environment around a drilling platform.


2.0 Definitions


2.1 Sheen – means a silvery or metallic sheen, gloss, or increased reflectivity, visual color or
iridescence on the water surface.


2.2 Free oil – any oil contained in a waste stream that, when discharged, will cause a film or
sheen upon or a discoloration of the surface of the receiving water.


2.3 Drilling Fluid - means the circulating fluid (mud) used in the rotary drilling of wells to clean
and condition the hole and to counterbalance formation pressure. Classes of drilling fluids
are:


2.4 TCW fluids - means Treatment Completion Workover fluids. These are defined as salt
solutions, weighted brines, polymers and various additives used to prevent damage to the
well bore during operations which prepare the drilled well for hydrocarbon production or alter
the formation in some way to increase production; or biocides, corrosion inhibitors, or other
chemicals which are used to treat seawater or freshwater to prevent corrosion or fouling of
piping or equipment.


2.5 Deck Drainage - means any waste resulting from deck washings, spillage, rainwater, and
runoff from gutters and drains including drip pans and work areas within facilities subject to
this permit.


2.6 Miscellaneous Discharge – means the discharge of:


Desalination Unit Discharge Diatomaceous Earth Filter Media


Blowout Preventer Fluid Uncontaminated Ballast Water


Uncontaminated Bilge Water Mud, Cuttings, and Cement at the Seafloor


Uncontaminated Freshwater Uncontaminated Seawater


Boiler Blowdown Source Water and Sand


Excess Cement Slurry


2.7 Produced Water - means the water (brine) brought up from the hydrocarbon-bearing strata
during the extraction of oil and gas, and can include formation water, injection water, and any
chemicals added downhole or during the oil/water separation process.


Quality Assurance Officer Date


Compliance Supervisor Date
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2.8 Sanitary Waste - means human body waste discharged from toilets and urinals.


2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers,
eye wash stations, hand washing stations, fish cleaning stations, and laundries.


3.0 Interferences


3.1 This test can not be performed when atmospheric or surface conditions prohibit the observer
from detecting a sheen (e.g., overcast skies, rough seas, ect.).


4.0 Health and Safety Considerations


4.1 No specific health and safety considerations are necessary other than the general
procedures outlined in the Global HSE Plan.


5.0 Equipment and Supplies


5.1 Daily observation worksheet.


6.0 Reagents and Standards


6.1 Reagents or standards are not applicable to this procedure.


7.0 Sample Collection, Preservation, Shipment and Storage


7.1 There is no sample collection for this procedure.


8.0 Quality Control


8.1 Compliance Engineers are trained in the requirements of this procedure through the
Compliance Engineer training program. Training on SOP revisions will be documented
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer
Training).


9.0 Calibration and Standardization


9.1 No calibration required.


10.0 Procedure


10.1 The observer must be positioned on the rig or platform, relative to both the discharge point
and current flow at the time of discharge, such that the observer can detect a sheen should it
surface down current from the discharge. For any discharges that have been occurring for at
least 15 minutes previously, observations can be made any time thereafter. For discharges of
less than 15 minutes duration, observations must be made during both discharge and 5 minutes
after discharge has ceased.
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10.2 Obtain and record wind speed, wind direction, and current direction from appropriate
personnel on site (e.g., marine department, barge engineer, ect.).


10.3 If an observation cannot be made, record this in the Daily Observation Worksheet along with
a comment as to why the observation cannot be made (e.g., overcast skies, rough seas,
ect.).


11.0 Calculations


11.1 There are no calculations with this procedure.
12.0 Data Assessment and Corrective Actions


12.1 There is no data assessment associated with this procedure.
13.0 Pollution Prevention and Waste Management


13.1 There are no wastes that are generated with this procedure.


14.0 References


14.1 Final NPDES General Permit for New and Existing Sources and New Discharges in the
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the
Outer Continental Shelf of the Gulf of Mexico (GMG290000)


14.2 Final NPDES General Permit No. GMG 460000 for Offshore Oil and Gas Activities in the
Eastern Gulf of Mexico


15.0 Documentation


15.1 Daily Observation Worksheet


15.2 Archive the Daily observation worksheet in the Drilling Interval Logbook during the drilling
interval.


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.


15.4 Upon completion of the drilling interval, provide the permittee with a copy of the Daily
Observation Worksheet. Archive a separate copy in the project files at the District Office.







SOP No: 3005
Date: April 2005
Revision: 5
Page: 4 of 4


Visual Sheen Test


Copyright M-I L.L.C., 2004, All Rights Reserved.







SHELL LWI-001   Page 1 of 2 


   
Document Number: SHELL LWI-001  Print Date: 2/27/2013 
PAPER COPIES ARE UNCONTROLLED.  THIS COPY VALID ONLY AT THE TIME OF PRINTING.  THE CONTROLLED VERSION OF THIS 
DOCUMENT CAN BE FOUND ON THE ALASKA E-COLLABORATION SITE. 


 
Local Work Instructions: 


Continuous Temperature Monitoring of Non-Contact Cooling Water SHELL LWI-001 
 
Approved By:  Peter Nelson Written By:  Buddy Brooks 
Scope: Shell operations Reviewed/Revised By: Jeremy Chadwell 
Issue Date: 2/11/2013 Revision/Review Date: 2/25/2013 
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SCOPE 
 
This document offers work level instructions for the proper completion of continuous temperature monitoring of non-contact cooling 
water at Alaska SHELL operations. 
 
RESPONSIBILITY 
 
The M-I SWACO Compliance Supervisor is responsible to ensure that this LWI has been provided to each person prior to conducting 
this task. 
Each M-I SWACO Compliance Specialist is responsible for reviewing the below procedure, and referenced documents prior to 
beginning the work outlined within and for adhering to the below document while performing the task.   
 
1.0 References: 


1.0 NPDES Permit 
 
2.0 General Requirements: 


2.0 M-I SWACO Compliance trained personnel will oversee all monitoring and documentation. 
 


3.0 Safety Guidelines: 
3.0 Standard PPE for the area that the temperature will be taken must be worn.  This will include hard hat, FRC 


coveralls, eye protection, hearing protection and hard toed work boots.  Note that other PPE may be required 
depending on the discharge point location. 


 
4.0 Instructions: 


4.0 Temperature sensors installed at each non-contact cooling water discharge point will continuously measure and 
record the temperature of the effluent fluid. The data will be logged and reviewed daily so the high and low 
temperatures can be recorded.  Temperatures are sampled from each discharge point once per minute; with the 
value logged as the results are displayed in real time on the computer screen.  The Compliance Specialist will be 
able to monitor each systems cooling water temperatures while in the compliance lab. 


4.1 Every 24 hours the temperature readings will be reviewed by the Compliance Specialist and the daily high and low 
temperatures will be recorded. 


4.2 The high and low temperatures for each cooling water discharge will be logged on the NPDES spreadsheet.  
 
5.0 Contingency:  


5.0 Process for sampling and recording temperatures in the event of a single sensor failure 
5.0.1 Proper PPE for the area that the samples will be collected must be donned prior to entering those areas. 
5.0.2 In the event that a single temperature sensor fails, temperatures will be taken manually at the discharge 


point with a certified traceable thermometer. 
5.0.3 Samples will be collected every hour and temperature measured immediately. Values will be logged and the 


maximum and minimum temps recorded on the NPDES spreadsheet. 
 


5.1         Process for sampling and recording temperatures in the event of multiple censor failures or complete system failure. 
              5.1.0 In the event of multiple censor failures or a complete system failure, the Compliance Specialist will manually 


sample temperatures of non-contact cooling waters every six hours. 
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5.1.1      Systems which tend to have the greatest variance in temperatures, along with high volume 
discharges, will be prioritized above other discharge systems. 


5.1.2 Samples will be collected and the temperatures immediately measured using a certified traceable 
thermometer. 


5.1.3 Every 24 hours, the Compliance Specialist will record the maximum and minimum temperatures for 
each non-contact cooling water discharge on the NPDES spreadsheet.   


 
 
Revision Log 
Date: Document History: Revised/reviewed by: Location: 


2/22/13 Original Created Buddy Brooks Alaska Shell Operations 
2/25/13 Approved for distribution Peter Nelson Alaska Shell Operations 
2/25/13 Reviewed Jeremy Chadwell Alaska Shell Operations 
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1.0 SCOPE 


 
To estimate the chronic toxicity of effluents and receiving waters to topsmelt, Atherinops 
affinis, during a seven-day, static-renewal exposure.  Procedures are based on 
EPA/600/R-95/136 and WDOE WQ-R-95-80. 
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Number of replicates per concentration 5 
Volume of test chamber 600 mL (minimum) 
Volume of test samples and controls 200 mL (minimum) 
Number of test organisms per chamber 5 
Test substance renewals Daily 
Type of biological observations Survival and growth (dry weight and biomass) 
Definition of death for this test Lack of movement after a pulse of water has 


been applied from a disposable pipette 
Times of biological observations Survival - daily; growth at end of test 
Type of physical observations Bath and chamber temperature and light 
Times of physical observations Bath temperature continuous; chamber 


temperature and light daily 
Types of water quality analyses DO, temperature, salinity, and pH in one 


replicate per concentration, daily 
  


 
2.2 Physical Requirements 
 
DO  ≥ 4.0 mg/L 
Temperature 20 ± 1ºC 
Salinity 5-34 ppt (± 2 ppt of selected test salinity for California);  
  30 (or 34) ± 2 ppt for Washington 
pH  7.8 - 8.2 (dilution water), 6-9 (test sample) 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux)
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2.3 Biological Requirements 
 
Feeding Test organisms will be fed 40 newly-hatched (less than 24-hour old) 


Artemia nauplii per larva twice a day from day 0 through day 6.  Organisms 
are not fed on day 7. 


Life stage Larvae (9-15 days post-hatch) will be used 
Dilution water Filtered (0.45µm) Hood Canal seawater diluted with reagent grade 


deionized water to test salinity or reconstituted seawater made with 
bioassay grade salts (i.e. Crystal Sea Marine Mix or equivalent) 


 
2.4 Interferences 
 
Toxic substances may be introduced by contaminants in dilution water, glassware, sample 
hardware, and testing equipment. 
 
Improper effluent sampling and handling may adversely affect test results. 
 
Pathogenic and/or predatory organisms in the dilution water and effluent may affect test 
organism survival and confound test results. 
 
Food added during the test may sequester metals and other toxic substances and 
confound test results. 
 
3.0 TEST ORGANISM 
 
The test organism will be Atherinops affinis (Topsmelt).  This organism is to be used in 
effluent and receiving water testing. 
 
3.1 Test Organism Specifications 
 
Species: Atherinops affinis Topsmelt) 
Source: Aquatic BioSystems, Fort Collins, CO 
Age:  Larvae (9 - 15 days post hatch) will be used 
 
 
3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
Stock cultures of A. affinis will be fed newly-hatched (< 24 hours old) Artemia daily.  Food 
identification, source, preparation, and quality will be tracked. 
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If the organisms’ survival rate in any replicate on any day falls below 50%, the volume of 
Artemia will be reduced by one-half for the remainder of the test. 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboatory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Light meter 
DO meter and probe 
pH meter and probe 
Conductivity meter and probe 
Thermistor 
Nitex® mesh sieves (0.5 mm) 
Drying oven 
Desiccator 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a water bath, temperature controlled room, or incubator capable 
of maintaining constant temperature and appropriate illumination.  The facility will be well 
ventilated and free of fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
600-mL glass beakers or equivalent 
 
6.0 PROCEDURE 
 
Nine (9) to 15-day old larvae are exposed in a static-renewal system to different 
concentrations of effluent or to receiving water for a period of seven days.  Test results are 
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based on the survival and growth (change in dry weight) of the larvae as compared to the 
control. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
6.1.2 Dilution Water Preparation 
 
Dilution water will be made from filtered natural or reconstituted seawater diluted to the 
appropriate test salinity (5 to 34 ± 2 ppt) with deionized water as needed. 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.1.4 Test Organism Addition 
 
Nine (9) to 15-day old larvae are active and difficult to capture and are subject to handling 
mortality; care must be taken when handling. The fish culture is concentrated by 
transferring animals from the short term culture to a nested sieve (0.5 mm) submerged in 
dilution water. The fish are concentrated by slightly lifting the nested sieve so that the water 
volume is reduced but the animals are still within water. Animals are then scooped with a 
small cup (intermediate holding vessel) and decanted into sets of five animals each. 
Transferring animals with a wide-bore pipette should be avoided, but may be used to 
remove unwanted fish.  Within a short time from transfer the intermediate holding vessels 
are immediately checked by a different technician for organism health and the desired 
number of animals is correct. The larvae are then transfered into test chambers.  Test 
organisms will be transferred to test chambers in a manner to avoid systematic bias 
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(randomly).  Any organisms remaining (stranded) in the intermediate holding vessel after 
the transfer will be discarded and replaced. Test chambers will be arranged randomly in 
the water bath. 
 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test dilutions will be prepared using labware cleaned according to Section 6.1.1 or using 
pre-cleaned labware of a disposable nature.  Dilution water will be the only water used in 
making up all stock and final dilutions.  Each test chamber will be labeled with the test ID 
number, dilution, and replicate.  The position of the test chambers will be randomized.  This 
position will be maintained throughout the test. 
 
6.2.2 Test Measurements 
 
Data will be recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each concentration.  Readings will be taken on the 
“old” test solution as well as the renewal solutions.  Data collection will start in the controls 
and proceed from the lowest test concentration to the highest.  If 100% mortality occurs in 
any test chamber readings will be taken on that day, but no subsequent readings will be 
taken from that test chamber. 
 
Biological.  The number of live and dead larvae in each test chamber is recorded daily, 
and the dead larvae are discarded.  At the end of the test, the numbers of surviving larvae 
in each test chamber are counted and placed in weigh boats. 
 
Immediately before drying, the larvae are rinsed in deionized water.  The rinsed larvae are 
transferred by forceps to a tared weighing boat and dried at 60ºC for 24 hours or at 100ºC 
for a minimum of 6 hours.  Immediately upon removal from the drying oven, the weighing 
boats are placed in a desiccator to cool and to prevent the adsorption of moisture from the 
air until weighed.  All weighing boats containing the dried larvae are weighed to 0.01 mg; 
the tare weight is subtracted; and the measurement is recorded. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
Before the daily renewal of test dilutions, uneaten and dead Artemia and other debris are 
removed from the bottom of the test chambers with a pipette.  Remaining dilution water will 
be decanted or removed using a siphon, leaving approximately 10-15% of total volume.  If 
handling mortality occurs, the number and chamber position of the dead larvae will be 
recorded. 
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6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 10-15% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the larvae. 
 
6.3 Post-task 
 
6.3.1 Data Analysis 
 
The end points of this chronic toxicity test using Atherinops are based on the adverse 
effects on survival and growth.  Calculate the effects on growth using the original number 
of test organisms, and calculate the mean weights of the controls (used to evaluate if 
weights met test acceptability criteria) using the surviving number of test organisms. 
 
Results Needed: 


• Percent mortality in controls 
• Percent mortality in test concentrations 
• LC50 value and 95% confidence limits 
• EC50 value and 95% confidence limits (effects on growth) 
• Tables showing biological, chemical, and physical data 


 
6.3.2 Method 
  
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.3 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired. At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
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6.3.4 Pollution Prevention 
 
For glassware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (copper sulfate) are collected for hazardous 
waste disposal. 
 
6.4 Reference Toxicant Test 
 
A positive control test (reference toxicant test) must be tested concurrently with any chronic 
toxicity effluent test performed with Atherinops affinis. This test is used to assess the health 
of a particular batch of test organisms or organisms from a specific source (i.e. field 
collected or a specific supplier). Five concentrations (20, 40, 80, 160, 320 ppb) of a 
reference substance (copper sulfate) may be used in a 7-day exposure to assess the 
health of the test organisms.  (Concentrations may be adjusted in cases of changes in 
organism sensitivity.)  Five replicate test chambers per reference substance concentration 
will be used.  The LC50 values will be compared with historical data from definitive 
bioassays.  The results of mortality and growth with the reference substance will be 
reported and used in combination with control responses to characterize the health of the 
test organisms. 
 
It should be noted that currently there is currently only a single supplier for topsmelt 
(Aquatic BioSystems, Fort Collins CO.).  
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any laboratory personnel demonstrating competence with this method may perform the 
procedure. 
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9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 
Test acceptability criteria are: 


• 80% or greater survival in controls 
• If the test starts with 9-day-old larvae, the mean weight per larva must 


exceed 0.85 mg in the reference and brine controls; the mean weight of 
preserved larvae must exceed 0.72 mg. 


• The LC50 for survival must be within two standard deviations of the control 
chart mean for the laboratory.  The LC50 for survival with copper must be 
<205 µg/L. 


• The minimum significant difference (%MSD) of <25% relative to the control 
for survival for the reference toxicant test.  The (%MSD) of <50% relative to 
the control for growth for the reference toxicant test. 


 
9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
 
10.0 REFERENCE DOCUMENTS 
 
Chapman, G.A., D.L. Denton, and J.M. Lazarchak (Eds.). 1995.  Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine 
and Estuarine Organisms.  U.S. EPA Environmental Monitoring Systems Laboratory, 
Cincinnati, Ohio, EPA/600/R-95/136. 
 
Norberg-King, T.J. 1988.  An interpolation estimate for chronic toxicity:  The ICp approach. 
Technical Report 05-88, National Effluent Toxicity Assessment Center, Environmental 
Research Laboratory, U.S. Environmental Protection Agency, Duluth, Minnesota. 
 
Washington State Department of Ecology. 2008 Revision. Laboratory Guidance and Whole 
Effluent Toxicity Test Review Criteria.  Water Quality Program.  Publication No. WQ-R-95-
80. 
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1.0 SCOPE 
 
To determine the chronic toxicity to Menidia beryllina (inland silverside) when exposed to a 
test substance for 7 days.  Procedures are based on the Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
Organisms. 3th Ed. (EPA 2002) (EPA-821-R-02-014). The implementation of this method 
is further defined in the Washington Department of Ecology document Laboratory 
Guidance and Whole Effluent Toxicity Test Review Criteria (WQ-R-95-80) for 
regulatory use on samples originating in Washington State.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on M. beryllina 
Test type Static Renewal 


Test duration 7 Days  


Test temperature 25±1 ºC 


Test Salinity 30± 2 ppt (recommended); Range = 5 – 32 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 min.) 
at 50-100 foot-candles (550-1050 lux) 


Test chamber size 600 – 1000 mL (recommended) 


Test solution volume 500 – 750 mL (recommended) 


Renewal of test solution Daily 


No. of organisms per chamber 10 
No. of replicates per treatment 4 


Feeding 
1000 Artemia nauplii Days 0 -2 
1500 Artemia nauplii Days 3 – 6 
None on Day 7 


Test solution aeration None unless DO levels fall below 4.0 mg/L 
Type of biological observations Death, growth (dry weight) 


Definition of death for this test Lack of movement after a pulse of water has been applied 
from a disposable pipette 


Times of biological observations Daily 
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2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L or 60% saturation  
Temperature 25 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Menidia beryllina (inland silverside) 


Life Stage Tested 7-11 days old (24 hour age range) 


Feeding Daily 


Temperature (°C) 25±1 ºC 


pH 6-9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to test 
chambers and introduction of test organisms), and daily thereafter 
until termination in a surrogate chamber per concentration.  Total 
residual chlorine on control and highest concentration at beginning 
and end of test (final measurement is not necessary if chlorine 
undetected in initial). 


 
 
2.3 Biological Requirements 
 
 
Feeding Test organisms will be fed ad libitum during the holding period. Feeding 


rate is 0.10mL of Artemia nauplii per chamber (or ~1000 Artemia per 
chamber) on Days 0 – 2, and 0.15mL of Artemia nauplii per chamber (or 
~1500 Artemia per chamber) on Days 3 - 6. Larvae are not fed on Day 7. 


Life stage Juveniles (7 to 11 days post-hatch; 24 hours range in age) will be used 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may increase 
sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless pH is large 
(more than 1 pH unit) or if concentration of some pH-dependent toxicant in the sample is 
near the threshold for toxicity. To confirm that toxicity is artifactual and due to pH drift, 
parallel tests should be conducted, one with controlled pH and one with uncontrolled pH. 
Total ammonia should also be measured in each treatment at the beginning of parallel 
testing. During parallel testing, the pH should be measured in each treatment at the 
beginning and end of each 24 hour exposure period. For each treatment, the mean initial 
pH and mean final pH should be reported. pH measurements taken during the test should 
confirm that pH was effectively maintained at the target pH in the controlled pH treatment. 
For each treatment, the mean initial pH and the mean final pH should be within +/- 0.2 pH 
units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
The test organism will be Menidia beryllina.  This organism is used extensively in effluent 
and product testing. 
 
3.1 Test Organism Specifications 
 
Species: Menidia beryllina 
Source: Aquatic BioSystems, Aquatic Research Organisms, Aquatic Indicators. 
Age:  7 to 11-day-old larvae 
Identification: Before exposure to test substances, individuals will be positively identified 


as Menidia beryllina 
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3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
During the test, the organisms in each test chamber will be fed Artemia nauplii (less than 
24-hour old).  Organisms will be fed 0.1 g wet weight (~1000) per replicate on Days 0 to 2; 
0.15 g wet weight (~1500) per replicate on Days 3 to 6.  For feeding density estimation, 
two-10uL subsamples of concentrated Artemia are pipeted onto a piece of filter paper and 
counted utilizing a dissecting microscope. When pipeting Artemia, the pipet tips need to be 
trimmed with a blade to enlarge the opening and prevent clogging and damage to the 
animals. The subsample counts will then be averaged to estimate the number of Artemia 
per 10μL. The following formula will be used to determine the amount of concentrated 
Artemia to deliver the appropriate amount per replicate. This process will be repeated for 
each batch of Artemia collected. Larvae will not be fed on Day 7. 
 


1. Corrected mean count of Artemia per μL 
# Mean Count ÷ 10 = corrected mean count 


2. Desired Amount (1000 or 1500 Artemia) ÷ # corrected mean count 
 
Example 
Subsample counts: 38 and 32 = mean count of 35 
Corrected mean count: 35 ÷ 10 = 3.5 
Desired amount: 1000 ÷ 3.5 = 295.7 μL (amount to deliver per replicate)  
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboratory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection.  Samples utilized for test solutions 
renewals shall not exceed 72 hours of sample collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Thermometer 
Light meter 
Electronic meters and probes (DO, Temp, Cond/Sal, pH, Ammonia) 
Colorimetric titration for water hardness and alkalinity 
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Dissecting microscope with substage lighting 
Analytical balance 
Sedgwick-Rafter counting cell (or equivalent) 
30-mL plastic cups 
600 - 1000mL beakers 
Graduated cylinders 
 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a room with constant temperature of 25 ± 1°C and appropriate 
illumination of 16-hour/8-hour day/night cycle.  The facility will be well ventilated and free of 
fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
500, 600, or 1000mL chambers 
 
6.0 PROCEDURE 
 
Larvae are exposed in a static-renewal system for seven days to different concentrations of 
effluent or to receiving water.  Test results are based on the survival and growth (increase 
in weight) of the larvae as compared to the control. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
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resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
 
6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: natural seawater (Northern Hood Canal, WA; sand filtered and salinity 
adjusted as needed) or artificial seawater (prepared from deionized water and Crystal Sea 
Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 6.1.1 
or using pre-cleaned labware of a disposable nature. Dilutions are initially prepared in 
vessels large enough to contain sufficient volume for all test replicates. These “stock” 
containers may be used for preparing the test solutions prior to test initiation and for the 
test solution renewal (if required).  
 
The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum of 
five test substance concentrations. The definitive test (also referred to as a “dilution test” or 
“LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, specific 
test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions (unless 
receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once the 
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conditions are confirmed to be within the test parameters, the solutions will be distributed to 
the replicate test chambers. Each test chamber will be labeled with a coded test chamber 
number, representing the specific test, the concentration, and the replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 7-day exposure to at least five concentrations of a 
reference substance (known toxicant) used to assess the health and sensitivity of the test 
organisms.  Dilutions will be selected to bracket laboratory historical 7-dayLC50.  The LC50 
results will be compared with historical data from definitive bioassays with the reference 
substance.  The results of the 7-day survival and growth test, determined during this study, 
will be reported and used in combination with control mortality to characterize the health of 
the test organisms. 
 
6.2.3 Test Organism Addition 
 
Fish larvae will be captured using a large bore, pipette equipped with a suction bulb.  The 
volume in the holding chamber will be reduced and the larval fish will be captured, one at a 
time, and placed into intermediary holding vessels (1oz plastic food cups).  The tip of the 
pipette will be placed below the surface of the intermediary holding vessel during the 
transfer.  Since the larvae are slow moving and small, ten larvae can be easily counted into 
each cup; however, if the technician feels his or her accuracy is improved by counting 
fewer fish, only five larvae should be placed in each cup.  After the organisms are 
dispensed, a light table is used to verify the number and health of organisms in each cup. 
Larvae will be transferred to the test dilutions from the intermediary holding vessels within 
90 minutes of the test dilution makeup.  The amount of water added to the chambers when 
transferring the larvae to the compartments will be kept to a minimum to avoid unnecessary 
dilution of the test concentrations. Test organisms will be transferred to test chambers in a 
manner to avoid systematic bias.  Any organisms remaining after the transfers will be 
discarded.  Test chambers will be arranged randomly in the test area. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
At the time of daily renewal of test solutions, uneaten and dead Artemia and other debris 
are removed from the bottom of the test chambers with a siphon hose.  Siphoned water is 
collected in a white plastic tray so any larvae caught up in the siphon can be carefully 
retrieved and gently returned by pipette to the appropriate test chamber.  If handling 
mortality occurs, the number and chamber position of the dead larvae will be recorded. 
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6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 15-20% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the larvae. 
 
6.2.5 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each measurement.  DO, temperature, salinity, and 
pH will be measured at the beginning and end of each 24-hour period in one test chamber 
per concentration and in the control.   
 
Biological.  The number of live and dead larvae in each test chamber are recorded daily, 
and the dead larvae are discarded.  At the end of the test, the number of surviving larvae in 
each test chamber are counted as a group for drying and weighing. 
 
Growth and Biomass.  Immediately before drying, the preserved larvae are rinsed in 
distilled water.  The rinsed larvae are transferred by forceps to a tared weighing boat and 
dried at 60°C for 24 hours or at 100°C for a minimum of 6 hours.  Immediately upon 
removal from the drying oven, the weighing boats are placed in a desiccator to cool and to 
prevent the adsorption of moisture from the air until weighed.  All weighing boats containing 
the dried larvae are weighed to 0.01 mg; the tare weight is subtracted; and the weight is 
recorded.  The dry weight is divided by the number of original larvae per replicate 
(Biomass) to determine the average individual dry weight.  This value is recorded on the 
data sheets.  The mean weight per surviving fish is also calculated and recorded (Growth). 
 For controls, this value is compared to test acceptability criteria. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
The average reproduction is calculated using the original number of test organisms. 
 
Results Needed: 


• Survival and growth in controls 
• Survival and growth in test concentrations 
• LC50 value and 95% confidence limits 
• IC50 value and 95% confidence limits (effects on reproduction) 
• Tables showing biological, chemical, and physical data 
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Concentration-Response Relationship:  The concentration-response relationship must be 
reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Laboratory Protocol LAB061 for guidance in evaluating the WET test variability and 
concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and the 
reference toxicant test must be evaluated to determine whether they fall within the upper 
and lower bound limits specified in EPA/821/B-00/004. These limits are included in 
Laboratory Protocol LAB061 which also contains guidelines for determining the proper 
course of action in the event the PMSD exceeds the upper bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoints of toxicity tests using Menidia beryllina (inland silverside) are based on the 
adverse effects on survival and growth. The LC50, the IC25, and the IC50 are calculated 
using point estimation techniques, LOEC and NOEC values, for survival and growth, are 
obtained using a hypothesis testing approach such as Dunnett’s Procedure or Steel’s 
Many-one Rank Test. Separate analyses are performed for the estimation of the LOEC 
and NOEC endpoints and for the estimation of the LC50, IC25, and IC50. Concentrations at 
which there is no survival in any of the test chambers are excluded from the statistical 
analysis of the NOEC and LOEC for survival and growth but included in the estimation of 
the LC50, IC25, and IC50. 
 
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired.  At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
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6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (aqueous metals) are collected for hazardous 
waste disposal. 
 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 
Test acceptability criterions are as follows: 


• ≥ 80% average survival of control larvae 
• Average dry weight is 0.50 mg or greater per surviving control larva (when test 


starts with 7-day-old larvae) 
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9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
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1.0 SCOPE 
 
To determine the chronic toxicity to Americamysis bahia (opossum shrimp) when exposed 
to a test substance for 7 days.  Procedures are based on the Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
Organisms. 3th Ed. (EPA 2002) (EPA-821-R-02-014). The implementation of this method 
is further defined in the Washington Department of Ecology document Laboratory 
Guidance and Whole Effluent Toxicity Test Review Criteria (WQ-R-95-80) for 
regulatory use on samples originating in Washington State.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on A. bahia 
Test type Static Renewal 


Test duration 7 Days  


Test temperature 26±1 ºC 


Test Salinity 30± 2 ppt (recommended); Range = 20 – 30 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 min.) 
at 50-100 foot-candles (550-1050 lux) 


Test chamber size 400 mL (recommended) 


Test solution volume 150 mL (recommended) 


Renewal of test solution Daily 


No. of organisms per chamber 5 
No. of replicates per treatment 8 


Feeding 375 Artemia nauplii twice daily. Once before and once after 
renewal. Approx. 8 hours apart 


Test solution aeration None unless DO levels fall below 4.0 mg/L 
Type of biological observations Death, growth (dry weight), fecundity 


Definition of death for this test Lack of movement after a pulse of water has been applied 
from a disposable pipette 


Times of biological observations Daily 
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2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L or 60% saturation  
Temperature 26 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Americamysis bahia (opossum shrimp) 


Life Stage Tested 7 days old 


Feeding Twice Daily 


Temperature (°C) 26±1 ºC 


pH 6-9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to test 
chambers and introduction of test organisms), and daily thereafter 
until termination in a surrogate chamber per concentration.  Total 
residual chlorine on control and highest concentration at beginning 
and end of test (final measurement is not necessary if chlorine 
undetected in initial). 


 
 
2.3 Biological Requirements 
 
 
Feeding Test organisms will be fed ad libitum during the holding period. Feeding 


rate is 375 Artemia nauplii per chamber twice daily.  
Life stage Juveniles (7 days old) will be used 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may increase 
sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless pH is large 
(more than 1 pH unit) or if concentration of some pH-dependent toxicant in the sample is 
near the threshold for toxicity. To confirm that toxicity is artifactual and due to pH drift, 
parallel tests should be conducted, one with controlled pH and one with uncontrolled pH. 
Total ammonia should also be measured in each treatment at the beginning of parallel 
testing. During parallel testing, the pH should be measured in each treatment at the 
beginning and end of each 24 hour exposure period. For each treatment, the mean initial 
pH and mean final pH should be reported. pH measurements taken during the test should 
confirm that pH was effectively maintained at the target pH in the controlled pH treatment. 
For each treatment, the mean initial pH and the mean final pH should be within +/- 0.2 pH 
units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
The test organism will be Americamysis bahia.  This organism is used extensively in 
effluent and product testing. 
 
3.1 Test Organism Specifications 
 
Species: Americamysis bahia 
Source: Aquatic BioSystems, Aquatic Research Organisms, Aquatic Indicators. 
Age:  7 day-old mysids 
Identification: Before exposure to test substances, individuals will be positively identified 


as Americamysis bahia 
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3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
During the test, the organisms in each test chamber will be fed Artemia nauplii (less than 
24-hour old).  Organisms will be 375 nauplii per replicate, twice daily.  For feeding density 
estimation, two-10uL subsamples of concentrated Artemia are pipeted onto a piece of filter 
paper and counted utilizing a dissecting microscope. When pipeting Artemia, the pipet tips 
need to be trimmed with a blade to enlarge the opening and prevent clogging and damage 
to the animals. The subsample counts will then be averaged to estimate the number of 
Artemia per 10μL. The following formula will be used to determine the amount of 
concentrated Artemia to deliver the appropriate amount per replicate. This process will be 
repeated for each batch of Artemia collected. 
 


1. Corrected mean count of Artemia per μL 
# Mean Count ÷ 10 = corrected mean count 


2. Desired Amount (1000 or 1500 Artemia) ÷ # corrected mean count 
 
Example 
Subsample counts: 38 and 32 = mean count of 35 
Corrected mean count: 35 ÷ 10 = 3.5 
Desired amount: 375 ÷ 3.5 = 107.1 μL (amount to deliver per replicate)  
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboratory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection.  Samples utilized for test solutions 
renewals shall not exceed 72 hours of sample collection. 
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5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Thermometer 
Light meter 
Electronic meters and probes (DO, Temp, Cond/Sal, pH, Ammonia) 
Colorimetric titration for water hardness and alkalinity 
Dissecting microscope with substage lighting 
Analytical balance 
Sedgwick-Rafter counting cell (or equivalent) 
30-mL plastic cups 
beakers 
Graduated cylinders 
 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a room with constant temperature of 26 ± 1°C and appropriate 
illumination of 16-hour/8-hour day/night cycle.  The facility will be well ventilated and free of 
fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
250, 400, or 600mL chambers 
 
6.0 PROCEDURE 
 
Mysids are exposed in a static-renewal system for seven days to different concentrations of 
effluent or to receiving water.  Test results are based on the survival and growth (increase 
in weight) of the mysids as compared to the control. 
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6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
 
6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: natural seawater (Northern Hood Canal, WA; sand filtered and salinity 
adjusted as needed) or artificial seawater (prepared from deionized water and Crystal Sea 
Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 6.1.1 
or using pre-cleaned labware of a disposable nature. Dilutions are initially prepared in 
vessels large enough to contain sufficient volume for all test replicates. These “stock” 
containers may be used for preparing the test solutions prior to test initiation and for the 
test solution renewal (if required).  
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The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum of 
five test substance concentrations. The definitive test (also referred to as a “dilution test” or 
“LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, specific 
test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions (unless 
receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once the 
conditions are confirmed to be within the test parameters, the solutions will be distributed to 
the replicate test chambers. Each test chamber will be labeled with a coded test chamber 
number, representing the specific test, the concentration, and the replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 7-day exposure to at least five concentrations of a 
reference substance (known toxicant) used to assess the health and sensitivity of the test 
organisms.  Dilutions will be selected to bracket laboratory historical 7-dayLC50.  The LC50 
results will be compared with historical data from definitive bioassays with the reference 
substance.  The results of the 7-day survival and growth test, determined during this study, 
will be reported and used in combination with control mortality to characterize the health of 
the test organisms. 
 
6.2.3 Test Organism Addition 
 
Mysids will be captured using a large bore, pipette equipped with a suction bulb.  The 
volume in the holding chamber will be reduced and the mysids will be captured, one at a 
time, and placed into intermediary holding vessels (1oz plastic food cups).  The tip of the 
pipette will be placed below the surface of the intermediary holding vessel during the 
transfer.  Five mysids should be placed in each cup.  After the organisms are dispensed, a 
light table is used to verify the number and health of organisms in each cup. Mysids will be 
transferred to the test dilutions from the intermediary holding vessels within 90 minutes of 
the test dilution makeup.  The amount of water added to the chambers when transferring 
the animals to the compartments will be kept to a minimum to avoid unnecessary dilution of 
the test concentrations. Test organisms will be transferred to test chambers in a manner to 
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avoid systematic bias.  Any organisms remaining after the transfers will be discarded.  Test 
chambers will be arranged randomly in the test area. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
At the time of daily renewal of test solutions, uneaten and dead Artemia and other debris 
are removed from the bottom of the test chambers with a siphon hose.  Siphoned water is 
collected in a white plastic tray so any animals caught up in the siphon can be carefully 
retrieved and gently returned by pipette to the appropriate test chamber.  If handling 
mortality occurs, the number and chamber position of the dead mysids will be recorded. 
 
 
6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 15-20% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the mysids. 
 
6.2.5 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each measurement.  DO, temperature, salinity, and 
pH will be measured at the beginning and end of each 24-hour period in one test chamber 
per concentration and in the control.   
 
Biological.  The number of live and dead mysids in each test chamber are recorded daily, 
and the dead mysids are discarded.  At the end of the test, the number of surviving mysids 
in each test chamber are counted as a group for drying and weighing. 
 
Fecundity / Egg Development.  Live organisms are examined for eggs, and the sexes are 
determined within 12 hours of the termination of the test.  Each replicate is examined under 
240X magnification to determine the number of immature animals, the sex of the mature 
animals, and the presence or absence of eggs in the oviducts or brood sacs of the 
females.  This is done while organisms are alive because they turn opaque upon dying. 
 
The numbers of immature, males, females with eggs, and females without eggs are 
recorded on data sheets. 
 
Growth and Biomass.  Immediately before drying, the preserved mysids are rinsed in 
distilled water.  The rinsed mysids are transferred by forceps to a tared weighing boat and 
dried at 60°C for 24 hours or at 100°C for a minimum of 6 hours.  Immediately upon 
removal from the drying oven, the weighing boats are placed in a desiccator to cool and to 
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prevent the adsorption of moisture from the air until weighed.  All weighing boats containing 
the dried mysids are weighed to 0.01 mg; the tare weight is subtracted; and the weight is 
recorded.  The dry weight is divided by the number of original mysids per replicate 
(Biomass) to determine the average individual dry weight.  This value is recorded on the 
data sheets.  The mean weight per surviving fish is also calculated and recorded (Growth). 
 For controls, this value is compared to test acceptability criteria. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
The average reproduction is calculated using the original number of test organisms. 
 
Results Needed: 


• Survival and growth in controls 
• Survival and growth in test concentrations 
• LC50 value and 95% confidence limits 
• IC50 value and 95% confidence limits (effects on biomass and fecundity) 
• Tables showing biological, chemical, and physical data 


 
Concentration-Response Relationship:  The concentration-response relationship must be 
reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Laboratory Protocol LAB061 for guidance in evaluating the WET test variability and 
concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and the 
reference toxicant test must be evaluated to determine whether they fall within the upper 
and lower bound limits specified in EPA/821/B-00/004. These limits are included in 
Laboratory Protocol LAB061 which also contains guidelines for determining the proper 
course of action in the event the PMSD exceeds the upper bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoints of toxicity tests using Americamysis bahia (opossum shrimp) are based on 
the adverse effects on survival, growth, and fecundity. The LC50, the IC25, and the IC50 are 
calculated using point estimation techniques, LOEC and NOEC values, for survival and 
growth, are obtained using a hypothesis testing approach such as Dunnett’s Procedure or 
Steel’s Many-one Rank Test. Separate analyses are performed for the estimation of the 
LOEC and NOEC endpoints and for the estimation of the LC50, IC25, and IC50. 
Concentrations at which there is no survival in any of the test chambers are excluded from 
the statistical analysis of the NOEC and LOEC for survival and growth but included in the 
estimation of the LC50, IC25, and IC50. 
 
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
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estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired.  At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
 
6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (aqueous metals) are collected for hazardous 
waste disposal. 
 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
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9.1 Test Acceptability 
 
Test acceptability criterions are as follows: 


• ≥ 80% average survival of control mysids 
• Average dry weight is 0.20 mg or greater per surviving control mysids 
• PMSD for growth ≤ 37% 


 
 
9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
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1.0 SCOPE 
 
To estimate the chronic toxicity of effluents by measuring echinoderm larval development 
in a 72-hour static test.  Procedures are based on EPA/600/R-95/136 and WDOE WQ-R-
95-80.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Number of samples 1 
Number of concentrations per sample 5 
Number of replicates per concentration 4 minimum 
Number of controls 1 
Number of replicates per control 4 minimum 
Number of reference toxicant 
concentrations 


5 


Number of replicates per reference 
substance concentration 


4 


Volume of test samples and controls 10 mL 
Number of organisms per chamber 25 eggs per mL 
Number of test substance renewals None 
Type of biological observations Survival and normal development 
Times of biological observations 72 ± 2 hours 
Type of physical observations Bath and chamber temperature and light 
Times of physical observations Bath temperature continuous; chamber 


temperature in each concentration and controls 
at the beginning and end of the test; light at the 
start of the test 


Types of water quality analyses DO, salinity, and pH measured at the start and 
end of test in each concentration and controls 
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2.2 Physical Requirements 
 
DO  Not less than 4.0 mg/L 
Temperature 15 ± 1ºC  
Salinity 34 ± 2 ppt 
pH  6-9 
Lighting Ambient laboratory light (50-100 foot candles); 16 hours light, 8 hours dark 
 
2.3 Biological Requirements 
 
Feeding Test organisms will not be fed during test 
Life stage < 1 hour old embryos 
Dilution water Filtered (0.45 μm) natural seawater from a clean source, salinity adjusted 


to test salinity. 
 
2.4 Interferences 
 
Toxic substances may be introduced by contaminants in dilution water, glassware, sample 
hardware, and testing equipment. 
 
Improper effluent sampling and handling may adversely affect test results. 
 
 
3.0 TEST ORGANISM 
 
Echinoderm larvae will be the test organisms.  These species are widely used in toxicity 
testing.  Standard protocols exist for this species for both product and effluent testing . 
 
3.1 Test Organism Specifications 
 
Species: Strongylocentrotus purpuratus or Dendraster excentricus 
Source: M-REP, Steve LePage, Carlsbad, CA. A. Kimbrough Siewers, 619 


Washington St., Santa Cruz, CA  95060,  
Age:  < 1 hour old embryos 
Identification: Before exposure to test substances, individuals will be positively identified 


as Strongylocentrotus purpuratus or Dendraster excentricus. 
 
 
 
 
 
 
3.2 Test Organism Care 
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Adult echinoderms are held in-house or will be obtained in a “ripe” condition from 
commercial suppliers. 
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at Environ’s Port Gamble Laboratory.  The test 
substance will not be heated, filtered, distilled, frozen, or otherwise altered without prior 
written consent by the Client. The test substance is stored at 4ºC in a secure and distinct 
storage area.  The test substance will be used within 36 hours of collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation/Equipment 
 


Circulating pump 
Pasteur pipets and bulbs 
1,000 W heater 
Compound microscope 
Plastic trays 
Sedgwick-Rafter (or equivalent) counting cell (1 mL) 
100 mL graduated cylinders 
Plunger for stirring eggs in 1 L beaker 
1-L beakers 
Spawning containers 
Mohr pipets (10 mL, 5 mL, 1 mL and 0.1 mL) 
Oxford mechanical pipetters (0-5 mL, 5-10 mL) 
Controlled-temperature water bath (20 ± 1ºC) 
Polarographic oxygen probe 
SCT meter 
pH probe and calibrated meter with scale divisions of 0.1 pH units 
Calibrated mercury thermometer 
Culture tubes (16 x 100 mm) 
Kimwipes® 
Nitex screen (75-250 m) 
Large plastic funnel 
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5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of an incubator, a water bath, or a room with constant temperature 
and appropriate illumination. The facility will be well ventilated and free of fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 10-20 foot-candles (ambient), 16 hours light and 8 hours dark. 
 
5.2.3 Test Chambers 
 
New 7 dram (26 ml) shell vials. 
 
6.0 PROCEDURE 
 
Echinoderm larvae (< 1 hour old) are exposed for 72 hours to different concentrations of 
effluent or reference toxicants (copper sulfate) in a static test.  Brine controls are employed 
during effluent testing.  The test chambers used are 7 dram shell vials, each containing 10 
mL of test solution. Five replicate test chambers, each containing approximately 25 larvae 
per mL of test substance are employed for each test concentration.  Additional test 
chambers will also be set up as a water quality series to provide data at termination on the 
water quality in control and test concentrations. Test endpoints are normal development 
and survival.  The bioassay will be performed in accordance with the standard procedures 
and guidelines specified in EPA 1995. 
 
6.1 Preparation 
 
6.1.1 Glassware Preparation 
 
Glassware will first be soaked in deionized water then scrubbed with a brush on all 
surfaces using non-phosphate detergent in deionized water.  Glassware will be rinsed three 
times with running deionized water.  Glassware will then be rinsed in 10% hydrochloric 
acid, rinsed three times with deionized water, rinsed once with reagent grade acetone, and 
finally rinsed three times with deionized water. 
 
6.1.2 Spawning 
 
Every attempt should be made by the laboratory to ensure the availability of multiple 
spawnable adults. 
 
Prepare filtered seawater at 34 ± 2 ppt.  Be sure the solution is saturated to at least 90% 
DO prior to use. 
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To collect gametes required for testing echinoderm species, spawning is induced in the 
adult organisms by the injection of 0.5 to 1.0 mL of 0.5 M KCl into the coelemic cavity 
through the perisotomal membrane.  The injection is performed while the adult animal is 
out of water. Females will release orange (S. purpuratus) or purple (D. excentricus) eggs 
and males of both species will release cream-colored sperm. Once release has been 
initiated, each adult is inverted over a 50 to 100 mL beaker with filtered seawater at 15 
degrees Celsius and gametes are allowed to accumulate for approximately 15 minutes.  
 
Prior to fertilization, examine eggs by microscope to ensure that they are normally shaped. 
Echinoderm eggs are typically round or oval in shape, with sand dollar eggs having an 
extracellular coating. During inspection, also ensure that there are no other unusual 
features that would preclude the use of the eggs (e.g., large vacuoles within the eggs). 
 
Once sufficient eggs and sperm had been collected, the eggs are transferred to a larger 
beaker with cold filtered seawater and a homogenized sperm solution (taken from several 
males) is added to the egg solutions. Egg-sperm solutions are periodically homogenized 
with a perforated plunger during the fertilization process. Approximately one half-hour after 
fertilization, embryo solutions are checked for fertilization (presence of fertilization 
membrane). Only those embryo stocks with >90% fertilization are used to initiate the tests. 
 Density of the embryo stock solution is determined by counting the number of embryos in 
a subsample of stock solution. Approximately 250 embryos will be added to test chambers 
within 1 hours of fertilization. 
 
In order to determine the initial embryo stocking concentration, five sacrificial vials 
should be preserved using l-mL 5% buffered formalin. 
 
6.2 Primary Task 
 
6.2.1 Day 0 - Setting Up and Starting the Test 
 
Once successful spawning has begun, prepare test containers.  One method that may be 
used is as follows:  with colored tape, label the 4 replicate test tubes for each treatment 
(e.g., A=red, B=Blue, and C=green) and write the sample number and the effluent 
concentration on the tape. Alternatively, a blind labeling scheme may be used. 
 
Prepare test solutions by adding the appropriate volumes of effluent and dilution water 
(totaling 10 mL) to each test tube.  The test involves five effluent concentrations and a 
dilution water control. In addition, prepare a brine control when using brine to adjust salinity 
at higher effluent concentrations. Prepare brine controls similar to the effluent control, but 
use deionized water in place of the effluent, and adjust the water to the same salinity as 
the test water.  In addition, set up 5 separate zero-time vials with dilution water for 
determining initial embryo density. 
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Since the volume in each test chamber is only 10 mL, water quality measurements must be 
made on surrogate test chambers (one for each concentration).  The parameters will 
include dissolved oxygen, temperature, salinity, and pH and will be recorded a data sheet. 
 
Within 1 hours of fertilization, inoculate each container with embryo suspension 
(approximately 250 fertilized eggs) to reach a final concentration of 25 eggs/mL.  Ensure 
that the embryos remain suspended with frequent plunging during pipetting.  The amount 
of suspension should not exceed 10% of test volume. 
 
Immediately after inoculation of the test vessels with embryos, preserve 5 stocking density 
vials with 5% buffered formalin. 
 
Cover and incubate the containers by partial immersion of the test tubes in a temperature-
controlled water bath or an environmental chamber at 15±1ºC for 72 hours, under a 16-
hour light, 8-hour dark photoperiod.  Do not aerate the test vessels during the bioassay. 
 
6.2.2 Day 1-2 - Test Monitoring 
 
Check and record the temperature of the water bath or environmental chamber. 
 
6.2.3 Day 3 - Test Termination 
 
Near the end of the 72-hour incubation period, examine the control vials under a 
microscope to check for complete development of control organisms.  If development is 
complete to the pluteus stage, the test is ended.   
 
Terminate the test and preserve by adding 0.5 mL of 5% buffered formalin. 
 
DO, temperature, salinity, and pH of each test concentration are measured in the surrogate 
containers and recorded. 
 
The time the test is terminated is recorded. 
 
6.3 Test Termination 
 
6.3.1 Larvae Counting Method 
 
The preserved samples are examined on an inverted microscope under 10X - 40X 
magnification. The use of the inverted microscope eliminates the need for test solution 
transfer and potential loss of test organism.  The normal and abnormal larvae are 
enumerated, and percent survival and percent abnormality are determined. The stocking 
density samples are also enumerated. Counting is performed only by trained personnel. 
 
The test vial is placed on the mechanical stage of an inverted microscope, and the 
contents are examined under 10X-40X magnification.  Using the mechanical stage, all 
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larvae are carefully counted and scored as either normal or abnormal.  Live abnormal 
larvae are those observed at 72 hours (or time of test termination) in which pluteus 
development is incomplete.  Live normal larvae are those observed at 72 hours (or time of 
test termination) that have completely reached pluteus stage.  
 
Normal Pluteus development is defined as:  
 


1. The larvae have a pyramid shape with a pair of skeletal rods that extend at least 
half the length of the long axis of the larvae. 


2. The gut should be differentiated into three parts. If the gut If the gut appears 
lobed and constricts distally in specimens with an obstructed view then normal 
gut development may be inferred. 


3. Development of post-oral arms has begun. 
 
The final count is recorded on the data sheet. 
 
6.3.2 Calculations 
 
The percentage of embryos that survived or developed to live larvae reaching pluteus 
stage will be calculated for each treatment replicate using the formulas: 
 


percentage alive = 100 (final count) 
initial count 


 


percentage normal = 
100 (number normally 
developed) 


final count 
 
The means will then be obtained for each treatment level, and the latter will then be 
corrected for control response using Abbott’s formula, as follows: 
 


E = 
100 (A - 
M) 


100 - M 
 


where: 
E  = the mean percent abnormal/dead, or the mean percent mortality corrected 


for controls 
A  = the mean percent abnormal/dead, or the mean percent mortality 
M  = the value of A for the controls  


 
6.3.3 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired. At that point, samples are either returned to the clients at their request or 
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disposed.  Permittee and date of disposal are recorded on the chain-of-custody form.  Non-
toxic samples are disposed by putting them down the drain.  Toxic samples are disposed of 
following standard hazardous waste procedures.   
 
6.3.4 Pollution Prevention 
 
For glassware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of sample material and reference toxicant (copper sulfate) are put 
down the drain after use, in compliance with City regulations. 
 
6.4 Reference Toxicant Test 
 
Concurrent with this chronic toxicity test with bivalve larvae and a test substance, five 
concentrations of a reference substance (copper sulfate) are used to assess the health of 
the test organisms.  Four replicates per reference concentration will be used. Five 
concentrations will be selected to bracket the 48-hour LC50.  The suggested reference 
toxicant concentrations are:  2.5, 5, 10, 20, 40 ppb copper sulfate.  (Concentrations may be 
adjusted in cases of long-term changes in organism sensitivity.)  The LC50 values will be 
compared with historical data from definitive bioassays.  The results of the 72-hour growth 
and survival test, conducted during this study, will be reported and used in combination 
with control growth and survival to characterize the health of the test organisms. 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
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8.0 PERSONNEL 
 
Any laboratory personnel demonstrating competence with this method may perform the 
procedure. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS 
 
9.1 Test Acceptability 
 
Test acceptability criteria are: 


• At least 80% normal development in controls. 
• %MSD of < 25 %. 


 
9.2 Count Check Acceptability 
 
To demonstrate consistency among staff members’ counting methods, a QA check should 
be performed on each test by having another staff member perform a second (side-by-
side) count on 10 percent of the test samples, randomly chosen.  These QA counts must 
be recorded on the data sheet. To be acceptable, the mean of the QA counts must be 
within 5 percent of the mean of the original counts.  If the mean of the QA counts exceeds 
the 5 percent acceptability, a second series of QA counts will be performed.  In the event 
the second series of QA counts fails to pass the acceptability criterion, the test report must 
note this fact and warn to use the test results with caution. Documentation in the form of a 
Corrective Action Report should be filed by the Laboratory Manager. It shall be the 
responsibility of the Laboratory Manager or their assignee, to evaluate where the 
discrepancy is occurring and, with concurrence of the Quality Systems Manager, decide on 
a course of action, which may include retraining of one or more staff members to improve 
consistency. 
 
9.3 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the Quality Manual 
(Section 13) for criteria used for determination of an out-of-control event, appropriate 
corrective action, contingencies for handling out-of-control data, and responsible parties. 
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10.0 ACRONYMS AND DEFINITIONS 
 
°C Degrees Celsius 
Dilution Water Acceptable dilution water is one that is appropriate for the objectives of the test. This 


water type will support adequate performance of the test organisms, meet test 
acceptability criteria for control responses, be consistent in quality, and will not contain 
contaminants that could produce toxicity. 


EC50 Effective Concentration of a tested material or toxicant needed to impact half the 
organisms in a tested population 


Embryo Fertilized egg cell, also zygote 
ft-c Foot candles; units of illuminance or light falling on object 
IC25 Inhibitory Concentration of a tested material or toxicant needed to impact 25% of the 


organisms in a tested population 
IC50 Inhibitory Concentration of a tested material or toxicant needed to impact half the 


organisms in a tested population 
LC50 Lethal Concentration of a tested material or toxicant needed to kill half the organisms in 


a tested population 
lux Lux; units of illuminance or light falling on object 
mg Milligrams 
mL Milliliters 
MSD Minimum Significant Difference 
% Percent 
Pathogenic  causing or capable of causing disease 
ppt Parts per thousand (salinity) 
QA/QC Quality Assurance / Quality Control 
Reagent Grade meets the limits of purity for inorganic chemicals as established by the American 


Chemical Society 
Taring Processess of zeroing a mechanical weight measurement either with or without a 


weight boat or other vessel on top of the balance 
WET Whole Effluent Toxicity 
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1.0 SCOPE 
 
To estimate the chronic toxicity of effluents and receiving water using echinoderm 
sperm during a 40-minute exposure period.  Procedures are based on EPA/600/R-
95/136 and WDOE WQ-R-95-80.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on Echinoderm Gametes 
Test type Static 


Test duration 


40 minutes  
Sperm is exposed to the test solution for 20 minutes; after 
20 minutes, eggs are added and allowed 20 minutes for 
fertilization. 


Test temperature 12 ± 1 ºC 


Test Salinity 30 ± 2 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 
min.) at 50-100 foot-candles (550-1050 lux) 


Test chamber size 30 mL 


Test solution volume 5 mL 


Renewal of test solution None 


No. of organisms per chamber About 1120 eggs and sperm cells per vial not to exceed 
3.36 ×106 (6000 sperm per egg) 


No. of replicates per treatment 4 
Feeding None 


Test solution aeration None in the test chambers 
Type of biological observations Fertilization 
Definition of fertilization for this test Expression of cell fertilization membrane 
Times of biological observations Post-exposure 
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2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L  
Temperature 12 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Strongylocentrotus purpuratus or Dendraster excentricus 


Life Stage Tested Gametes used within 1 hour of collection 


Feeding None 


Temperature (°C) 12 ± 1 ºC 


pH 6 - 9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to 
test chambers and introduction of test organisms.  Total residual 
chlorine on control and highest concentration at beginning of 
test.  


 
 
2.3 Biological Requirements 
 
 
Feeding Adult organisms may be fed macroalgae during the holding period. The 


organisms will not be fed during the test 
Life stage Gametes (egg and sperm cells) 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
Brine  Hypersaline brine from concentrated seawater (prepared by freezing 


filtered seawater).  The test salinity may be adjusted to protocol criteria 
by using brine. Calculations will be determined using a salinity 
adjustment worksheet from Excel programming. 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may 
increase sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless 
pH is large (more than 1 pH unit) or if concentration of some pH-dependent toxicant in 
the sample is near the threshold for toxicity. To confirm that toxicity is artifactual and 
due to pH drift, parallel tests should be conducted, one with controlled pH and one with 
uncontrolled pH. Total ammonia should also be measured in each treatment at the 
beginning of parallel testing. During parallel testing, the pH should be measured in each 
treatment at the beginning and end of each 24 hour exposure period. For each 
treatment, the mean initial pH and mean final pH should be reported. pH measurements 
taken during the test should confirm that pH was effectively maintained at the target pH 
in the controlled pH treatment. For each treatment, the mean initial pH and the mean 
final pH should be within +/- 0.2 pH units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
Either Strongylocentrotus purpuratus or Dendraster excentricus will be the test 
organism.  These organisms are widely used in toxicity testing.  Standard protocols 
exist for these species for both product and effluent testing (Dinnel et al. [1987] and 
USEPA [1995]). 
 
3.1 Test Organism Specifications 
 
Species: Strongylocentrotus purpuratus or Dendraster excentricus 
Source: Marine Research and Educational Products, Carlsbad, CA, or field 


collected in various locations 
Age:  Gravid adults. Sperm used immediately after SW activation 
Identification: Before exposure to test substances, individuals will be positively 


identified using Ricketts and Calvin 1966.  
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3.2 Test Organism Care 
 
Adult echinoderms are held in-house or will be obtained in a “ripe” condition from 
commercial suppliers. 
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at Environ’s Port Gamble Laboratory.  The 
test substance will not be heated, filtered, distilled, frozen, or otherwise altered without 
prior written consent by the Client. The test substance is stored at 0 - 6ºC in a secure 
and distinct storage area.  The test substance will be used within 36 hours of collection.   
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Syringe (to inject KC1) with 18-22 gauge needle 
Pasteur pipets and bulbs 
Ice bath or refrigerator 
Compound microscope 
Neubauer hemocytometer 
Sedgwick-Rafter (or equivalent) counting cell (1 mL) 
1,000-mL beakers 
100-mL beakers 
50-mL beakers 
20-30-mL scintillation vials 
Small siphon hose (2 ft.  long, 3/16 - 1/4 in diameter) 
Pipet selection (10, 5, 1, and 0.1 mL) 
Pipet bulb 
Racks for scintillation vials 
Oxygen probe 
pH probe and calibrated meter 
Calibrated mercury thermometer 
100-mL graduated cylinder 
 


5.2 Reagents 
 


0.5 M KC1 
10% buffered formalin 
 


 
5.3 Apparatus 
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5.3.1 Test Area 
 
The test area consists of a room, incubator, or bath with constant temperature of 12 ± 
1°C and appropriate illumination of 16-hour/8-hour day/night cycle.  The facility will be 
well ventilated and free of fumes. 
 
5.3.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 
16 hours light and 8 hours dark (± 15 min.). 
 
5.3.3 Test Chambers 
 
30mL shell or scintillation vials 
 
6.0 PROCEDURE 
 
Echinoderm sperm are exposed for 20 minutes to different concentrations of effluent 
and reference toxicant in a static, nonrenewal test, and then are tested for the ability to 
fertilize eggs for 20 minutes.  The appropriate sperm-to-egg ratio is determined prior to 
the definitive test through use of a trial fertilization series.  The test chambers are 30-mL 
glass shell vials (new, unwashed) containing 5 mL of test solution that has been 
adjusted to 30 ± 2 ppt salinity using seawater, brine, or deionized water.  Four to five 
replicate tubes are used at each concentration. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will 
come into contact with any of the test substances or organisms in this evaluation. 
Labware must be cleaned prior to use. Labware will first be soaked in deionized water 
then scrubbed with a brush on all surfaces using non-phosphate detergent in deionized 
water. Alconox® is a widely used established brand of detergent used in laboratory 
applications.  The clean materials will then be rinsed three times with running deionized 
water.  Labware will then be allowed to soak in a 10% hydrochloric acid bath and 
afterwards rinsed three times with deionized water. Glass labware with also receive a 
solvent rinse with reagent grade acetone, and finally rinsed three times with deionized 
water. Some plastic labware is not resistant to solvents and may be damaged by 
acetone. Plastic labware such as Teflon can receive a solvent rinse, but all other 
plastics should be investigated prior to solvent rinsing. 
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6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: 0.45µm filtered natural seawater (Northern Hood Canal, WA; sand filtered 
and salinity adjusted as needed) or artificial seawater (prepared from deionized water 
and Crystal Sea Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity 
at which the test will be conducted, unless already at the correct values.  The water 
quality conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize 
stress.  During the holding period, just enough newly-hatched Artemia nauplii will be fed 
twice daily so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 
6.1.1 or using pre-cleaned labware of a disposable nature. Dilutions are initially 
prepared in vessels large enough to contain sufficient volume for all test replicates. 
These “stock” containers may be used for preparing the test solutions prior to test 
initiation and for the test solution renewal (if required).  
 
The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum 
of five test substance concentrations. The definitive test (also referred to as a “dilution 
test” or “LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, 
specific test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions 
(unless receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once 
the conditions are confirmed to be within the test parameters, the solutions will be 
distributed to the replicate test chambers. Each test chamber will be labeled with a 
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coded test chamber number, representing the specific test, the concentration, and the 
replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 20-minute exposure to at least five 
concentrations of a reference substance (known toxicant) used to assess the health and 
sensitivity of the test organisms.  Dilutions will be selected to bracket laboratory 
historical EC50.  The EC50 results will be compared with historical data from definitive 
bioassays with the reference substance.  The results of the fertilization test, determined 
during this study, will be reported and used in combination with control mortality to 
characterize the health and sensitivity of the test organisms. 
 
6.2.3 Spawning 
 
Adult urchins will be selected from the holding area and rinsed with filtered seawater at 
target test temperature (12 ± 1°C). Inject 0.5 to 1.0 mL of 0.5 M KCl into the perivisceral 
cavity through the perisotomal membrane (oral side) or the anal opening (ventral).  
Females will release reddish to purple eggs.  Males will release cream-colored semen.   
 
Allow spawning to proceed for approximately 15 minutes.  For females, collect gametes 
by inverting the spawning female on top of a 50 or 100-mL beaker filled with dilution 
water. Semen should be collected ‘dry” by collecting with an automatic or pastuer pipet 
and pooled into a micro-centrifuge tube. The tube of sperm is kept on ice.   
 
6.2.4 Preparation of Sperm 
 
Prepare sperm (diluted with seawater) three times using identical procedures:  the first 
for sperm counting, the second for use in the trial fertilization, and the third for use in the 
test. The sperm suspensions used for trial fertilization and for the definitive test are 
made up immediately prior to initiating the trial or test. 
 
A minimum of 100µl of pooled semen should be collected for testing. Subsamples of 
semen for density calculations and test initiation are withdrawn with an automatic pipet 
(10-100µl capacity) with a tip cut wide. Prior to extraction, the centrifuge vial containing 
the semen is mixed with a vortexer.  
 
Place 180 ml of filtered seawater in 250mL beaker. Bring volume up to 200mL with 10% 
acetic acid. Using a fresh tip with the end cut off; take a 25µl sample of the pooled, 
vortexed semen. Wipe the outside of the pipet tip with a Kim Wipe ™ and add the 25µl 
of semen to the beaker. Rinse the tip by repeatedly withdrawing and dispensing with the 
pitettor. Mix thoroughly with a glass rod. Withdraw a subsample with a Pasteur pitet and 
load both sides of a hemocytometer with a cover slip.  
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Count the sperm cells using a microscope at 400X. Count all the sperm in 80 of the 
small squares (fig 1.), on both sides of the hemocytometer.  
Figure 1. Hemocytometer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If the counts are within 20% of one another, calculate the mean value; if not, refill the 
hemocytometer and reattempt.  
 
See Section 6.2.7 below for the procedure to determine the appropriate sperm to egg 
ratio for testing. An alternative method is to target a sperm to egg ratio of 500:1 
(560,000 sperm cells per vial) without conducting the trial fertilization described below. 
 
Based upon the sperm density determined from the semen vial, calculate the amount of 
dilution water to dissolve 25µl of semen to achieve the desired sperm to egg ratio.  
 
Amount of dilution water (mL) = 0.025mL ÷ (5.6 x 106 / Actual Sperm Density) 
 
Deliver 0.100mL of adjusted sperm stock per vial.  
 
6.2.5 Preparation of Eggs 
 
Check quality of eggs released from each female. The eggs should be round, of 
average size, not clumped, and not fertilized. Eggs from multiple acceptable batched 
may be pooled into a 600-1000mL beaker with dilutions water. Let the mixture settle 
and decant or siphon off the supernatant.  Repeat twice to completely wash eggs. 
 
Subsamples of the egg stock are then taken for determining egg density.  Place 9 mL of 
dilution water in each of two 30 mL shell vials.  Label A and B.  Place 1 mL of well-
mixed egg stock into vial A.  Mix well.  (The remaining egg stock is covered with 
parafilm and stored at 20°C.) Transfer 1 mL of egg suspension from vial A to vial B.  Mix 
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contents of vial B and transfer 1 mL of egg suspension B into a Sedgewick-Rafter 
counting chamber.  Count eggs under a compound microscope.  If count is <30, count a 
1 mL sample from vial A. 
 
Prepare 100 mL of adjusted egg stock in dilution water at the final target concentration 
of 2,240 eggs/mL (1,120 eggs in 0.500 mL).  If the egg stock is >2,240 eggs/mL (A 
>224 or B >22 eggs/mL), dilute the egg stock by transferring: 
 
2,240 eggs /    D      eggs/mL = _______mL 
 
of well-mixed egg stock to a 100 mL graduated cylinder and bring the total volume to 
100 mL with dilution water where: 
 
  D = (Count A) x 10 or (Count B) x 100. 
 
If the egg stock is <2,240 eggs/mL (A <224 eggs/mL), concentrate the eggs by allowing 
them to settle and then decant enough water to retain the following percent of the 
original volume: 
 
  (    D      eggs/mL / 2,240) x 100 = % volume. 
 
Check the adjusted egg stock density.  Place 9 mL of dilution water into a 30 mL shell 
vial; add 1 mL of the final egg stock.  Mix well and transfer 1 mL into a Sedgewick-
Rafter counting chamber.  The egg count should be between 360 and 440.  Adjust egg 
stock volume and recheck counts if necessary to obtain counts within this range.  
Because some eggs (especially sand dollar eggs) may be sensitive to handling, it is 
advisable to separately prepare egg stocks for the fertilization trial and the definitive test 
(but use the same pooled batch of eggs).  Calculations may be facilitated using an 
Excel spread sheet. 
 
Carry out the dilution (or concentration) and keep at 20 ± 1°C in the water bath or 
environmental chamber. 
 
0.5mL of adjusted egg stock is delivered to each test vial for a final egg concentration of 
1,120 eggs/vial. 
 
6.2.7 Trial Fertilization 
 
Following quantitation of sperm and eggs, calculate the volumes of diluted sperm stock 
necessary to achieve the different sperm-to-egg ratios.  Because approximately 1,120 
eggs are used in the test, the sperm numbers will be a function of this number.  Use 
between 100 and 2,000 sperm per egg. Never exceed 6,000 sperm per egg.  
 
Sperm to egg ratios of 100, 200, 400, 600, 800, 1200, and 1600 per egg are prepared 
(see attached Excel spreadsheet. Fig 1.). The 1600:1 dilution is prepared by activating 
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0.025 mL of dry vortexed semen in the amount of seawater calculated from the initial 
sperm density counts. The remaining sperm to egg concentrations are prepared by 
diluting the 1600:1 concentration with the appropriate amount of seawater (total of 
10mL).  
 
 
For each sperm to egg ration to be tested, place 5 mL of dilution water into a single 
replicate, 20 mL scintillation vial and equilibrate at 12 ± 1°C. Add exactly 0.100 mL of 
the respective sperm dilution as specified above and incubate for 20 minutes at 12 ± 
1°C. After 20 minutes, add exactly 0.5 mL of the adjusted egg stock suspension. Return 
to the water bath or environmental chamber for an additional 20 minutes. 
 
Terminate the reaction by adding, while swirling, 0.5 mL of 10% formalin.  Disperse the 
preserved eggs with a Pasteur pipet and observe at least 100 eggs using a Sedgwick-
Rafter cell and a compound microscope at 10X - 50X magnification.  Score the eggs as 
fertilized (raised fertilization membrane; partial lift-off of the fertilization membrane will 
be counted as fertilized) or unfertilized (no fertilization membrane).  Enter the data on 
the data sheet, calculating the percent fertilization for each sperm-to-egg ratio.  Choose 
the lowest ratio yielding ~ 90 percent fertilization and conduct the toxicity test using that 
sperm concentration. The selected sperm concentration will be prepared fresh from the 
dry semen for conducting the definitive test. The adjusted sperm stock will be prepared 
by activating 0.025 mL of dry vortexed semen into the appropriate amount of seawater 
to obtain the desired concentration.   
 
6.2.8 Conducting the Test 
 
Add 0.100mL of adjusted sperm stock to test vials and incubate for 20 minutes at test 
temperature. After the 20 minute period, 0.500mL of adjusted egg stock is added to 
each vial and allowed to incubate for 20 minutes.  
 
Three vials containing dilution water should be included in the test that are not stocked 
with sperm at the beginning of the testing period, but are stocked with eggs only at the 
20 minute time point and terminated with the rest of the test. These vials are the “egg 
blanks” and serve to verify that fertilization did not occur (or become expressed) in the 
egg stock.  
 
Confirm sperm density in two sacrificial vials. These vials should contain 9 mL of 
adjusted sperm stock and 1 mL of formalin. 
 
6.2.9 Terminating and Counting the Test 
 
Terminate the reaction by adding, while swirling, 0.5 mL of 10% buffered formalin.  
Disperse the preserved eggs with a Pasteur pipet and observe at least 100 eggs using 
a Sedgwick-Rafter cell and a compound microscope at 40X - 100X magnification.  
Score the eggs as fertilized (raised fertilization membrane; partial lift-off of the 
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fertilization membrane will be counted as fertilized) or unfertilized (no fertilization 
membrane).   
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Figure 1.  Spreadsheet to calculate sperm and egg density for echinoderm fertilization test. 
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6.2.8 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will 
be rinsed with deionized water between each measurement.  DO, temperature, salinity, 
and pH will be measured in one surrogate test chamber per concentration and in the 
control.   
 
Biological.  At the end of the test, the numbers of fertilized and unfertilized eggs are 
enumerated for each replicate. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
Results Needed: 


• Fertilization in controls 
• Fertilization in test concentrations 
• IC50 value and 95% confidence limits (effects on fertilization) 
• Tables showing biological, chemical, and physical data 


 
Concentration-Response Relationship:  The concentration-response relationship must 
be reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Environ’s Port Gamble Laboratory Protocol LAB061 for guidance in evaluating the WET 
test variability and concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and 
the reference toxicant test must be evaluated to determine whether they fall within the 
upper and lower bound limits specified in EPA/821/B-00/004. These limits are included 
in Environ’s Port Gamble Laboratory Protocol LAB061 which also contains guidelines 
for determining the proper course of action in the event the PMSD exceeds the upper 
bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoint of this toxicity test using echinoderms is based on the adverse effects on 
fertilization. The LC50, the IC25, and the IC50 are calculated using point estimation 
techniques, LOEC and NOEC values, for survival and growth, are obtained using a 
hypothesis testing approach such as Dunnett’s Procedure or Steel’s Many-one Rank 
Test. Separate analyses are performed for the estimation of the LOEC and NOEC 
endpoints and for the estimation of the LC50, IC25, and IC50. Concentrations at which 
there is no fertilization in any of the test chambers are excluded from the statistical 
analysis of the NOEC and LOEC for survival and growth but included in the estimation 
of the LC50, IC25, and IC50. 
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LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide 
variety of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding 
time has expired.  At that point, samples are either returned to the clients at their 
request or disposed.  Date of disposal is recorded in the sample receipt log.  Samples 
are disposed of by putting them down the drain. 
 
6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain. Known quantities of reference toxicant (aqueous metals) are collected for 
hazardous waste disposal. 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, 
consistent with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
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9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE 


CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures of 
Environ’s Port Gamble Laboratory which are in effect during the time the study is being 
performed.  In the case where there is a conflict between the other SOPs and this 
protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 


Test is acceptable only if all these criteria are met: 
• At least 70% fertilization in controls 
• Fertilization did not occur with the effluent/egg blanks (no sperm) controls. 
• Minimum significant difference (MSD) is <25% 
• Final sperm stock concentration must be ≤ 33,600,000 sperm/mL AND 


one of the following conditions: 
 


1) Trial fertilization used 
a. Final sperm stock must not exceed double the target density selected that 


would provide 80 – 100% fertilization without oversperming 
2) Sperm / egg ratio kept at ≤ 500:1 (without trial fertilization) and confirmation of 


sperm stock ≤ 5,600,000 sperm/mL 
3) Use any reasonable sperm stock density and run two extra sets of controls (high 


and low density). The high density control (0.200 mL of sperm stock) must have 
at least 5% higher fertilization than the low density control (0.050 mL of sperm 
stock) 


 
9.2 Count Check Acceptability 
  
To demonstrate consistency among staff members’ counting methods, a QA check 
should be performed on each test by having another staff member perform a second 
(side-by-side) count on 10 percent of the test samples, randomly chosen.  These QA 
counts must be recorded on the data sheet. To be acceptable, the mean of the QA 
counts must be within 5 percent of the mean of the original counts.  If the mean of the 
QA counts exceeds the 5 percent acceptability, a second series of QA counts will be 
performed.  In the event the second series of QA counts fails to pass the acceptability 
criterion, the entire test must be recounted, with the QA procedure again being 
performed until the QA check is acceptable.  In the event recounting of a test becomes 
necessary, documentation in the form of a Corrective Action Report should be filed by 
the Laboratory Manager. It shall be the responsibility of the Laboratory Manager or their 
assignee, to evaluate where the discrepancy is occurring and, with concurrence of the 
QA Officer, decide on a course of action, which may include retraining of one or more 
staff members to improve consistency. 
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9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-
of-control event and the need for corrective action.  Please refer to the QA Manual 
(Section 13) for criteria used for determination of an out-of-control event, appropriate 
corrective action, contingencies for handling out-of-control data, and responsible 
parties. 
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Appendix B 


Field Standard Operating Procedures (EMP) 


   







Field Standard Operating Procedures (EMP) 


SOP Number SOP Title 
Field 


FWS SOP-01 Field Documentation 


FWS SOP-02 Sample Custody 


FWS SOP-03 Sample Packaging and Shipping 


FWS SOP-04 Decontamination of Equipment – Sediments 


FWS SOP-05 Preparation of Field Quality Control Samples 


FWS SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler 


FWS SOP-07 Decontamination of Sampling Equipment 


FWS SOP-08 Preparation of Field Quality Control Samples – Tissues 


FWS SOP-12 Benthic tissue sampling for chemical analysis using a dredge/rake 


FWS SOP-13 Amphipod sampling for chemical analysis using a modified minnow trap 


SAM044.01 Sediment Profile Imaging and Plan View Photography Collection 


SOP 5-275 At-Sea Collection of Hydrographic Data Using CTD and Rosette System 


SOP 5-342 Collecting Sediment Cores with a Piston Push/Hammer Corer 


SAM043.01 Benthic Sample Collection and Processing 


FIT-0001 Field Collection of Seawater Samples for Dissolved Trace Metals 


FIT-6001 Filter Preparation for Suspended Matter Collection and Trace Metal Analysis 


FIT-6002 Collection and Digestion of Particulate Samples for Trace Metal Analysis 
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SOP	–	01	
Field	Documentation	


The integrity of each sample collected in the field from the time of collection to the point of data 


reporting must be maintained throughout the study. Proper record keeping will be implemented in the 


field to allow samples to be traced from collection to final disposition. All information relevant to field 


operations must be properly documented to ensure that activities are accounted for and can be 


reconstructed from written records. Several types of field documents and sample tracking information 


will be used for this purpose and should be consistently used by field personnel.  


FIELD LOGBOOKS 


During field sampling events, field logbooks are used to record all daily activities. The purpose of the 


field logbook is to document events that occur and to record data measured in the field to the extent 


that someone not present at the site can reconstruct the activity without relying on the memory of the 


field crew.  


A bound, waterproof field logbook with consecutively numbered pages will be completed using indelible 


ink for each sampling event. All daily field activities will be documented in indelible ink in this logbook 


and no erasures will be made. All corrections should consist of a single line‐out deletion, followed by the 


sampler’s initials and the date. The sampler will initial and date each page of the field logbook. The 


sampler will sign and date the last page at the end of each day, and a line will be drawn through the 


remainder of each page. These requirements meet standard Good Laboratory Practices (GLP).  


The project name, site name, and location, project contract number, and the dates of sampling activity 


should be written on the cover of the field logbook. If more than one logbook is used during a single 


sampling event, then the upper right hand corner of the logbook will be annotated (e.g., 1 of 2, 2 of 2) to 


indicate the number of logbooks used during the field event.  


Field logbooks will be stored in a secure manner when not in use in the field. At a minimum, the sampler 


will record the following information in the field logbook: 


 Project name, location, and number 


 Purpose and description of field task 


 Project start date and end date 


 Date and time of entry (24‐hr clock) 


 Time and duration of daily sampling activities 


 Weather conditions at the beginning of the field work and any changes that occur throughout 


the day, including the approximate time of the change (e.g., wind speed and direction, wave 
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action, current, tide, vessel traffic, air and water temperature, ice thickness, any other relevant 


data) 


 Name of field scientist making entries and other field personnel and their duties, including the 


times that they are present 


 Level of personal protection being used 


 Onsite visitors, if any, including the times they are present 


 The name, agency, and telephone number of any field contacts 


 Notation of the system used to determine the station location information 


 The sample identifier and analysis code for each sample to be submitted for laboratory analysis 


 All field measurements made (or reference to specific field data sheets used for this purpose), 


including the time that the measurement was collected and the date of calibration, if 


appropriate 


 The sampling location name, date, gear, water depth (if applicable), and sampling location 


coordinates 


 The type of vessel used (e.g., size, power, type of engine) – for aquatic or offshore sampling 


 The location and description of the work area, including sketches and map references, if 


appropriate 


 Specific information on each type of sampling activity 


 The sample type (e.g., groundwater, soil, benthic sediment (surface or vertical depth)), sample 


number, and sample tag number 


 Preservatives used, if any 


 Sample storage methods 


 Cross‐references of numbers for duplicate samples 


 A description of the sample (Source and appearance, such as soil or sediment type, color, 


texture, consistency, presence of biota or debris, presence of oily sheen, changes in sample 


characteristics with depth, presence/location/thickness of the redox potential discontinuity 


(RPD) layer, and odor) and penetration depth 


 Estimate of length and appearance of recovered sediment cores (if applicable) 


 Photographs (uniquely identified) taken at the sampling location 


 Variations, if any, from specified sampling protocols and reasons for deviation 


 Details pertaining to unusual events which might have occurred during sample collection (e.g., 


possible sources of sample contamination, equipment failure, unusual appearance of sample 


integrity, control of vertical descent of the sampling equipment) 


 References to other logbooks used to record information (E.g., field data sheets, health and 


safety log) 


 The signature of the person making the entry. 


Upon completion of the field sampling event, the field team leader will be responsible for submitting all 


field logbooks to be copied and retained for records.  
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FIELD DATA FORMS 


Field data forms, in conjunction with the field lab notes, are an integral component of field work. 


Examples include station and/or sample logs and sediment core profile forms. Any relevant sample 


information collected during a sampling event should be recorded on the applicable field data form. 


Specific instructions relevant to a particular project are included in the project‐specific field sampling 


plan (also sometimes called the Sampling and Analysis Plan (SAP)). Upon completion of the field 


sampling event, the field team leader will be responsible for submitting all field data forms to be copied 


and retained for records.  


PHOTOGRAPHS 


Photographs may often be an integral component of the field documentation process. Photographs 


allow for documentation of collected samples (visual image for later use) and for documentation of field 


sampling activities. Photographs should include a measured scale in the picture, when practical. 


Telephoto or wide‐angle shots will not be used because they cannot be used in enforcement 


proceedings. The following items should be recorded in the field logbook for each photograph taken: 


 The photographer’s name, the date, the time of the photograph, the general direction 


faced, and the latitude/longitude (location) relevant to the image in the photo (e.g., 


sample location for photograph of particular sample collected) 


 A brief description of the subject and the field work portrayed in the picture 


 The sequential number of the photograph (filename for digital)  


Upon completion of the field sampling event, the team leader will be responsible for submitting all 


photographic materials to be developed (slides, prints) or to be copied (Disks) as appropriate. The 


appropriate photographic materials will be retained for records, including any photo logs and/or 


additional supporting documentation from the field logbooks or field forms.  


SAMPLE LABELS 


Sample labels used in field documentation will provide a unique identification for each sample container 


that is collected during a sampling event. Field crews will be provided with pre‐printed sample labels, 


which must be placed on each sample container used. The labels should be filled out when the samples 


are collected and should include the following information: 


 Sample number (e.g., indication of sample station, study, year, etc…) 


 Site name or project number 


 Date and time of sample collection 


 Field sampler(s) initials 


 Identification of any preservation method used (e.g., acidified, frozen) 
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 A unique number (i.e., tag number) that is pre‐printed on the label consisting of six digits. This is 


used to identify the individual containers and is included on the chain‐of‐custody form along 


with the sample number 


SAMPLE TAGS 


In some cases, sample tags are required in addition to sample labels. Sample tags are designed to be 


attached to each container used for a sample. Sample tags are required for environmental samples 


collected in U.S. Environmental Protection Agency (EPA) Region 5 and Region 10 (EPA 2003). Sample 


tags must be attached to each individual sample container with a rubber band or wire through a 


reinforced hole in the tag. All sample tag entries will be made with indelible ink. The tags should be filled 


out at the time the samples are collected and should consist of the following information: 


 Sample number 


 Site name or project ID (or project number) 


 Date and time sample is collected 


 Sampler(s) initials 


 Preservation type (e.g., acidification, frozen) 


 Type of analysis 


There will also be a space for the laboratory sample number, which will be provided by the laboratory at 


log‐in (Contract Laboratory Program, CLP), on the sample tag. 


CHAIN‐OF‐CUSTORY/SAMPLE ANALYSIS REQUEST FORMS 


A combined chain‐of‐custody (COC) and sample analysis request (SAR) form will be used to document 


the type and number of samples collected, as well as information regarding the particular type of 


analysis requested for the laboratory. The sample number and the unique number on each sample label 


will be recorded on the COC/SAR form. The COC/SAR form will also include the sample collection date 


and time, the type of sample, the project, and the field team leader. In addition, the COC/SAR form 


provides information on the type of sample preservation (if applicable) and/or other sample 


pretreatment applied in the field, and the analyses to be conducted on each sample. The SAR references 


a list of specific analyses (e.g., by method (EPA 8270) or by list) or the statement of work for the 


laboratory. A COC/SAR form is sent to the laboratory in conjunction with the samples.  


Each COC/SAR form is completed in triplicate (either white sheet (remains with the samples), yellow 


sheet (remains with the samples), and a pink sheet (retained by the field personnel prior to shipping the 


samples to the laboratory, OR, computer generated forms may be used in triplicate: the original and a 


copy included with the samples sent to the laboratory and a copy retained by the field personnel). The 


two copies included with the samples and sent to the laboratory are to be secured in a plastic, sealable 


bag and taped to the inside top of each sample cooler. The pink (3rd) sheet will be retained by the field 


personnel for filing after returning from the field.  
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Upon completion of daily field activities and prior to shipping or storage, COC entries will be completed 


for all samples. Information on each sample label will be verified against the information logged in the 


field notebooks and field forms. Upon completion of the field sampling event(s), the field team lead is 


responsible for submitting at COC/SAR forms for copying and filing after returning from the field. 


CUSTODY SEALS 


It is imperative (particularly for any projects that may be involved in litigation) that sample integrity be 


demonstrated and documented from the time of collection to the time of receipt in the laboratory. As 


security against unauthorized handling of the samples during shipping, two custody seals will be affixed 


to each sample cooler. The custody seals will be placed across the opening of the cooler (front right and 


back left) prior to shipping. The seals must be signed and dated and properly attached to the cooler such 


that they cannot be removed (intentionally or accidentally) during shipping. It is recommended that 


additional tape be used to ensure the custody seals are attached to the cooler(s).  


SHIPPING AIRBILLS 


When samples are shipped from the field to the laboratory via a commercial carrier (e.g., FedEx, UPS) 


and airbill or receipt is provided by the shipper. Upon completion of the field sampling even, the field 


team lead will be responsible for submitting the sender’s copy of all shipping airbills to be copied. The 


airbill number (i.e., tracking number) should be noted on the applicable COC/SAR forms (if possible) or 


alternatively the applicable COC/SAR form number should be noted on the airbill to enable the tracking 


of samples if a cooler is lost.  


ACKNOWLEDGEMENT OF SAMPLE RECEIPT FORMS 


In most cases, when samples are sent to an analytical laboratory, and an Acknowledgement of Sample 


Receipt form is faxed to the company and/or the lead scientist on the project. This typically would occur 


upon receipt of the samples at the laboratory. It is the responsibility of the person receiving the 


Acknowledgement of Sample Receipt form to review the form and make sure that all the sample that 


were sent to the laboratory were received by the laboratory and that the correct analyses were 


requested. If an error is found, the laboratory must be called immediately. Decisions made during the 


telephone conversation with the laboratory should be documented in writing on the Acknowledgement 


of Sample Receipt form. In addition, corrections should be made to the COC/SAR form and the corrected 


version of the COC/SAR form should be faxed to the laboratory and retained for documentation. 


FORM COPIES/SCANS FOR DOCUMENT RETENTION 


Upon returning from the field, all field notes, field logs, photographs, and COC/SAR forms should be 


copied and scanned into electronic form. The files should be stored under project folders and backed up 


on the Fairweather Science server. Once samples have been received at the laboratory, the fully‐


executed COC/SAR forms should also be scanned and retained on the electronic server. All documents 


should be retained until otherwise notified by the client and/or the project’s principle investigator (PI).  
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SOP	–	02	
Sample	Custody	


A stringent, established program of sample chain‐of‐custody will be followed during sample storage and 


shipping activities to account for each sample. The procedure outlined here will be used with SOP – 01, 


Field Documentation, and SOP‐03, Sample Packaging and Shipping. Chain‐of‐custody record/sample 


analysis request (COC/SAR) forms ensure that samples are traceable from the time of collection through 


processing and analysis until final disposition. A sample is considered to be in a person’s custody if any 


of the following criteria are met: 


 The sample is in the person’s possession 


 The samples is in the person’s view after being in possession 


 The sample is in the person’s possession and is being transferred to a designated secure area 


 The sample has been locked up to prevent tampering after it was in the person’s possession 


At no time is it acceptable for samples to be outside of the field leader’s custody unless the samples 


have been transferred to a secure area (e.g., a locked freezer). If the samples cannot be placed in a 


secure area, then the field team lead (or designate) must physically remain with the samples at all times.  


PROCEDURE 


The COC portion of the COC/SAR form is the most critical component because it documents sample 


possession through the life‐cycle of the sample. The SAR component of the form provides information to 


the technical laboratory regarding what analyses are to be performed on the samples that are shipped.  


The COC/SAR form will be completed after each field collection activity and before the samples are 


shipped to the laboratory. Sampling personnel are responsible for the care and custody of the samples 


until they are shipped. When transferring possession of the samples, the individuals relinquishing and 


receiving the samples must sign the COC/SAR form(s), indicating the time and date that the transfer 


occurs. Copies of the forms will be made and kept by the company (e.g., Fairweather Science) or the 


lead PI, and the originals will be included with the samples in the sample cooler(s). The following 


guidelines will be followed to ensure consistent shipping procedures and to maintain the integrity of the 


samples: 


 Each COC/SAR form must be appropriately signed by the sampling personnel. The person who 


relinquishes custody of the samples must also sign this form.  


 The COC/SAR form should not be signed until the information has been checked for inaccuracies 


by the field team leader. All changes should be made by drawing a single line through the 


incorrect entry and initially and dating it‐ as per Good Laboratory Practices (GLP). Revised 


entries should be made in the space below the entries. Any blank lines remaining on the 
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COC/SAR form after corrections are made should be marked out with single lines. This 


procedure will preclude any unauthorized additions. 


 At the bottom of each COC/SAR form is a space for the signatures of the persons relinquishing 


and receiving the samples and the time and date that the transfer occurred. The time that the 


samples were relinquished should match exactly the time they were received by another party. 


Under no circumstances should there be any time when custody of the samples is 


undocumented.  


 If samples are sent by a commercial carrier not affiliated with the laboratory, such as via FedEx 


or UPS, the name of the carrier should be entered in the “received by” block. Any tracking 


numbers supplied by the carrier should also be entered in the “Received by” block. The time of 


transfer should be as close to the actual drop‐off time as possible. After the COC/SAR forms are 


signed and copied, they should be sealed inside the transfer container. 


 If errors are found after the shipment has left the custody of the field personnel, a corrected 


version of the forms must be made and sent to all relevant parties. Minor errors can be rectified 


by making a change on a copy of the original with a brief explanation and signature. Errors in the 


signature block may require a follow‐up letter of explanation.  
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SOP	–	03	
Sample	Packaging	and	Shipping	


Specific requirements for sample packaging and shipping must be followed to ensure the proper transfer 


and documentation of environmental samples collected during field operations. Procedures for the 


careful and consistent transfer of samples from the field to the laboratory are outlined in this Standard 


Operating Procedure (SOP).  


EQUIPMENT REQUIRED 


Specific equipment or supplies necessary to properly pack and ship environmental samples include the 


following: 


 Gel packs, frozen Blue Ice, or dry ice (Depending on project and individual sample requirements) 


 Sealable airtight bags (Assorted sizes) 


 Large, plastic garbage bags 


 Paper towels 


 Coolers 


 Bubble wrap 


 Fiber reinforced packing tape 


 Duct tape 


 Clear plastic packing tape 


 Scissors 


 Chain‐of‐custody seals 


 Specialized labels (e.g., “Fragile”, “This end up”, or “Handle with care”) 


 Mailing/Airbill labels 


 Airbills for overnight shipment 


 Chain‐of‐custody record/Sample analysis request (COC/SAR) forms 


PROCEDURE  


The logistics for sample packaging and shipping should be specifically tailored to each study. In some 


cases, samples may be transferred from the field to a local storage facility where they can be either 


frozen or refrigerated. Depending on the logistics of the operation, field personnel may transport 


samples to the laboratory themselves or utilize an overnight courier service. If a courier service is used, 


then field personnel need to be aware of any potentially limiting factors to timely shipping (e.g., 


availability of overnight service and weekend deliveries to specific areas of the country, shipping 


regulations “restricted articles”, such as dry ice and formalin) prior to shipping the samples.  
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The following steps should be followed to ensure the proper transfer of samples from the field to the 


laboratories: 


In the Field (Sample Collection Site): 


1. Appropriately document all samples using a logbook, the required sample container 


identification (i.e., sample labels and sample tags) and a COC/SAR form. Fill out the COC/SAR 


form as per SOP‐ 02, Sample Custody. 


2. Make sure all applicable laboratory quality control sample designations have been made on the 


COC/SAR form. Samples that will be archived for future possible analysis should be clearly 


identified on the COC/SAR form by noting the following: “Do Not Analyze: Hold and Archive for 


Possible Future Analysis”, because some laboratories interpret “Archive” to mean continue 


holding the residual sample (e.g., extract) after analysis.  


3. Clean the gross contamination from the outside of all dirty sample containers to remove any 


residual material that may lead to cross‐contamination.  


4. Store each sample container in an individual sealable plastic bag that allows the sample label to 


be read. Volatile organic analyte (VOA) vials for a single sample must be encased in bubble wrap 


before being sealed in bags.  


5. If the samples have a required storage temperature, place a sufficient amount of frozen gel 


packs (or similar) in the sample cooler to maintain the temperature inside the cooler (e.g., 4° C) 


throughout the sampling day.  


In the Field (Sample Processing): 


1. If the samples have a required storage temperature, then the samples should be cooled to and 


maintained at that temperature prior to shipping. For example, a sufficient amount of frozen gel 


packs (or similar) must be present in each sample cooler to maintain the temperature inside the 


cooler at 4° C until processing begins to ship the samples to the testing laboratory. 


2. Be aware of any holding time requirements for project‐specific analytes and arrange the sample 


shipping schedule accordingly. For example, some water samples for organics analysis have 


limited holding time periods of 7‐days.  


3. Samples will be placed in secure storage or remain in the field personnel’s possession until they 


are shipped to maintain sample integrity and COC requirements. 


4. Samples should be stored in the dark (e.g., cooler tops shut and/or inside a dark freezer or 


refrigerator).  


In the Field (Immediately Prior to Shipping): 


1. Check sample containers against the COC/SAR form(s) to ensure all samples intended for 


shipment are accounted for (and that sample label information is correctly entered into 


COC/SAR form).  
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2. Choose the appropriate size cooler(s) and make sure that the outside of the cooler is clean of 


gross contamination. If the cooler has a drain on the outside at the bottom of the cooler, the 


drain should be capped and thoroughly taped shut with duct tape to prevent leakage.  


3. The cooler should be lined with bubble wrap and a large plastic bag should be opened and 


placed inside the cooler. (Typically commercial carriers will not transport leaking coolers). 


4. Individually wrap each glass container (which at the sample collection site had already been 


placed in an individual sealable plastic bag) in bubble wrap. Place the wrapped samples into the 


large plastic bag in the cooler; leaving sufficient room for ice to keep the samples cold (e.g., 4°C).  


5. If the samples have a required storage temperatures, add enough frozen gel packs (or similar) to 


keep the samples refrigerated during overnight shipping. Always over‐estimate the amount of 


frozen gel packs that you think will be required. Avoid separating the samples from the gel packs 


with excess bubble wrap because it will insulate the containers from the ice. After all samples 


and ice have been added to the cooler, use bubble wrap to fill any empty space to keep the 


samples from shifting during transport. 


6. If possible, consolidate all VOA samples in a single cooler (where applicable) and ship them with 


a trip blank (or blanks) if the quality assurance project plan (QAPP)_ calls for one.  


7. If temperature blanks have been provided by the testing laboratory, include one temperature 


blank in each sample cooler.  


8. Sign, date, and include any tracking numbers provided by the shipper on the COC/SAR form. 


Remove the back copy of the original COC/SAR form (or the 3rd triplicate copy‐ if electronically 


generated) and retain this copy for the project records.  


9. Place the rest of the signed COC/SAR form(s) in a sealable bag and tape the bag containing the 


form to the inside of the cooler lid. Each cooler should contain an individual COC/SAR form(s) for 


the samples contained in each respective cooler. If time constraints impact sample shipping and 


it becomes necessary to combine all of the samples into a single set of COC/SAR form(s) and the 


shipment contains multiple coolers, indicate on the outside of the respective cooler “Chain of 


Custody Inside”.  


10. After the cooler is sufficiently packed to prevent shifting of the containers, close the lid and seal 
it shut with fiber‐reinforced packing tape. The cooler should be taped shut around the opening 


between the lid and the bottom of the cooler and around the circumference of the cooler at 


both hinges.  


11. As security against unauthorized handling of the samples, apply two chain‐of‐custody seals 


across the opening of the cooler lid. Once seal should be placed on the front of the cooler and 


one seal should be placed on the side of the cooler opposite the first seal. Be sure the seals are 


properly affixed to the cooler so they are not removed during shipment. Additional tape across 


the seal may be necessary if the outside of the cooler is wet.  


12. Use a mailing label and label the cooler with destination and return address, and add other 


appropriate stickers, such as “This End Up”, “Fragile”, and “Handle with Care”. If the shipment 


contains multiple coolers, indicate on the mailing label the number of coolers that the testing 


laboratory should expect to receive (e.g., 1 of 2, 2 of 2). Place clear tape over the mailing label to 
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firmly affix it to the outside of the cooler and to protect it from the weather. This is a secondary 


label in case the airbill is lost during shipment. 


13. If an overnight courier is used, fill out the airbill as required and fasten it to either the top of the 
cooler or to handle tags as provided by the shipper. In addition to the adhesive backing on many 


airbills, the airbill and/or mailing label should also be taped to the lid, because tracking 


problems can occur if a sticker is removed during shipment. 


14. If samples need to be frozen (e.g., ‐20°C) during shipping, then dry ice will need to be placed in 


the sample cooler. Be aware of any additional shipping, handling, and special labeling 


requirements that may be required by the shipper for these samples.  


15. Benthic infauna samples will need to be preserved with formalin in the field prior to shipping. Be 


aware of any additional shipping, handling, and special labeling requirements that may be 


required by the shipper for these samples.  


16. If samples are shipped that contain “restricted articles” (e.g., dry ice, formalin), a 24‐hour 


emergency contact number must be provided to the shipper by the field personnel.  


17. Notify the laboratory contact that the samples will be shipped and the estimated arrival date 


and time. All environmental samples that are shipped at either 4°C or at ‐20°C will be shipped 


overnight for next morning delivery.  
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SOP	–	04	
Decontamination	of	Equipment	–	


Sediments		
 To prevent potential cross contamination of samples, all reusable sediment sampling and processing 


equipment will be decontaminated prior to the start of sampling each day, and before each use of the 


sampling equipment. At the sample collection site, a decontamination area will be established in a clean 


location, upwind of actual sampling locations, if possible. This is where all sediment sampling and 


processing equipment will be cleaned. Decontaminated equipment will be stored away from areas that 


may cause recontamination, and rinsate blanks will be collected during field activities. When handling 


decontamination chemicals, field personnel will follow all relevant procedures and will wear protective 


clothing as stipulated in the site‐specific health and safety plan.  


This Standard Operating Procedure (SOP) describes procedures for decontaminating sampling and 


processing equipment contaminated by either inorganic or organic materials. Sampling equipment (e.g., 


van Veen grab, Ekman grab, Ponar grab, core tubes) used for both analyte groups follow the 


decontamination order of a detergent wash, site water rinse, organic solvent rinses, and final site water 


rinse. Sample processing equipment, such as scoops and spoons, should have a final distilled/deionized 


water rinse instead of a site water rinse. If the surface of stainless steel equipment appears to be rusting 


(possibly due to prolonged contact with organic‐rich sediment), it should be given an acid and site water 


rinse at the end of each sampling day to minimize corrosion. If site water contamination is an issue (e.g., 


visible oil film), the solvent rinse as the final decontamination rinse may be necessary. This decision 


should be made by the chief field scientist. 


REQUIRED EQUIPMENT 


Equipment required for decontamination includes the following: 


 Polyethylene or polypropylene tub (to collect solvent rinsate) 


 Plastic bucket(s), such as 5‐gal buckets 


 Tap water or site water 


 Stainless steel pump (e.g., for on‐vessel site water) 


 Carboy, distilled/deionized water (Analyte‐free; received from testing laboratory of other 


reliable source) 


 Properly labeled squirt bottles 


 Funnels 


 Alconox®, Liquinox®, or other equivalent industrial detergent 


 Pesticide‐grade ethanol and heptane (depending on project‐specific field sampling plan (FSP) or 


sampling and analysis plan (SAP), because the solvents may vary by EPA region or state) 







                                                                                                                             Revision No. 0 
                                                                                                                                                                June 25, 2013 


2 
 


 10 percent (v/v) nitric acid (Reagent grade) for inorganic contaminants 


 Baking soda 


 Long handled, hard‐bristle brushes 


 Extension arm for cleaning core liners 


 Plastic sheeting, garbage bags, and aluminum foil (except for sampling for trace metals 


contamination) 


 Core liner caps or plastic wrap and rubber bands 


 Personal protective equipment as specified in the health and safety plan 


DECONTAMINATION PROCEDURES FOR FULL SUITE ANALYSIS (ORGANIC, METAL, AND CONVENTIONAL 


ANLYTES) 


Two organic solvents are used in this procedure. The first is miscible with water (e.g., ethanol) and is 


intended to scavenge water from the surface of the sampling equipment and allow the equipment to 


dry quickly. This allows the second solvent to fully contact the surface of the sampler. Make sure that 


the solvent ordered is anhydrous or has a very low water content (i.e., <%). If ethanol is used, make sure 


that the denaturing agent in the alcohol is not an analyte of interest in the samples. The second organic 


solvent is hydrophobic (e.g., heptane) and is intended to dissolve any organic chemicals that are on the 


surface of the equipment.  


The exact solvents used for a given project may vary by EPA region or state (see project‐ specific Field 


Sampling Plan (FSP) or Sampling and Analysis Plan (SAP)). Typically ethanol and heptane are preferred 


solvents for equipment decontamination. If specified in the FSP or SAP, isopropanol and acetone can be 


substituted for ethanol, and hexane and methanol can be substituted for heptane in the 


decontamination sequence. The choice of solvents is also dependent on the kind of material from witch 


the equipment is made (e.g., acetone cannot be used on polycarbonate) and the ambient temperature 


(e.g., acetone and hexane are quite volatile and may not be appropriate in hot climates). In addition, 


although methanol and hexane are sometimes slightly more effective than other solvents, their use is 


discouraged due to toxicity to sampling personnel. 


The specific procedures for decontaminating sediment sampling equipment and sediment compositing 


equipment are as follows: 


1. Rinse the equipment thoroughly with tap or site water to remove visible sediment. This step 


should be performed onsite for all equipment, including sediment core liners that will not be 


used again until the next day of sampling. After removing visible solids, sampling equipment that 


does not need to be used again that day may be set aside and thoroughly cleaned in the field 


laboratory at the end of the day.  


2. Pour a small amount of concentrated laboratory detergent into a bucket (i.e., about 1‐2 


tablespoons per 5‐gallon bucket) and fit it halfway with tap or site water. If the detergent is in 


crystal form, all crystals should be completely dissolved prior to use.  
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3. Scrub the equipment in the detergent solution using a long‐handled brush with rigid bristles. For 


the polycarbonate core liners, use a round brush attached to an extension arm to reach the 


entire inside of the liners, scrubbing with a back‐and‐forth motion. Be sure to clean the outside 


of core liners, bowls, and other pieces that may be covered with sediment.  


4. Double rinse the equipment with tap or site water and set right‐side‐up (where applicable) on a 


stable surface to drain. The more completely the equipment drains, the less solvent will be 


needed in the next step. Do not allow any surface that will come in contact with the sample to 


touch any contaminated surface.  


5. If the surface of stainless steel equipment appears to be rusting (This will occur during 


prolonged use in anoxic marine sediments), the surface requires passivation. Otherwise, skip to 


the next step. Using a 10% (v/v) nitric acid solution (ultra‐high purity grade), rinse using a squirt 


bottle, or wipe all surfaces using a saturated paper towel. Areas showing rust may require some 


rubbing with the paper towel. If using a squirt bottle, let the excess acid drain into the waste 


container (which may need to be equipped with a funnel). Double‐rinse equipment with tap or 


site water and set it right‐side‐up (where applicable) on a stable surface to drain thoroughly.  


6. Carefully rinse the equipment with ethanol from a squirt bottle and let the excess solvent drain 


into a waste container (which may need to be equipped with a funnel). These solvents act 


primarily as a drying agent by scavenging water from the equipment surface and carrying it 


away, but they also work as a solvent for some organic contamination. Sediment core liners 


must be held over the waste container and turned slowly so the stream of solvent contacts all of 


the surface. The sample apparatus (e.g., grab sampler) may be turned on its side (if small 


enough) and opened to be washed more effectively. In the event that a larger sampling unit 


(e.g., double van veen grab sampler) is used, it may be necessary to open and close the jaws 


multiple times and direct site water through a hose from underneath the openings to remove 


debris entrained in the corners of the unit. The equipment should be allowed to air dry in a 


clean location (whenever possible). Use only enough solvent to scavenge all of the water and 


flow off the surface of the equipment (i.e., establish sheet flow) into the waste container. Allow 


equipment to drain as much as possible. Ideally, the equipment will be dry. The more 


thoroughly it drains, the less solvent will be required in the following step.  


7. Carefully rinse the drained or air‐dried equipment with heptane from a squirt bottle, and let the 


excess solvent drain into the waste container (which may need to be equipped with a funnel). 


The opening of the squirt bottle may need to be widened to allow enough solvent to run 


through the sediment core liners without evaporating. Heptane primarily acts to clean the 


equipment from organic contamination (as opposed to a drying solvent). Ethanol is soluble in 


heptane, but water is not. If water beading occurs, it means that the equipment was not 


thoroughly rinsed with ethanol or that the ethanol that was purchased was not free of water. 


When the equipment has been rinsed with heptane, set it in a clean location and allow the 


heptane to evaporate before using the equipment for sampling. Use only enough solvent to 


scavenge all of the ethanol and flow off the surface of the equipment (i.e., establish sheet flow) 


into the waste container.  
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8. Under certain sampling conditions (e.g., remote, off‐shore field sampling from a vessel), use of 


large equipment would require excessive use of solvent(s) for the decontamination procedure. 


In these instances, the solvent rinse process can be replaced by the use of acetone (or similar 


solvent) wipes. However, in the event that gross contamination (e.g., oiled equipment) is 


observed, solvent rinsing is imperative.  


9. The final rinse is with site water for the sampling equipment (e.g., van veen grab, Ekman grab) 


and distilled/deionized water for processing equipment (e.g., compositing bowls and spoons). 


Equipment does not need to be dried before use.  


10. If the decontaminated sampling equipment is not to be used immediately, wrap small stainless‐


steel items in aluminum foil (dull side facing the cleaned area). Seal the polycarbonate core 


liners at both ends with either core caps or cellophane plastic and rubber bands. Close the jaws 


of the grab samplers.  


11. If the sample collection, processing equipment, or sample jar containers are 


cleaned/decontaminated prior to the field (or certified by the vendor, e.g., pre‐cleaned sample 


jars), they should be stored covered and protected from field contamination prior to use.  


12. Rinse or wipe with a wetted paper towel all stainless‐steel equipment at the end of each 


sampling day with 10% (v/v) nitric acid solution. Follow with a freshwater rinse (site water is fine 


as long as it is not brackish or salt water).  


After decontamination of the sampling equipment, the disposable gloves and used foil will be placed in 


garbage bags and disposed of in a solid waste landfill. When not in use, keep the waste solvent 


container closed and store in a secure area. The waste solvent should be transferred to empty solvent 


bottles and disposed of at a licensed facility per the procedures listed in the FSP or SAP. When not in 


use, keep the waste acid container closed and store in a secure area. The acid waste should be 


neutralized with baking soda and disposed of per the procedures listed in the FSP or SAP. 


DECONTAMINATION PROCEDURES FOR METAL AND CONVENTIONAL ANALYTES ONLY 


The specific procedures for decontaminating sediment sampling equipment and sediment processing 


equipment are as follows: 


1. Rinse the equipment thoroughly with tap or site water to remove the visible sediment. This 


step should be performed onsite for all equipment including core liners that will not be used 


again until the next day of sampling. Pieces that do not need to be used again that day may 


be set aside and thoroughly cleaned in the field laboratory at the end of the day.  


2. Pour a small amount of concentrated laboratory detergent into a bucket (i.e., pour about 1‐


2 tablespoons per 5‐gallon bucket) and fill it halfway with tap or site water. If the detergent 


is in crystal form, all crystals should be completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a long‐handled brush with rigid bristles. 


For the polycarbonate core liners, use a round brush attached to an extension arm to reach 


the entire inside of the liners, scrubbing with a back‐and‐forth motion. Be sure to clean the 


outside of core liners, bowls, and other pieces that may be covered with sediment.  
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4. Double rinse the equipment with tap or site water and set right‐side‐up (where applicable) 


on a stable surface to drain. The more completely the equipment drains, the less solvent will 


be needed in the next step. Do not allow any surface that will come in contact with the 


sample to touch any contaminated surface.  


5. If the surface of stainless steel equipment appears to be rusting (This will occur during 


prolonged use in anoxic marine sediments), the surface requires passivation. Otherwise, skip 


to the next step. Using a 10% (v/v) nitric acid solution (ultra‐high purity grade), rinse using a 


squirt bottle, or wipe all surfaces using a saturated paper towel. Areas showing rust may 


require some rubbing with the paper towel. If using a squirt bottle, let the excess acid drain 


into the waste container (which may need to be equipped with a funnel). Double‐rinse 


equipment with tap or site water and set it right‐side‐up (where applicable) on a stable 


surface to drain thoroughly. Double rinse processing equipment with distilled/deionized 


water and allow to drain.  


6. Sample processing equipment used for trace metals analysis should be Teflon or Kynar 


coated (not metal) and should be stored in plastic bags following decontamination (if not 


used immediately). Similar to the procedures for organics decontamination, the jaws of the 


grab(s) should be stored closed prior to decontamination.  


7. If the sample collection, processing equipment, or sample jar containers are 


cleaned/decontaminated prior to the field (or certified by the vendor, e.g., pre‐cleaned 


sample jars), they should be stored covered and protected from field contamination prior to 


use. 


After decontamination of the sampling equipment, the disposable gloves and used foil will be placed in 


garbage bags and disposed of in a solid waste landfill. When not in use, keep the waste acid container 


closed and stored in a secure area. The acid waste should be neutralized with baking soda and disposed 


of per the procedures listed in the project‐specific FSP or SAP. 
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SOP	–	05	Preparation	of	Field	Quality	
Control	Samples	–	Sediment		 	 	
This SOP describes the purpose, preparation, and collection frequency of field duplicate samples, field 


replicate samples, matrix spike/matrix spike duplicates, equipment rinsate blanks, bottle blanks, trip 


blanks, temperature blanks, environmental blanks, and reference materials (i.e., a standard reference 


material, a certified reference material, or other reference material (SRM acronym applied to all three 


reference material types) for sediment samples. Not all of the field quality control (QC) samples 


discussed in this SOP may be required for a given project. The specific field quality control samples will 


be identified in the project‐specific field sampling plan (FSP) or sampling and analysis plan (SAP) and 


quality assurance project plan (QAPP). For most projects, the recommended field QC samples are: an 


equipment rinsate blank, a field duplicate, and trip blanks if volatile organic compounds (VOCs) are to be 


analyzed. Definitions of all potential QC samples are described below.  


As part of the quality assurance/quality control (QA/QC) program, all field QC samples will be sent to the 


laboratories blind. To accomplish this, field QC samples will be prepared and labeled in the same 


manner as regular samples, with each QC sample being assigned a unique sample number that is 


consistent with the numbering for regular samples. All of the containers with preservatives that are 


required to complete the field QC sample for the applicable analyte list shall be labeled with the same 


sample number.  The sample ID for field quality control samples should allow data management and 


data validation staff to identify them as such and should only be recorded in the field logbook. Under no 


circumstances should the laboratory be allowed to use FIELD reference materials, rinsate blanks or trip 


blanks for LABORATORY QC analysis (i.e., lab duplicates, matrix spikes/matrix spike duplicates). To 


prevent this from happening, regular samples should be selected and marked on the chain‐of‐


custody/sampling analysis request (COC/SAR) form or the laboratory should be instructed to contact the 


project QA/QC coordinator to select appropriate samples for each sample group. 


All field quality control samples will be packaged and shipped with other samples in accordance with the 


procedures outlined in SOP – 03, Sample Packaging and Shipping. Sample custody will be maintained in 


accordance with the procedures outlines in SOP – 02 Sample Custody. 


Field quality control samples will be prepared at least once per sampling event and certain types will be 


prepared more often at predetermined frequencies. If the number of samples taken does not equal an 


integer multiple of the intervals specified in this SOP, the number of field quality control samples is 


specified by the next higher multiple. For example, if a frequency of 1 quality control sample per 20 is 


indicated and 28 samples are collected, 2 quality control samples will be prepared. The text below 


describes the preparation and frequency of field quality control samples required for sediment sampling 


activities, and shall be followed unless different frequency requirements are listed in the FSP/SAP and 


QAPP. 
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The following table (Table 1) lists the quality control sample types and suggested frequencies for 


sediment sampling programs. Because sediment quality control sampling may require assessment of site 


cross‐contamination, additional blanks may be required. A detailed explanation of each quality control 


sample type with the required preparation follows this table. 


Table 1. Field quality control (QC) sample requirements for sediment sampling. 


    Preparation 


Quality Control 
Sample Name 


Abbreviation 
Location  Method  Frequency1 


Duplicate  DUP  Sampling Site  Additional natural 
sample 


One per 20 samples. 
May not be 
applicable if REP is 
being collected. 


Replicate  REP  Sampling Site  Additional natural 
sample 


One replicate per 20 
samples. May not be 
applicable if DUP is 
being collected. 


Matrix 
Spike/Matrix Spike 
Duplicate 


MS/MSD  Sampling Site  Additional sample 
bottles filled for 
laboratory quality 
control 
requirements 


One per 20 samples. 


Equipment Rinsate 
Blank 


ER  Sampling Site  Deionized water 
collected after 
pouring through 
and over 
decontaminated 
equipment 


Minimum of one per 
sampling equipment 
used and then 1:20 
thereafter. 


Bottle Blank  BB  Field  Unopened bottle  One per sample 
episode or one per 
bottle type. 


Trip Blank  TB  Laboratory  Deionized water 
with preservative 


One pair per each 
VOC sample cooler 
shipment. 


Temperature 
Blank 


TMB  Laboratory  Deionized water  One per sample 
cooler. 


Environmental 
Blank 


EB  Field  Bottle filled at 
sample site with 
DI water 


One per 20 samples. 


Standard 
Reference 
Material 


SRM  Field, Laboratory, 
or Sampling Site 


SRM ampules or 
other container 
for each analyte 
group 


One set per 50 
samples or one per 
episode. 


1. Frequencies provided in this table are general recommendations; project‐specific frequencies 


are provided in the project‐specific FSP/SAP and QAPP. 
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FIELD DUPLICATE SAMPLES 


Field duplicate (or split) samples are collected to assess the homogeneity of the samples collected in the 


field and the precision of the sampling process. Field duplicates will be prepared by collecting two 


aliquots for the sample and submitting them for analysis as separate samples. Field duplicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. The actual number of field duplicate samples collected during a sampling event will be 


determined on a case‐by‐case basis by the project QA/QC coordinator and/or Field Team Lead (consult 


the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


FIELD REPLICATE SAMPLES 


Field replicate samples are co‐located samples collected in an identical manner over a minimum period 


of time to provide a measure of the field and laboratory variance, including variance resulting from 


sample heterogeneity. Field replicates will be prepared by collecting two completely separate samples 


from the same station and submitting them for analysis as separate samples. Field replicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. If field duplicate samples are collected, then it is unlikely that field replicate samples will also 


be collected during the field sampling event. The actual number of field replicate samples collected will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


MATRIX SPIKE/MATRIX SPIKE DUPLICATES 


The matrix spike/matrix spike duplicate (MS/MSD) analyses provide information about the effect of the 


sample matrix on the design and measurement methodology used by the laboratory. To account for the 


additional volume needed by the laboratory to perform the analyses, extra sample volumes may be 


required to be collected from designated sediment stations. MS/MSDs may be collected at a minimum 


frequency of 1 per 20 samples or once per sampling event, whichever is more frequent. The actual 


number of field replicate samples collected will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by analyte group. 


EQUIPMENT RINSATE BLANKS 


Equipment rinsate blanks will be used to help identify possible contamination from the sampling 


environment and/or from decontaminated sampling equipment. Equipment rinsate blanks will be 


prepared by pouring laboratory distilled/deionized water through, over, and into the decontaminated 


sample collection equipment, then transferring the water to the appropriate sample containers and 


adding any necessary preservatives. Equipment rinsate blanks will be prepared for all inorganic, organic, 


and conventional analytes at least once per sampling event per type of sampling equipment used. The 


actual number of equipment rinsate blanks prepared during an event will be determined on a case‐by‐
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case basis by the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific 


FSP/SAP and QAPP). These requirements may vary by EPA region or state. 


BOTTLE BLANKS 


The bottle blank is an unopened sample bottle. Bottle blanks are submitted along with sediment 


samples to ensure that contaminants are not originating from the bottles themselves because of 


improper preparation, handling, or cleaning techniques. If required, one bottle blank per lot of prepared 


bottles will be submitted for analysis. If more than one type of bottle will be used in the sampling (e.g., 


HDPE and glass), then a bottle blank should be submitted for each type of bottle and preservative. The 


actual number of bottle blanks analyzed during a project will be determined on a case‐by‐case basis by 


the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and 


QAPP). These requirements may vary by EPA region or state. 


TRIP BLANKS 


Trip blanks will be used to help identify whether contaminants may have been introduced during the 


shipment of the sediment samples from the field to the laboratory for VOC analyses only. Trip blanks are 


prepared at the testing laboratory by pouring distilled/deionized water into two 40‐mL VOC vials and 


tightly closing the lids. Each vial will be inverted and tapped lightly to ensure no air bubbles exist.  


The trip blanks will be transported unopened to and from the field in the cooler with the VOC samples. A 


trip blank shall be labeled and placed inside the cooler that contains newly collected VOC samples and it 


shall remain in the cooler at all times. A trip blank must accompany samples at all times in the field. One 


trip blank (consisting of a pair of VOC vials) will be sent with each cooler of samples shipped to the 


testing laboratory for VOC analysis. 


TEMPERATURE BLANKS 


Temperature blanks will be used by the laboratory to verify the temperature of the samples upon 


receipt at the testing laboratory. Temperature blanks will be prepared at the testing laboratory by 


pouring distilled/deionized water into a vial and tightly closing the lid. The blanks will be transported 


unopened to and from the field in the cooler with the sample containers. A temperature blank shall be 


included with each sample cooler shipped to the testing laboratory.  


FIELD BLANKS 


The field blank is prepared in the field to evaluate potential background concentrations present in the 


air and in the distilled/deionized water used for the final decontamination rinse. If unpreserved bottles 


are to be used, then the appropriate preservative (i.e., for metals samples use a 10% nitric acid solution 


to bring sample pH to 2 or less) must be added, as required. Field blanks should be collected at a 


minimum frequency of 1 in 20 samples. The actual number of field blanks analyzed during a project will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state. 
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To prepare a field blank in the field, open the laboratory‐prepared sample bottle while at a sample 


collection site, fill the sample bottle with distilled/deionized water and then seal. Assign the field blank a 


unique sample number, label the bottle, and then send the bottle to the laboratory with the field 


samples according to SOP – 03, Sample Packaging and Shipping. 


REFERENCE MATERIALS 


Reference materials are samples containing known analytes at known concentrations that have been 


prepared by and obtained from EPA‐approved sources. The SRMs have undergone multi‐laboratory 


analysis using a standard method which provides certified concentrations. When available for a specific 


analyte, SRM samples provide a measure of analytical performance and/or analytical method bias (i.e., 


accuracy) of the laboratory. Several SRMs may be required to cover all analytical parameters. For all 


analytes where available, one SRM will be analyzed at a frequency of 1 per 50 samples. The actual 


number of SRMs analyzed during a project will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by EPA region or state. 
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SOP	–	06	Surface	Sediment	Sampling	
Using	a	Modified	van	Veen	Grab	Sampler	 	
This SOP describes the procedures used to collect surface sediment with a modified van Veen grab 


sampler. For the purposes of this SOP, surface sediment is defined as the upper 10cm of the sediment 


column, but may vary given the sampling interval specified in the study design (project specific field 


sampling plan (FSP) or sampling and analysis plan (SAP)). Surface sediment is typically analyzed for 


various physical and chemical variables so the sampling equipment and sampling procedures must be 


compatible with all analyses.  


A modified stainless‐steel van Veen grab sampler is capable of collecting acceptable samples from a 


variety of substrates such as mud, sand, gravel, and pebbles (APHA 1989, U.S. EPA 2001). The modified 


van Veen grab sampler incorporates several design improvements over the traditional van Veen grab 


sampler, which improves the quality of the sediment samples. The modified grab sampler has two doors 


on top to allow easy access to the sample for visual characterization and subsampling of undisturbed 


surface sediments. The interiors of the doors are made of screens to minimize the bow wake and the 


resulting disturbance of the sediment surface when the grab sampler is lowered to the bottom. Rubber 


flaps cover each screen as the grab sampler is retrieved to prevent disturbing the sediment sample as it 


is raised through the water column. The arms of the modified grab sampler are lengthened and arced to 


provide a stronger seal when the grab sampler is closed, thereby minimizing sample leakage when the 


grab sample is retrieved. Finally, the modified grab sampler has four detachable, epoxy‐coated lead 


weights that allow the weight and penetration of the grab sampler to be optimized with respect to the 


kind of sediment being sampled. The procedures for collecting surface sediment samples using the 


modified van Veen grab sampler are described below.  


EQUIPMENT AND SUPPLIES REQUIRED   


Equipment required for sediment sampling using the van Veen grab sampler includes the following: 


 Stainless‐steel van Veen grab sampler (typically 0.06m2 or 0.1m2) and spare parts (also 


applicable to this SOP would include a double van Veen grab sampler) 


 Winch and hydrowire (With load capacities ≥ 3 times the weight of a full sampler) 


 Sample collection table 


 Teflon® or polyethylene siphon (inner diameter = 1.27cm, length = 60‐90cm) 


 Stainless‐steel ruler 


 Stainless‐steel spoons/spatulas (or Kynar® coated) 


 Stainless‐steel mixing bowl or pot (or Teflon® coated) 


 Socket and crescent wrenches (for adding or removing the detachable weights of the grab 


sampler) 
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 Water pump and hose (for rinsing the grab sampler, sampling utensils, and sample collection 


table 


DECONTAMINATION   


To prevent potential cross‐contamination of samples, all reusable sediment sampling equipment must 


be decontaminated. Before each station is sampled, decontaminate the inner surfaces of the grab 


sampler and all stainless‐steel sample compositing equipment. Details on correct decontamination 


procedures can be found in SOP – 04; Decontamination of Equipment – Sediment. The project‐specific 


FSP or SAP should also be consulted to determine and project‐specific decontamination procedures. The 


personnel performing the decontamination procedures will wear protective clothing as specified in the 


site‐specific health and safety plan (HSP).  


All solvent rinsates (if applicable) will be collected into a bucket or tub and allowed to evaporate over 


the course of the day. Any rinsate that has not been evaporated by the end of the sampling even will be 


containerized and disposed of in accordance with applicable regulations. 


GRAB SAMPLER DEPLOYMENT  


[Note: On some vessels, the deployment of the grab sampler will be conducted by marine technicians 


provided by the vessel operators] 


1. Attach the grab sampler to the hydrowire with a swivel. The swivel minimized the twisting 


forces on the sampler during deployment and ensures that proper contact is made with the 


bottom. For safety, the hydrowire, swivel, and all shackles should have a load capacity at least 3 


times the weight of a full sampler.  


2. Place the decontaminated grab sampler on a clean surface (i.e., the sample collection table) and 


open it. 


3. Ensure that the two release chains and the two retrieval chains are hanging free and are not 


wrapped around the arms of the sampler.  


4. Ensure that all doors are firmly latched shut. 


5. Attach the ring of the release chains to the release mechanism and insert the safety pin to 


prevent the mechanism from being activated prematurely.  


6. Start the winch, raise the release mechanism and the sampler and swing it outboard.  


7. Remove the safety pin from the trigger, and lower the sampler through the water column at a 


slow and steady speed (e.g., 30cm/second). 


8. Allow the grab sampler to contact the bottom gently, with only its weight being used to force it 


into the sediments. The sampler should never be allowed to “free fall” to the bottom because 


this may result in premature triggering, and excessive bow wake, or improper orientation upon 


contact with the bottom.  


9. Allow approximately 60 cm of slack in the hydrowire after contact with the bottom to ensure 


that the release mechanism is activated.  
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GRAB RETREIVAL 


1. After the grab sampler has rested on the bottom for approximately 5 seconds, begin retrieving it 


at a slow and steady rate (e.g., 30cm/second). Note: the amount of time that the grab sampler 


rests on the bottom is dependent on the kind of substrate (e.g., sediment with a high moisture 


content will required less time on the bottom to avoid over‐penetration).  


2. Ensure that the sampling vessel is not headed into any waves before the sampler breaks the 


water surface to minimize vessel rolling and potential sample disturbance. 


3. Care must be taken to avoid loss of fine‐grained surface sediments, mixing or sediment layers 


upon impact, lack of sediment penetration, and loss of sediment from tilting or washout upon 


ascent.  


4. After the grab sampler breaks the water surface and is raised above the height of the sample 


collection table, swing the grab sampler inboard, keep the sampler in an upright position and 


gently lower it onto the table, maintaining the tension of the hydrowire to prevent the grab 


sampler from rolling when it contacts the table. Avoid quick movements of the sampler, 


especially rotation, as this could disrupt the interface.  


5. When the grab sampler contacts the table, insert wedges under both jaws to that the grab 


sampler will be help in an upright position when tension on the hydrowire is relaxed.  


6. Relax the tension on the hydrowire, and remove the release and retrieval chains from the 


surface of the grab sampler.  


7. As soon as the grab sampler is secured, open the doors on the top of the grab sampler, and 


inspect the sample for acceptability. The following acceptability criteria should be satisfied: 


a. The sampler is not overfilled with sample to the point that the sediment surface presses 


against the top of the sampler or is extruded through the top of the sampler 


b. Overlying water is present (indicating minimal leakage) 


c. The overlying water is not excessively turbid (indicating minimal disturbance of the 


interface or winnowing) 


d. The sediment surface is relatively undisturbed; the sediment‐water interface is intact 


and relatively flat with no sign of channeling or simple washout 


e. The desired penetration depth is achieved 


f. There is no sign of sediment loss (incomplete closure of the sampler, penetration at an 


angle, or tilting upon retrieval). 


If a sample fails to meet the above criteria, it will be rejected and discarded away from the 


station. The locations of consecutive attempts and replicate samples (if any) should be as close 


to the first sample as possible, and if sampling on a river or stream, consecutive attempts should 


be located upstream of previous samples. Rejected sediment samples should be discarded in a 


manner that will not affect subsequent samples at that station or other possible sampling 


stations. 
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Penetration depth should be determined with a decontaminated stainless‐steel ruler by 


measuring the distance from the top of the sampler to the sediment interface and subtracting 


this from the inside depth of the sampler. If the sample is fairly level inside the sampler, this 


measurement can be made at one edge. If the sample is uneven but has an intact interface, then 


measurements should be made on opposite edges of the sample and the average value is used. 


This observation (i.e., that the sediment surface is slanted) and subsequent calculation of the 


average penetration depth should be recorded in the field logbook. If penetration depth is 


inadequate, add auxiliary weights. 


SAMPLE REMOVAL AND PROCESSING 


1. For acceptable samples, remove the overlying water by slowly siphoning it off near one or 


more sides of the grab sampler. Ensure that the siphon does not contact the sediments or 


that fine‐grained suspended sediment is not siphoned off. If sediment is suspended in the 


overlying water, do not proceed with siphoning until the sediment is allowed sufficient time 


to settle. 


2. After the overlying water is removed, characterize the sample as specified in the study 


design (FSP or SAP). Characteristics that are often recorded in the field logbook include: 


a. Sediment type (e.g., silt, sand) 


b. Texture (e.g., fine‐grain, coarse, poorly sorted sand) 


c. Color 


d. Presence/location/thickness of the redox potential boundaries (a visual indication of 


black is often adequate for documenting anoxia) 


e. Approximate percentage of water 


f. Presence of biological structures (e.g., amphipods, tubes, macrophytes) 


g. Approximate percentage of biological structures 


h. Presence of debris (e.g., twigs, leaves, drill cuttings) 


i. Approximate percentage of organic debris 


j. Presence of shells 


k. Approximate percentage of shells 


l. Stratification, if applicable 


m. Presence of a sheen 
n. Odor (e.g., hydrogen sulfide, oil, creosote) 


3. After the sample is characterized, remove the top 10cm using a stainless‐steel spatula or 


spoon (or a Kynar® coated scoop, or equivalent). Unrepresentative material (e.g., large 


shells, stones) should be carefully removed without touching the sediment sample, under 


the supervision of the field team leader. This removal should be noted in the field logbook. 


4. Remove subsamples for analysis of unstable constituents (e.g., volatile organic compounds, 


acid‐volatile sulfides), and place them directly into sample containers without 


homogenization. Sediment must be placed in these containers with no headspace and no 


entrapped bubbles (i.e., completely fill the sample container).  
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5. Transfer the remaining surface sediment to a stainless‐steel mixing bowl or equivalent 


(based on FSP or SAP) for homogenization. Additional grab samples may be required to 


collect the volume of sediment specified in the FAP/SAP. If it is necessary to collect 


additional grab samples to meet the project‐specific volume requirements, the mixing bowl 


should be covered with aluminum foil (Dull side down), or clean plastic (depending on 


analytes of interest) to prevent sample contamination (e.g., from precipitation, splashing 


water) and placed out of the sun and away from heat.  


6. After the surface sediment for a sample has been collected from the grab sampler, move the 


sampling vessel away from the station, open the jaws of the grab sample, attach the ring of 


the deployment chains to the release mechanism, insert the safety pin, start the winch, raise 


the grab sampler, and allow the remainder of the sediment sample to fall onto the sample 


collection table or into waste sediment collection buckets/tubs. Discard this material away 


from the station, and rinse away any sediment adhering to the inside of the grab sampler. 


The grab sampler is now ready for additional sampling at the same station or 


decontamination before sampling at a new station. 


7. After a sufficient volume of sediment is transferred to the mixing bowl, homogenize the 


contents of the bowl using stainless‐steel or Kynar® coated spoons until the texture and 


color of the sediment appears to be uniform. 


8. After the sample is homogenized, distribute subsamples to the various containers specified 


in the FSP/SAP and preserve the samples as also specified in the FSP/SAP. The sediment in 


the mixing bowl should be briefly stirred in between the transfer of sediment to each 


sample container.  


9. After all sediment for testing has been placed in the sample containers, if it is suspected that 


there is a clay component to the sediment, a “ribbon test” Should be performed on the 


sediment to confirm this suspicion. In this “texture‐by‐feel” test, a small piece of suspected 


clay is rolled between the fingers while wearing protective gloves. If the piece easily rolls 


into a ribbon, it is clay; it if breaks apart, it is silt. This information should be noted in the 


field logbook. 


FIELD QUALITY CONTROL SAMPLES 


Details on collection of field quality control samples and preparation of the certified reference materials, 


where relevant, are described in the project‐specific FSP/SAP and QAPP documents.  


FIELD MEASUREMENTS 


A water depth measurement must be collected at every sampling location. For sites where tides affect 


water depth, the time of collection and depth measurement must be recorded simultaneously. 


Depending on the specific project objectives, it may be necessary to perform field measurements of the 


in situ environment. Possible field measurements include temperature and pH of the sediment at the 


sediment‐water interface and concentration of dissolved oxygen, salinity, or conductivity in the 
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overlying water. Required field measurements are project‐specific and will be specified in the relevant 


FSP/SAP documents. 


STATION LOCATION COORDINATES 


Station locations will be determined in accordance with the project‐specific FSP/SAP. Generally, station 


locations for all field sampling will be determined using a differential global positioning system (DGPS), 


which is capable of provided latitude and longitude coordinates with an accuracy of approximately 2m. 


The DGPS consists of two satellite receivers linked to each other by a VHF telemetry radio system. The 


GPS receiver will be on the sampling vessel and positioned above where the grab sampler is deployed, 


or, alternatively an off‐set specific to the location of deployment on the vessel will be used.  


REFERENCES AND OTHER SOURCES 


APHA. 1989. Standard methods for the examination of water and waste water. Seventeenth edition. 


Prepared and published by American Public Health Association, the American Water Works Association, 


and the Water Pollutant Control Federation. 


U.S. EPA. 2001. Methods for collection, storage, and manipulation of sediments for chemical and 


toxicological analyses. Technical Manual. EPA‐823‐B‐01‐002. U.S. Environmental Protection Agency, 


Office of Water, Office of Science and Technology, Washington, D.C. 
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SOP	‐07	Decontamination	of	Tissue	
Sampling	Equipment	 	
Whenever possible, it is best to have the analytical laboratory process the tissue sample under clean 


laboratory conditions to limit possible contamination from field processing. If, however, the tissue 


sample must be processed in the field, then the following decontamination procedures should be 


followed (see Sampling and Analysis Plan (SAP) and/or Field Sampling Plan (FSP) to determine if field 


processing is requires).  


To prevent possible cross contamination of samples, all reusable field filleting and tissue processing 


equipment (e.g., knives, tweezers, spoons) will be decontaminated before each use (i.e., before 


processing begins and between each sample). The cutting board will be decontaminated before 


processing begins and a piece of clean, unused aluminum foil (except in the case of sampling for metals 


analysis) will be wrapped on top of the cutting board (dull side up) for each sample (i.e., the foil will be 


replaced after each sample has been processed). At the sample collection site, a decontamination area 


will be established in a clean location, upwind of the actual sampling processing location, if possible. This 


is where all field filleting and tissue processing equipment will be cleaned. Decontaminated equipment 


will be stored away from areas that may cause recontamination. Rinsate blanks will be collected 


according to SOP – 08 Preparation of Field Quality Control Samples – Tissue. When handling 


decontamination chemicals, field personnel will follow all relevant procedures and will wear protective 


clothing as stipulated in the site‐specific health and safety plan (HSP).  


This SOP describes procedures for decontaminating field filleting and tissue processing equipment 


contaminated by either inorganic or organic materials. Sampling equipment used for both can combine 


these procedures, following the order of a detergent wash, site water rinse, organic solvent rinses, and 


final distilled/deionized water rinse with an acid rinse of all stainless‐steel equipment at the end of teach 


tissue processing field day.  


EQUIPMENT REQUIRED 


Equipment required for decontamination include the following: 


 Plastic tub (to collect solvent rinsate) 


 Plastic bucket(s) 


 Tap water or site water 


 Carboy, distilled/deionized water (Analyte‐free; received from testing laboratory or oter 


reliable source) 


 Properly labeled spray bottles 


 Funnels 


 Alconox®, Liquinox®, or equivalent detergent 
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 Pesticide‐grade ethanol and heptane (consult the project specific SAP/FSP because the 


solvents may vary by EPA region or State) 


 10% (v/v) normal nitric acid (Trace metal grade) for inorganic contaminants 


 Baking soda 


 Hard‐bristle scrub brush 


 Plastic sheeting, garbage bags, and aluminum foil 


 Core liner caps or plastic wrap and rubber bands 


 Personal protective equipment as specified in the HSP 


DECONTAMINATION PROCEDURES FOR FULL SUITE ANALYSIS (ORGANIC AND INORGANIC ANALYTES) 


The specific procedures for decontaminating field filleting and tissue processing equipment are as 


follows: 


1. Rinse the field filleting and tissue processing equipment thoroughly with tap or site water to 


remove most of the remaining gross solids. Pieces that do not need to be used again that 


day may be set aside and thoroughly cleaned in the field laboratory at the end of the day.  


2. Pour a small amount (i.e., 0.5 teaspoons) of concentrated industrial detergent into a bucket 


and fill it with tap or site water. If the detergent is in crystal form, all crystals should be 


completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a brush with rigid bristles. Be sure to 


scrub with a back‐and‐forth motion.  


4. Double rinse the equipment with tap or site water and set right‐side‐up on a stable surface 


to drain. Do not allow any surface that will come in contact with the tissue to touch any 


contaminated surface.  


5. Carefully rinse the field filleting and tissue processing equipment with ethanol from a squirt 


bottle, and let the excess solvent drain into a waste container (Which may need to be 


equipped with a funnel). Ethanol acts primarily as a drying agent, but it also works as a 


solvent for some organic contamination. Set the equipment in a clean location and allow it 


to air dry. Use the ethanol sparingly and allow the ethanol to cascade down the surface of 


the equipment (i.e., the ethanol will “Sheet” over the equipment surface).  


6. Carefully rinse the air‐dried field filleting and tissue processing equipment with heptane 


from a squirt bottle, and let the excess solvent drain into the waste container (Which may 


need to be equipped with a funnel). The opening of the squirt bottle may need to be 


widened to allow enough solvent to run through the core liners without evaporating. 


Heptane acts as the primary organic solvent, but it is insoluble with water. If water beading 


occurs, it may mean that the equipment was not thoroughly rinsed with ethanol. When the 


equipment has been rinsed with heptane, set it in a clean location and allow the heptane to 


evaporate before using the equipment for tissue processing. Use the heptane sparingly and 


allow the heptane to cascade down the surface of the equipment (i.e., the heptane will 


“Sheet” over the equipment surface).  
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7. Rinse the field filleting and tissue processing sampling collection with a final 


distilled/deionized water rinse. 


8. If the field filleting and tissue processing equipment is not to be used immediately, wrap 


them in aluminum foil (dull side facing the cleaned area), except in the case of analysis for 


metals (wrap in clean Ziploc® or equivalent plastic bags. 


9. If the field filleting and tissue processing equipment are cleaned at the field laboratory and 


transported to the site, then the decontaminated equipment will be wrapped in aluminum 


foil (dull side facing the cleaned area) except in the case of metals (use plastic bags) and 


stored and transported in clean plastic bags until ready for use, unless alternative 


procedures are listed in the SAP/FSP.  


10. Rinse all stainless‐steel equipment at the end of each sampling day with 10% (v/v) normal 


nitric acid solution. 


After decontamination of all of the field filleting and tissue processing equipment, the disposable gloves 


and used foil will be placed in garbage bags and disposed of in a solid waste landfill. When not in use, 


keep the waste solvent container closed and store in a secure area. The waste should be transferred to 


empty solvent bottles and disposed of at a licensed facility per the procedures listed in the project‐


specific SAP/FSP. When not in use, keep the waste acid container closed and store in a secure area. The 


acid waste should be neutralized with baking soda and disposed of as per the procedures listed in the 


project‐specific SAP/FSP. 


DECONTAMINATION PROCEDURES FOR INORGANIC ANALYTES ONLY 


The specific procedures for decontaminating field filleting and tissue processing equipment are as 


follows: 


1. Rinse the field filleting and tissue processing equipment thoroughly with tap or site water to 


remove most of the remaining (i.e., gross) solids. Pieces that do not need to be used again 


that day may be set aside and thoroughly cleaned in the field laboratory at the end of the 


day.  


2. Pour a small amount (i.e., 0.5 teaspoons) of concentrated industrial detergent into a bucket 


and fill it with tap or site water. If the detergent is in crystal form, all crystals should be 


completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a brush with rigid bristles. Be sure to 


scrub with a back‐and‐forth motion.  


4. Double rinse the equipment with tap or site water and set right‐side‐up on a stable surface 


to drain. Do not allow any surface that will come in contact with the tissue to touch any 


contaminated surface.  


5. Carefully rinse the field filleting and tissue processing equipment with a 10% (v/v) normal 


nitric acid solution from a squirt bottle, and let the excess solvent drain into a waste 


container (Which may need to be equipped with a funnel). Use the acid sparingly and allow 
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the acid to cascade down the surface of the equipment (i.e., the acid will “Sheet” over the 


equipment surface).  


6. Rinse the field filleting and tissue processing sampling collection with a final 


distilled/deionized water rinse. 


7. If the field filleting and tissue processing equipment is not to be used immediately, wrap 


them in clean Ziploc® or equivalent plastic bags. 


8. If the field filleting and tissue processing equipment are cleaned at the field laboratory and 


transported to the site, then the decontaminated equipment will be wrapped in plastic bags 


and stored and transported in additional clean plastic bags until ready for use, unless 


alternative procedures are listed in the SAP/FSP.  


After decontaminating all of the field filleting and tissue processing equipment, the disposable gloves 


and used foil will be placed in garbage bags and disposed of in a solid waste landfill. When not in use, 


keep the waste acid container closed and store in a secure area. The acid waste should be neutralized 


with baking soda and disposed of per the procedures listed in the project‐specific SAP/FSP. 
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SOP	–	08	Preparation	of	Field	Quality	
Control	Samples	–	Tissue		 	
This SOP describes the purpose, preparation, and collection frequency of field replicate samples, matrix 


spike/matrix spike duplicates, equipment rinsate blanks, trip blanks, temperature blanks, and reference 


materials (i.e., a standard reference material, a certified reference material, or other reference material; 


for the purposes of this document the acronym SRM will be used for all types of reference materials) for 


tissue samples. Not all of the field quality control (QC) samples discussed in this SOP may be required for 


a given project. The specific field quality control samples will be identified in the project‐specific field 


sampling plan (FSP) or sampling and analysis plan (SAP) and quality assurance project plan (QAPP). For 


most projects, the recommended field QC samples are: an equipment rinsate blank, a field duplicate, 


and trip blanks if volatile organic compounds (VOCs) are to be analyzed. Definitions of all potential QC 


samples are described below.  


As part of the quality assurance/quality control (QA/QC) program, all field QC samples will be sent to the 


laboratories blind. To accomplish this, field QC samples will be prepared and labeled in the same 


manner as regular samples, with each QC sample being assigned a unique sample number that is 


consistent with the numbering for regular samples. All of the containers with preservatives that are 


required to complete the field QC sample for the applicable analyte list shall be labeled with the same 


sample number.  The sample ID for field quality control samples should allow data management and 


data validation staff to identify them as such and should only be recorded in the field logbook. Under no 


circumstances should the laboratory be allowed to use FIELD reference materials, rinsate blanks or trip 


blanks for LABORATORY QC analysis (i.e., lab duplicates, matrix spikes/matrix spike duplicates). To 


prevent this from happening, regular samples should be selected and marked on the chain‐of‐


custody/sampling analysis request (COC/SAR) form or the laboratory should be instructed to contact the 


project QA/QC coordinator to select appropriate samples for each sample group. 


All field quality control samples will be packaged and shipped with other samples in accordance with the 


procedures outlined in SOP – 03, Sample Packaging and Shipping. Sample custody will be maintained in 


accordance with the procedures outlines in SOP – 02 Sample Custody. 


Field quality control samples will be prepared at least once per sampling event and certain types will be 


prepared more often at predetermined frequencies. If the number of samples taken does not equal an 


integer multiple of the intervals specified in this SOP, the number of field quality control samples is 


specified by the next higher multiple. For example, if a frequency of 1 quality control sample per 20 is 


indicated and 28 samples are collected, 2 quality control samples will be prepared. The text below 


describes the preparation and frequency of field quality control samples required for tissue sampling 


activities, and shall be followed unless different frequency requirements are listed in the FSP/SAP and 


QAPP. 
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The following table (Table 1) lists the quality control sample types and suggested frequencies for tissue 


sampling programs. Because tissue quality control sampling may require assessment of site cross‐


contamination, additional blanks may be required. A detailed explanation of each quality control sample 


type with the required preparation follows this table. 


Table 1. Field quality control (QC) sample requirements for tissue sampling. 


    Preparation 


Quality Control 
Sample Name 


Abbreviation 
Location  Method  Frequency1 


Duplicate  DUP  Sampling Site  Additional natural 
sample 


One per 20 samples. 
May not be 
applicable if REP is 
being collected. 


Replicate  REP  Sampling Site  Additional natural 
sample 


One replicate per 20 
samples. May not be 
applicable if DUP is 
being collected. 


Matrix 
Spike/Matrix Spike 
Duplicate 


MS/MSD  Sampling Site  Additional sample 
bottles filled for 
laboratory quality 
control 
requirements 


One per 20 samples. 


Equipment Rinsate 
Blank 


ER  Sampling Site  Deionized water 
collected after 
pouring through 
and over 
decontaminated 
equipment 


Minimum of one per 
sampling equipment 
used and then 1:20 
thereafter. 


Bottle Blank  BB  Field  Unopened bottle  One per sample 
episode or one per 
bottle type. 


Trip Blank  TB  Laboratory  Deionized water 
with preservative 


One pair per each 
VOC sample cooler 
shipment. 


Temperature 
Blank 


TMB  Laboratory  Deionized water  One per sample 
cooler. 


Environmental 
Blank 


EB  Field  Bottle filled at 
sample site with 
DI water 


One per 20 samples. 


Standard 
Reference 
Material 


SRM  Field, Laboratory, 
or Sampling Site 


SRM ampules or 
other container 
for each analyte 
group 


One set per 50 
samples or one per 
episode. 


1. Frequencies provided in this table are general recommendations; project‐specific frequencies 


are provided in the project‐specific FSP/SAP and QAPP. 
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FIELD DUPLICATE SAMPLES 


Field duplicate (or split) samples are collected to assess the homogeneity of the samples collected in the 


field and the precision of the sampling process. Field duplicates will be prepared by collecting two 


aliquots for the sample and submitting them for analysis as separate samples. Field duplicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. The actual number of field duplicate samples collected during a sampling event will be 


determined on a case‐by‐case basis by the project QA/QC coordinator and/or Field Team Lead (consult 


the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


FIELD REPLICATE SAMPLES 


Field replicate samples are co‐located samples collected in an identical manner over a minimum period 


of time to provide a measure of the field and laboratory variance, including variance resulting from 


sample heterogeneity. Field replicates will be prepared by collecting two completely separate samples 


from the same station and submitting them for analysis as separate samples. Field replicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. If field duplicate samples are collected, then it is unlikely that field replicate samples will also 


be collected during the field sampling event. The actual number of field replicate samples collected will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


MATRIX SPIKE/MATRIX SPIKE DUPLICATES 


The matrix spike/matrix spike duplicate (MS/MSD) analyses provide information about the effect of the 


sample matrix on the design and measurement methodology used by the laboratory. To account for the 


additional volume needed by the laboratory to perform the analyses, extra sample volumes may be 


required to be collected from designated tissue stations. MS/MSDs may be collected at a minimum 


frequency of 1 per 20 samples or once per sampling event, whichever is more frequent. The actual 


number of field replicate samples collected will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by analyte group. 


EQUIPMENT RINSATE BLANKS 


Equipment rinsate blanks will be used to help identify possible contamination from the sampling 


environment and/or from decontaminated sampling equipment. Equipment rinsate blanks will be 


prepared by pouring laboratory distilled/deionized water through, over, and into the decontaminated 


sample collection equipment, then transferring the water to the appropriate sample containers and 


adding any necessary preservatives. Equipment rinsate blanks will be prepared for all inorganic, organic, 


and conventional analytes at least once per sampling event per type of sampling equipment used. The 


actual number of equipment rinsate blanks prepared during an event will be determined on a case‐by‐
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case basis by the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific 


FSP/SAP and QAPP). These requirements may vary by EPA region or state. 


BOTTLE BLANKS 


The bottle blank is an unopened sample bottle. Bottle blanks are submitted along with tissue samples to 


ensure that contaminants are not originating from the bottles themselves because of improper 


preparation, handling, or cleaning techniques. If required, one bottle blank per lot of prepared bottles 


will be submitted for analysis. If more than one type of bottle will be used in the sampling (e.g., HDPE 


and glass), then a bottle blank should be submitted for each type of bottle and preservative. The actual 


number of bottle blanks analyzed during a project will be determined on a case‐by‐case basis by the 


project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). 


These requirements may vary by EPA region or state. 


TRIP BLANKS 


Trip blanks will be used to help identify whether contaminants may have been introduced during the 


shipment of the tissue samples from the field to the laboratory for VOC analyses only. Trip blanks are 


prepared at the testing laboratory by pouring distilled/deionized water into two 40‐mL VOC vials and 


tightly closing the lids. Each vial will be inverted and tapped lightly to ensure no air bubbles exist.  


The trip blanks will be transported unopened to and from the field in the cooler with the VOC samples. A 


trip blank shall be labeled and placed inside the cooler that contains newly collected VOC samples and it 


shall remain in the cooler at all times. A trip blank must accompany samples at all times in the field. One 


trip blank (consisting of a pair of VOC vials) will be sent with each cooler of samples shipped to the 


testing laboratory for VOC analysis. 


TEMPERATURE BLANKS 


Temperature blanks will be used by the laboratory to verify the temperature of the samples upon 


receipt at the testing laboratory. Temperature blanks will be prepared at the testing laboratory by 


pouring distilled/deionized water into a vial and tightly closing the lid. The blanks will be transported 


unopened to and from the field in the cooler with the sample containers. A temperature blank shall be 


included with each sample cooler shipped to the testing laboratory.  


FIELD BLANKS 


The field blank is prepared in the field to evaluate potential background concentrations present in the 


air and in the distilled/deionized water used for the final decontamination rinse. If unpreserved bottles 


are to be used, then the appropriate preservative (i.e., for metals samples use a 10% nitric acid solution 


to bring sample pH to 2 or less) must be added, as required. Field blanks should be collected at a 


minimum frequency of 1 in 20 samples. The actual number of field blanks analyzed during a project will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state. 
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To prepare a field blank in the field, open the laboratory‐prepared sample bottle while at a sample 


collection site, fill the sample bottle with distilled/deionized water and then seal. Assign the field blank a 


unique sample number, label the bottle, and then send the bottle to the laboratory with the field 


samples according to SOP – 03, Sample Packaging and Shipping. 


REFERENCE MATERIALS 


Reference materials are samples containing known analytes at known concentrations that have been 


prepared by and obtained from EPA‐approved sources. The SRMs have undergone multi‐laboratory 


analysis using a standard method which provides certified concentrations. When available for a specific 


analyte, SRM samples provide a measure of analytical performance and/or analytical method bias (i.e., 


accuracy) of the laboratory. Several SRMs may be required to cover all analytical parameters. For all 


analytes where available, one SRM will be analyzed at a frequency of 1 per 50 samples. The actual 


number of SRMs analyzed during a project will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by EPA region or state. 
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Go-Flo Bottle Field Decontamination 
Written by Amanda Royal & Michelle Briscoe, Brooks Rand Labs 


Revision 3 (3/13/15) 


The following procedure is to provide field decontamination steps for 10-L Go-Flo Bottles after use and 


before re-use for collection of low-level metals seawater samples. 


Materials Required 


• Liquid detergent low in metals, such as Formula 409 


• Ultra-pure reagent water (e.g., MilliQ) pre-tested sufficiently low in analytes of interest 


• Cleaning brushes, non-metallic  


• Plastic tub or tray (secondary containment for acidic waste) 


• 50% (v/v) HNO3 


• 50% (v/v) HCl 


• 500-mL pre-cleaned squeeze bottle for preparing solution of 0.5% HNO3 + 1% HCl 


• Bench-liners  


• 4-L plastic beaker 


• Acid-resistant nitrile gloves  


• Clean-room vinyl gloves  


• Plastic bags large enough to contain Go-Flo bottles, and associated zip-ties 


• Safety glasses and goggles 


• Lab coats 


 


Procedure to use if sampling equipment has been used only for clean, low-particulate samples (e.g., 


outside of a plume) 


 


Clean-room vinyl gloves must be worn at all times when cleaning and handling equipment! 


1. Prior to cleaning, inspect each bottle for obvious defects to the bottle or the opening/closing 


mechanism, and remove any debris. 


2. Thoroughly rinse the Go Flo bottles with reagent water. 


3. In a large non-metallic sink, spray all exposed surfaces of the bottles with 409 detergent. Using a 


metal-free brush, scrub all areas of the equipment.  


4. Drain some of the soapy water out through the spigot. 


5. Rinse off detergent with copious amounts of reagent water and drain one liter of reagent water 


through spigot. 


6. Place bottles on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours 


is desired, but a shorter time is acceptable). ). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


7. If not using immediately, double-bag for next use, close bag with a zip-tie, and label with date of 


cleaning. 
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Procedure to use if sampling equipment has been used inside of a plume or if heavy metals or 


petroleum contamination is suspected 


 


Clean-room vinyl gloves over acid-resistant nitrile gloves must be worn at all times when cleaning and 


handling equipment! 


1. Prior to cleaning, inspect each bottle for obvious defects to the bottle or the opening/closing 


mechanism, and remove any debris. 


2. Remove the mechanisms of the ball valves and O-rings, and soak in a dilute solution of 


detergent in a 4-L plastic beaker. Agitate periodically to facilitate cleaning. Wearing clean-room 


gloves, remove parts from beaker and rinse well with copious amounts of reagent water. Place 


parts on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours is 


desired, but a shorter time is acceptable). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


3. Thoroughly rinse the Go Flo bottles with reagent water. 


4. In a large non-metallic sink, spray all exposed surfaces of the bottles with detergent. Using a 


metal-free brush, scrub all areas of the equipment.  


5. Drain some of the soapy water out through the spigot. 


6. Rinse off detergent with copious amounts of reagent water and drain one liter of reagent water 


through spigot. 


7. Prepare solution of 0.5% (v/v) HNO3 + 1% HCl. 


8. Reassemble bottles, move to fume hood, and fill each bottle 1/3 full with a solution of 0.5% 


(v/v) HNO3 + 1% HCl. 


9. Close the ball valves, spigot, and vent. Working over a plastic tub or tray (secondary 


containment for acidic waste), carefully rotate the bottles for a minute or so to coat all internal 


surfaces with the dilute acid. 


10. Drain one liter of the dilute acid through the spigot into the secondary containment tub or tray. 


Open the end of the ball valve and drain remaining acid in the secondary containment tub for 


neutralizing and/or disposal. 


11. Rinse each bottle with copious amounts of reagent water, opening and closing the ball valves 


and drain water through spigot to ensure complete rinsing of all parts. 


12. Place bottles on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours 


is desired, but a shorter time is acceptable). ). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


13. If not using immediately, double-bag for next use, close bag with a zip-tie, and label with date of 


cleaning. 







 
  


 


Title:  Benthic Sample Collection and Processing for Shell 
Baseline Environmental Sampling Program – Chukchi Sea 


 


SOP No.: 
Date: 
Page No.: 


SAM043.02 


07/11/2014 


1 of 7 
 


 


1.0   SCOPE 
 


To define the processes to be followed in collecting, composting, and processing 
chemical and biological samples using grab and core samplers. This SOP is intended to be 
in conformance with the Puget Sound Estuary Program guidelines to ensure data quality 
that is consistent with other Puget Sound programs and the past programs for the CSESP 
studies in the Chukchi and Beaufort lease areas. 


 
 


2.1 BACKGROUND 
 
Sediments are collected for a variety of analyses, which may include chemical analyses, 
toxicity testing, benthic infaunal analyses, or other purposes as specified by program 
needs. Sediment cores within a benthic grab sampler must be collected with a sampling 
device, which minimally disturbs the surface sediments and prevents mixing of the 
vertical stratification, does not contaminate the sample for chemical parameters of 
interest (e.g., trace metals and organics), and provides adequate sediment volumes for 
subsampling for these parameters and grain size from the surface and subsurface layers 
of the core. A double van Veen grab sampler will be used to collect sediment from each 
station. This sampler is constructed entirely of stainless steel and is appropriate for 
collecting sediment samples for both biological and chemical analyses. The top of the 
sampler is hinged to allow for the removal of the top layer (s) of sediment for chemical 
and toxicity analyses. This gear is relatively easy to operate and requires little 
specialized training. 


 


2.2 Equipment Required 


• Double van Veen grab sampler 
• Winch 
• Ball bearing swivel 
• Decontaminated stainless steel sampling spoons and mixing bowls 
• Core or 2 cm deep sediment collecting tool 
• Filtered seawater washing system 
• Solvents, distilled water, and Alconox for cleaning sampling equipment and tools 
• Whirl-Pak Bags 
• Ice chests 
• Field notebooks/sampling logs 
• Navigation system 
• Tubing for siphoning 
• Gloves (nitrile) 
• Borax buffered formalin solution mixed with filtered seawater 


Title:  Benthic Sample Collection and Processing for Shell 
Baseline Environmental Sampling Program – Chukchi Sea 


 


SOP No.: 
Date: 
Page No.: 


SAM043.02 


07/11/2014 


1 of 7 
 


Prepared By:                      QA Concurrence:          
 
 







 
  


 


Title:  Benthic Sample Collection and Processing for Shell 
Baseline Environmental Sampling Program – Chukchi Sea 


 


SOP No.: 
Date: 
Page No.: 


SAM043.02 


07/11/2014 


2 of 7 
 


 


3.1 PROCEDURE 


The following instructions separate the procedure into collection and processing 
functions. 


3.2 Sediment Collection 
 


1. Prior to commencing sampling for a project, thoroughly clean the sampler with a 
non-phosphate laboratory detergent (e.g., Alconox®) to remove any sediment, 
debris, rust, or grease that might otherwise contaminate the sample. Rinse the 
inner surfaces first with seawater or tap water to remove sediment from 
sampler, and then with distilled water. Field equipment used to collect 
samples for chemical analysis will be cleaned at the start of each sampling shift 
and prior to use at each station. The decontamination procedure involves 
removing any visible gross contamination, such as sediment adhered to the 
double van Veen grab from a prior station, scrubbing the equipment with a hard- 
bristled brush using a Liquinox-detergent and water mixture, rinsing with clean 
filtered site water, rinsing with distilled water, wiping with acetone wipes, and 
rinsing again with distilled water. The specific process is described in the SOP for 
equipment decontamination and in the project-specific QAPP.  Once the survey 
vessel is on station, prepare to deploy the sampler. Secure all vessel discharges 
and ensure that all exhaust fumes are directed away from the sample collection 
area (rear deck) until the sample has been collected. 


 
2. Attach the sampler to the end of the winch cable with a ball bearing swivel and 


shackles, tighten the pin, and wire the clevis pin to the clevis of the shackle. An 
auxiliary link may be also installed to provide added assurance against loss of the 
equipment. 


 
3. If necessary, attach one set of weights to the sampler. These can be removed, or 


additional weights added depending on the sediment type. The grab is then 
cocked. 


 
4. Lower the grab sampler through the water column such that travel through the 


water column is slow enough that the increasing length of cable does not descend 
faster than the sampling device. During the last 5 meters the lowering rate 
should be no faster than 1 m/sec. This slower speed minimizes the effects of 
bow wake disturbance of surface sediments. Record the time and location of 
sample collection when the core/grab hits bottom. 


 
5. Close the sampling device slowly to allow the sampler to completed close within 


the sediment. The length of that retrieval is consistent with the distance 
between the depth of the closed and open arms of the sampler. 


 
6. Retrieve the sampler and lower it into its stand on-board and make certain it is 


secure. Open the hinged top and determine whether the sample is acceptable or 
not. An acceptable grab is one having relatively level, intact sediment over the 
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entire area of the grab, and generally a sediment depth at the center in excess 
of the depth required to sample >90% of species and individuals that would be 
captured to 20 cm of sediment depth. This depth of penetration varies by 
sediment coarseness but is generally at least 7 centimeters. Grabs containing no 
sediment, partially filled grabs, grabs with grossly slumped surfaces, or which 
leak are unacceptable. Grabs completely filled to the top, where the sediment is 
in direct contact with the hinged top, may also be unacceptable. It may take 
several attempts using different amounts of weight to obtain the first acceptable 
sample. The more weight that is added, the deeper the bite of the grab will be 
into the sediment. In very soft mud, pads may be needed to prevent the sampler 
from sinking in the mud. If pads are used, the rate of descent near the bottom 
should be slowed even further to reduce the bow wake. 
 


7. Open and tie back the vent flaps of the sampler and carefully siphon off any 
overlying water into an appropriate sieve. 


 
8. Visually inspect the sample for acceptability (an undisturbed surface layer is 


evident, the overlying water is not excessively turbid, adequate penetration was 
achieved, and no external leakage from the grab); if the sample is not 
acceptable, it should be discarded and another sample should be collected. 
Record whether the sample was retained or rejected. 


 
9. If the sample is acceptable, note the time of collection, the condition of the 


surface, penetration depth, and any other notable information in the field log 
notebook and sample log sheets. The time and location of collection of all 
grabs/cores, and whether they were acceptable or rejected should be recorded. 
This gives a general record of the level of difficulty in obtaining a sample at a 
particular location, should the site be sampled again during another survey. 


 


3.3 Field Processing of Samples for Benthic Community Assessment 


Grab samples to be used in the assessment of macrobenthic communities are processed 
in the following manner: 


 
1. Assign a sample number to the sample, and label the Whirl-Pak bags using 


indelible ink with the following information: project, date, time of sample 
collection, station, replicate number, sieve size, preservative, and sample 
collectors. Whirl-Pak bags are made of polythene and are designed for specimen 
collection; they form an air tight seal when closed. An internal label containing 
the same information should be placed inside the sample pak. This internal label 
should be made of 100 percent waterproof rag paper, and should be filled out 
using a pencil. 


 
2. Measure the penetration depth of the sediment and record the value in the 


field or sample log. The depth should be 4-5 cm for medium-coarse sand, 6-7 
cm for fine sand, and ≥10 cm for muddy sediment. Record descriptive 
information about the core/grab, such as the presence or absence of a 
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surface floc, color and odor of surface sediments, sediment texture, presence of 
debris (wood chips, wood fibers, human artifacts), presence of oily sheen, 
vertical changes in sediment characteristics, presence of any redox potential 
discontinuity layer, and visible fauna or biological structures. The descriptions 
are recorded on a sample log sheet for each replicate sample at each location 
(Attachment 2). Photographs of each grab may be collected to retain physical 
evidence of each grab collected. This information will form a basis for providing 
a direct comparison to the SPI plan view photographs. 
 


3. Process the grab for benthic community analyses. The whole grab, not an 
aliquot of the sampler is processed. Sediments to be sieved are placed in 
increments into a 1.0 mm (0.5mm or stacked 1.0 and 0.5 mm may also be used) 
mesh sieve at a rate to prevent the sieve from clogging and overflowing. The 
sieve will also be placed on a table, and a gentle flow of water washed over 
t h e  sample. Extreme care must be taken to assure that no sample is lost over 
the side of the sieve while agitating or washing the sample. Water used for 
sieving is filtered seawater supplied at a rate to process the sediment without 
damage to the infaunal organisms. 


 
4. Drain the water from the sieve box and gently rinse the contents of the tray to 


one edge. Using a spoon, GENTLY scoop up the bulk of the sample and place it in 
the labeled Whirl-Pak (which should be placed in the sieve or a bucket in case 
some of the sample spills over. Rinse the outside of the pak into the sieve, then 
rinse the contents into the Whirl-Pak using a squirt bottle or gentle hose 
(optional: a funnel may be used to facilitate this process). No more than half to 
two thirds of the Whirl-Pak should be filled with sieved ‘grunge’ material. If the 
quantity of sample exceeds this volume, place the remainder of the sample in a 
second, labeled pak. Note on the sample labels that the sample consists of more 
than one container. This must also be recorded in the log and on chain-of-custody 
forms. 


 
5. Carefully inspect the sieve to ensure that all organisms are removed using fine 


forceps (if necessary) to transfer fauna from the sieve to the container with the 
proper sample number. 


 
6. A ten percent solution of buffered formalin mixed with seawater is used to fix and 


preserve samples. A buffered formalin solution is generally prepared prior to field 
sampling by adding borax to a 35% formalin solution. The borax is added until the 
formalin is saturated with the buffer (approximately 4 heaping tablespoons of 
borax). When fixing the sample, seawater collected from the sample station is 
added to the jar until it is 2/3 to 3/4 full, and the 35% buffered formalin solution 
is then added to the sample pak to approximately 90% full. This creates a 10-15% 
buffered formalin and seawater solution. Store the sample in a box or cooler. A 
Rose Bengal or other vital stain may either be added to the samples at the 
laboratory performing the taxonomic identifications, or may be added to the 
formalin prior to field sampling. If added prior to sampling, approximately 1/8 
teaspoon should be added to each gallon of 35% formalin. This may be 
accomplished while buffering the solution.  The closure wires for the Whirl-Pak 
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should be taped to ensure that the sample containers will not be punctured by the 
closure wires. 


 
7. Prior to sieving the next sample, use copious amounts of forceful water and a stiff 


brush to clean the sieve, thereby minimizing cross-contamination of samples. 
 


8. Five replicate samples will be collected per sampling station. In addition, if 
sediment contaminant and conventional chemistry analyses are not to be 
performed on samples collected at a benthic infaunal station, a separate grab 
should be collected and subsampled for grain size analysis and total organic 
carbon (depending on project requirements). Approximately 500 ml should be 
collected for this analysis. 


 
9. Within ~ 2 weeks of fixing the samples, the samples should be transferred to 70% 


ethanol for preservation. Each sample and internal label is poured into an 
appropriately sized sieve (preferably one with a smaller sieve size) place over a 
bowl or pan to collect the formalin. The formalin is then disposed into a 
hazardous waste drum. The sample is gently washed with tap or distilled water, 
as is the sample container. Care should be taken not to splash the sample. Once 
the rinse water has drained from the sieve, the sample should be gently rinsed 
with 70% ethanol from a squirt bottle, and returned to the sample pak. The sieve 
should be checked to ensure that the entire sample has been returned to the jar, 
including the internal label. The Whirl-Pak should then be filled to ~90% of its 
volume with 70% ethanol, and the container should be sealed and gently shaken 
and inverted to ensure proper mixing. For long-term storage of crustaceans (so 
that the exoskeleton remains supple), it is recommended that glycerine be added 
to the 70% ethanol solution. The alcohol-glycerine solution would consist of 70% 
ethanol, 25% distilled water, and 5% glycerine. The glycerine would be added to 
the solution prior to filling the sample jars. The closure wires for the Whirl-Pak 
should be re-taped to ensure that the sample containers will not be punctured by 
the closure wires. 


 


4.0   SAFETY CONSIDERATIONS 


Sediment grab samplers are potentially dangerous pieces of equipment. All personnel 
should wear hard hats and steel-toed boots when working with the samplers. Once the 
device is cocked, it could accidentally trip at any time. The operators must be careful 
not to place hands or fingers in a position where they could be injured in the event that 
the device trips prematurely. 


 
The sampler is a heavy piece of equipment (especially when full). The operators must 
take care when deploying or retrieving this gear under adverse weather conditions. A 
grab sampler swinging wildly at the end of a boom can be very dangerous. Safety limes 
are recommended during adverse weather conditions. 
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All field personnel must read and comply with the site specific health and safety plan 
prepared for the sampling program. Appropriate levels of personal protection and 
decontamination procedures must be followed. 


 
5.1 Sorting and Identification of Benthic Infaunal Samples. 
Upon arrival at the laboratory samples are logged into the inventory system and the 
sample numbers are verified with the Chain of Custody form. Any discrepancies are 
resolved at this point 


Alcohol is rinsed from the samples of benthic ‘grunge’ and from the retained animals 
prior to removal and sorting of each individual in the sample. The removal and 
sorting is performed under a dissecting microscope using ~10-20X amplification and 
small quantities of ‘grunge’ material (~5 mL). The organisms removed from the 
sample are sorted into major taxonomic categories (e.g., molluscs, arthropods, 
annelids, echinoderms, ophiuroids, and miscellaneous phyla); the sorted ‘grunge’ is 
retained in labeled containers. Organisms and residual ‘grunge’ material are 
preserved in 70% ethyl alcohol (EtOH) with 5% glycerin added for longer term storage. 


 
The sorting efficiency is documented to be at least 95% efficient by performing a 
resort of 20% of the sorted ‘grunge’ material from each sample by a different analyst. 
Any samples falling below that rate are re-sorted and a second outside QA performed. 


 
The percent sorting efficiency is calculated as: 


 
% Sorting Efficiency = [1 – (# in QA re-sort/(# sorted originally + # in QC re-sort)]*100 


 
With the client’s agreement, once the sorted sediment has passed sorting QA, the 
sediment is disposed. 


 
Organisms will be identified to Lowest Practicable Taxonomic Level (LPTL), generally 
species level by qualified taxonomists with specialized expertise on each of the major 
taxonomic categories. Most of these identifications will be made by Columbia 
Sciences with additional help by taxonomists with key specialties for specific groups 
of species. Two forms of QA will occur. A reference collection for the project is 
proposed and would be added to specimens verified by Columbia Sciences and other 
outside taxonomists from BC, Alaska, Washington, Oregon, and California. Secondly, 
to maintain internal consistency with historical data sets, the data sets will be 
updated to provide a consistent name for each species among the various groups of 
taxonomists used during different sampling efforts. 
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All of the identified individuals, their abundance and biomass will be provided to the 
ecological analysts in an excel data base. Prior to analyses and interpretation of the 
data an addition QA step will be performed to highlight those species and individuals 
that represent pelagic species that were captured from unscreened water used for 
sieving during the past surveys. 


 
All identified organisms from a discrete sample are held in labeled glass vials 
containing 70% EtOH and 5% glycerine for long-term storage. Polyfilm often is used to 
seal the larger vials in addition to the caps. These are held for 5 years and are not 
disposed without written permission from the client. They can also be transferred to 
museums or other collections as desired by the client. 
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1.0 SCOPE 
 
Sediment Profile Imaging (SPI) provides a cross-section photograph of surface and near-
surface sediment.  Plan view (PV) imaging provides a snapshot of the seafloor surface.  
This SOP defines the methods and procedures to be followed to collect SPI/PV images as 
well as the hazards associated with SPI/PV camera deployment and operation. 
 
2.0 SPI & PLAN VIEW CAMERA OPERATION 
 
 2.1   Sediment Profile Camera (SPI) 
 
SPI provides a 20 cm high by 14 cm wide “profile” images of surface and near-surface 
sediment captured digitally by a Nikon D80 or D7200 SLR camera equipped with a 35mm 
lens.  SPI images can provide information describing sediment grain-size, sedimentary 
fabric, benthic infauna, and physical and biological processes.  SPI technology has been 
used to map the extent of sediment caps and deposits, conduct sediment quality surveys, 
sedimentation monitoring, and perform impact assessments due to confined aquatic 
disposal (CAD) sites, aquaculture, and oil platforms. 
 
The Ocean Imaging Systems model 3731 sediment profile camera, equipped with a digital 
camera, consists of a wedge shaped prism with a Plexiglass face plate and a back mirror 
mounted at a 45 degree angle.  Light is provided by an internal strobe.  The mirror 
reflects the image of the profile of the sediment-water interface up to a 35 mm camera 
that is mounted horizontally on top of the prism.  The prism is filled with distilled water 
(or 45% alcohol solution under freezing conditions) which allows clear interpretable 
images to be captured regardless of turbidity in the water column. 
 
The camera prism is mounted on an assembly that can be moved up and down within a 
stainless steel frame by allowing tension or slack on the winch wire.  As the camera is 
lowered, tension on the winch wire keeps the prism in the up position.  Once the camera 
frame touches the bottom, slack on the winch wire allows the prism to lower and 
vertically intersect the sediment.  The rate of fall of the prism (6 cm/second) is 
controlled by an adjustable passive hydraulic piston, which minimizes the disturbance of 
the sediment-water interface. 
 
A trigger is tripped on impact with the bottom, activating a 13 second time-delay on the 
shutter release; this allows time for the prism to obtain maximum penetration before an 
image is collected.  After an image is collected, the camera is raised from the bottom, a 
wiper blade automatically cleans off any sediment adhering to the prism faceplate, and 
the strobes are recharged.  The boat is repositioned slightly then the camera is lowered 
to collect another replicate image. 
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 2.2   Plan View Camera (PV) 
 
Plan view images are captured using a downward facing underwater 1Cam or Chimaera 
camera system and external flash manufactured by SubC Control, Newfoundland, Canada. 
 The plan view camera and external flash are mounted on the frame of the SPI camera in 
a downward-looking orientation.  Images are taken just before the SPI camera makes 
contact with the seafloor, using a lead ball and cable attached to a bounce trigger. When 
the SPI camera is raised from the bottom, the bounce trigger is reset rendering the plan 
view camera ready to take another image.  The 1Cam is equipped with dual lasers 
located 64mm apart allowing for accurate scale to be applied to each image.  Three 
replicate plan view images will be taken at each location. 
 
 
3.0 Equipment Required 
 


 Ocean Imaging Systems Model 3731 Sediment Profile Camera Frame 
 Ocean Imaging Systems Camera Head 
 Nikon D80 or D7200 Digital SLR Camera 
 1Cam or Chimaera Digital plan view camera 
 1Cam or Chimaera Battery pack w/ stainless housing 
 1Cam or Chimaera external strobe 
 12 v Nicad rechargeable battery packs 
 Benthos pinger (for deep water tracking) 
 25 lb lead weights (10 sets) 
 “Mud” doors 
 Distilled water or 45% alcohol solution (for freezing environments) 
 Winch and winch line 
 Swivel & shackles 
 Navigation system 
 A vessel with winch and winch wire having a minimum lifting capacity of 150 kilos 


 
 
3.1 PROCEDURE 
 
The following procedures will be followed when deploying and recovering the SPI camera 
and collecting SPI images. 
 
 
 
3.1 SPI & Plan View Camera Deployment 
 
1.  Prior to survey mobilization, the SPI camera head and plan view systems will be 


"bench-tested" to ensure that the cameras are focused, firing properly, and the 
strobes are operational. A spare Nikon D80 or D7200 digital camera, fully-charged 
battery packs, and SD storage cards will be carried in the field to ensure 
uninterrupted sample acquisition. 
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2.  A thorough check of all cables connecting the battery pack, external strobe and 


plan view camera housing will then be conducted.  The plan view camera will be 
fired on deck by pulling and releasing the bounce trigger to confirm that it is fully 
functional.   


 
2.  At the beginning of each survey day, the time on the digital cameras (both the SPI 


and PV) will be synchronized with the navigation system clock.  Each SPI/PV 
station replicate is identified by the time recorded in the digital image file and 
the corresponding time and position recorded by the navigation system.  
Redundant sample logs will be kept by the field crew.  Test shots will be fired on 
deck periodically to verify all internal electronic systems are working according 
to specifications. 


 
3.  The SPI camera system is attached to the winch wire.  As the camera is lowered 


to the seafloor, tension on the wire keeps the prism in the 'up' position.  Once the 
camera frame contacts the bottom, slack on the wire will allow the prism to 
vertically cut the seafloor.  The optical prism descends at approximately 6 
cm/second. 


 
4.  The prism is driven by the weight of the assembly several centimeters into the 


bottom sediments.  The camera trigger is tripped by the impact with the bottom, 
activating a 13-second time delay on the shutter release, which gives the prism a 
chance to obtain maximum penetration before a photo is taken. 


 
5.  As the camera is raised off the bottom, a wiper blade automatically cleans any 


sediment off of the prism faceplate.  The strobes are recharged, and the camera 
can be lowered for another replicate image. 


 
6.  When the camera is brought to the surface, the frame count will be verified and 


the camera prism penetration will be estimated from a penetration indicator that 
measures the distance the prism fell relative to the camera base.  If penetration 
is inadequate, two weight packs, each capable of holding 125 lbs of lead (in 25 lb 
increments) will be loaded to increase penetration.  If penetration is too great, 
adjustable stops which control the distance the prism can descend will be 
lowered.  In addition, "mud" doors can be attached to each side of the frame to 
increase the surface bearing of the entire unit. 


 
6.  Three replicate images will be taken at each SPI station.  The images are 


downloaded to a laptop computer via the USB port on the Ocean Imaging Systems’ 
camera head at the end of each survey day or more frequently if required to 
meet real-time sampling objectives. 


 
4.0 SAFETY CONSIDERATIONS 
 
The SPI camera is a heavy piece of sampling equipment.  The operator must use caution 
when deploying and retrieving this gear, especially under adverse weather conditions.  
Proper safety equipment (hard hat, safety vest, steel-toed boots/shoes) will be worn by 
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all personnel operating the camera.  Under adverse weather conditions, tag lines will be 
used to secure the camera during deployment and recovery. 
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Battelle Duxhury Operations
Standard Operating Procedure


for


COLLECTING SEDIMENT CORES WITH A PISTON PUSH/HAMMER CORER


1.0 OBJECTIVE


The Piston Corer is designed to collect minimally disturbed sediment cores, including the sediment-water
interface if deployed with that purpose. The corer is constructed with five primary pieces: 1) Poles of
various lengths constructed from materials such as aluminum, stainless steel, composite; 2) Stainless steel
pole/core attachment head; 3) Double sealed piston with line attached (the line needs to be good quality,
low stretch line (e.g. VectraTM, polyester, Kevlar®), stainless steel cable); 4) Core tubing (typically
cellulose acetate butyrate (CAB) or polycarbonate) used most often has an outer diameter (OD) of 2Y4", a
wall thickness of 1/16" resulting in an inner diameter (ID) of 2%"; and 5) slide hammer weight(s). Tubing
length is determined by the sample plan, the sediment consistency, and the ability to recover the material.
The piston seals prevent air and water from passing by the tube wall. When the tubing is pushed into the
sediment, the piston is held in position at the sediment surface by a line fixed to the vessel or land. The
immobile piston creates suction during insertion of the core tube minimizing core plugging and the
pushing sediment away from the tube. The piston suction also limits the ability of the sediment to fall out
of the tube during extraction and recovery. By avoiding a one-way check valve, cutter head, and core
catcher hardware, the system is less complicated, less likely to cross contaminate, and has the ability to
collect minimally disturbed samples including very short (6 in) cores. The sampler can recover
sediments from very light to harder, stiffer clay consistency.


2.0 PREPARATION


Determine the depth of water and the appropriate sediment core target length (target core length is
provided in the project Quality Assurance Project Plan and/or the Sampling and Analysis Plan
(QAPP/SAP)). Assemble the amount of push rod needed for the water depth, finishing with the 'T'
handle on top. Prepare a tube of the necessary length. Account for the length of the piston and any
interference from the core head by adding these lengths to your target core tube length. It is a good
practice to add some additional length to the core tube as a buffer. Cut the tube with a clean saw or knife
if necessary. Clean the tube, the piston, and the core head as described in the QAPP/SAP. When all the
equipment is clean, assemble the core system as follows:


1) Loosen the pressure on the piston seals by partially unscrewing the eye bolt that passes through the
piston.


2) Make sure the line attached to the piston is routed through a hole in the inside of the core head.


3) Pass line with carabineer through core tube.


4) Attach carabineer to the loosened eyebolt on the piston. Tighten eyebolt so the piston seals snugly
inside the tube yet still allows it to move without creating excessive drag while collecting the core.
Friction from the seal will hold the piston in place for deployment.


5) Insert the tightened piston into bottom of core tube and push the piston into the tube until the piston
is flush or 1/8 deeper than the bottom of the core tube (to allow for capture of loose fines on
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sediment surface to be captured) This creates friction in the tube preventing easy travel of the
piston within the tube during deployment.


6) Loosen the clamp screws and slide the core tube into the core head, feeding the piston line through
at the same time (do not allow the line to bunch up in the core tube).


7) Ensure that the core tube is pushed in as far as possible into the core head,


8) When certain the core tube is completely inserted, secure the core tube by tightening the clamp
screws.


9) Attach a measuring tape to the core head if using one. Either measure and record the offset from 0
(e.g., water surface) to the tip of the core head, or, extend the tape to the tip of the core so 0 on the
tape measure equals the tip and tie the tape off at the head. Secure any loose tape.


10) Before deployment, check the clamp screws for tightness, preventing the loss of the core barrel.
Confirm that the water depth has been measured and the calculated insertion depth is known.


3.0 PROCEDURE


3.1 Pre-Deployment Calculations


Critical to core collection is knowing when the tip of the core tube hits the sediment, or is just above the
sediment water interface, and knowing when the target depth has been achieved. Transferring the
calculated measurements to the core system can be accomplished by either pre-measuring the core and
pole system and then marking the pole (marking options include electrical tape and a SharpieTM Marker)
or attaching a fiberglass measuring tape to the core head (often the best alternative in deep water). Good
practice is to make the calculations prior to deployment, and have at least one other staff review the
calculation assumptions and the results.


3.2 Deployment of the Piston Corer


Proper deployment can be accomplished several ways. Experience and site specific conditions should be
factored in to adjust the methods as necessary to meet the project goals specified in the Quality Assurance
Project Plan (QAPP) or Sampling and Analysis Plan (SAP).


The corer has three means of driving the barrel into the sediments: pushing by the operator(s), a slide
hammer that fits over the top of the pipe assembly or a donut weight(s) that is lifted and uses gravity to
hammer the core in, or. The weight(s), if used, need to be slid onto the first section of the pole prior to
deployment with a line attached. Several cores may be rejected while determining the most effective
driving technique, depending on the particular bottom sediment condition.


Lower the piston core to the target depth (one method is to lower the core until you can feel the bottom),
confirm the water depth, re-affirm or adjust the calculations, then move the core away from the area
previously disturbed and continue deployment. Hold the lines attached to the piston and the slide hammer
(if used) gently but firm enough to remove any slack. When the core is ready to be collected, tie the line
attached to the piston to a secure place on the vessel, or to a secure location in wetlands (e.g. tripod,
board, shoulder). fri deep water, you may want to deploy the core overboard without all of the sections
attached, and as the corer is deployed, attach additional sections as needed. The lines attached to the
piston and the slide hammer (if used) need to be maintained with care. Do not allow a large amount of
extra line to get in the water, potentially tangling and disturbing operations, and do not hold the lines too
taut, which can raise the piston or prematurely lift the slide hammer (if used). The line attached to the
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slide hammer weight should be in good condition and not so small in diameter that it can cut into and
injure the hand of the operator. In soft sediments or for short cores, the sampler is usually driven using the
"T" handle.


If pushing is not adequate to reach the target depth, the slide hammer or donut weight can be used to gain
additional penetration. Two staff are required to collect a core with the slide hammer or donut weight.
One person is responsible for holding the core pole plumb and observing the depth of the corer
penetration. With the slide hammer, the second person is responsible for sliding the slide hammer over
the top of the pole assembly and striking repetitively the top of the assembly by lifting and hammering
down. Alternatively, with the donut weight, the second person is responsible for lifting up with the line
the weight and releasing the line freely. This allows the donut weight to drop down striking the core head.
This process should continue until the core tube is driven into the sediment to the target depth or refusal.


Smooth corer retrieval is important. The deeper the core penetration the more force will be required to
pull the corer from the sediments. The material is retained in the core barrel by means of the vacuum
provided by the piston seals. To maintain the vacuum, the line attached to the piston must not be allowed
to go slack, especially during extraction. Either secure the piston line to the 'T' handle, or have one staff
pull equally hard on the piston line as the other staff is pulling on the pole. Prior to putting the core on the
vessel, the bottom of the core barrel must manually be capped BEFORE it breaks the air-water interface.
Use polyethylene caps or a core plug to seal the core tip. Failure to do this may result in loss of sample.
Some materials are cohesive enough, especially with longer cores into firm fine material, that the cap can
be placed on the core after retrieval to the vessel. Once on board, the core tube is removed from the core
head and capped. Further processing of the core, if necessary, and core holding and shipping conditions,
are described in the QAPP/SAP.


4.0 CALCULATIONS


Determining the core penetrationlrecovery amount begins with the corer deployed with the tip just
touching the bottom. Extra care needs to be taken in soft sediments. Reference the air-water interface by
either marking the core pole or recording the depth from the attached measuring tape. After penetration is
completed, the final air-water interface position on the core pole is marked or the depth is recorded from
the attached measuring tape. Depth of penetration is determined by either measuring the length between
the two marks on the pole or subtracting the final depth measurement from the pre-penetration depth.
When coring without overlying water, the final penetration depth can be marked on the core tube. After
recovery, measure from the core tube end (leading edge) to the mark on the core tube to determine
penetration depth. The final core penetration and recovery depths and related calculations must be
recorded in the field logs.


5.0 QUALITY CONTROL


Careful attention to the procedures described in this SOP by trained personnel will ensure the quality of
the samples collected, The need for field quality control samples, (equipment, blanks or field duplicates),
is defined in the project QAPP/SAP.


6.0 TRAINING


A technician training in these methods must first read this SOP in its entirety. The trainee will then
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.
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A qualified sample processor must train individuals performing core sampling. A qualified sample
processor is considered to be an individual who has performed the processing in the past (within 2 years),
and for whom a training certificate or equivalent documentation of experience exists. The methods
explained in 10 are used as training standards. The trainee is considered to be qualified once proficiency
is demonstrated and a certificate of training (Attachment 1) is completed and submitted to the quality
assurance office.


7.0 SAFETY


During training, the qualified operator should explicitly point out the hazards associated with the handling
of the equipment and working on the boat (if used).


ATTACHMENTS


1. Battelle Duxbury Operations Certificate Of Training
2. SOP revision history


APPROVALS


Author


Technical Reviewer


Quality Systems Manager


Field Operations Manager
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Attachment 1
Battelle Duxbury Operations


CERTIFICATE OF TRAINING


FOR


SOP NO. 5-342-01


TITLE: Collecting Sediment Cores With a Piston PushlHammer Corer
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Battelle 


Standard Operating Procedure 


 


for 


 


COLLECTING BENTHIC AND EPIBENTHIC INVERTEBRATES WITH A TOWED CLAM 


RAKE 


 
 


1.0 OBJECTIVE 


This SOP describes the at-sea collection and processing of benthic and epibenthic invertebrate samples 
with a towed clam rake. 
 


2.0 PREPARATION 


2.1 SUPPLIES AND EQUIPMENT 


 
 Clam Rake: Battelle or similar traditional clam/oyster rake (aka clam or oyster dredge) for 


collecting bivalves (e.g. clams and oysters) 
 Net for collecting organisms the rake dislodges from the sediment 


o Typically from 0.25in to 1in mesh size 
 Tubs for biota screening and cleaning 
 Weight(s) for winch wire to keep head rope at proper tow angle  
 Sieving system such as a box sieve 
 Hoses and fittings for the sieving process 
 Water pump for wash down process 
 Smaller sieves for final cleaning and sorting with mesh sizes from 2mm to 10mm 


o Mesh size depends on target organisms, sieve availability and specifications 
provided in the project QAPP/SAP 


 Sample containers: As specified in the project specific QAPP/SAP. Containers typically 
consist of glass wide-mouth jars with Teflon® lined lids in various sizes for biota of interest.  


 Squirt bottles for rinsing organisms with site water, distilled water, and/or solvent for rinsing 
and decon, as specified by the project specific QAPP/SAP 


 Funnels for transferring organisms from sieve to jars 
 Nitrile gloves 
 Writing tools e.g. ink pens, permanent markers, and pencils 
 Scales or electronic balance for estimating biota mass 
 Bristle brushes for cleaning rake, net, screens, and buckets between stations (several sizes are 


helpful for different sediment consistency and different areas of the gear) 
 Non-phosphate detergent for cleaning rake between stations if required (e.g. Alconox® or 


Liquinox®). 
 Common equipment and supplies that are not always required: forceps, disposable spoons 


 
 


2.2 SOLVENTS (FOR CLEANING EQUIPMENT BETWEEN STATIONS) 
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Solvents and the decontamination process are specified in the QAPP/SAP. Solvents may consist 
of one or more of the following  
 Acetone 
 DCM (Dichloromethane) 
 Alcohol (e.g. methanol, ethanol) 
 Hexane 


 


3.0   PROCEDURE 


3.1 DEPLOYMENT OPERATIONS 


 
The QAPP/SAP will specify the target organisms and required tissue mass. 
 


1. Review operations below with deck crew, vessel captain, and mates prior to performing the 
sampling operations 


o Go over tow speed (as slow as possible to maintain safe vessel operations), trawl 
course/heading, and trawl duration 


o Trawl duration varies based on sediment accumulation in the net 


 Use any knowledge you have from the site (e.g. associated grab sampling) for 
initial trawl duration 


 Easier to increase trawl duration than repair a damaged net 


o Establish the station or order of stations to be sampled 


 Confirm first station and direct captain and mate to proceed to that station 


2. Place the sieve table or other sample process systems in a convenient location on deck, influenced 
as minimally as possible by stack emissions, and secure equipment to the vessel as needed for 
safe operations (e.g. to cleats, rails, deck).   


3. If sample sieving is performed, if possible position the outlet stream from the sieving apparatus 
through a scupper or over the side of the vessel so most sieved sediment runs overboard and not 
onto the vessel deck. 


4. If filtered water is required in the QAPP/SAP, set up the water filter system by inserting a clean 
filter, connecting the supply and discharge water hoses, and securing it to the vessel and/or 
sample processing system.  


5. Attach the winch cable termination to a lead rope, strap, or chain with a shackle.  


o Add weight, from 50-200 lbs., where the winch cable meets the lead rope to keep the 
clam rake towing at the correct angle 


o Length of the lead rope depends on ship’s crew judgment, typical range is 5-10m.  


6. Attach the rake to the lead rope with a shackle.  


7. Seize all shackles to secure shackle pins from unscrewing using cable ties, seizing wire, or other 
suitable method.  


o Use an appropriate swivel with the shackle(s) at the rake when performing operations in 
water depths >10m, or in >10m depth if available and workable on the winch system. 


8. Communicate with the captain/mate that the gear is ready for deployment 
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o Confirm with captain/mate station location 


o Communicate to captain/mate/crew the expected trawl duration and direction 


9. Fill out station log form provided in the QAPP/SAP 


o See Attachment 2 for an example of a biota field collection log 


10. Set the clam rake up on the deck of the ship under the sheave for the cable (place as directly 
below the sheave pick-up point as possible to minimize swinging when the rake is lifted) 


o Confirm with captain/mate it is ok to launch equipment 


o Confirm with captain/mate vessel is at trawl speed or ready to proceed to trawl speed 


11. Lift the clam rake over the stern/side of vessel and lower to the water surface 


o Communicate to captain/mate the gear is in the water 


o Let the rake and net fill with water and set on the surface with the rake tines pointed 
down 


o Let winch cable out slowly until tow cable length is 3-5 times the water depth (e.g., if the 
water depth is 20m, the cable should be out 60-100m 


o Tow for planned duration (start with short duration such as 3-5 minutes, extend if net is 
not over-filled with mud and more organisms are needed 


o Communicate to captain/mate trawl is over 


o Winch in cable until rake and net are visible on the water surface 


o Allow rake and net to wash mud out at surface if a large volume of mud is present and it 
easily sieves out of the net 


o Recover net to ship by lifting over rail/stern with winch 


 See Attachment 1 for a photo of clam rake being retrieved 


o Notify captain/mate the gear is safely on board the vessel 


 Confirm next station if appropriate 


12. Place catch in tub or screened tub to clean and sort for target organism(s) 


13. Handle and preserve target organisms as described in the project specific QAPP/SAP 


14. Complete recording of station log 


15. Decontamination procedures are described in Section 3.2. 


 
3.2 DECONTAMINATION CLEANING PROCEDURES 


 
A new net is best to use prior to each survey, unless repeating short surveys close in time at the same site 
are being performed. Bivalve and other potential benthic/epibenthic organisms are not highly exposed to 
the rake and net, thus thoroughly rinsing the gear with site water is the primary decontamination method 
between stations. Sampling apparatus will be decontaminated with soap and solvents in the field only if 
there are gross to levels of contamination (e.g. visible oil on the rake and/or net) between sampling 
stations.  If the net is heavily oiled, it is best to replace the net. While performing the decontamination 
procedure, “phthalate-free gloves,” such as nitrile or butyl rubber, will be used to protect the field staff as 
well as preventing contamination of the sampling equipment or the samples. 
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If further decontamination is required 
 


1. Rinse equipment with tap water or site water 
2. Scrub equipment with 1% non-phosphate soap (e.g. Alconox®) using a stiff brush  
3. Rinse with tap or site water, then Milli-Q water 
4. Rinse with appropriate solvent (as described in QAPP/SAP). In general, solvent will not be used 


unless an oily sheen is noted. Typical solvent rinse procedures are as follows: 
 


a. Begin with a solvent rinse of acetone and then DCM if oily contamination is apparent and 
will only be used on metal/stainless steel surfaces 


b. Let air-dry if solvent is used. 
 
Note: All waste solvents must be captured and disposed of in labeled liquid waste containers.  All 
equipment that comes into contact with the sample (i.e. syringe, ruler, collection buckets) must be cleaned 
using the same general procedures as the grab. 
 
3.3 SAMPLE PROCESSING 


 
Follow project specific QAPP/SAP requirements for sample processing. In general: 


1. Empty the catch into a clean tub, preferably one with plastic or stainless steel screen at the 
bottom.  


2. Wash sediment off of all organisms in the trawl using site water.  
3. Remove target organism by hands covered with clean nitrile or other gloves as specified in the 


QAPP/SAP.  
4. Place target organisms in a secondary sieve.  
5. After collecting all the target organisms from the trawl, release unwanted organisms back into the 


water.  
6. Carefully rinse and clean the target organisms in the secondary sieve.  
7. Perform final rinses as required in the QAPP/SAP, such as a final deionized water rinse.  
8. Place the jars into the appropriate pre-labeled container, as described in the QAPP/SAP. 
9. Store the jars in conditions described in the QAPP/SAP 


 
 


4.0 CALCULATIONS 


There are no calculations necessary for this procedure. It is valuable to count the numbers of bivalves 
placed in each jar and record the percent of the jar filled for assistance in choosing samples to analyze. 
 


5.0 QUALITY CONTROL 


Field replicates and equipment blanks for chemical analyses will be collected according to the 
QAPP/SAP.  Any deviations from this SOP must be documented on the station log in the survey logbook.  
Careful attention to the procedures described in this SOP by trained, qualified personnel will ensure the 
quality of the samples collected. 
 


6.0 TRAINING 


A technician training in these methods must first read this SOP in its entirety.  The trainee will then 
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.  
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A qualified sample processor must train individuals performing clam rake sampling.  A qualified sample 
processor is considered to be an individual who has performed the processing in the past (within 2 years), 
and for whom documentation of training and/or experience exists.  The methods explained in 3.0 are used 
as training standards.  Once the procedures described in this SOP are understood and have been 
demonstrated by the staff member, training is documented in Battelle University.  When registering the 
training as complete, the comment section should be used to indicate the name of the trainer and the date 
of training.      
 


7.0 SAFETY 


All personnel should wear protective clothing, safety glasses, and gloves when handling sample 
containers or reagent bottles containing solvents.  All collectors should wear life vests, steel toed boots, 
and hard hats when handling the equipment on the vessel. 
 
During training, the qualified sampler should explicitly point out hazards associated with the reagents and 
or equipment.  The trainee should review the material safety data sheets for Ethyl and Methyl Alcohol. 


Gloves, safety glasses (with side shields) and protective clothing such as rain gear that protects from 
chemical exposure must be worn when handling any of the above chemicals.  Open containers must 
remain in a fume hood or used on deck at sea. If the analyst is exposed to any of the above chemicals the 
following procedures should be followed: 
 
Skin contact.  Remove contaminated clothing immediately, directing a stream of water under clothing 
while it is being removed, if possible.  Wash affected area 15-20 min and ensure no evidence of chemical 
remains.   
 
Eye contact.  Wash eyes immediately with large amounts of water while lifting upper and lower lids for 
at least 15-20 min.  Get medical attention immediately. 
 


Ingestion.  If victim is conscious, give large quantities of water immediately.  DO NOT INDUCE 


VOMITING.  Milk or activated charcoal may also be administered by trained medical personnel.  Get 
medical attention immediately.  Contact Poison Control Center and adhere to their advice. 
 
Inhalation.  Remove from exposure area to fresh air immediately. If not breathing, give artificial 
respiration.  If breathing is difficult, oxygen is required. If near shore, an ambulance should meet the boat 
at the nearest dock. Otherwise, the coast guard should be called.  
 
Analysts using this procedure must read the material safety data sheets (MSDS) associated with these 
materials thoroughly.  MSDS are located in the laboratory and on the boat.  In the event of an emergency, 
the MSDS should be submitted to the appropriate medical personnel. 
 
ATTACHMENTS 


 
Attachment 1.  Photo of Clam Rake Being Retrieved 
Attachment 1.  Example of Biota Field Collection Log 
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Attachment 1.   


Photo of Clam Rake Being Retrieved 
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Attachment 2.   


Example of Biota Field Collection Log 


(Includes Clam Rake Trawl and Amphipod Trap Field Collections)  
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Battelle  


Applied Coastal and Environmental Services 


Standard Operating Procedure 


 


for the 


 


Sea-Bird Electronics SBE 25plus Sealogger and SBE 32 Carousel Water Sampler System 


 


1.0 APPLICATION 


 
The Sea-Bird Electronics (SBE) 25plus Sealogger System and the SBE 32 Carousel Water Sampler 
System are used to provide real-time acquisition of high-resolution water column profiles and collect 
discrete samples of water for physical, chemical, and biological analyses. 
 
The SBE 25plus Sealogger System is composed of the SBE 25plus main electronics unit, three primary 
sensors (a SBE 3F Temperature Sensor, a SBE 4C Conductivity Sensor, and the 25P.122 strain gauge 
Pressure Sensor) and a Sea-Bird Model 5P pump.  The pump is required for the conductivity and 
temperature sensors, as well as optional sensors requiring water flow e.g. dissolved oxygen sensors.  The 
CTD System described in this SOP is designed for use at up to 600 meters (m), however, the originally 
installed strain gauge limits the system range to 100m for accurate depth data. Deploying the system 
below 100m may physically damage the strain gauge resulting in seawater leaking into the electronics 
chamber and damaging the system beyond repair at sea.  This SOP is intended to augment the 
manufacturers’ manuals and software programs. The SBE manuals and software are the primary source 
of information for operations and maintenance of the various facets of the system. 
 
The SBE 25plus can interface with up to ten auxiliary sensors (eight voltage output sensors and two RS-
232 serial output sensors).  The list of originally installed sensors is shown below. Sensor configurations 
can change. Therefore, inspect the system prior to use and confirm you have documentation and training 
on all of the installed sensors. 
 


 Sea-Bird Model 43 Dissolved Oxygen Sensor (SOP No. 3-180) 
 Sea-Bird Model 18 pH Sensor 
 WET Labs ECO Triplet (Fluorescence, Turbidity, CDOM (Colored Dissolved Organic Matter) 
 WET Labs C-Star Transmissometer (SOP No. 3-174) 
 Seapoint Turbidity Meter (SOP No. 3-162)  
 Valeport VA-500, Altimeter 


 
These instruments require specific cable assemblies to interface to the main electronics unit.  Cables are 
provided by SBE or outside vendors (e.g. Impulse Cables).  Battelle may also fabricate specialty cables.  
For a list of cables and their cross-references, refer to Attachment 1. 
 
The main function of the electronics unit is to provide power to the modular sensors, and to collect and 
multiplex their data, then send a single coherent data stream to the surface via a waterproof cable system. 
 
The SBE 25plus is typically interfaced to a PC via the Sea-Bird SBE 32 Carousel and the SBE 33 Deck 
Unit (see diagram in Section 3.1).  In certain circumstances, it is possible to gather data directly from the 
SBE 25plus using only a PC and the appropriate power supply and hookups (see Section 3.2.).  The SBE 
25plus may also run autonomously, via internal batteries.  However, that is beyond the scope of this SOP. 
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Detailed information on the systems, such as wiring diagrams and specifications are provided in the 
manufacturer equipment manuals. A list of all equipment and sensor manual files is provided in 
Attachment 1. These files are necessary to have on the field computer as well as a back-up computer or 
media drive/device prior to beginning a survey. 
 
 


Note1 


This SOP must be used in conjunction with the SBE 25plus, SBE 32, and SBE 33 Instrument Manuals, 
along with the appropriate modular sensor manuals, and Application Notes as appropriate.  Refer to 
Attachment 1 for a list of files that pertain to the Sea-Bird instrumentation. 
 


 
 


2.0 CALIBRATION 


 


The modular sensors interfaced to the SBE 25plus system (i.e., Temperature, Pressure, Conductivity and 
other auxiliary modular Sensors) are calibrated annually by SBE or by the sensor manufacturer.  The 
calibration coefficients determined during this calibration by SBE or the sensor manufacturer are entered 
into the SBE software prior to use on a survey. 
 
In certain cases, the coefficients for the Sea-Bird Model 43 Dissolved Oxygen Sensor and the Sea-Bird 
Model 18 pH Sensor may be determined in the field, but factory calibration is preferred and 
recommended. The suite of sensors may be calibrated post-survey if the specific project requires that 
process or the data collected during a survey is not within the expected range of values. 
 
 
 


3.0 OPERATION 


3.1. TYPICAL SETUP 


The most common setup situation for the SBE 
25plus CTD System is via a SBE 33 Deck Unit 
and the SBE 32 Carousel. 
 
The SBE 33 Deck Unit provides 250 VDC 
power to the SBE 32 Carousel, which in turn 
provides 15VDC to the SBE 25plus CTD 
System.   
 
The Deck Unit also controls firing of the 
sample bottles on the SBE 32 Carousel, and 
receives and filters the CTD data stream to 
eliminate external noise, then routes the data to 
a field computer.  
 


                                                      
1 Notes and Cautions are inserted at the end of each section. 
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The SBE 33 may be pre-programmed to trigger sampling bottles. 
 
 


3.2. OPTIONAL SETUP 


When sampling bottles are not required, such as when trying to operate the SBE 25plus from a small boat 
where only minimum equipment (and no bottle sampling) is required, an optional setup may be used.  
The SBE 25plus may be powered directly from the surface via an external power supply providing 14-
16VDC at 2A or greater or water column profile data can be stored internally without a power connection 
using internal batteries ((12) D cell batteries).  Power and data hookup would be via a cable assembly 
such as EBOS613 or equivalent.  
 
When operating at less than 14VDC, the SBE 25plus will default to, and consume, its own internal 
alkaline battery pack.  See Caution 1 below. 


 


3.3. OPERATIONAL PARAMETERS 


The Shell SBE 25plus CTD system, as a whole, is limited to 100M deployment depth.  This is to avoid 
damage to the mechanical strain-gage pressure transducer for this system (e.g., 0-100M range). Lowering 
the system to >100m depth can cause damage to the strain gauge such that water can penetrate the sealed 
system and damage the electronics.  See Caution 2 and 3 below. 
 
The system is also limited by the crush depth of the various instrument housings.  As supplied, the 
limiting factor for the SBE 25plus CTD system is 600M.  This can be extended by purchasing a stronger-
rated housing from Sea-Bird for the SBE 25plus main unit, and alternative sensors.  
 
The SBE25plus pumps water past several sensors. If this water freezes, the sensors can be damaged. 
Maintain the system >2deg C if at all possible. If this is not possible, blow the water out of the pump and 
tube system with dry air.  
 
Depth ratings for various units of the SBE 25plus system are given below.  Consult sensor specific 
operating manuals for their operating limitations. 


3.4. INITIALIZING ACTIVITIES 


The SBE 33 requires 120 or 240VAC at 50/60 Hz (selectable) for operation.   
 


3.4.1 Zeroing the Depth 


 


Allow the SBE 25plus to equilibrate (with power on) in a reasonably constant temperature environment 
for at least 5 hours before starting. Pressure sensors exhibit a transient change in their output in response 
to changes in their environmental temperature. Sea-Bird instruments are constructed to minimize this by 
thermally decoupling the sensor from the body of the instrument. However, there is still some residual 
effect; allowing the SBE 25plus to equilibrate before starting will provide the most accurate calibration 
correction. 
 


1. Place the 25plus in the orientation it will have when deployed. 
2. In Seasave, in the .xml con file, set the pressure offset to 0.0. 
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3. Acquire data, and display the 25plus pressure sensor output in decibars. 
4. Compare the 25plus output to the reading from a barometer at the same elevation as the 25plus’ 


pressure sensor. Calculate offset = barometer reading – 25plus reading 
5. Enter calculated offset (positive or negative) in the .xml con file. 


 


Due to the sensitivity of these instruments, the readings will vary by some small amount inherent in the 
signal.  For depth, an on-deck reading of 0.2m is acceptable.  If values begin falling outside that range, 
re-zeroing is recommended.   
 


3.5. POWER 


 
The electrical power for the system can electrocute a person. Use extreme caution when handling 
the electric conductor winch cable and the CTD/Carousel system, especially when the power is 
energized (see Caution 4 below). 


3.5.1 Switch 


The SBE 25plus main unit has an external magnetic slide switch controlling an internal switch.  
This external switch must be in the ‘ON’ position to enable the SBE 25plus main unit to power 
the modular sensors and to transmit data to the surface. 


3.5.2 Power Sources 


When the SBE 33 deck box is energized, the SBE 33 Deck Unit provides the required power and 
the alkaline batteries in the SBE 25plus are bypassed.  If the SBE 33 Deck Unit is switched off 
but the SBE 25plus switch is allowed to remain in the ‘ON’ position, the batteries will continue 
to energize the SBE 25plus and will become depleted over time. 
 
When the SBE 25plus is powered directly from the internal batteries, when the switch is in the 
‘ON’ position, the batteries will be depleted if left on.  Ensure that the SBE 25plus switch is in 
the ‘OFF’ position whenever using internal power but not collecting data. 


3.5.3 Memory Backup batteries 


The SBE 25plus also has two internal lithium batteries for memory backup (6VDC nominal).  If 
the alkaline battery pack is allowed to deplete below the voltage level of the lithium batteries, the 
lithium memory batteries will take over function of the CTD and will be depleted rapidly.  
Memory settings will be lost and the CTD will have to be reinitialized.  See Caution 7 below. 
 


 
Note 


 


CAUTION! 
1. If the internal battery pack becomes depleted, fresh batteries should be installed immediately.  


Depletion of the internal battery pack could cause the batteries to leak after a period of time and 
corrode the internal circuitry of the SBE 25plus. 


 
2. The SBE 25plus system should not be used in depths greater than 100M, in accordance with the 


rating on the strain-gage (pressure sensor) system.  Use of the system below these depths will 
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result in serious damage to the SBE 29 Pressure Sensor. 
 


3. If the CTD system is to be used at depths greater than 100M, the existing depth sensor must be 
replaced to withstand the new depth, with a current, or a new depth sensor purchased. 
 


4. Do not mate or un-mate any connectors while the SBE 25plus system is powered on. 
 


5. Do not expose the SBE 25plus modular sensors to air temperatures below -2o C when the 
instrument and sensors are wet.  The freezing of water in the SBE 4 Conductivity Sensor, SBE 43 
Dissolved Oxygen Sensor, or WETLabs WETStar flow-through fluorometer probe will damage 
the cell. 
 


6. If temperatures below -2o C are to be encountered, remove any water from the conductivity cell 
and other plumbed sensors with dry air.  Protect all sensors from temperature extremes 
whenever possible. 


 
7. If the slide switch is left on with the SBE 33 Deck Unit off, the SBE 25plus main unit will 


continue to remain powered, and provide power to the modular sensors as well.  This will 
deplete the internal batteries and could cause damage to the unit.  It is imperative to turn off the 
SBE 25plus slide switch (or the externa1 4-16VDC power supply) when the SBE 33 is off. 


 


3.6. Deployment and Retrieval 


1. Confirm ship as at the correct sampling location 


a. Confirm station code is correctly entered on project specific log form 


2. Check all sample bottles for correct triggering position 


3. Remove protective sensor covers 


4. Turn AC system on 


5. Turn battery power on 


6. Gently lift system over the ship rail or stern and gently lower into the water 


7. Lower system to a depth of ~3 meters 


a. Allow bubbles to escape the system tubing and sensors to equilibrate (~1-2 minutes) 


b. Check data on all sensor channels on field laptop 


8. Raise system so top of system is just under water (sensors should be at ~1m water depth) 


9. Lower system to target depth of ~2 meters above the seafloor at a winch speed of ~30 m min-1 


a. Use Valeport altimeter unless data are questionable 


b. If altimeter is not appearing accurate, use winch wire counter or marked cable 


c. Review downcast data and determine five target depths for discrete water sample 
collection based on turbidity and transmissometer data 


d. Either 


i. a) Program system to trigger bottles to collect water at the designated depths 
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or 


ii. b) Prepare to manually fire the bottles for water sample collection 


e. Communicate plan to winch operator and deck hands 


10. Raise system to lowest of five depths 


a. Stop system 


b. Either  


i. a) winch up slow to allow automatic triggering of bottle 


1. or 


ii. b) manually trigger collection of sample 


11. Raise system to second depth up from the seafloor 


12. Repeat steps 10a and 10b and 11 until all five depths are sampled 


13. Communicate to winch operator and deck hands that the cast is complete 


14. Turn the AC system power off 


15. Lift the system over the ship rail/stern and set on the deck gently 


16. Secure system to deck 


17. Turn battery power off 


18. Collect water samples into appropriately pre-labeled containers 


19. Review electronic cast data for acceptability 


a. Record cast number and electronic file information on project specific log form 


20. Communicate to back deck ship crew or bridge the next sampling station 


21. Cover any sensors as needed 


22. Set water bottle triggering systems for next deployment  


 
4.0 MAINTENANCE 


4.1. ROUTINE MAINTENANCE 


When mating connectors to the SBE 25plus CTD, the mating surfaces of the connectors should be 
cleaned and lubricated using a silicone based lubricant (such as DOW-Corning #4).  The use of Barium-
soap based lubricants is not recommended.  Lubricant should be used sparingly.  Care should be taken 
when handling any instrument sensors after using the silicone since transferring silicone to a sensor 
probe could contaminate the probe, causing it to provide erroneous measurements. 
 
When the instrument is not to be used for extended periods of time (as in, long transits between stations) 
the system may be powered down if desired. Additionally, rinsing the carousel and instruments with 
freshwater is recommended.  
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4.2. FIELD INSPECTION, DISASSEMBLY AND REPLACEMENT 


O-rings should be inspected any time that the SBE 25plus is disassembled.  Check thoroughly for cracks, 
splits, nicks, geometry (i.e., loss of its circular cross section due to compression) or any other defect.  
When in doubt, always replace an O-ring as they are critical to preventing catastrophic damage to the 
electronics. 
 
Make note of any issues with the system and relay the issues to the field leader so corrective and/or 
preventative actions can be taken after the survey. 
  


5.0 TRAINING 


 
A qualified technician must train individuals to perform the procedures described in this SOP.  A 
qualified technician is considered to be an individual who has been trained in this process and has 
performed it in the past (within two years) and for whom a training certificate or equivalent document of 
experience exists. 
 
The trainee should begin by reading this SOP in its entirety; all questions should be directed to a 
qualified technician.  A qualified technician must then perform the procedures in Section 3.0 in their 
entirety with the trainee.  The trainee must then perform the procedures in their entirety, including 
completion of documentation, while the qualified technician observes. 
 
Once the procedures described in this SOP are understood and have been demonstrated by the staff 
member, training is documented in Battelle University.  When registering the training as complete, the 
comment section should be used to indicate the name of the trainer and the date of training. 
 
Users of this instrument are required to read this SOP, as well as be familiar with the SBE 25plus 
Sealogger CTD User Manual, the SBE 32 Carousel Water Sampler User Manual, and the SBE 33 
Carousel Deck Unit User Manual, and be familiar with the individual sensors calibration documentation 
sheets. 
 


6.0 SAFETY 


 
The operation of the Sea-Bird SBE 25plus SBE 32 Carousel system requires working on the water and 
with electricity, causing routine field operations risks. All personnel should be aware of the hazards listed 
below and take necessary precautions to minimize risk. When working with electrofishing equipment, 
personnel must wear rubber boots and gloves.  
 
• Drowning - When working on or near water, there is always a risk of drowning. Life jackets must be 
worn during the system deployment and retrieval operations, as well as specific vessel and project safety 
requirements.  


• Fire – It is highly unlikely, but a power shortage could cause a fire. As always working on a vessel, 
make sure you know where the fire extinguishers are located and what the emergency notification 
procedures are for the specific vessel. 


• Tripping and falling - Cables and ropes must be kept clear of machinery and should be routed so as to 
avoid tripping deck hands, scientific support staff, and any other people on the vessel.  


• Injuring others - Operators working where space is restricted should take care not to injure others when 
deploying and retrieving equipment. 
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• Electrical hazards – When working with electrically charged equipment, electric shocks may cause 
serious injury or death, or may cause indirect injuries by making a worker recoil so that he endangers 
himself and others by sudden movement. Direct effects include electrical burns, heart failure, or 
interference with breathing. The main sources of potential risk of electric shock during the SBE 
25plus/SBE 32 Carousel/SBE 33 Deck Unit operations are:  
 
• Bodily contact with energized wires.  
• Bodily contact with isolated water being energized by an electrical short.  
• Shocks from damaged, inadequately constructed, or poorly insulated equipment.  


 


Warning! 


 In the event of actual or suspected instrument flooding, disassembly of the instrument should only be 
performed by qualified personnel.  Pressure buildup inside any flooded instrument housings could 
result in parts becoming lethal projectiles as internal pressure is released. 


 
 The internal circuitry of the SBE 32 CTD Deck Unit contains high AC and DC voltage 


sources.  This voltage could be harmful or possibly fatal if the box is open while power is 
applied.  Ensure that the power to the unit has been turned off and disconnected before 
opening the box.  In addition, 250VDC will be present at the ‘wet’ end of the sea cable when 
the box is energized. 


 Capacitors in the power supply circuitry may still be holding a severe or lethal charge for an 
unspecified time even with the power cord disconnected.  Inspection and repairs should only 
be undertaken by a qualified technician. 


 


 
 
APPROVALS 
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 Attachment 1 


User Manuals 


 


Equipment User Manual File Name 


SBE 25plus Sealogger CTD 25plus_004.pdf 


SBE 32 Carousel 32_022.pdf 


SBE 33 Deck Unit 33_014.pdf 


SBE Model 43 Dissolved Oxygen Sensor (SOP No. 3-180) Appnote64-2Jun12.pdf 
67326Q.pdf 


SBE Model 18 pH Sensor appnote18-2Sep14.pdf 
WET Labs ECO Triplet (Fluorescence, Turbidity, CDOM 
(Colored Dissolved Organic Matter) WETLabs-ECOMaster=3en.pdf 


WET Labs C-Star Transmissometer (SOP No. 3-174) C-Star-Rev-V-Manual.pdf 


Seapoint Turbidity Meter (SOP No. 3-162)  Seapoint Turbidity Meter stm_um.pdf 


Valeport VA-500, Altimeter Valeport 0430831e_VA500_Altimeter_Manual.pdf 
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Battelle 


Standard Operating Procedure 


 


for 


 


COLLECTING AMPHIPODS FOR CHEMICAL ANALYSIS USING BAITED TRAPS  


 
 


1.0 OBJECTIVE 


This SOP describes the at-sea collection and processing of amphipods collected with baited traps. 
 


2.0 PREPARATION 


2.1 SUPPLIES AND EQUIPMENT 


 
 One anchor per set of traps 


o Size weight dependent on sea conditions and vessel 
o Typically a 15-20 lb Danforth type anchor is effective 


 Chain for connecting to anchor and float line 
o ~3/8” chain, 5-10ft long 


 Line from anchor to surface floats 
o Typically 3/8-5/8” Poly/Dacron line or similar is preferred 
o Allow adequate length so the floats will not submerge during high tide and the floats will 


not put undo lifting force on the anchors 
 Two bullet floats (the type routinely used for crab and lobster pots) 
 Short lines for attaching traps, smaller diameter e.g. ¼” is acceptable. 
 Plastic minnow traps 


o Traps get lined with nylon or similar mesh, mesh size ~1mm 
 Sardines for bait 


o Sardines packed in oil are preferred 
o Ancient Arctic myth says mustard soaked sardines are most successful 
o Bait needs to be placed into nylon (e.g. Nytex®) or similar plastic bags made from mesh 
o Bait bag mesh should be ~0.5mm mesh size 


 Weight (e.g. rocks) for keeping traps on the seafloor 
o ~1-2lbs is fine, does not need to be very much weight (~1-3 rocks, each ~½ of a fist size) 


 Cable ties (assume ≥10 per deployment) 
 Plastic sieves for collecting and rinsing amphipods 


o Sieves are typically ~30cm diameter with 0.5-1.0mm mesh 
 Funnels screened and unscreened for transferring amphipods to sample jars 
 Hoses and fittings for the rinsing process 
 Water pump for rinsing process 
 Sample containers: As specified in the project specific QAPP/SAP. Containers typically consist 


of glass wide-mouth jars with Teflon® lined lids; typically 125ml, 250ml, and 500ml sizes 
 Squirt bottles for rinsing organisms with site water, distilled water, and/or solvent for rinsing and 


decon, as specified by the project specific QAPP/SAP 
 Nitrile gloves 
 Writing tools e.g. ink pens, permanent markers, and pencils 
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 Bristle brushes for cleaning traps and mesh liner 
 Non-phosphate detergent for cleaning traps between stations if required (e.g. Alconox® or 


Liquinox®). 
o Detergent is also useful for oil contamination (e.g. Joy® dish detergent) 


 Common equipment and supplies that are not always required: forceps, disposable spoons 
 


 


2.2 SOLVENTS (FOR CLEANING EQUIPMENT BETWEEN STATIONS) 


 
Solvents and the decontamination process are specified in the QAPP/SAP. Solvents may consist 
of one or more of the following  
 Alcohol (e.g. methanol, ethanol) 
 Hexane 


 


3.0   PROCEDURE 


3.1 DEPLOYMENT OPERATIONS 


 
The QAPP/SAP will specify the target organisms and required tissue mass. 
 


1. Review operations below with deck crew, vessel captain, and mates prior to performing the 
sampling operations 


o Go over deployment needs such as the vessel needs to stay on station without dragging 
float line and floats into the propellers or side thrusters during deployment 


o Establish target deployment duration 


 Duration varies based on several factors, including but not limited to: 


 Project logistics 


 Success at collecting organisms 


 Local vessel traffic (can run over and cut floats) 


 Ice (can pass over trap lines and move/destroy traps 


 Typically a 12-24 hour set is adequate, but often less time is sufficient if 
cruise logistics dictate moving away from the area 


o Establish the station or order of stations to be sampled 


 Confirm first station and direct captain and mate to proceed to that station 


2. Organize location to wash and process samples at a convenient location on deck, influenced as 
minimally as possible by stack emissions, and secure equipment to the vessel as needed for safe 
operations 


3. If filtered water is required in the QAPP/SAP, set up the water filter system by inserting a clean 
filter, connecting the supply and discharge water hoses, and securing it to the vessel and/or 
sample processing system.  


4. Assemble the anchor-trap-float system 


o See Attachment 1 for a schematic of trap system 
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o Attach chain to the anchor with a shackle 


o Attach chain to the float line with a shackle 


o Seize all shackles to secure shackle pins from unscrewing using cable ties, seizing wire, 
or other suitable method.  


o Attach two floats to float line, leaving 3-5m of line between floats 


 The two floats allows a floating section of line for the deck crew to hook onto 
with a grapnel hook for retrieval 


o Place bait in two bait bags (one for each of two traps) and seal ends of bags with cable 
ties or other low contamination mechanism 


 ~1 typical can of sardines per bag per trap 


o Place bait bags and rock(s) into each of the two traps 


o Connect two sides of the minnow traps together with cable ties 


 Do not use clips supplied with some minnow traps to connect the two sides 


o Attach two minnow traps to anchor chain or float line 


 Use 2-3m lengths of float line, or smaller line (~1/4” diameter) 


 Secure knots with cable ties or electrical tape 


5. Deploy traps one of several ways: 


o By hand 


o Using a fisherman ‘pot puller’ style winch 


o Using ships’ normal winch with a pelican hook or other release system 


6. Communicate with the captain/mate that the gear is ready for deployment 


o Confirm with captain/mate station location 


7. Fill out station log form provided in the QAPP/SAP as much as possible 


o See Attachment 3 for an example of a field log form 


8. Set the anchor and chain on the deck of the ship where it needs to be for deployment 


o Confirm with captain/mate it is ok to launch equipment (e.g. vessel is at location and in 
position to hold steady during deployment) 


9. Deployment: 


o Lift the amphipod trap system over the stern/side of vessel and lower to the water surface 


o Communicate to captain/mate the gear is in the water 


o Let the anchor and traps descend under a controlled rate of speed (not a free fall) 


o Communicate to captain/mate when anchor and traps are on the bottom and the floats are 
clear of the vessel 


o Recover net to ship by lifting over rail/stern with winch 


o Notify captain/mate the gear is safely on board the vessel 


o Confirm next station if appropriate 
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10. Recovery: 


o See Attachment 2 for a photo of trap recovery 


o Prepare grapnel hook and line system 


o Confirm with captain/mate what station you need to recover 


o Have captain/mate navigate to location 


 Keep watch for floats on surface 


 Communicate to captain/mate when visual siting is made (or conversely, the 
captain/mate will communicate to deck crew they have the floats in visual range) 


o When approaching floats, confirm with captain/mate it is ok to throw grapnel hook 


o When in range, throw the grapnel hook 


 Repeat as many times as it takes to capture line between the floats 


 This may require the vessel to move away and return 


o When the grapnel hook was captured the float line, pull the float line to the vessel 


o Once upper part of float line is on vessel, use the pot puller, other winch system, or 
manual labor to retrieve the traps, chain, and anchor  


o Notify captain/mate when gear is safely onboard 


o Confirm next station or alternative operation with captain/mate 


11. Untie traps from lines attaching to float line 


12. While wearing clean nitrile or similar gloves: 


o Place traps in mesh sieve 


o Cut cable ties 


o Separate two halves of minnow trap 


o Remove bait bag and rocks 


 Rinse amphipods off of rocks into sieve 


o Pour/rinse amphipods into sieve 


o Rinse amphipods with site water 


o Remove any non-target species animals (e.g. shrimp, crabs) 


o Transfer amphipods to funnel screen 


o Rinse amphipods with de-ionized water 


o Transfer amphipods to pre-labeled sample jars 


o Repeat steps in #12 for second trap 


13. Handle and preserve target organisms as described in the project specific QAPP/SAP 


14. Complete recording of station log 


15. Decontamination procedures are described in Section 3.2. 
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3.2 DECONTAMINATION CLEANING PROCEDURES 


 
All minnow traps, mesh liners, and bait bags should be cleaned with a non-phosphate detergent such as 
Alconox® or Liquinox® prior to the survey, and as necessary between stations. Traps and mesh can be 
reused if carefully decontaminated prior to each survey. Amphiods do not highly interact (e.g. feed) on 
the traps, thus thoroughly rinsing the gear with site water is the primary decontamination method between 
stations. Sampling apparatus will be decontaminated with soap and solvents in the field only if there are 
gross to levels of contamination (e.g. visible oil on the traps or line) between sampling stations.  If the 
float line is heavily contaminated, it is best to replace the line. While performing the decontamination 
procedure, “phthalate-free gloves,” such as nitrile or butyl rubber, are used to protect the field staff as 
well as preventing contamination of the sampling equipment or the samples. 
 
If further decontamination is required 
 


1. Rinse equipment with tap water or site water 
2. Scrub equipment with 1% non-phosphate soap (e.g. Alconox®) using a stiff brush  
3. Rinse with tap or site water, then Milli-Q water 
4. Rinse with appropriate solvent (as described in QAPP/SAP). In general, solvent will not be used 


unless an oily sheen is noted. Typical solvent rinse procedures are as follows: 
 


a. Begin with a solvent rinse of acetone and then DCM if oily contamination is apparent and 
will only be used on metal/stainless steel surfaces 


b. Let air-dry if solvent is used. 
 
Note: All waste solvents must be captured and disposed of in labeled liquid waste containers.  All 
equipment that comes into contact with the sample (i.e. syringe, ruler, collection buckets) must be cleaned 
using the same general procedures as the grab. 
 
3.3 SAMPLE PROCESSING 


 
Follow project specific QAPP/SAP requirements for sample processing. In general: 


1. Empty the catch into a clean plastic or other non-metallic material sieve 
2. Wash any sediment or other material off of all organisms using site water.  
3. Remove non-target organism by hands covered with clean nitrile or other gloves as specified in 


the QAPP/SAP.  
a. Release unwanted organisms back into the water 


4. Rinse organisms with de-ionized water 
5. Transfer organisms to pre-labeled sample jars either by: 


a. Within the larger sieve 
i. Perform final rinses as required in the QAPP/SAP, such as a final deionized 


water rinse 
b. Transfer the organisms to a funnel sieve 


i. Perform final rinses as required in the QAPP/SAP, such as a final deionized 
water rinse 


6. Store the jars in conditions described in the QAPP/SAP. 
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4.0 CALCULATIONS 


There are no calculations necessary for this procedure. However, it is useful to estimate volume of tissue 
sample by using the percentage filled of the known volume jar. 
 


5.0 QUALITY CONTROL 


Field replicates and equipment blanks for chemical analyses will be collected according to the 
QAPP/SAP.  Any deviations from this SOP must be documented on the station log in the survey logbook.  
Careful attention to the procedures described in this SOP by trained, qualified personnel will ensure the 
quality of the samples collected.  
 


6.0 TRAINING 


A technician training in these methods must first read this SOP in its entirety.  The trainee will then 
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.  
 
A qualified sample processor must train individuals performing clam rake sampling.  A qualified sample 
processor is considered to be an individual who has performed the processing in the past (within 2 years), 
and for whom documentation of training and/or experience exists.  The methods explained in 3.0 are used 
as training standards.  Once the procedures described in this SOP are understood and have been 
demonstrated by the staff member, training is documented in Battelle University.  When registering the 
training as complete, the comment section should be used to indicate the name of the trainer and the date 
of training.      
 


7.0 SAFETY 


All personnel should wear protective clothing, safety glasses, and gloves when handling sample 
containers or reagent bottles containing solvents.  All collectors should wear life vests, steel toed boots, 
and hard hats when handling the equipment on the vessel. 
 
During training, the qualified sampler should explicitly point out hazards associated with the reagents and 
or equipment.  The trainee should review the material safety data sheets for Ethyl and Methyl Alcohol. 


Gloves, safety glasses (with side shields) and protective clothing such as rain gear that protects from 
chemical exposure must be worn when handling any of the above chemicals.  Open containers must 
remain in a fume hood or used on deck at sea. If the analyst is exposed to any of the above chemicals the 
following procedures should be followed: 
 
Skin contact.  Remove contaminated clothing immediately, directing a stream of water under clothing 
while it is being removed, if possible.  Wash affected area 15-20 min and ensure no evidence of chemical 
remains.   
 
Eye contact.  Wash eyes immediately with large amounts of water while lifting upper and lower lids for 
at least 15-20 min.  Get medical attention immediately. 
 


Ingestion.  If victim is conscious, give large quantities of water immediately.  DO NOT INDUCE 


VOMITING.  Milk or activated charcoal may also be administered by trained medical personnel.  Get 
medical attention immediately.  Contact Poison Control Center and adhere to their advice. 
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Inhalation.  Remove from exposure area to fresh air immediately. If not breathing, give artificial 
respiration.  If breathing is difficult, oxygen is required. If near shore, an ambulance should meet the boat 
at the nearest dock. Otherwise, the coast guard should be called.  
 
Analysts using this procedure must read the material safety data sheets (MSDS) associated with these 
materials thoroughly.  MSDS are located in the laboratory and on the boat.  In the event of an emergency, 
the MSDS should be submitted to the appropriate medical personnel. 
 
ATTACHMENTS 


 
Attachment 1.  Schematic of Amphipod Traps 
Attachment 2.  Photo of Amphipod Traps Being Recovered 
Attachment 3.  Example of Biota Field Collection Log Form 
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Quality Systems Manager           
 
 
Resource Manager            
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Attachment 1.   


Schematic of Amphipod Traps 
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Attachment 2.   


Photo of Amphipod Traps Being Recovered 


(note amphipods in bottom of trap) 
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Attachment 2.   


Example of Biota Field Collection Log Form 


(Includes Amphipod Trap and Clam Rake Trawl Field Collections)  
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FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 
METALS 
 
1.0  Purpose 
 
This standard operating procedure (SOP) presents the techniques used to collect seawater 
samples for dissolved trace metal analysis if not received from a collection agency.  Several 
options are described to fit a variety of sampling requirements and conditions. 
 
2.0  Application 
 
This SOP applies to the collection of seawater samples containing dissolved trace metals in the 
ng/L (part per trillion) to mg/L (par per million) range.  In summary, seawater is collected and 
filtered to remove particulate matter.  It is then acidified to preserve the metals in solution. 
 
3.0  References 
 
Patterson, C.C. and Settle, D.M. 1976. The reduction of orders of magnitude errors in lead  analyses of bio


Special Publication 422, Accuracy in Trace Analysis: Sampling, Sample Handling, 
Analysis. Vol. 1., P.D. LaFleur (Ed.), pages 321-351. 


 
4.0  Associated SOPs 
 
None 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
 
The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
 
» Tevek protective clothing 
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» 30 mL, 500 mL and/or 1 L low density polyethylene and Teflon bottles 
 
» 1 mL Eppendorf pipet and tips (or equivalent) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» All-glass filtration glassware (Millipore XX15-047-00 or equivalent) 
 
» Vacuum tubing (" inner diameter) 
 
» Oil-free vacuum pump (Gast 1HAB25BM100X or equivalent) 
 
» Teflon wash bottle 
 
» GO-FLO Niskin water samplers (General Oceanics) 
 
» In-line filter holders, 47 mm diameter (Millipore XX43-047-00 or equivalent). 
 
» High flow-rate peristaltic pump and tubing (Cole-Parmer) 
 
» Polypropylene tubing (" inner diameter) 
 
» Kevlar hydrowire (¼" to " diameter) 
 
» Teflon messengers (General Oceanics) 
 
» pH meter (Orion Ionalyzer Model 501 or equivalent) and pH buffers 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
5.2  Acids, Gases and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 


or greater. 
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» Nitric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
 
» Hydrochloric acid: Trace metal grade (J.T. Baker) 
 
» Pressure filtration gas: High purity nitrogen 
 
6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
All low-density polyethylene and Teflon bottles are cleaned by filling with hot (~70C), 
concentrated nitric acid for 24 hours.  Three successive rinses, of at least 6 hour duration, with 
reagent water then follow to remove residual acid and recondition the bottles (Patterson and 
Settle, 1976).  The bottles are air-dried in a cleanroom facility and then sealed in plastic bags 
until use.  Filtration glassware is washed in ~70C 8 N nitric acid and rinsed with reagent water.  
Filters are washed in freshly prepared 5 N nitric acid for 24 hours and rinsed with reagent water 
as with the bottles.  Niskin samplers are rinsed with 2 N hydrochloric acid followed by rinses 
with reagent water and ambient seawater. 
 
6.2  Safety 
 
When handling acids, reagents or samples, wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Sample Collection 
 
7.1.1  Surface Waters.  (1)  Collect surface seawater samples directly in acid-washed low 
density polyethylene or Teflon bottles from the bow of a small boat while wearing plastic gloves 
and moving slowly against the current.  The bottles should not be opened until at least 10 cm 
below the sea surface and they should be rinsed with the ambient water on site immediately 
before collecting the final sample.  (2)  Use an acid-washed GO-FLO Niskin sampler lowered on 
a Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally on the line and lower from a boom extended as far from the ship as practical.  (3)  
Use a peristaltic pump with polypropylene tubing and a weight that is sealed in plastic and 
mounted on a boom.  The pump should be located in a clean area and the polypropylene line 
flushed for several minutes with ambient seawater before collecting the sample. 
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7.1.2  Subsurface Waters.  (1)  Use an acid-washed GO-FLO Niskin sampler lowered on a 
Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally  
on the line and lower from a boom extended as far from the ship as practical.  (2)  Use a 
peristaltic pump with polypropylene tubing and a weight sealed in plastic and mounted on a 
boom.  The pump should be located in a clean area and the polypropylene line flushed for several 
minutes with ambient water before collecting the sample.  (3)  A SCUBA diver may collect the 
samples at depths of less than 33 m using 1 L low density polyethylene bottles or a small hand-
held Niskin water sampler. 
 
7.2  Sample Filtration. 
 
7.2.1  Vacuum Filtration.  Transfer the collection bottles to a clean area, preferably a laminar-
flow hood isolated from ship operations, exhaust gases and general traffic.  All subsequent 
handling of the samples should be with plastic gloves and Tevek protective clothing.  Filter the 
samples through acid-washed 47 mm diameter, 0.4 μm pore size, polycarbonate filters mounted 
on acid-washed glassware in a laminar-flow hood.  Use an oil-free vacuum pump.  Transfer the 
filtrate to acid-washed low density polyethylene or Teflon bottles (rinse the bottle with a small 
aliquot of filtrate first). 
 
7.2.2  Pressure Filtration.  If large volume Niskin sample bottles are used, pressure filtration in 
a clean and isolated environment with filtered N2 gas is acceptable.  Use 47 mm, acid-washed, 
in-line polypropylene or Teflon filter holders containing acid-washed, 0.4 μm pore size filters to 
remove particulates.  The first few hundred mL of filtrate should be used as a collection bottle 
rinse and discarded. 
 
7.3  Sample Preservation 
 
Acidify the seawater filtrate to ~pH 2 with 1 mL of Ultrex II nitric acid/L if the samples are to be 
stored and not concentrated or analyzed immediately.  The pH of the sample should be checked 
by transferring a few mL of sample to a small container to prevent contamination from the pH 
probe.  If the pH is >2, add an additional 0.5 mL of nitric acid to the sample and re-measure the 
pH.  Continue the 0.5 mL additions of nitric acid until a pH <2 is achieved. 
 
7.4  Sample Storage 
 
Acidified samples for dissolved trace metals are to be stored in sealed plastic bags and protected 
from high temperatures. 
 
8.0  Calculations 
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There are no calculations involved with this SOP. 
 
9.0  Quality Assurance/Quality Control 
 
9.1  Quality Control Samples 
 
Process quality control samples in the same manner as actual samples. 
 
9.1.1  Equipment Blank.  A minimum of one equipment blank should be prepared with each set 
of seawater samples.  This blank consists of reagent water run through the same sample 
collection and filtration equipment used with the experimental samples.  Separate blanks of 
sample collection and filtration apparatus are preferred.  If the equipment blank is not less than 5 
times the Method Detection Limit (MDL) for the required analyses, the source of contamination 
must be determined, corrected and documented before proceeding. 
 
9.1.2  Travel Blank.  A minimum of one travel blank should be prepared with each group of 
seawater samples.  This blank consists of reagent water placed in a sample container under field 
conditions, acidified, and shipped with the experimental samples.  If the travel blank is not less 
than 5 times the MDL for the required analyses, the source of contamination must be determined, 
corrected and documented before proceeding. 
 
9.1.3  Reagent Water Blank.  If reagent water is produced in the field, a minimum of three 
reagent water blanks should be placed in sample containers and acidified during the field 
collection process for analysis along with the experimental samples.  If the reagent water blank is 
not less than 5 times the MDL for the required analyses, the source of reagent water should not 
be used until purity is restored and documented. 
 
9.1.4  Duplicate Samples.  Duplicate samples will be collected at a frequency of 5% or 1 per set 
of samples to establish collection reproducibility.  If the relative percent difference is not within 
20%, the sampling strategy should be reevaluated in terms of the project goals and (if necessary) 
corrective action taken and documented. 
 
9.2  Interferences 
 
Interferences which may result in sample contamination are a function of sampling location, field  
equipment/work area, and trace elements of interest.  In general, the more isolated the sample 
collection and filtration process is from other activities, the easier the prevention or correction of  
contamination will be. 
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9.3  Documentation 
 
The field identification will be maintained in all sample labeling, chain-of-custody and shipping 
documentation.  Signed copies of all chain-of-custody forms will be retained by the collection 
and recipient agencies. 
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FILTER PREPARATION FOR SUSPENDED MATTER COLLECTION AND TRACE 
METAL ANALYSIS                                                      
1.0  Purpose 
 
This standard operating procedure (SOP) presents the technique used to prepare filters for the 
collection of particulate matter from water samples for subsequent trace metal analysis, if not 
received from another agency. 
 
2.0  Application 
 
This SOP applies to the preparation of polycarbonate filters from 10 to 90 mm in diameter for 
the collection of suspended matter samples which will be digested and analyzed for trace metals 
analysis.  In summary, filters are acid-washed, dried and weighed under cleanroom conditions. 
 
3.0  References 
 
Trefry, J.H. and Trocine, R.P. 1991.  Collection and analysis of marine particles for trace 


elements. In Marine Particles: Analysis and Characterization,  Chapter 5, Geophysical 
Monograph 63, D.C. Hurd and D.W. Spencer (Eds.) American Geophysical Union, 
Washington, DC., pages 311-316. 


 
4.0  Associated SOPs 
 
FIT-0001 FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 


METALS 
 
FIT-5001 FIELD COLLECTION OF FRESHWATER SAMPLES FOR DISSOLVED 


TRACE METALS 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
 
The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
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» Tevek protective clothing 
 
» 20-dram plastic vials with caps (or equivalent) 
 
» Plastic drying basket (located in cleanroom or equivalent) 
 
» Digital temperature and relative humidity monitor 
 
» Polonium antistatic ionizing units (StaticMaster) 
 
» Solid glass rod (4 inches long) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» Plastic petri dishes (Gelman) 
 
» Teflon wash bottle 
 
» Plastic bags (Ziplock, quart size) 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
» Lint-free laboratory towels 
 
» Electronic balance (6-place minimum) and calibration weights 
 
» Marking pens, felt-tip, fine-point, black 
 
5.2  Acids and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 
or 


greater. 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
SOP No.: FIT-6001 
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6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
Plastic petri dishes and vials are washed by immersion in, hot (~70C), 4 N nitric acid for 24 
hours.  Three successive rinses, of at least 6 hour duration, with reagent water then follow to 
remove residual acid and recondition the dishes.  All Teflon materials are cleaned by filling with, 
or immersion in, hot (~70C), concentrated nitric acid for 24 hours, followed by three reagent 
waters rinses as above. The plastic and Teflon materials are air-dried in a cleanroom facility and 
then sealed in plastic bags until use. 
 
6.2  Safety 
 
When handling acids wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Filter Washing 
 
1. Fill acid-washed 20-dram vials  full (~20 ml) with concentrated trace metal grade nitric 


acid.  With a Teflon wash bottle, add reagent water to the vials until almost full.  Use a 
glass rod to immerse ten filters in each vial (discard the blue filter separators), then fill 
the remainder of the vial with reagent water and seal.  Swirl vials gently to mix the acid-
wash.  Seal the vials in plastic bag and let sit for 24 hours at room temperature. 


 
2. After the acid-washing is complete, pour off the acid and begin three successive, 12 hour, 


reagent water rinses.  Completely fill the plastic vial with water, cap, swirl and store in a 
plastic bag each time. 


 
3. At the end of the final reagent water rinse, use Teflon forceps to transfer the filters to 


acid-washed plastic petri dishes (in the laminar-flow hood).  Place the filters, with the 
dishes cracked open, in a plastic drying basket, cover the basket with a plastic sheet and 
place the basket on the cleanroom drying rack. 


 
4. After 24 hours of drying time at 21-23C and 50% relative humidity, flip the filters in 


their petri dishes and return them to the drying rack for another 24 hours.  At this point 
either seal the petri dishes and store the filters in plastic bags, or begin weighing the 
filters (Section 7.2).  If the filters have been store for some time, crack open the petri 
dishes and let the filters equilibrate to cleanroom conditions on the drying rack for at least 
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12 hours before weighing. 
 
7.2  Filter Weighing Before Sampling 
 
1. Turn on the 6-place balance 12 hours prior to weighing the filters (go to Standby Mode) 


so it will be at thermal equilibrium and put two polonium antistatic units in the weighing 
chamber of the 6-place balance. 


 
2. Just prior to weighing the filters, calibrate the scale using its internal electronic 
calibration 


and then follow up with external calibration weights.  Record the calibration results and 
the temperature and relative humidity of the cleanroom. 


 
3. Mark the lid of each petri dish with a unique, sequential number using a black marking 


pen.  Weigh each filter (in random order) three times and record the weights.  Calculate 
and record each filter's mean weight and standard deviation. 


 
4. Reseal the petri dishes, group in lots of 20-24 filters, and store double-bagged in plastic. 
 
7.3  Filter Weighing After Sampling 
 
1. Return the filters to the cleanroom, crack open the petri dishes and let the filters dry to 


cleanroom conditions for 24 hours on the drying rack. 
 
2. After 24 hours, use Teflon forceps to break loose the filters from the bottom of the petri 


dishes (but do not flip them in the dishes) and let dry for another 24 hours before 
weighing the filters as describes in Section 7.2 (numbers 1 to 3). 


 
3. Reseal the petri dishes and store bagged in plastic, in the cleanroom, for trace metal 


analysis. 
 
 
8.0  Calculations 
 
Mean filter weights (MFW) are determined using the equation: 
 
 MFW = (filterweight #1 + filterweight #2 + filterweight #3) / 3 
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The standard deviation (SD) of the mean filter weight is calculated using the equation: 
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COLLECTION AND DIGESTION OF PARTICULATE SAMPLES FOR TRACE 
METAL ANALYSIS 
                                                              
1.0  Purpose 
 
This standard operating procedure (SOP) presents the techniques used to collect and digest 
particulate samples for trace metal analysis if not received from a collection agency.  Several 
options are described to fit a variety of sampling requirements and conditions. 
 
2.0  Application 
 
This SOP applies to the collection and digestion of particulates for trace metal analysis from 
saline and freshwater samples containing suspended solids in the μg/L (part per billion) to mg/L 
(par per million) range.  In summary, particulate matter is deposited on acid-washed filters, 
rinsed of residual salts and digested by refluxing in concentrated nitric, hydrofluoric and 
hydrochloric acids. 
 
3.0  References 
 
Patterson, C.C. and Settle, D.M. 1976. The reduction of orders of magnitude errors in lead 


analyses of biological materials and natural waters by evaluating and controlling the 
extent and sources of industrial lead contamination introduced during sample collection, 
handling, and analysis. In National Bureau of Standards Special Publication 422, 
Accuracy in Trace Analysis: Sampling, Sample Handling, Analysis. Vol. 1., P.D. LaFleur 
(Ed.), pages 321-351. 


 
4.0  Associated SOPs 
 
FIT-0001 FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 


METALS 
 
FIT-5001 FIELD COLLECTION OF FRESHWATER SAMPLES FOR DISSOLVED 


TRACE METALS 
 
FIT-6001 FILTER PREPARATION FOR SUSPENDED MATTER COLLECTION AND 


TRACE METAL ANALYSIS 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
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The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
 
» Tevek protective clothing 
 
» 15-mL, 500-mL and/or 1-L low density polyethylene and Teflon bottles 
 
» Assorted Eppendorf pipets and tips (or equivalent) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» Stoppered Teflon test tubes, round and conical bottomed (Berghof/America) 
 
» Plastic test tube racks 
 
» All-glass filtration glassware (Millipore XX15-047-00 or equivalent) 
 
» Plastic petri dishes (Gelman) 
 
» Vacuum tubing (" inner diameter) 
 
» Oil-free vacuum pump (Gast 1HAB25BM100X or equivalent) 
 
» Teflon wash bottle 
 
» Hotplate or heated water bath 
 
» GO-FLO Niskin water samplers (General Oceanics) 
 
» In-line filter holders, 47 mm diameter (Millipore XX43-047-00 or equivalent). 
 
» High flow-rate peristaltic pump and tubing (Cole-Parmer) 
» Polypropylene tubing (" inner diameter) 
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» Kevlar hydrowire (¼" to " diameter) 
 
» Teflon messengers (General Oceanics) 
 
» pH meter (Orion Ionalyzer Model 501 or equivalent) and pH buffers 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
» Rubber wading apparel 
 
» Plastic coated weight 
 
» Lint-free laboratory towels 
 
» Electronic balance (4-place minimum) and calibration weights 
 
» Thermometer (0 to 110C) 
 
5.2  Acids, Gases and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 
or 


greater. 
 
» Nitric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
 
» Hydrochloric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Hydrochloric acid: Trace metal grade (J.T. Baker) 
 
» Hydrofluoric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Ammonium hydroxide: Ultrex ultrapure reagent grade (J.T. Baker) 
 
» Pressure filtration gas: High purity nitrogen 
SOP No.: FIT-6002 
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6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
All low-density polyethylene and Teflon materials are cleaned by filling with, or immersion in, 
hot (~70C), concentrated nitric acid for 24 hours.  Three successive rinses, of at least 6 hour 
duration, with reagent water then follow to remove residual acid and recondition the bottles 
(Patterson and Settle, 1976).  The bottles are air-dried in a cleanroom facility and then sealed in 
plastic bags until use.  Filtration glassware is washed in ~70C 8 N nitric acid and rinsed with 
reagent water.  Filters are washed in freshly prepared 5 N nitric acid for 24 hours and rinsed with 
reagent water as with the bottles.  Niskin samplers are rinsed with 2 N hydrochloric acid 
followed by rinses with reagent water and ambient freshwater. 
 
6.2  Safety 
 
When handling acids, reagents or samples, wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Sample Collection 
 
7.1.1  Surface Waters. (1)  Collect surface freshwater samples directly in acid-washed low 
density polyethylene or Teflon bottles from the bow of a small boat while wearing plastic gloves 
and moving slowly against the current.  The sample bottles should not be opened until at least 10 
cm below the water's surface and they should be rinsed with the ambient water on site 
immediately before collecting the final sample.  (2)  Wear wading apparel to move into the water 
body, allow several minutes for resuspended material to dissipate before collecting the sample.  
(3) Use an acid-washed GO-FLO Niskin sampler lowered on a Kevlar hydrowire and tripped 
with a Teflon messenger.  If possible, mount the bottle horizontally on the line.  (4)  Use a 
peristaltic pump with polypropylene tubing.  If a weight is used, it should be plastic coated.  The 
pump should be located in a clean area and the polypropylene line flushed for several minutes 
with ambient freshwater before collecting the sample. 
 
7.1.2  Subsurface Waters.  (1)  Use an acid-washed GO-FLO Niskin sampler lowered on a 
Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally on the line.  (2)  Use a peristaltic pump with polypropylene tubing and a weight 
sealed in plastic.  The pump should be located in a clean area and the polypropylene line flushed 
for several minutes with ambient water before collecting the sample.  (3)  A SCUBA diver May 
collect the samples at depths of less than 33 m using 1 L low density polyethylene bottles or a 
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water sampler. 
 
7.2  Sample Filtration. 
 
7.2.1  Vacuum Filtration.  Transfer the collection bottles to a clean area, preferably a laminar-
flow hood isolated from other operations, exhaust gases and general traffic.  All subsequent 
handling of the samples should be with plastic gloves and Tevek protective clothing.  Filter the 
samples through acid-washed 47 mm diameter, 0.4 μm pore size, polycarbonate filters mounted 
using Teflon forceps on acid-washed glassware in a laminar-flow hood.  Record the volume 
filtered and use an oil-free pump as the vacuum source.  If the samples are saline, residual salts 
are removed by repeated rinsing with pH 8 reagent water.  The filters are then transferred to acid-
washed petri dishes and sealed for return to the laboratory. 
 
7.2.2  Pressure Filtration.  If large volume Niskin sample bottles are used, pressure filtration in 
a clean and isolated environment with filtered N2 gas is acceptable.  In a laminar-flow hood, 
acid-washed, 47 mm diameter 0.4 μm pore size, polycarbonate filters are loaded with Teflon 
forceps into acid-washed, in-line polypropylene or Teflon filter holders which are attached to the 
lower port of the Niskin sample bottles.  Once the filtration is complete, record the volume 
filtered and return the filter holders to the laminar-flow.  Carefully open the filter holders, apply 
a vacuum and rinse the filters of residual salts with pH 8 reagent water (if saline).  Transfer the 
filters to acid-washed petri dishes and seal for return to the laboratory. 
 
7.3  Sample Storage 
 
Filters bearing suspended matter and digested suspended samples are to be stored in sealed 
plastic bags at a temperature above freezing but <25C. 
 
7.4  Sample Digestion 
 
1. Dry and re-weigh the filters (FIT-6001) in the cleanroom to determine the amount of 


suspended matter to be digested.  Calculate the total suspended solid (TSS) 
concentrations of the water samples. 


 
2. Weigh milligram quantities of selected standard reference materials (SRMs) into round- 


bottomed Teflon test tubes.  Use Teflon forceps to placed the suspended matter samples 
and filter blanks into conical Teflon test tubes.  Reagent blanks are not tube specific. 


 
3. Add 1 ml of Ultrex II nitric acid and 0.1 ml of Ultrex II hydrofluoric acid to each of the 


tubes in such a way that the filters are wetted with the acids.  Use the Teflon stoppers to 
SOP No.: FIT-6002 
Date Initiated: April 16, 1997 
Revision No.: 2 
Revision Date: December 16, 2103 
Page 6 of 8 







 
seal the digestion tubes and then place them in a 1-liter beaker and fill it with reagent 
water up to the top of their conical section.  


 
4. Seal the top of the beaker with a plastic bag.  Poke a hole in the bag for a thermometer.  


Place the beaker on a hotplate and heat slowly to a temperature of 70-75C.  Remove the 
beaker from the hotplate and let the tubes cool slowly. 


 
5. In the laminar-flow hood, use a lint-free laboratory towel to wipe reagent water 


condensation of the cooled tubes, tap the tubes in the hood to bring all the acid to the 
bottom and them swirl the tubes gently to help wash the suspended matter off the filters.  
Put the tubes back in the 1-liter beaker, add more reagent water if necessary, seal the 
beaker, reheat slowly to 70-75C and then let the tubes slowly cool again. 


 
6. Repeat Step 5, but stop after swirling the tubes.  Tap the tubes in the laminar-flow hood 


again and place them in a plastic test tube rack.  Gently remove the Teflon stoppers and 
add 0.2 ml of Ultrex II hydrochloric acid.  Reseal the tubes, swirl gently and place them 
back in the rack (no heating).  Pressure will build slowly in the tubes, forcing the stoppers 
to the top.  At this point carefully remove the stopper to release the pressure and decant 
the digestion into a tarred 15 ml low-density polyethylene bottle.  Add several small 
reagent water rinses of the digestion tube to the digestion (discard the filter), record the 
final weight of the solution, label the bottle and store for trace metal analysis. 


 
8.0  Calculations 
 
Total suspended solids (TSS) for the water samples are determined using the equation: 
 


TSSmg/L = (particulate weightmg / volume filteredliters) 
 
The Digestion Dilution Factors (DDF) for the suspended matter samples are determined using 
the equation: 


DDFsample = (digest solutiongrams / particulate weight digestedmg X 1000) 
 
9.0  Quality Assurance/Quality Control 
 
9.1  Quality Control Samples 
 
Process quality control samples in the same manner as actual samples. 
 
9.1.1  Filter Blanks.  A minimum of two filter blanks should be prepared with each set of SOP 
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particulate samples.  These blanks consist of acid-washed filters from the lot used with the 
experimental samples and are digested with each group of samples.  If the filter blanks are not 
less than 5 times the Method Detection Limit (MDL) for the required analyses, the source of 
contamination must be determined, corrected and documented before proceeding. 
 
9.1.2  Travel Blank.  A minimum of one travel blank should be prepared with each group of 
particulate samples.  This blank consists of an acid-washed filter placed in a sealed petri dish 
which accompanies the experimental filters to the field and back and is then digested.  If the 
travel blank is not less than 5 times the MDL for the required analyses, the source of 
contamination must be determined, corrected and documented before proceeding. 
 
9.1.3  Reagent Blanks.  A minimum of two reagent blanks should be prepared with each set of 
particulate samples.  These blanks consist of the digestion acids used to dissolve the particulates 
and are carried through the digestion process in the same manner as the experimental samples.  If 
the reagent blanks are not less than 5 times the Method Detection Limit (MDL) for the required 
analyses, the source of contamination must be determined, corrected and documented before 
proceeding. 
 
9.1.4  Duplicate Samples.  Duplicate samples will be collected at a frequency of 5% or 1 per set 
of samples to establish collection reproducibility.  If the relative percent difference is not within 
20%, the sampling strategy should be reevaluated in terms of the project goals and (if necessary) 
corrective action taken and documented. 
 
9.1.5  Method Accuracy Check.  Milligram quantities of a sediment SRM provided by the 
National Institute of Standards and Technology or National Research Council of Canada are 
digested and analyzed at a frequency of 5% or 2 per batch of samples to verify method accuracy.  
If the experimental value of the SRM is not within the certified confidence interval, the source of 
error must be determined, corrected and documented. 
 
9.2  Interferences 
 
Interferences which may result in sample contamination are a function of sampling location, field  
equipment/work area, and trace elements of interest.  In general, the more isolated the sample 
collection and filtration process is from other activities, the easier the prevention or correction of  
contamination will be. 
 
9.3  Documentation 
 
The field identification will be maintained in all sample labeling, chain-of-custody and shipping 
SOP No.: FIT-6002 
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documentation.  Signed copies of all chain-of-custody forms will be retained by the collection 







and recipient agencies. 
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1.0 Project Management  


1.1 Organization 


This document serves as the Quality Assurance Project Plan (QAPP) for all requirements under the 


Permit No.: AKG-28-8100 National Pollutant Discharge Elimination System (NPDES) General Permit 


(New and Existing Sources and New Dischargers in the Offshore Subcategory of the Oil and Gas 


Extraction Category) (herein referred to as the GP) for wastewater discharges into Arctic Ocean Outer 


Continental Shelf (OCS) waters. Section 1 presents quality assurance and quality control information that 


is relevant to the larger permit requirements (i.e., including both operational, on-rig discharges and the 


environmental monitoring program (EMP). Section 2 presents quality assurance and quality control 


information that is specific to the operational, on-rig discharge monitoring permit requirements (e.g., 


Permit Section II.B). Section 3 presents quality assurance and quality control information that is specific 


to the EMP Plan of Study (e.g., Permit Section II.A.13a-n).  


1.2 Purpose and Scope 


This section identifies Shell Gulf of Mexico, Inc. (Shell) as the operator for the Chukchi Sea Exploration 


Program and holder of the GP for wastewater discharges into Arctic Ocean Outer Continental Shelf 


(OCS) waters.  


This QAPP defines policies and systems governing the assessment and quality control of sampling, data 


collection, and laboratory analyses performed to document compliance with the GP. This QAPP will be 


used to assist in sampling and analysis required to support compliance with effluent limitations and 


monitoring requirements for operational discharges as well as planning for the collection and analysis of 


data required in the Environmental Monitoring Program (EMP) Plan of Study specified in the GP.  


Development of the QAPP for work performed under the GP was based upon applicable guidelines and 


regulatory documents including: 


• AKG-28-8100 National Pollutant Discharge Elimination System (NPDES) General Permit; 


• Title 40 of the Code of Federal Regulations, Part 435 (40 CFR Part 435); 


• 40 CFR Part 136; and 


• U.S. Environmental Protection Agency (USEPA) regulations and guidance, including 


Requirements for Quality Assurance Project Plans (EPA/QA/R-5) (USEPA 2001) and Guidance 


for Quality Assurance Project Plans (EPA/QA/G-5) (USEPA 2002). 


1.3 Project Definition/Background 


In order to fulfill the requirements of the GP, field measurements and environmental samples will be 


collected as part of investigations and characterizations as specified in the EMP, and also to demonstrate 


compliance with effluent limitations and monitoring requirements specified for operational discharges.   
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This QAPP has been prepared to satisfy the requirements of Section IV.A. of the GP. This QAPP defines 


the quality assurance (QA) and quality control (QC) procedures that will be followed to ensure that the 


data obtained from field and laboratory analyses are of known and acceptable quality to achieve project 


data quality objectives. The QC procedures outlined herein are intended to support the activities requiring 


the collection of data as described in the EMP, the Best Management Practices (BMP) Plan, written 


procedures, and this QAPP. This QAPP provides specific guidance regarding sample collection and 


handling procedures, referencing the Appendices to the BMP and written procedures, as appropriate.  


General information about the vessel, support vessels, and exploratory well locations can be found in 


Section 3 of the BMP. Additional information about the Chukchi Sea site description can be found in the 


EMP. 


1.4 Project Task Description 


Shell has contracted Transocean Offshore Deepwater Drilling, (Transocean), the owner of the semi-


submersible, MODU (Mobile Offshore Drilling Unit) Polar Pioneer (Polar Pioneer), for operations of the 


vessel during transit and while exploration activities are being conducted. The Polar Pioneer is an 


offshore oil and gas semi-submersible drilling vessel adapted for operation under Arctic conditions. The 


Polar Pioneer has all necessary drilling equipment and ancillary facilities to explore and complete 


exploratory wells in the Chukchi Sea.  


Shell plans to drill six exploratory wells in the Burger Prospect of the Chukchi Sea. Each of the six 


possible drill sites will be permitted for drilling to allow for operational flexibility. The prospect location 


is depicted in Figure 3-1 of the BMP. Table 1-1 presents geographical drill site locations for each well in 


the drilling program.  


Table 1-1 Geographical Drill Site Locations 


Wells 


Covered by 


BMP Plan 


Area 
Lease Block 


(Surface) 


Surface Locations (NAD 83)
1 


OCS-Y 


Number Latitude (N) Longitude (W) 


Burger A Posey 6764 N71°18’30.92” W163°12’43.17” OCS-Y-2280 


Burger F Posey 6714 N71°20’13.96” W163°12’21.75” OCS-Y-2267 


Burger J Posey 6912 N71°10’24.03” W163°28’18.52” OCS-Y-2321 


Burger R Posey 6812 N71°16’06.57” W163°30’39.44” OCS-Y-2294 


Burger S Posey 6762 N71°19’25.79” W163°28’40.84” OCS-Y-2278 


Burger V Posey 6915 N71°10’33.39” W163°04’21.23” OCS-Y-2324 


Note: 
1 North American Datum 1983. 


Shell has requested authorization for a number of discharges during drilling operations that are regulated 


by the EPA under the GP and by 40 CFR Part 435. Data collection to verify compliance with the effluent 


limitations and monitoring requirements of the GP will include, but is not limited to, visual assessment of 


receiving waters; discharge flow-rate and volume measurements; and collection of samples for rig 


compliance laboratory analysis and fixed subcontract laboratory analysis. Operational discharge 


compliance monitoring activities and QA/QC procedures are defined in Section 2 of this QAPP.  
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In addition to operational discharge compliance monitoring activities, environmental samples will be 


collected as part of assessments and characterizations required by the EMP. Data collection activities and 


QA/QC procedures related to the EMP are described in Section 3 of this QAPP. 


1.5 Project Quality Objectives 


The overarching project objectives for Shell’s exploration drilling program in the Chukchi Sea are to 


monitor effluent discharges, implement the EMP Plan of Study, and ensure the collection of data that are 


of sufficient type, quantity, and quality to meet the regulatory requirements specified by the GP.  


1.5.1 Data Quality Objectives  


The DQOs, details regarding the sampling design, QA/QC procedures, and data collection can be found in 


Section 2 for operational discharge compliance sampling and in Section 3 for the EMP. 


1.5.2 Data Quality Indicators 


The quality of the data to be collected for this project will be verified through appropriate criteria 


established for both sampling procedures and analytical methods. The criteria should relate to data quality 


indicators (DQIs) consisting of precision, accuracy, representativeness, comparability, completeness, and 


sensitivity (commonly referred to as PARCCS) parameters. The quality of the sampling procedures and 


laboratory results will be evaluated for compliance with project DQOs through a review of these 


parameters.  Project DQOs will be considered met when the quality of the data meet precision, accuracy, 


representativeness, completeness, comparability, and sensitivity requirements specified in this QAPP.  


Analytical DQOs will be evaluated by reviewing the QC parameters described in the following sections. 


Laboratory and field quality control samples are described in more detail in Section 1.10. DQIs that relate 


specifically to analyses required for the monitoring of operational discharges are included in Section 2. 


DQIs that relate specifically to analyses required for the EMP are included in Section 3.  


1.5.2.1 Precision 


Precision measures the reproducibility of measurements. Analytical precision is the measurement of the 


variability associated with duplicate (two) or replicate (more than two) analyses. Precision will be 


evaluated by comparing the following: 


• Laboratory control sample (LCS) and LCS duplicate (LCSD) (if prepared and analyzed) to 


determine the accuracy and precision of the laboratory procedures and verify matrix interference 


by comparing to MS results; 


• Matrix spike (MS) and matrix spike duplicate (MSD) samples to determine the effect of the 


sample matrix on the precision of the results generated using the selected analytical method;  


• Primary and field duplicate sample results; 


• Analysis of standard reference material (SRM); and/or 


• Laboratory replicate analyses. 
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The LCS determines the precision of the analytical method. If the recoveries of the analytes in the LCS 


are within established control limits, then precision is within acceptable limits. In this case, the 


comparison is not between a sample and a duplicate sample analyzed in the same batch; rather, the 


comparison is between a given sample and those samples analyzed in previous batches. If an LCSD is 


prepared for the batch, the precision of the analysis can be evaluated for the batch.  


Precision of two similar values is evaluated by calculating relative percent difference (RPD) using the 


following equation: 


 


 


 


Where:  D1 = first sample value 


 D2 = second sample value (replicate) 


RPD = relative percent difference 


Percent difference (PD) is a measurement of precision as an indication of how a measured value is 


different from a “real” value. It is used when one value is known or certified, and the other is measured. 


The formula for calculated PD is as follows: 


 


 


 


Where:  X1 = known value (e.g., SRM certified value) 


X2 = determined value (e.g., SRM concentration determined by analyst) 


If two or more aliquots of the same sample are prepared and analyzed by the laboratory, then these are 


referred to as laboratory replicates. Precision of replicate samples is evaluated by calculating the RSD 


using the following equation: 


%RSD =  


Where:  ��  = the individual sample concentrations 


�� = the mean of n values  


n = the total number of values  


Note: Report the absolute value of the result. The RSD is always positive. 
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1.5.2.2 Accuracy 


Accuracy is a statistical measurement of correctness and includes components of random error (variability 


due to imprecision) and systemic error (variability that can be assigned to a specific component of the 


measurement process). Random errors and systematic errors reflect the total error associated with a 


measurement. A measurement is accurate when the value reported does not differ from the true value or 


known concentration of the spike or standard.  


Percent recovery is a measurement of accuracy, where one value is compared with a known/certified 


value. Analytical accuracy is measured by comparing the percent recovery of analytes spiked into an LCS 


or a MS sample to a control limit. Analysis of SRM may also be used to evaluate accuracy.  


The formula for calculating percent recovery is as follows: 


1.5.2.3 Representativeness 


Representativeness is a qualitative term that refers to the degree by which the data accurately and 


precisely depict the characteristics of a population, whether referring to the distribution of a contaminant 


within a sample, a sample within a matrix, or a contaminant at a site. Representativeness is the qualitative 


term evaluated to determine that measurements are made and physical samples collected at locations and 


in a manner that result in proper characterization of a matrix or media. Subsequently, representativeness 


ensures that a sampled population represents the target population and an aliquot represents a sampling 


unit. 


Assessment of representativeness shall be achieved through use of the standard field, sampling, and 


analytical procedures. Representativeness will be evaluated by reviewing the following:  


• Sample quantities and locations; 


• Sampling procedures and equipment; 


• Sample CoC forms, laboratory report forms, and laboratory records; and 


• Holding times and preservation. 


1.5.2.4 Comparability 


Comparability addresses the degree to which different methods or data agree or can be represented as 


similar. The objective for this QA/QC program is to produce data with the greatest possible degree of 


comparability. Comparability is achieved by the following: 


• Using standard methods for sampling and analysis; 


• Reporting data in standard units; 


• Normalizing results to standard conditions; 


100 x 
expected amount


detected amount
 =Recovery  Percent  
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• Operating instruments within their calibrated range according to established procedures based on 


approved methodology; and 


• Using standard and comprehensive reporting formats. 


1.5.2.5 Completeness 


Completeness is calculated for the aggregate data for each analyte measured during any particular 


sampling event. Completeness is calculated and reported for each method, matrix, and analyte 


combination.  The number of valid results divided by the number of possible individual analyte results, 


expressed as a percentage, determines the completeness of the data set.  For completeness requirements, 


valid results are defined as all results not rejected through data validation.   


The following formula is used to calculate completeness: 


samples allfor  results possible ofnumber 


analyzed samplesfor  results  validofnumber 
sscompletene % =


 


1.5.2.6 Sensitivity 


Sensitivity is the ability of a method or instrument to detect the target analytes at the level of interest. 


Analytical methods are selected that will provide results with the sensitivity to meet the project DQOs. 


The laboratory detection limits and reporting limits will be evaluated against the permit limits in order to 


determine whether the analytical methods and/or laboratory meet the project DQOs. 


1.6 Special Training and Certifications 


Each contractor has specific corporate policies, training manuals/programs, safety & environmental risk 


assessments, and compliance tracking systems as it applies to all oil and gas exploration operations. The 


validity of collected data depends, in part, on the qualifications and training of the personnel involved 


with sampling and analysis. Trained, qualified personnel are required to perform field activities related to 


operational discharge and monitoring and the EMP. Specialized training or certifications required to 


complete project tasks related to sampling and analysis are included in the following sections. 


1.6.1 Health, Safety, and Environment Program Training 


Shell and its contractors have implemented health, safety, and environmental compliance programs that 


direct all aspects of the operation of the Polar Pioneer and employees who are assigned to the vessel.  All 


assigned employees are provided regular training on these measures and programs.  Aboard the vessel, 


management of all health, safety, and environmental compliance programs are implemented by Shell and 


its contractors. The detailed plans may be available for review aboard the Polar Pioneer if requested.  


Shell will have full time Health, Safety, and Environment (HSE) staff on board during operational 


periods. 
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1.6.2 General Permit Training Curriculum for M-I SWACO NPDES Discharge Compliance 


Specialists 


The M-I SWACO NPDES Operational Discharge Compliance Specialists are responsible for maintaining 


copies of their training records. Specific training requirements related to operational discharges and 


monitoring activities are specified in the written procedures, which are incorporated by reference into the 


BMP and in Appendix A of this QAPP.  


Each M-I SWACO NPDES Compliance Specialist shall participate in a regulatory training curriculum 


prior to providing GP compliance data. The curriculum includes presentations and written tests on the 


following elements: 


• Regulatory requirements. 


• QAPPs. 


• Documentation procedures. 


• Applicable written procedures. 


Upon completion of the training curriculum, each trainee and trainer shall complete the appropriate M-I 


SWACO NPDES Compliance Specialist Training Documentation Form (M-I SWACO Form 2009-1, 


Appendix A). This form documents the employee’s training on the QAPP, written procedures, specific 


equipment, analytical techniques, and QC requirements. NPDES Compliance Specialist training and the 


NPDES Compliance Specialist Training Documentation Form must be completed prior to performing any 


GP compliance duties. The M-I SWACO NPDES Compliance Supervisor will maintain the original 


forms in the employee training records and the employee maintains a copy within the M-I SWACO 


NPDES Compliance Specialist notebook.  


1.6.3 M-I SWACO NPDES Discharge Compliance Specialist Demonstration of Capability 


M-I SWACO NPDES Discharge Compliance Specialists who perform measurements, analyses, or 


evaluations, or who operate instruments or equipment shall have demonstrated proficiency for the specific 


procedures for which there is a mandatory demonstration of capability (DOC) requirement in the SOP. 


Demonstration of capability shall be performed each time there is a change in instrument type, personnel, 


or test method. Procedures for performing and documenting the demonstration of capability are discussed 


in SOP 1008 Demonstration of Capability (Appendix A). The Demonstration of Capability Certification 


Statement included in this procedure shall be completed for each analyst, matrix, and method after 


successful completion of the proficiency testing. One certificate may be used for multi-analyte methods. 


1.7 Documents and Records 


The quantity of supporting documentation required to conduct environmental analyses necessitates the 


establishment of a formal system for generating, checking, inventorying, and archiving documents. This 


section describes document control and recordkeeping as it applies to field and laboratory data generated 


to demonstrate compliance with the QAPP.  


During the Chukchi Sea exploration drilling program, both hard copy and electronic records will be 


generated by numerous organizations involved in various aspects of the program. Each contractor to Shell 
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is responsible for ensuring that the records generated by their field staff and/or subcontractors are in 


compliance with the requirements of this QAPP. All organizations will maintain original records in the 


specific locations required by their respective QA programs, and copies of their records will be provided 


as required during and following execution of the project. In general, documentation and recordkeeping 


will be conducted in accordance with this document (Sections 2.7 and 3.9).   


Rig compliance laboratory records are discussed in following sections. The QA program of subcontract 


laboratories, including the Barrow mobile laboratory and fixed analytical laboratories, governs their 


document control. Maintenance, revision, approval, distribution, archival, and retention of records will be 


in accordance with the subcontract laboratory QA program. 


1.7.1 Document Revisions 


The QAPP and associated written procedures are controlled documents. Each time a revision is made to 


this manual, it shall be reviewed, documented, and approved. Whenever revisions are made, or addenda 


added to the QAPP, a document control system shall be initiated to confirm that all parties holding a 


controlled copy of the QAPP receive the revisions/addenda, and that outdated material is removed from 


circulation.  


The following procedures will be implemented to ensure that project personnel have the current versions 


of these documents: 


• The document includes a version number and effective date; 


• Each organization will maintain a master list of current written procedures, which are approved 


by management and assigned a revision number and effective date; 


• A distribution list is maintained for the QAPP; and 


• Written procedures are reviewed and revised in accordance with each organization’s internal QA 


program. 


The QAPP shall be reviewed at least annually and will be revised or amended as substantive changes are 


warranted. As the QAPP is revised, the revision number on the appropriate pages is incremented and the 


modified pages are released to the distribution list. A summary of the revisions with the date and a 


description of the revision is maintained on the signature page. The QAPP revision shall be submitted for 


approval by the same authorities that performed the original review. 


1.7.2 Rig Compliance Laboratory Documentation 


Field personnel from each organization shall retain copies of observations, calculations and derived data, 


calibration records, results, and/or reports in accordance with the BMP and each organization’s QA 


program. Field observations will be documented in real time in bound field logbooks and will provide a 


record of field activities, observations, and measurements during sampling. Details regarding field and 


laboratory documentation are included in Sections 2 and 3.  
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1.7.3 Archival, Maintenance, and Retention of Project Files  


Central project files are maintained in accordance with each organization’s internal QA program. The 


central project files consist of completed rig compliance laboratory documentation, as well as fixed 


laboratory reports, computer program documentation, training records, and qualified subcontractor files. 


Pursuant to permit regulations, project files will be retained for a period of at least five years from the 


date of the sample, measurement, report, or application, whichever is longer. Records are maintained 


electronically and/or in hard copy. Records will be maintained, archived, and retained in accordance with 


Section 11.5 of the BMP.  


Record retention includes, but is not limited to, the following: 


• Laboratory reports; 


• Chain-of-custody (CoC) forms; 


• Original monitoring data, including logbooks, field forms, electronic data capture, or other 


records in which monitoring data are first documented; 


• Logs or other documents used to record field measurements, such as flow meter readings; and 


• Calibration and maintenance logs for field instruments and rig compliance laboratory equipment, 


as they relate to measurement of volume or monitoring quality. 


1.7.4 Confidentiality and Proprietary Rights 


Personnel may have access to confidential information concerning permittees operations and company 


operations. This knowledge may include expertise, technical information, technical software, and records 


related to operations, finance, accounting, sales, personnel, and management, policies, or other matters. 


Personnel may also have access to permittee and company trade secrets, including secret formulations, 


techniques, methods, processes, data, discoveries, developments, designs, improvements, inventions, and 


the like. The protection of these trade secrets and confidential information against unauthorized disclosure 


or use is of critical importance. Consequently, employees and contractors may be required to execute 


nondisclosure and confidentiality agreements.  


Any confidential business information, defined as trade secrets and commercial or financial information 


obtained from a person and privileged or confidential, provided as part of voluntary and/or mandatory 


submittals to the EPA shall not be disclosed. 


1.8 Sample Handling, Documentation, and Chain-of-Custody Procedures 


This section includes sampling and data collection procedures and policies for ensuring compliance with 


requirements of the GP applicable to exploration drilling activities to be conducted by Shell in the 


Chukchi Sea.  


An essential part of the sampling activities of any environmental project is assuring the integrity of the 


samples from collection through data reporting. Environmental analyses involve the collection and 


shipping of numerous samples from different sampling sites.  Sample labels and CoC forms are used to 


document identification and handling of samples from the time of collection through the completion of 
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chemical and/or physical analysis. Documentation of the history of a sample will be prepared and 


maintained to demonstrate that the data are a true representation of the environmental media. The CoC 


record is used to demonstrate that a sample was not tampered with or altered in any way that may bias the 


analytical accuracy of the laboratory results.  It is extremely important that CoC records be complete, 


accurate, and consistent.  


This QAPP governs field and analytical sample handling, documentation, and CoC procedures for 


samples analyzed in the field at the rig compliance and Barrow mobile laboratories and for samples 


transported to fixed subcontract laboratories. Additional details specific to the handling, documentation, 


and CoC procedures for the operational discharge compliance sampling program are included in Section 


2; and for the EMP are included in Section 3. 


The QA program of the fixed subcontract laboratory performing analyses governs laboratory sample 


control procedures.  


1.8.1 Sample Containers and Preservation 


Subcontract laboratories supply containers for fixed laboratory analyses. These containers are pre-cleaned 


and/or preserved in accordance with analytical method requirements. Details regarding the containers 


required for specific analyses can be found in Sections 2 and 3.  


1.8.2 Sample Storage 


Samples shall be stored in limited-access, temperature controlled areas while in the rig compliance 


laboratory or until packaged and shipped to the subcontract laboratory for analysis. In general, the 


acceptance criterion for sample storage is <6°C. Thermal preservation requirements for specific analyses 


are outlined in Sections 2 and 3. 


1.8.3 Sample Retention and Disposal 


Samples will be retained under proper storage conditions in accordance with the written procedures, 


and/or analytical methods. Analytical samples are retained and disposed of at the subcontract laboratories 


in accordance with the internal laboratory QA program. 


1.8.4 Sample Labeling 


As samples are collected and containerized, each sample is given a unique sample identification (ID) 


number. The sample ID is documented in the field logbook and on the CoC form. Sample IDs will be 


assigned in accordance with the specific procedures in Sections 2 and 3. 


Each sample container must include the following information: 


• Date - A six-digit number indicating the year, month, and day of collection, in this order; 


• Time - A four-digit number indicating the military time of collection; 


• Sample ID - A unique identification number which may contain the above information, but which 


distinguishes among samples collected from the same site; 


• Preservative (if any); 
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• Sampler – Signature or initials of person collecting the sample; and 


• Requested analyses. 


Field QC samples (equipment blanks, field duplicates, etc.) are labeled as above, but are not identified as 


QC samples on the labels.  


1.8.5 Chain-of-Custody Procedures 


After collection, preservation, and identification, the sample is maintained under CoC procedures 


discussed in this section.  


Sample custody records are the administrative records associated with the physical possession and/or 


storage history of each individual sample from sample collection to the final analytical result and sample 


disposal. Sample custody will be initiated by the sample collection records that identify for each sample 


the unique sample ID, date, time, location, and collector.  


CoC forms document sample collection and shipment to the laboratory. CoCs are legal documents that 


record the transfer and disposition of collected environmental samples. The CoC form will identify the 


contents of each shipment and provide objective physical evidence of the possession history and integrity 


of each sample from collection through analysis. Transfer of physical custody shall be recorded. 


CoC procedures begin in the field with the collection and containerization of samples. A sample is 


considered under CoC if: 


• The samples are in a person’s possession, or 


• The samples are in a person’s view after being in that person’s possession, or 


• The samples were in a person’s possession and then were locked or sealed to prevent tampering, 


or 


• The samples are in a secure area. 


As soon as each sample has been collected, containerized and labeled, it is entered on the CoC form. Each 


cooler should contain one CoC form representing all of the samples present in the cooler. The sampler 


shall complete the information on the form accurately and legibly. Any corrections to the CoC form must 


be made using a single line through the incorrect entry. Corrections must be initialed and dated by the 


person making the change.  


The chain-of-custody form must include: 


• Sample originator (client); 


• Sample identification / location; 


• Project identification; 


• Date and time of collection; 


• Collector’s name (printed); 
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• Sample type (e.g., liquid or sediment); 


• Analyses required; 


• Preservation used; and 


• Signatory of release/acceptance through transport. 


Once they have been properly labeled and logged, samples are packaged for shipment and sent to the 


laboratory with a CoC record sealed into each cooler. Before the sample cooler is shipped, the sampler 


must sign and date the CoC form under “Relinquished by”. The original CoC form accompanies the 


samples during shipment; a copy is maintained by the shipper. Coolers containing samples will be 


custody sealed prior to shipment to subcontract analytical laboratories. 


When samples are received at the subcontract laboratory, the laboratory sample custodian signs the CoC 


form as "Received by," and enters the date and time. The sample custodian shall carefully inspect samples 


as described in the laboratory SOP, including: 


• Intact air-tight seal, 


• Intact CoC, 


• Evidence of alteration or damage to samples or packaging, and 


• Completeness of accompanying records. 


The laboratory's sample receipt record shall explicitly state the condition, including the measurement of 


the temperature blank or cooler temperature, for each incoming sample. The Shell Environmental 


Compliance Engineer or his/her designee is notified of arrival and condition of each shipment, and of any 


discrepancies in accompanying paperwork, immediately after login inspection. After the sample log-in is 


complete, another copy of the CoC record, which includes laboratory sample numbers and notations of 


any discrepancies, is sent to the sampler identified on the CoC form and/or to the Shell Environmental 


Compliance Engineer, as instructed.  The original CoC is filed in the laboratory, with the shipper's 


waybill or airway bill attached, and a copy of this record is provided to Shell. 


Samples for rig compliance laboratory analyses shall be kept in a designated secure area. CoC forms are 


not required for rig compliance laboratory samples. Sample collection activities and identification of 


samples shall be recorded in field logbooks.  


1.8.6 Packaging and Shipment of Samples 


Samples shall be packaged and shipped in accordance with each organization’s QA program and 


SOPs/LWIs. Standard procedures for packaging and shipment of samples are necessary for the following 


reasons: 


1) To protect persons handling, receiving and unpacking shipped samples; 


2) To minimize loss of samples through breakage or delays in shipment; 


3) To document sample integrity; and 
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4) To comply with applicable U.S. Department of Transportation (DOT) (49 CFR) and 


International Air Transport Association (IATA) regulations. 


Details regarding specific procedures for packaging and shipping samples are included in Sections 2 and 


3. 


Environmental samples are samples of drilling fluids or other media where contamination is expected to 


be in relatively low concentrations. For the purpose of this QAPP, environmental samples are those 


samples whose toxic, flammable, corrosive or otherwise hazardous constituents represent less than one 


percent by volume.  


1.9 Field and Laboratory QC Samples 


The sampling designs for the operational discharge compliance sampling program and the EMP 


incorporate QC procedures and checks in both the field and laboratory to assess data quality. The 


following sections outline the most common types of field and laboratory QC samples that may be 


collected for the project. Sections 2 and 3 include specific types and frequencies of QC samples that will 


be collected and analyzed for operational discharge compliance sampling and the EMP. Section 3 also 


includes additional QC samples that will be collected for the EMP.  


1.9.1 Field QC Samples 


Field QC samples will be collected in the same type of sample containers and handled in the same manner 


as other field samples. The field QC samples will be assigned unique sample numbers and will be 


submitted to the analytical laboratory as routine samples. If nonconformances are detected in the results 


for field QC samples, the data associated with the QC samples will be evaluated to determine if the 


quality and/or usability of the data are affected.   


1.9.1.1 Trip Blanks 


Trip blanks are collected only for volatile organic compound (VOC) samples. A trip blank consists of an 


uncontaminated sample of similar matrix that is transported from the laboratory to the sampling site, 


handled like an environmental sample, and returned to the laboratory for analysis without having been 


exposed to sampling procedures (i.e., not opened in the field). The results are used to assess 


contamination introduced during shipping and field handling procedures. Trip blanks are prepared and 


analyzed at the frequency of one per shipping container of VOC samples. 


1.9.1.2 Temperature Blanks 


A temperature blank is a container of water that is packed and shipped to the laboratory with the field 


samples requiring preservation by cooling. Upon arrival of a cooler at the laboratory, the laboratory 


measures the temperature of the blank. This temperature reading is used to represent the conditions of the 


field samples during shipment to the laboratory. This information is used by both the laboratory and by 


the data reviewer. If the temperature blank exceeds the sample-specific thermal preservation criteria, the 


laboratory must notify Shell immediately for guidance.  
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1.9.1.3 Field Duplicates 


A field duplicate is a generic term for two (or more) field samples collected at the same time in the same 


location. Field duplicate samples are submitted as blind samples to the laboratory and are taken through 


all steps of the analytical preparation and analysis process in an identical manner. These samples are used 


to assess precision of the entire data collection activity, including sampling, analysis, and site 


heterogeneity. Field duplicates shall be collected where measurable contamination is likely to be present. 


If contaminant levels in the duplicates are below detection limits, they cannot be used for data quality 


assessment. Field duplicates are collected at a frequency of 5% of the field samples (one field duplicate 


sample for every 20 or fewer field samples).  


There are two categories of field duplicate samples defined by the collection method: co-located field 


duplicates and subsample field duplicates. Co-located field duplicates are two or more independent 


samples collected from side-by-side locations at the same point in time and space so as to be considered 


identical. Co-locates are samples collected from adjacent locations, or water samples collected from the 


same sampling point at the same time that have not been homogenized. Subsample field duplicates 


samples are obtained from one sample collection at one sample location. The sample is homogenized and 


then subsampled in the field to form an original and duplicate sample.  


Drilling fluid samples may contain gradients of chemical constituents. It is therefore necessary to 


thoroughly mix a quantity of drilling fluid and then split the resulting homogenized material into two 


separate sample containers to obtain identical field duplicate samples. The contamination risk is mitigated 


through the use of specially cleaned containers and properly decontaminated or disposable sampling 


equipment and implements for mixing and transferring the sample material. 


1.9.1.4 Matrix Spikes and Matrix Spike Duplicates (MS/MSDs) 


A matrix spike (MS) is performed by spiking one of a pair of duplicate samples with a known quantity of 


target analyte and extracting and analyzing both the spiked and the unspiked samples. In the absence of 


matrix interferences, the difference between the analytical results for these two duplicates will yield an 


acceptable recovery rate for the spike compound. If matrix interferences are present, their effect on the 


analytical results for the MS sample can indicate a similar effect on other samples of a similar matrix.   


Matrix spikes may also be used to measure precision and accuracy of the sampling and analysis process 


by analyzing two spiked aliquots and one unspiked aliquot of a sample. This second spiked sample 


aliquot is called a MS duplicate (MSD). Accuracy is measured by calculating the difference between the 


measured spike concentration and the known concentration added to the MS and MSD. The closer the 


two measured concentrations are to the true concentration, the higher the level of accuracy in the 


analytical process. Precision is measured by calculating the difference between the two spike 


concentrations recovered in the MS and MSD. The greater the difference between the two recovered spike 


amounts, the lower the precision of the sampling and analysis process.  


Because three separate aliquots, or portions, of sample have to be analyzed when performing an 


MS/MSD, it is often necessary to submit double or triple the volume of sample for an MS/MSD than that 


required for a normal sample. The MS/MSD samples are not separate samples, and the same sample 


number will be assigned to the primary (parent) sample and the extra volume supplied for the laboratory 
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MS/MSD. CoC forms will indicate the sample designated for MS/MSD when additional material is 


provided. MS/MSD samples will be collected at a frequency of 5% of the field samples (one MS/MSD 


pair for every 20 field samples).  


1.9.2 Laboratory QC Samples 


Laboratory samples will be processed and analyzed in analytical batches or sample delivery groups 


(SDGs) of 20 or fewer field samples plus laboratory QC. A suite of QC samples that monitors the 


accuracy and precision of the methods will be incorporated into each batch; these samples are defined 


below. In addition to these QC samples, surrogate internal standards will be spiked into each sample 


analyzed for organic compounds. Laboratory QC and acceptance criteria for the specific analytical 


methods are included in Sections 2 and 3. 


1.9.2.1 Method Blank 


A method blank is an analyte-free matrix to which all reagents are added in the same volumes or 


proportions as used in sample processing. A method blank is prepared and analyzed with every analytical 


batch. The method blank is carried through the complete sample preparation and analytical procedure and 


is used to assess possible contamination resulting from the analytical process. 


The presence of analyte in a method blank at a concentration exceeding the analytical data quality 


objective indicates the need for further assessment of the data. The source of contamination should be 


investigated, and measures must be taken to correct, minimize, or eliminate the problem. No analytical 


data shall be corrected for the presence of analytes in blanks. 


1.9.2.2 Laboratory Control Sample 


A laboratory control sample (LCS) is a sample of known composition that is spiked with all target 


analytes. The LCS is used with each analytical batch to determine whether the method is in control. Each 


analyte in the LCS shall be spiked at a level less than or equal to the midpoint of the calibration curve, 


which is defined as the median point of the curve instead of the middle of the range. The LCS shall be 


carried through the complete sample preparation and analysis procedure. The LCS cannot be used as the 


continuing calibration verification (CCV) sample. 


At least one LCS shall be included in every analytical batch. If more than one LCS is analyzed in an 


analytical batch (e.g., LCS duplicate [LCSD]), results from all LCSs shall be reported. A failure of an 


analyte in any of the LCSs shall require appropriate corrective action, including qualification of the failed 


analyte in all of the samples, as required. 


1.9.2.3 Surrogates 


Surrogates are compounds used in organic compound analysis that are similar to the target analytes in 


chemical composition and behavior, but not normally found in environmental samples. Surrogates are 


used to evaluate accuracy, method performance, and extraction efficiency. Surrogates shall be added to 


environmental samples, controls, and blanks in accordance with the method requirements. 
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If a surrogate recovery is outside the acceptance limit, corrective action must be performed. After the 


system problems have been resolved and system control has been reestablished, the sample should be re-


prepared and reanalyzed. If corrective actions are not performed or are ineffective, an appropriate flag 


shall be applied to the sample results. 


1.9.2.4 Internal Standards 


Internal standards (ISs) are known amounts of standards that are added to a portion of a sample or sample 


extract and carried through the entire procedure. ISs are used as a reference for calibration and for 


controlling the precision and bias of the analytical method. ISs shall be added to environmental samples, 


controls, and blanks, in accordance with the method requirements. 


If the IS results are outside of the acceptance limits, corrective actions shall be performed. After the 


system problems have been resolved and system control has been reestablished, all samples analyzed 


while the system was malfunctioning shall be reanalyzed. If corrective actions are not performed or are 


ineffective, an appropriate flag shall be applied to the sample results. 


1.10 Project Assessment and Oversight 


The QA programs are designed to measure performance and to monitor adherence to corporate QA 


policies, method, and project-specific requirements and regulatory requirements. Quality assessment is 


the responsibility of QA staff or designees, and is performed in cooperation with the affected operating 


group personnel. The purpose of this section is to establish standard procedures for quality assessment 


and the formulation of assessment criteria. Systems for corrective action are discussed in Section 1.9.3. 


1.10.1 Project Audits/Assessments 


The following project audits and assessments are planned: 


• Pre-mobilization audit (readiness review). Prior to project mobilization, a systematic evaluation 


of readiness for field activities will be performed.  


• Well records review. Once per well, a review of the documents and records associated with 


drilling activities will be reviewed. Verify accuracy and completeness. Verify that all planned 


activities were documented and that all associated documentation has been completed. 


• Subcontract laboratory sample receipt information. Verify accuracy and completeness. Verify 


that discrepancies were documented and resolution of any potential data quality issues. Verify 


that all planned samples were collected and documented. Compare planned samples with the CoC 


forms and laboratory login information for samples actually submitted to the laboratory. Verify 


that corrective action is documented, if required and appropriate, for any data quality issues 


identified. 
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1.10.2 Audit Reporting 


The response to audit or assessment findings may require written documentation, verbal communication, 


or formal corrective action. The timeframe and format of the response depends on the audit or assessment 


findings. Findings should include a discussion of the audit, explaining each finding, its significance, and 


whenever possible, its root cause. Deviations from plans, policies or SOP, if any, shall be discussed in 


terms of whether they were warranted by the circumstances of the project, and why. Finally, 


recommended corrective actions should be provided, if required and appropriate, as determined by the 


manager and technical personnel involved in the audit. 


1.10.3 Corrective Action 


Feedback and corrective action are required when deviations from documented policies, procedures or 


QC, if any, occur. These deviations may be identified through audits, data review and assessment, or staff 


feedback. The following sections describe the general procedures to be followed when departures from 


documented policies, procedures, or QC have occurred. 


1.10.3.1 Audit Findings 


The Shell Environmental Compliance Engineer and/or QA Auditor (member of the Shell Environmental / 


Science Department) shall be responsible for initiating and recommending corrective action, if any, in 


response to audit findings. Items requiring corrective action may require written documentation addressed 


to the Wells Superintendent. Corrective action steps shall be fully documented to assist in determining 


future corrective action procedures. When satisfactory progress has been achieved on each requested 


action, the Wells Superintendent or designee enters descriptions of actions and results on the form, retains 


a copy and returns the original to the Shell Environmental Compliance Engineer to close out the 


corrective action. The Shell Environmental Compliance Engineer maintains a file of Service Quality Non-


Conformance Reports and keeps track of their progress. Unresolved corrective action requests, if any, are 


listed in a QA report to Management. 


1.10.3.2 Data Quality Issues 


Staff reviewing permit compliance data shall be responsible for requesting corrective actions in response 


to deficiencies that affect data quality and usability. To identify any potential impacts on the analytical 


results, a data usability summary shall include an evaluation of the data as applicable to the analytical 


method and GP requirements. Repetitive QC problems may result in staff retraining or subcontractor 


disqualification. 


1.10.3.3 Staff Feedback 


Each person involved in the data accumulation process shall be responsible for recognizing and reporting 


deviations, if any, from documented policies, procedures, and/or QC. If required and appropriate, 


deviations shall be documented and addressed to Shell. Analysts, Compliance Specialists, supervisors, 


and QC personnel shall use this system to document problems, deviations, and discrepancies encountered 


during sample collection, sample analysis, or data reporting, if any. 


  







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 18 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


This page intentionally left blank







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 19 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


2.0 Compliance Sampling Program for Operational Discharges 


This section presents the applicable compliance requirements for operational discharges in the 


Authorization to Discharge under the NPDES GP for Oil and Gas Exploration Facilities on the OCS in 


the Chukchi Sea, Permit Number AKG-28-8100 issued by the USEPA, in compliance with the provisions 


of the Clean Water Act, 33 U.S.C. §1251 et seq., effective November 28, 2012.  


2.1 Introduction and Overview 


In the management of its activities, Shell has contracted with M-I SWACO for its compliance assurance 


for the exploration program in the Chukchi Sea on the Polar Pioneer.  This section addresses those GP 


compliance tasks that will be performed by M-I SWACO under contract to the permittee during offshore 


drilling exploration. GP discharge limitations and monitoring requirements applicable to the offshore 


drilling exploration program in the Chukchi Sea are presented in Tables 2-1 through 2-5. The following 


sections detail the compliance monitoring requirements for each discharge. 
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Table 2-1 Effluent Limitations and Monitoring Requirements for Water-Based Drilling Fluids/Drill Cuttings  


(Discharge 001) 


Discharge 
Effluent 


Parameter 


Effluent Limitations 


 Monitoring 


Requirements 
Seasonal Restrictions 


Average 


Monthly Limit 


Maximum Daily 


Limit 


 


Discharge 001 


Water-Based 


Drilling Fluids and 


Drill Cuttings  


 


SPP toxicity note 1,10 Minimum 96-hour LC50 of 30,000 ppm 
Weekly Grab &     


End of Well note 2 


 


Not Applicable 


Drilling fluids and cuttings Static Sheen Test note 3,10 Daily Grab 


Free oil No Discharge note 4,10 Daily Grab 


Diesel oil No Discharge note 5,10 Daily Grab 


Mercury 1 mg/kg note 6 Grab Once/well 


Cadmium 3 mg/kg note 6 Grab Once/well 


pH Report (s.u.) Grab Once/ well 


Total Aqueous Hydrocarbons (TaqH) Report (µg/L) Grab Once /well note 7 


Total Aromatic Hydrocarbon (TAH) Report (µg/L) Grab Once /well note 8 


Total volume Report (gal) Daily Estimate note 9 


Notes:  


LC50 = lethal concentration, 50% (in water, that kills 50% of the inhabitants in a given time) 


mg/kg = milligram per kilogram 


MLLW = Mean lower low water 


µg/L = microgram per liter 


ppm = parts per million 


s.u. = standard units 


SPP = suspended particulate phase 


 


1. As determined by the 96-hour suspended particulate phase (SPP) toxicity test in accordance with Appendix 2 to Subpart A of 40 CFR Part 435, Drilling Fluids Toxicity Test.  The discharge of 


water-based drilling fluids or drill cuttings generated using drilling fluids with a daily minimum or monthly average minimum 96-hour LC50 of less than 30,000 ppm is prohibited.  If inclement 


weather conditions affect timely deliveries of samples, the permittee must notify EPA within 24 hours and document the conditions and rationale in the following monthly DMR.  


2. See requirement of Section II.B.5.b. (Mineral Oil Pill).  At the end-of-well, a sample must be collected for SPP toxicity testing where no mineral oil pill is used.  The end-of-well sample can also 


serve as the monthly monitoring sample. 


3. No discharge allowed upon failure of the static sheen test as determined in accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test.  
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4. As determined by the static sheen test in accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test. 


5. The discharge of drilling fluids or drill cuttings generated using drilling fluids which contain diesel oil is prohibited.  Compliance will be demonstrated by gas chromatograph (GC) analysis of 


drilling fluid collected from the drilling fluid used at the greatest well depth (“end-of-well” sample) and of any drilling fluids or cuttings which fail the static sheen test compared to GC analysis 


of diesel oil in storage at the facility.  Whenever drilling fluids or drill cuttings fail the static sheen test, the permittee is required to analyze an undiluted sample of the material which failed the 


test to determine the presence or absence of diesel oil in accordance with EPA SW846 Method 8015C (2007).  Gas chromatography/mass spectrometry (GC/MS) may be used if an instance 


should arise where the permittee and the Director or DEC determine that greater resolution of the drilling fluid “fingerprint” is needed for a particular drilling fluid sample.  


6. Dry weight in the stock barite.  Results must be expressed as mg/kg (dry weight) of barite.  The permittee must analyze a representative sample of stock barite once prior to drilling each well and 


submit the results with the DMR for the month in which drilling operations commence for the respective well.  If any analytical result exceeds the mercury or cadmium effluent limitations in 


Table 1, the permittee must report the results to the Director in accordance with Section III.G., including the twenty-four hour notice of noncompliance requirement, of this GP.  If the permittee 


uses the same supply of stock barite to drill subsequent wells, the permittee may submit the same analysis for those subsequent wells if no new supplies of barite have been received since the 


prior analysis.  In this case, the DMR should state that no new barite was received since the last reported analysis.  


7. As determined by summing the results of EPA Method 602 (plus Xylenes) or EPA Method 624 to quantify monoaromatic hydrocarbons and to measure TAH and EPA Method 610 or EPA 


Method 625 to quantify polynuclear aromatic hydrocarbons listed in EPA Method 610.  Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the 


end of well.  


8. As determined by EPA Method 602 (plus Xylenes) or EPA Method 624.  Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the end of well.  


9. Record separate total daily volumes of drilling fluids and drill cuttings and report the separate daily volumes in the End of Well Report.  Report combined total volume of drilling fluids and drill 


cuttings discharged on a calendar day in the DMR.  


10. The permittee must report the following discharge occurrences of noncompliance to the Director in accordance with Section III.G.l., including the twenty-four hour notice of noncompliance 


requirement, of this GP: (a) exceedance of the SPP toxicity limitation; (b) failure of the static sheen test; or (c) presence of diesel oil. 
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Table 2-2 Discharge Rate Limitations and Monitoring Frequency for Water-Based Drilling Fluids and Drill Cuttings 


(Discharge 001) 


Water Depth 
note 1 


Rate of Discharge
 note 2 Measurement 


Frequency 
Sample Type 


0 to 5 meters No discharge 


Hourly during  


discharge 
note 3 Estimate


 note 4
 


>5 to 20 meters 500 bbl/hr 


>20 to 40 meters 750 bbl/hr 


>40 meters 1000 bbl/hr 


Notes: 


bbl/hr = barrels per hour 


1. As measured from the MLLW.  


2. Rate of discharge limitations do not include entrained seawater. 


3. The maximum daily discharge limitation is calculated by multiplying the maximum hourly rate of discharge by 24 hours.  For purposes 


of reporting, each hourly measurement must be recorded for each calendar day of discharge within the month.  The monthly average 


limit is the average of the maximum daily hourly rate for each calendar day. 


4. One-TRAX software based on operational data input and Pit Volume Totalizer. 
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Table 2-3 Effluent Limitations and Monitoring Requirements for Deck Drainage (Discharge 002) 


Discharge 
Effluent 


Parameter 
Effluent Limitations Monitoring Requirements 


 


Discharge 002 


Deck Drainage  


 


pH s.u. Monthly sample 


Free oil No discharge note 1 Grab sample and visual per discharge event 


Total Volume (gal) - Monthly estimate 


TAqH µg/L Grab sample per discharge event note 2,4 


TAH µg/L Grab sample per discharge event note 3,4 


WET TUc 
Use rapid toxicity test 4X/well as initial 


screen.5 


Notes: 


µg/L = microgram per liter 


gal = gallons 


s.u. = standard units 


WET = whole effluent toxicity 


1. Once per discharge event, the permittee must sample deck drainage discharges that are processed through an oil-water separator and test for sheen using the static sheen test 


in accordance with Appendix 1 to Subpart A of 40 CFR Part 435, Static Sheen Test.  For discharges during unstable or broken ice conditions, a water temperature that 
approximates surface water temperatures after breakup must be used.  During periods of discharge, the permittee must also conduct a visual observation for visual sheen as 


determined by the presence of a film or sheen upon or a discoloration of the surface of the receiving water.    


2. As determined by summing the results of EPA Method 602 (plus Xylenes) or 624 to quantify monoaromatic hydrocarbons to measure TAH and EPA Method 610 or EPA 
Method 625 to quantify polynuclear aromatic hydrocarbons.  


3. As determined by EPA Method 602 (plus Xylenes) or EPA Method 624.  


4. Sample must be collected from the oil-water separator effluent. 


5. Only applicable if initial toxicity screening exceeds threshold criteria outlined in Section 2.4.3.1. Also required once per well if discharge exceeds 10,000 gallons during any 


24-hour period and if chemicals are added to the system. 
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Table 2-4 Effluent Limitations and Monitoring Requirements for Sanitary and Domestic Wastes  


(Discharges 003 and 004) 


Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 
Maximum Daily Limit Sample Frequency Sample Type 


 


Discharge 003 


Sanitary Waste 


Flow (mgd) ---- ---- Daily Measured/Recorded 


BOD5 30 mg/L 60 mg/L Weekly Grab or composite note 1 


TSS 30 mg/L 60 mg/L Weekly Grab or composite note 1 


Floating solids No discharge Daily Visual note 2  


Foam No discharge Daily Visual note 2 


Oily Sheen No discharge Daily Visual note 2 


pH 6.5-8.5 s.u. Weekly Grab 


Fecal Coliform Bacteria 100 colonies/100 mL note 3 200 colonies/100 mL Weekly Grab 


Total Residual Chlorine note 5 ---- 1.0 mg/L Weekly Grab 


Flow Report Monthly Meter 


Discharge 004 


Domestic Waste 


pH Report s.u. Monthly Grab 


Floating solids, garbage, foam No discharge Daily note 2 Visual 


Flow (mgd) Report Monthly Estimated 


Notes: 


mgd = million gallons per day    mg/L = milligram per liter  mL = milliliters  s.u. = standard unit 


1. Composite samples may be collected in lieu of grab samples and must consist of at least four equal volume grab samples, two of which must be taken during periods of peak flow. 


2. The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated discharge and during conditions 


when observations on the surface of the receiving water are possible in the vicinity of the discharge.  The observations and time of day must be recorded.  The numbers of days floating solids, 


garbage, foam or oily sheen are observed must be recorded and reported in the DMR.  


3. Must be reported as the geometric mean.  


4. If inclement weather conditions affect timely deliveries of samples, the permittee must notify EPA within 24 hours document the conditions and rationale in the following monthly DMR.  


5. Must be maintained as close to this concentration as possible.  Sample must be collected immediately after chlorination and prior to any commingling of the waste streams.  The analytical 


detection limit for this parameter is 0.1 mg/L.  Residual chlorine may be monitored according to test procedures approved under 40 CFR Part 136 or using a Hach Test Kit capable of 


measuring free chlorine in the range of 0-3.5 mg/L with a sensitivity of 0.1 mg/L or better.  Monitoring is not required if chlorine is not used as a disinfectant or for facilities serving fewer 


than 10 persons. One composite sample must consist of at least four equal volume grab samples, two of which must be taken during periods of peak flow. 
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Table 2-5 Effluent Limitations and Monitoring Requirements for Miscellaneous Discharges 


Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 


Maximum Daily 


Limit 
Sample Frequency Sample Type 


Discharge 005 


Desalination Unit Wastes 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly  Meter 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 006 


Blowout Preventer Fluid 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


Discharge 007 


Boiler Blowdown 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 


screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 008 


Fire Control System Test Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2 Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 


added to the system. 
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Discharge 
Effluent 


Parameter 


Effluent Limitations Monitoring Requirements 


Average Monthly 


Limit 


Maximum Daily 


Limit 
Sample Frequency Sample Type 


 


Discharge 009 


Non-Contact Cooling Water 


pH note 3 Report (s.u.) Monthly Grab 


Free oil No discharge note 1  Daily Visual 


Total Volume Report (gal) Daily note 4  Meter 


Temperature Report (°F) Continuous note 4 Measure 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


Discharge 010 


Uncontaminated Ballast Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1,2  Once/discharge Visual /Grab 


Total Volume Report (gal) Monthly Estimate 


 


Discharge 011 


Bilge Water 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 5 Once/discharge & Daily Grab/Visual 


Total Volume Report (gal) Monthly Meter 


WET Report (TUc) 


Use rapid toxicity test 


4X/well as initial 
screen. 


Collect grab sample for analysis if 


results show potential toxicity or 


1X/well if discharge >10,000 gal 


during 24 hr and if chemicals are 
added to the system. 


 


Discharge 012 


Excess Cement Slurry 


pH Report (s.u.) Monthly Grab 


Free oil No discharge note 1 Once/discharge Visual  


Total Volume Report (gal) Monthly Estimate 


Discharge 013 


Mud, Cuttings & Cement at Sea 
Floor  


Free oil No discharge note 1 Daily Visual  


Total Volume Report (gal) Monthly Estimate 


Notes: 


°F = degrees Fahrenheit  gal = gallons  s.u. = standard units   TUc = chronic toxic units   WET = whole effluent toxicity 


1. Once per discharge event, the permittee must conduct a visual observation for visual sheen as determined by the presence of a film or sheen upon or a discoloration of the surface of the 


receiving water.  The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated discharge and 
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during conditions when observations on the surface of the receiving water are possible in the vicinity of the discharge.  The observations and time of day must be recorded.  The number of 
days sheen is observed must be recorded and reported in the DMR. For discharges during unstable or broken ice conditions, a water temperature that approximates surface water temperatures 


after breakup must be used.  


2. If visual observations of the discharge are not possible, the permittee must sample (grab sample) the discharge and test for sheen using the static sheen test in accordance with Appendix 1 to 


Subpart A of 40 CFR Part 435.   


3. pH montoring and reporting is required.  pH limit of 6.5-8.5 applies if chemicals are added to the system.  


4. Estimated daily discharge volume and maximum and minimum recorded daily temperature must be reported for each outfall. 


5. Once per discharge event, the permittee must sample bilge water discharges that are processed through an oil-water separator and test for sheen using the static sheen test in accordance with 


Appendix I to Subpart A of 40 CFR Part 435. For discharge during unstable or broken ice conditions, a water temperature that approximates surface water temperatures after breakup must be 
used. On a daily basis during discharge, the permittee must also conduct a visual observation for visual sheen as determined by the presence of a film or sheen upon or discoloration of the 


surface of the receiving water. The permittee must monitor by observing the surface of the receiving water in the vicinity of the outfall(s) during daylight at the time of maximum estimated 


discharge and during conditions when observations on the surface of the receiving water are possible in the vicinity of the discharge. The obesrvations and time of day must be recorded. The 
number of days sheen is observed must be recorded and reported in the DMR.  
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2.2 Operational Discharge Compliance Program Roles and Responsibilities 


Communication and coordination between compliance monitoring personnel, drilling operations 


management officials, and drillship operations officials will be critical to ensuring compliance with GP 


requirements. M-I SWACO NPDES Compliance Specialists must have a general understanding of oil and 


gas drilling procedures and vessel operations. They will be aware of the schedule for drilling operations 


and planned discharges of drilling fluids as well as discharges of materials related to vessel operations 


that are regulated under the GP.  


The primary roles and responsibilities for individuals and teams responsible for implementing the 


operational discharge compliance program are defined in the following sections. 


2.2.1 Wells Delivery Manager 


The Wells Delivery Manager is the single individual responsible for the entire exploration program.  In 


turn, the Wells Delivery Manager delegates authority to the Wells Superintendent, Engineering Team 


Lead and the Environmental Manager who are responsible for recognizing the requirements of this 


manual in their planning and budgeting and for implementing the QA program as assigned in this chapter. 


The Wells Delivery Manager has overall responsibility for the technical operation of the permit 


compliance program. Additional personnel will be assigned to assist in implementation of the quality 


program. The Wells Delivery Manager is specifically responsible for: 


• Ensuring that personnel are free from any commercial, financial, or other undue pressures that 


may affect the quality of their work; 


• Ensuring the implementation of the QA program as it pertains to operational discharge 


compliance under the GP; 


• Ensuring that responsible, trained, and qualified personnel are assigned to manage, perform, or 


verify work affecting the quality of data; and 


• Supervising personnel familiar with the procedures, the objective of the procedures, and the 


assessment of the results. 


2.2.2 Wells Health, Safety and Environmental Department 


The Wells Health, Safety and Environmental (HSE) Department has overall responsibility for the health 


and safety of employees as well as implementation of environmental regulatory programs. The HSE 


Department is specifically responsible for providing health and safety oversight in compliance with the 


requirements of the Shell HSE Program.  


2.2.3 Shell Environmental Compliance Engineer  


The Shell Environmental Compliance Engineer has independent reporting authority from the Wells 


Superintendent, Engineering Team Lead, and the Environmental Manager.  The Environmental 


Compliance Engineer may assign personnel to assist in implementation of the quality program. The 


responsibilities of the Environmental Compliance Engineer are to: 


• Conduct regularly scheduled audits of quality programs; and 


• Advise operational managers of deficiencies (if any) in quality programs or performance. 
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2.2.4 M-I SWACO NPDES Compliance Supervisor 


The M-I SWACO NPDES Compliance Supervisor reports to the Wells Delivery Manager and is 


responsible for implementing the technical operation of the permit compliance program. The M-I 


SWACO NPDES Compliance Supervisor may assign personnel to assist with specific duties. Specific 


responsibilities of the M-I SWACO NPDES Compliance Supervisor include: 


• Training M-I SWACO NPDES Compliance Specialists; 


• Coordinating rig compliance laboratory assignments; 


• Coordination with the Barrow mobile laboratory; 


• Coordination with the fixed analytical laboratories;   


• Providing overall direction to, and coordination of, quality programs as related to documenting 


compliance with the GP; 


• Providing, and replacing as necessary, the equipment required for compliance tests; 


• Approving and publishing written procedures; 


• Reviewing Daily Activity Reports and associated records; and 


• Archiving records at the end of drill season. 


2.2.5 M-I SWACO NPDES Compliance Specialist  


Personnel are responsible for complying with QA/QC requirements that pertain to their technical 


function. Each M-I SWACO NPDES Compliance Specialist shall have a combination of experience and 


education to adequately demonstrate a specific knowledge of their function and a general knowledge of 


operations, test methods, QA/QC procedures, and records management. M-I SWACO NPDES 


Compliance Specialists shall be responsible for recognizing and reporting deviations from documented 


policies, procedures, and/or QC to the M-I SWACO NPDES Compliance Supervisor or the Shell 


Environmental Compliance Engineer. 


The responsibility for implementing the QA program ultimately rests with the M-I SWACO NPDES 


Compliance Specialist. The M-I SWACO NPDES Compliance Specialist is specifically responsible for: 


• Maintaining technical proficiency in the compliance procedures; 


• Maintaining records for field equipment; 


• Maintaining and calibrating equipment for compliance tests; 


• Collecting and/or analyzing effluent samples; 


• Transferring documents to the records custodian at the end of the drilling season; 


• Providing copies of analytical reports to the permittee; and 


• Reporting deviations from procedures to supervisory personnel. 
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2.3 Data Quality Objectives 


The DQOs for the monitoring of operational discharges are to address the following GP requirements:  


• Ensure that samples and measurements taken for the purpose of monitoring are representative of 


the monitored activity; 


• Collect and analyze effluent samples in accordance with the methods specified in 40 CFR Part 


435 and 40 CFR Part 136; and 


• Collect and analyze samples of the type, frequency, quantity, and quality to meet the effluent 


limitations and monitoring requirements outlined in Section II of the GP. 


2.4 Field Sampling  


The following sections outline the operational discharge compliance sampling program design, which is 


intended to meet project DQOs and the effluent limitations and monitoring required by the GP.  


2.4.1 Sampling, Measurement, and Observation Locations 


This section presents discharge sampling, flow/volume measurement, and observation locations. Samples 


of treated discharge media will be collected after the final treatment system component and prior to the 


applicable discharge point or caisson. Discharge flow rates will either be estimated (total volume 


discharged) or recorded by using a dedicated inline flow meter in accordance with M-I SWACO written 


procedures.  Discharges that include a chemical additive and exceed 10,000 gallons during any 24-hour 


period will be sampled once per well for whole effluent toxicity testing in accordance with M-I SWACO 


written procedures. Visual discharge observations for sheen, floating solids, or other residues will be 


conducted from vantage points aboard the surface of the vessel that allow for unobstructed observation of 


the receiving waters in accordance with M-I SWACO SOP 3005. 


Table 2-6 presents the discharge sampling locations, flow/volume measurement locations, and visual 


observation locations as well as station identifiers and vessel sample location designators. Vessel sample 


locations correlate to points identified on the Polar Pioneer in Figure 1 (Appendix B to the BMP). 
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Table 2-6 Discharge Sampling Locations 


Discharge 


 Location/ Station 


ID
1 


Sample 


Location(s) Type of Measurement Effluent Parameter 


Discharges 


D001/D009/D012 


Inboard Comingled 


Drilling Fluids and 


Cuttings, Non-Contact 


Cooling Water, and 
Excess Cement Slurry 


Lower Hull Plan 


Figure 


 


Shunt line at Port #2 


Column  


Drilling fluids 


and cuttings from 
shale shakers 


Analytical sample 


SPP toxicity 


TAH 


TAqH 


Diesel oil 


Field sample pH, Static sheen 


Estimate Flow Volume (mgd)  


Visual observation Free Oil (visual sheen) 


Discharges 


D002/D005/D009/D011 


Deck Drainage, 


Desalination Unit 


Wastes, Non-Contact 


Cooling Water, Bilge 
Water  


Lower Hull Plan 


Figure 


 
GSSL discharge 


OWS Effluent 


line; 


Flow meter on 
OWS 


Analytical sample 


TAH 


TAqH 


Tox screen/WET 


Field sample pH 


Calculation/Measurement Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Discharge D003 


Sanitary Wastewater 


Lower Hull Plan 


Figure  


MSD Effluent 


Line 


Analytical sample 


BOD5 


TSS 


Fecal Coliform 


Bacteria 


Field sample 
pH, Total residual 


chlorine 


Flow meter reading Flow Volume (mgd) 


Visual observation 


Oily Sheen, Floating 


solids & garbage, 
Foam 


Discharge D004 


Domestic Wastewater 


Lower Hull Plan 


Figure 
Effluent Line 


Field Sample pH 


Estimated Flow Volume (mgd) 


Visual Observation 
Floating solids & 


garbage, Foam 


Discharge 010 


Uncontaminated Ballast 
Water 


Lower Hull Plan 


Figure 


Inboard Ballast 


Water  


Discharge Lines 


Field sample pH 


Calculation/Measurement Total Volume (gal) 


Visual observation Free Oil (visual sheen) 


Notes: 
1 Locations are identified in Discharge Locations Figures, Appendix B to the BMP.  


bbl/hr = barrels per hour 


BOD5 = 5-day biochemical oxygen demand 


BOP = blowout preventer 


gal = gallons 


GSSL = General Seawater Service Line 


mgd = millions of gallons per day 


MSD = marine sanitation device 


OWS = oil/water separator 


SPP = suspended particulate phase 


TSS = total suspended solids 


WET = whole effluent toxicity 
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2.4.2 Sampling, Measurement, and Observation Frequencies 


This section summarizes the procedures for ensuring compliance with the required sampling, 


measurement, and observation frequencies specified in the GP. Frequencies of general tasks related to the 


operational discharge compliance sampling program are summarized in Table 2-7. 


Compliance monitoring requirements and sampling tasks for each discharge are presented in the 


following sections. All sampling related activities shall be conducted in accordance with this QAPP and 


the applicable written procedures. 


2.4.2.1 Daily Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Attend project health and safety meetings and project planning meetings and provide input and 


communication as it relates to sampling requirements; 


• Maintain and document the condition of the sample storage refrigerator in accordance with the 


procedures outlined in this QAPP and M-I SWACO SOPs 1005 and 1006;  


• Provide Daily Activities Report to the M-I SWACO NPDES Compliance Supervisor;  


• Document flow/volume estimates and sampling /testing performed to ensure compliance with 


M-I SWACO written procedures and permit stipulations; 


• Monitor to ensure if a chemical additive is used and if discharges from 002 (deck drainage), 005 


(desalination unit wastes), 008 (fire control system test water), 009 (non-contract cooling water) 


and 011 (bilge water) exceed 10,000 gallons during any 24-hour period;  


• Collect samples and submit to a contract laboratory (Environ or equivalent laboratory). Perform 


initial toxicity screening four times per well in accordance with the M-I SWACO SOP and the 


analytical protocols established by Environ for conducting the required toxicity testing. WET 


testing required if any initial toxicity screening does not meet criteria listed in Section 2.4.3.1.  


2.4.2.2 Weekly Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a weekly basis: 


• Inspect and document the current inventory of sampling equipment, supplies, and containers in 


accordance procedures outlined in this QAPP and M-I SWACO SOP 1006;  


• Request additional materials as necessary; and 


• Document weekly measurements and sampling /testing performed to ensure compliance with M-I 


SWACO written procedures and permit stipulations. 


2.4.2.3 Monthly Tasks 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 
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• Document or estimate monthly discharge flow volumes from daily measurements in accordance 


with procedures outlined in this QAPP and M-I SWACO SOP 1006 for all discharges; and 


• Provide a monthly discharge flow volume report to the Shell Environmental Compliance 


Engineer and M-I SWACO NPDES Compliance Supervisor detailing all discharges performed 


during the month, including daily discharge volume measurements. 


Table 2-7 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies and Related SOPs 


Frequency Task M-I SWACO SOP 


Daily Attend HSE and project planning meetings N/A 


Maintain sample refrigerator 1005, 1006 


Daily activity report N/A 


Monitor if chemicals are added to the system and if  


discharges exceed 10,000 gals/24-hr period 


1006, 2001, Section 2.4.3 


Weekly Sampling supply inventory 1006 


Monthly Document or estimate monthly discharge flow volumes  1006 


Monthly discharge flow volume report N/A 


Notes: 


HSE = Health, Safety, and Environment 


SOP = standard operating procedure 


2.4.3 Compliance Sampling Requirements for Each Operational Discharge 


Compliance activities include the collection of samples for analysis at the rig compliance laboratory, and 


collection of samples for shipment to the Barrow mobile laboratory and fixed subcontract laboratory. 


Environmental samples will be collected using methods selected to ensure that project DQOs are met. 


Written procedures that outline the procedures to be followed for the collection and analysis of 


environmental samples are included as an attachment to this QAPP. These written procedures ensure that 


project personnel collect representative samples in a consistent manner for all required sampling matrices 


and locations, that contamination is not introduced during collection, and that the sample volumes are 


properly preserved in order to meet project objectives and analytical method requirements.  


The following sections describe the samples to be collected for each discharge to support compliance with 


this QAPP and the GP. Several discharges are comingled and will be sampled according to the most 


stringent effluent limitations among the individual discharges (Table 2-9). If necessary, individual 


discharges will be sampled upstream from the discharge point. Therefore, the following information is 


presented for the individual discharges: sampling tasks and frequency; the type and matrix of samples to 


be collected; analytical methods; required volume of sample; QC samples and frequency; and sample 


containers, preservation, and holding times. 


 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 35 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


2.4.3.1 Effluent Toxicity Testing 


As part of the Phase II Assessment of the EMP, initial toxicity testing will be conducted four times per 


well during exploration drilling activities for the following discharges: 002 (deck drainage), 005 


(desalination unit wastes), 007 (boiler blowdown), 008 (fire control system test water), 009 (non-contact 


cooling water), and 011 (bilge water). 


The effluent samples will be collected from the discharge stream after the last treatment on the drilling rig 


and before the discharge stream enters the receiving waters. If samples are collected for both toxicity 


testing and operational discharge compliance analyses at the same time, a split sample will be collected. 


Split samples are two or more representative portions taken from one sample collected at the appropriate 


sampling location.  To ensure that split samples are representative, the volume of sample collected must 


equal the total volume required for all of the laboratory analyses.  For example, if the WET tests were 


triggered by a failure of the initial rapid screening test for a particular discharge, then the maximum 


volume of effluent to be collected at any given time would be 49 L of effluent: WET testing (45 L), TAH 


(0.12 L), TAqH (2 L), static sheen (0.5 L), and pH (0.1 L) analyses. 


Effluent toxicity testing as required under the GP will consist of an initial toxicity screening (100% 


effluent may not be attainable if sample must be salinity corrected to accommodate the optimal salinity 


range for echinoderms) at four different time periods selected to reflect discharge practices and 


operational processes. If the initial toxicity screen indicates the effluent sample may cause adverse 


biological impacts as defined by the toxicity testing threshold limits established for this program, then 


whole effluent toxicity (WET) testing is required and the WET testing sample will be collected as soon as 


practical. In addition, if other discharge thresholds are exceeded as specified greater than 10,000 gallons 


in a 24 hour period and if chemicals are added such that they will end up in the discharge, then WET 


testing will also be initiated.  


The threshold limits established for this program are based on the initial toxicity screening test using 


echinoderm fertilization success. This test has been demonstrated to have a detectable significant criteria 


ranging (i.e., ability to detect and effect) from 15.5% to 25% for various laboratories (Carr et al. 1996, 


USGS 1998, and Porebski et al. 1999). For this program, the initial toxicity screening thresholds include 


the following three criteria, which must all be met to indicate a positive toxicity result:  


1) Test validation requires >70% fertilization. 


2) A sample that has sufficient reduction in fertilization to be identified as an adverse effect requires 


a statistically significant difference between the validated control fertilization test and the 100% 


effluent.  


3) The decline in fertilization compared to the validated control response must be at least 25%.  


For example, if the control percent fertilization was 80%, then the effluent response must be statistically 


significantly different from the control and have exhibited a greater than 25% difference in percent 


fertilization (<55% fertilization). 
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The remote location of the drilling sites in the Chukchi Sea creates logistical challenges for transporting 


samples to the laboratory within the method-required holding times. Due to these challenges, the volume 


of effluent initially collected to conduct the WET testing will include sufficient volume to carry all testing 


through completion (if WET testing is triggered). An adequate volume for each effluent sample will be 


collected to conduct the rapid screening test (2 L), or the chronic WET testing, if triggered (45 L), for a 


particular discharge.  The practice of collecting all volume required for the WET testing requirements up 


front has been used to assess the chronic toxicity of discrete discharge events such as storm water runoff 


or de-icing activities, where renewal samples are not able to be collected beyond the time period of the 


event in question. Adequate volume of the initial WET testing sample (45L) will be sufficient to 


accomplish all test initiation activities including daily test solution renewals of the 7 day chronic assays. 


Renewal samples will attempt to be collected and transported on an every-other day basis following 


collection of the initial WET sample per EPA guidance. The volume of the second and third sample will 


be 30L and 20L, respectively.  Effluent samples will be collected for toxicity testing in accordance with 


the Environ Collection of Effluent Samples for Biological Testing SOP ENV001 (Appendix A). 


Testing should be initiated on samples within 36 hours of sample collection, but must not exceed 72 hours 


as prescribed in the GP and method guidance. Effluent samples used for test solution renewals on the 


WET 7-day chronic tests (days 1-6) may be used up to 48-hours after the initial use (test initiation) 


(USEPA 2002). This guidance indicates that samples may be used for test solution renewals at up to 120 


hours from the time of collection. Table 2-8 summarizes these holding times. 


Table 2-8 Effluent Sample Holding Times for Toxicity Testing  


Holding Time for Test Initiation 
Sample Aging for Use as Test Solution Renewal 


(During Test) 


0 – 36 hours (recommended) 


0 – 72 hours (allowed maximum) 


0 – 84 hours (recommended) 


0 – 120 hours (allowed maximum) 


Note: 


Holding times are from time of sample collection. 


All toxicity testing will be conducted at the Environ Port Gamble Environmental Laboratory located in 


Port Gamble, Washington. In order to meet holding times for testing, effluent sample collection for an 


applicable discharge event will be coordinated with helicopter transport and priority air freight shipping 


from Barrow, Alaska.   


An example scenario and timeline for effluent sample collection and shipment is provided below. The 


timeline allows for minor delays in transport. Alaska Airlines has ~20 flights each day from Anchorage to 


Seattle. Departure of samples from Anchorage can occur aboard an earlier or slightly later flight to meet 


the 36 hour holding time (initiate test by 2000 on second day). 


0800-1200 Effluent samples are collected during the morning of the applicable discharge event. 


1200-1300 All samples are packed with ice packs in coolers and CoC procedures are initiated as 


described in this QAPP. 


1300-1400 Samples are transported in the afternoon by helicopter to Alaska Air Cargo GoldStreak® 


in Barrow, Alaska. 
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1843-2035 Samples are transported by cargo only or a cargo/passenger aircraft (cargo and 


passengers) in the early evening to Anchorage, Alaska. 


0150-0615 Samples are transported by cargo only, combination of cargo and passenger, or passenger 


aircraft in the early morning to Seattle, Washington. Alaska Air Cargo GoldStreak® known shipper status 


allows transport on passenger aircraft for packages less than 100 pounds. 


0900-1200 Samples are transported by courier from the Seattle Airport to Environ Port Gamble 


Environmental Laboratory in the morning for sample log-in and test initiation by the afternoon. 


If WET testing is required, 45 L will be collected at the time of initial sample collection. This initial 


volume of sample for WET testing, which includes renewal water volume, will be assigned Priority 1 


(Type I Samples) in the helicopter support priority matrix due to the short holding time for test initiation 


(Table 2-8). Subsequent volumes of renewal water (Sample 2: 30 L; Sample 3: 20 L) will be collected as 


required for compliance with the analytical method, and an attempt to transport this renewal water will be 


made. Transportation of renewal water samples will be assigned transport Priority 3 (Crew Change) 


priority.  


If transport of the renewal water sample is delayed, the laboratory will use the initial aliquot that was 


received; M-I SWACO NPDES Compliance Specialists will continue to attempt to collect the required 


volume of renewal water during the next feasible time.  


The laboratory will document the condition of the sample volume used for WET testing, including any 


variance in receipt of the sample (such as weather delays, or delays due to competing helicopter 


priorities); the nature of the waste stream and effect on toxicity degradation (if any); and the action taken 


by the laboratory (e.g., utilization of the initial sample). Shell will notify EPA of any variance in samples 


collected for WET testing. 


2.4.3.2 Compliance Sampling for Water-Based Drilling Fluids and Drill Cuttings (Discharge 001) 


Prior to drilling each well, the M-I SWACO NPDES Compliance Specialist is responsible for performing 


the following sampling tasks: 


• Stock barite is analyzed and assigned a lot number by the vendor and a Certificate of Analysis 


accompanies each shipment. The M-I SWACO NPDES Compliance Specialist will retain a copy 


of the Certificate of Analysis in the field notebook for the lot of stock barite prior to its use. Each 


time a new lot batch of barite is utilized within the drilling season, the M-I SWACO NPDES 


Compliance Specialist will retain the Certificate of Analysis and record the lot number in the field 


notebook prior to its use.  


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks while discharging water-based drilling fluids and cuttings: 


• Document the flow volume from discharge flow meters or estimate the volume of fluids and 


cuttings discharged hourly by calculating the hourly discharge rate in bbl/hr, and ensure that the 


depth-dependent discharge rate in Table 2-2 is not exceeded. The Shell Environmental 


Compliance Engineer and M-I SWACO NPDES Compliance Supervisor will be notified when 
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the discharge rate exceeds 75% of the maximum allowable hourly discharge rate and there is 


potential for that rate to be exceeded. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks on a daily basis: 


• Document the flow volumes from all discharge flow meters and waste volumes in bulk discharge 


holding tanks aboard the vessel in accordance with procedures outlined in this QAPP and M-I 


SWACO SOP 1006. The total daily volumes of drilling fluids and drill cuttings will be recorded 


and reported in the End of Well Report, and total volume discharge per calendar day will be 


recorded daily and reported monthly in the Discharge Monitoring Report (DMR). 


• Perform and document visible sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• Collect samples and document results for static sheen tests in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. As soon as practicable, perform 


static sheen analysis.  


• Document the quantity of any chemical additive used. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following sampling tasks on a weekly basis: 


• Collect and document a water-based drilling fluids and cuttings sample SPP toxicity in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2002.  


Immediately transfer the SPP toxicity sample to the sample refrigerator for storage awaiting 


packaging for transportation to the fixed analytical laboratory. Package samples for transport to 


the fixed analytical laboratory in accordance with procedures outlined in this QAPP and M-I 


SWACO SOP 2003. Retain one SPP toxicity sample container in the sample refrigerator until 


acceptable results are received for the sample transported to the fixed analytical laboratory. If 


problems occur with the original SPP toxicity sample transported to the analytical laboratory that 


will invalidate the results, package and transport the remaining sample to the fixed analytical 


laboratory for analysis. 


Once per well, the M-I SWACO NPDES Compliance Specialist is responsible for performing the 


following sampling tasks: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


• Collect and document a water-based drilling fluid sample for TAH and TAqH in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2008. Immediately 


transfer the samples to the sample refrigerator for storage awaiting packaging for transportation to 


the fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. Samples must be 
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collected at the same time as the SPP toxicity sample, to the extent practical (see end of well tasks 


below). 


• When total depth of the well (end of well) has been reached or static sheen test fails, the M-I 


SWACO NPDES Compliance Specialist will collect and document a water-based drilling fluid 


sample for diesel oil (fingerprint) analysis in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006, 2001, and 2008. Immediately transfer the samples to the sample 


refrigerator for storage awaiting packaging for transportation to the fixed analytical laboratory. 


Package samples for transport to the fixed analytical laboratory in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 2003.   


• When total depth of the well (end of well) has been reached, the M-I SWACO NPDES 


Compliance Specialist is responsible for performing the following tasks: Collect and document a 


water-based drilling fluids and cuttings sample for SPP toxicity in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2002. Immediately transfer the 


sample to the sample refrigerator for storage awaiting packaging for transportation to the fixed 


analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. Retain one SPP 


toxicity sample container in the sample refrigerator until acceptable results are received for the 


sample transported to the fixed analytical laboratory. If problems occur with the original SPP 


toxicity sample transported to the fixed analytical laboratory that will invalidate the results, 


package and transport the remaining sample to the fixed analytical laboratory for analysis. 


• In support of the EMP, two samples of water-based drilling fluids and two samples of drill 


cuttings will be collected during drilling of the largest casing interval (after the blowout preventer 


(BOP) is set), and two samples of used water-based drilling fluids will be collected during bulk-


mud discharge (if applicable), in Phase II of the monitoring program for a total of six samples 


(Table 3-4). Drilling-mud compositions and monitoring records will be obtained from Transocean 


to the degree possible. The drilling phases targeted for this sampling include 1.) drilling the 


largest casing interval after the BOP is set; and 2.) bulk-mud discharges (if this occurs). The 


water-based drilling fluids and drill cuttings will be collected in clean glass jars, and sample 


handling and analysis will be performed in accordance with Section 3.0. Samples will be 


analyzed for the metals identified in Table A of the GP and for hydrocarbons (specific suite of 


analytes and individual analytes reported in Section 3.0). 


• As required by Section II.A.13.j.1 of the GP, samples will be collected for the analysis of each 


drilling fluids system for the metals identified in Table A of the GP. A sample will be collected 


from each drilling fluids system at the three casing intervals of the lower hole section as described 


in the Drilling Fluid Plan and in accordance with Section 3.4.1.5. Samples of the drilling fluids 


system must be collected when the metals concentrations are projected to be at their maximum 


value for each applicable system. Samples of water-based drilling fluids will be collected in clean 


glass jars, and sample handling and analysis will be performed in accordance with Section 3.0.   


Table 2-9 summarizes the drilling fluid and effluent monitoring tasks and frequencies, and Table 2-10 


summarizes the analytical samples that will be collected for Discharge 001, Water-Based Drilling Fluids 


and Drill Cuttings. 
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Table 2-9 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 001  


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Static sheen tests 1006, 2001, 3004 


Prior to drilling Stock barite metals Certificate of Analysis 1006 


Weekly SPP toxicity sample 1006, 2001, 2002, 2003, Section 2.4.3 


Once per well pH samples of drilling fluid 1006, 2001, 2012 


TAH/TAqH samples of drilling fluid 1006, 2001, 2003, 2008 


End of well SPP toxicity sample 1006, 2001, 2002, 2003, Section 2.4.3 


Diesel fingerprint sample of aqueous drilling fluid 1006, 2001, 2003, 2008 


During discharge  Daily volume measurements and flow rate estimates for 


discharge of water-based drilling fluids/drill cuttings 


1006 


Notes: 


HSE = Health, Safety, and Environment 


SOP = standard operating procedure 


SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 
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Table 2-10 Analytical Sampling for Water-Based Drilling Fluids and Drill Cuttings (Discharge 001) 


Type of 


sample Matrix Parameter 


Analytical 


Method 


Permit 


Limit/    


Water 


Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


Mud & 


cuttings 


from shale 


shakers 


Aqueous 


Suspended 


particulate phase 
(SPP) toxicity 


40 CFR 435, 


App. 2 to 


Subpart A  
(E1619) 


96-hr LC50  


> 30,000 
ppm 


1 L 
(1) 1-gal (4L) 


LDPE jar 
0 to 4°C 90 days 


Weekly and 


End of well 


TAH/TAqH1 


E624 
Report 


(µg/L) 
40 mL 


(3) 40-mL VOA 


vials w/TLS 


Cool <6°C,      


HCl to pH<2 
14 days 


Once per well 


E625 SIM 
Report 


(µg/L) 
1 L 


(2) 1-L amber glass 


jars w/TLC 
Cool <6°C 


7 days to 


extraction,  


40 days to 


analysis 


Aqueous 
Diesel 


fingerprint 
SW8015C No discharge 


10 mL 
(2) 40-mL VOA 


vials w/TLS 
Cool <6°C 


7 days to 


extraction,  


40 days to 
analysis 


End of well, or 


if static sheen 
test fails Oil 10 mL 


(2) 40-mL VOA 


vials w/TLS 


Notes: 


All samples will be collected as grab samples.  
1 Sample must be collected at the same time as the SPP toxicity test, to the extent practicable, and at the end of well. 


µg/L = micrograms per liter 


mg/kg = milligrams per kilogram 


mL = milliliter 


L = liter 


HCl = hydrochloric acid 


LDPE = low-density polyethylene 


OWS = oil/water separator 


SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TLC = Teflon-lined cap 


TLS = Teflon-lined septa 


VOA = volatile organic analysis  
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2.4.3.3 Compliance Sampling for Deck Drainage (Discharge 002) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect samples and document samples for pH analysis in accordance with QAPP procedures 


outlined in this QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, transport 


pH samples to the rig compliance laboratory for analysis.  


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document three 


samples from the OWS effluent on an every-other-day basis in accordance with the procedures 


outlined in Section 2.4.3.1 of this QAPP. Immediately transfer the samples to the sample 


refrigerator for storage awaiting packaging for transportation to the fixed analytical laboratory. 


Package samples for transport to the fixed analytical laboratory in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks once per discharge event (if conducted continuously): 


• Collect and document samples from the OWS effluent for TAH and TAqH in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006, 2001, and 2008. Immediately 


transfer the samples to the sample refrigerator for storage awaiting packaging for transportation to 


the fixed analytical laboratory. Package samples for transport to the analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003.  


• Document the quantity of any chemical additive used. 


• Perform and document visible sheen test in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005.  


• Document the flow volumes from the OWS effluent flow meter in accordance with procedures 


outlined in this QAPP and M-I SWACO SOP 1006. Additionally, the volume discharged directly 


overboard will be estimated and recorded. The total volume in gallons will be reported monthly. 


• Collect samples for static sheen tests from OWS effluent and document results in accordance with 


procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. Immediately deliver 


samples to the rig compliance laboratory for analysis.  
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Table 2-11 summarizes the effluent monitoring tasks and frequencies, and Table 2-12 summarizes the 


analytical samples that will be collected for Discharge 002, Deck Drainage.  


Table 2-11 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 002 


Frequency Task M-I SWACO (or Misc.) SOP 


Once per discharge 


event (if conducted 


continuously) 


Document discharge flow volumes 1006 


TAH/TAqH samples of deck drainage 1006, 2001, 2003, 2008 


Visual sheen test 1006, 3005 


Static sheen test 1006, 2001, 3004 


Monthly pH sample 1006, 2001, 2012 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043  


Notes: 


SOP = standard operating procedure 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


WET = whole effluent toxicity 
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Table 2-12 Analytical Sampling for Deck Drainage (Discharge 002) 


Type of 


sample Matrix Parameter 


Analytical 


Method 


Effluent Limit/    


Water Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


OWS 


Effluent 
Aqueous 


TAH/TAqH 


E624 
Report  


(µg/L) 
40 mL 


(3) 40-mL VOA 


vials w/TLS 


Cool <6°C,      


HCl to pH<2 
14 days 


Once per 


discharge event 


E625 SIM 
Report 


(µg/L) 
1 L 


(2) 1-L amber 


glass jars w/TLC 
Cool <6°C 


7 days to 


extraction, 


40 days to 


analysis 


Initial toxicity 


screening 


EPA/600/R-95-136 


(TOX045) 


Report – 


Test is statistically 


significantly 


different from 


control AND  


there is >25% 


decline in 


fertilization 


relative to control 


2-L 
(1) 2-L HDPE 


bottle 
0 to 4°C 90 days 


Four times per 


well 


WET2 


EPA/600/R-95-136 


(Topsmelt Chronic 


7d Survival and 


Growth Test)1 or 


 


EPA/821-R-02-014 


(Menidia Chronic 


7d Survival and 
Growth Test) )1 


Report 


45-L + 


renewal 


samples  


(see Section 
2.4.3.1)  


(2) 20-L and  


(1) 10-L HDPE 
cubitainers 


Cool <6°C 


36 hours  


(Max 72 hrs) 


and requiring 


justification 


for holding 


time if >36 
hour) 


Upon failure of 


toxicity screening 
criteria, OR  


Once per well if 


discharge exceeds 


10,000 gal and 


chemicals are 


added to the 
system 


EPA/821-R-02-014 


(Mysid Chronic 7d 


Survival, Growth, 


and Fecundity 
Test)1 


EPA/600/R-95-136 


(Echinoderm Larval 
Development Test) 


Notes: 


All samples collected as grab samples. 
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Notes (continued): 
1 Samples for these tests should be provided as one, 10-L sample on an every-other-day basis. If this sample strategy is not feasible, a single sample of 30 L may be provided at one time. 


 2 Samples for WET testing may be collected in larger containers (up to 20-L LDPE cubitainers or different combination thereof) to facilitate sufficient volume to conduct all three tests. 


µg/L = micrograms per liter 


mL = milliliter 


L = liter 


EPA = U.S. Environmental Protection Agency 


HCl = hydrochloric acid 


LDPE = low-density polyethylene 


OWS = oil/water separator 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TLC = Teflon-lined cap 


TLS = Teflon-lined septa 


VOA = volatile organic analysis 


WET = whole effluent toxicity 
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2.4.3.4 Compliance Sampling for Sanitary Wastes (Discharge 003) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the sanitary waste flow volume from the effluent flow meter in accordance with 


procedures outlined in this QAPP and M-I SWACO SOP 1006.  


• Document the quantity of any chemical additive used. 


• Perform and document visual assessments for floating solids, sheen, debris, sludge, foam, 


deposits, scum, or other residues from discharges of sanitary wastes in accordance with QAPP 


Section 3.0 and M-I SWACO SOP 1006. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a weekly basis: 


• Collect and document treated sanitary waste samples for pH, BOD5, TSS, fecal coliform (FC) 


bacteria, and total residual chlorine (if used as disinfectant) in accordance with procedures 


outlined in this QAPP and M-I SWACO SOPs 1006, 2001, 2010, 2011, 2012, 2013, and 2014.  


Immediately deliver pH and total residual chlorine samples to the rig compliance laboratory for 


analysis.  Immediately transfer BOD5, TSS, and FC samples to the sample refrigerator for storage 


awaiting packaging for transportation to the Barrow mobile laboratory. Package samples for 


transport to the Barrow mobile laboratory in accordance with procedures outlined in this QAPP 


and M-I SWACO SOP 2003. 


Table 2-13 summarizes the effluent monitoring tasks and frequencies, and Table 2-14 summarizes the 


analytical samples that will be collected for Discharge 003, Sanitary Wastes. 


Table 2-13 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 003 


Frequency Task M-I SWACO SOP 


Daily  Document discharge flows and waste volumes 1006 


Visual assessments of receiving waters 1006, 3005 


Visual sheen tests 1006, 3005 


Weekly pH sample 1006, 2001, 2012 


BOD5, TSS, Total residual chlorine samples 1006, 2001, 2003, 2010, 2013, 2014 


Fecal coliform bacteria sample 1006, 2001, 2003, 2011 


Notes: 


BOD5 = 5-day biochemical oxygen demand 


SOP = standard operating procedure 


TSS = total suspended solids 


WET = whole effluent toxicity 
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Table 2-14 Analytical Sampling for Sanitary Wastes (Discharge 003) 


Type of 


sample Matrix Parameter 


Preparation 


and 


Analysis 


Method 


Effluent Limit/    


Water Quality 


Standard 


Required 


Volume 


Sample 


Container Preservative 


Holding 


Time 


Sampling 


Frequency 


Treatment 


System 
Effluent 


Aqueous 


BOD5 SM5210-B 


30 mg/L 


(Monthly average); 


60 mg/L  


(Daily limit) 


1 L (1) 1-L poly bottle Cool <6°C 48 hours 


Weekly TSS SM2540-D 


30 mg/L 


(Monthly average); 


60 mg/L  


(Daily limit) 


1 L (1) 1-L poly bottle Cool <6°C 7 days 


Fecal 


coliform 
bacteria 


SM9222-D 


100 colonies/100 mL 


(Monthly average); 


200 colonies/100 mL 


(Daily Limit) 


100 mL 


(1) 125-mL sterile 


poly container     
w/ Na2S2O3 


Cool <6°C, 


Na2SO3 
8 hours 


Notes: 


All samples will be collected as grab samples. 


L = liter 


mg/L = milligrams per liter 


mL = milliliter 


BOD5 = 5-day biochemical oxygen demand 


Na2S2O3 = sodium thiosulfate 


TSS = total suspended solids 
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2.4.3.5 Compliance Sampling for Domestic Wastes (Discharge 004) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the domestic waste flow volume in accordance with procedures outlined in this QAPP 


and M-I SWACO SOP 1006.  


• Document the quantity of any chemical additive used. 


• Perform and document visual assessments for floating solids, garbage, or foam from discharges 


of domestic wastes in accordance with QAPP Section 3.0 and M-I SWACO SOP 1006. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


Table 2-15 summarizes the effluent monitoring tasks and frequencies for Discharge 004, Domestic 


Wastes. 


Table 2-15 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 004 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual assessments of receiving waters 1006, 3005 


Weekly pH sample 1006, 2001, 2012 


Notes: 


SOP = standard operating procedure 


2.4.3.6 Compliance Sampling for Desalination Unit Wastes (Discharge 005) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 
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initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• Document the quantity of any chemical additive used. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-16 summarizes the effluent monitoring tasks and frequencies for Discharge 005, Desalination 


Unit Wastes. 


Table 2-16 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 005 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 
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2.4.3.7 Compliance Sampling for Blowout Preventer Fluid (Discharge 006) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis. 


Table 2-17 summarizes the effluent monitoring tasks and frequencies for Discharge 006, Blowout 


Preventer Fluid. 


Table 2-17 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 006 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Note: 


SOP = standard operating procedure 


2.4.3.8 Compliance Sampling for Boiler Blowdown (Discharge 007) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 52 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• If possible four times per well, at intervals designated to be representative of the discharge’s 


toxicity, a sample will be collected for initial toxicity screening. Each sample will be collected at 


a time period selected to reflect discharge processes and operational processes. Collect and 


document initial toxicity screening samples in accordance with the procedures outlined in Section 


2.4.3.1 of this QAPP. Due to the infrequency of discharge and limited volume of water produced, 


it is unlikely that this screening will be able to be performed four times per well. 


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-18 summarizes the effluent monitoring tasks and frequencies for Discharge 007, Boiler 


Blowdown. 


Table 2-18 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 007 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 
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Frequency Task M-I SWACO (or Misc.) SOP 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.9 Compliance Sampling for Fire Control System Test Water (Discharge 008) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Estimate flow volume in accordance with procedures outlined in this QAPP and M-I SWACO 


SOP 1006.  


• Document the quantity of any chemical additive used. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 
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• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. Immediately deliver pH samples to the rig 


compliance laboratory for analysis.  


Table 2-19 summarizes the effluent monitoring tasks and frequencies for Discharge 008, Fire Control 


System Test Water. 


Table 2-19 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 008 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.10 Compliance Sampling for Non-contact Cooling Water (Discharge 009) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis for each of the non-contact cooling water discharges: 


• Document the flow volume from the effluent flow meters in accordance with procedures outlined 


in this QAPP and M-I SWACO SOP 1006. 


• Perform and document visual sheen tests for each outfall in accordance with procedures outlined 


in this QAPP and M-I SWACO SOPs 1006 and 3005. 


• Temperature will be monitored continuously and documented for non-contact cooling water (009) 


in accordance with procedures outlined in this QAPP and M-I SWACO LWI-001.  


• Document the quantity of any chemical additive used. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 
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initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  


• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis. 


Table 2-20 summarizes the effluent monitoring tasks and frequencies for Discharge 009, Non-contact 


Cooling Water.  


Table 2-20 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 009 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Temperature monitoring of non-contact cooling water 1006, LWI-001 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.11 Compliance Sampling for Uncontaminated Ballast Water (Discharge 010) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 
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During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


• If visual sheen tests cannot be performed, collect and document samples for static sheen tests in 


accordance with procedures outlined in this QAPP and M-I SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-21 summarizes the effluent monitoring tasks and frequencies for Discharge 010, Uncontaminated 


Ballast Water.  


Table 2-21 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 010 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test 1006, 2001, 2003, 2008 


Static sheen test (if required) 1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.12 Compliance Sampling for Bilge Water (Discharge 011) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the flow volume for discharges from the effluent flow meters in accordance with 


procedures outlined in this QAPP and M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive. 


The M-I SWACO NPDES Compliance Specialist is responsible for performing the following sampling 


tasks four times per well: 


• Four times per well, at intervals designated to be representative of the discharge’s toxicity, a 


sample will be collected for initial toxicity screening. Each sample will be collected at a time 


period selected to reflect discharge processes and operational processes. Collect and document 


initial toxicity screening samples in accordance with the procedures outlined in Section 2.4.3.1 of 


this QAPP.  
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• WET testing will be required if either of the following occurs: 1) Initial rapid toxicity screening 


threshold criteria are exceeded OR 2) discharge exceeds 10,000 gallons during any 24-hr period 


and chemicals are added to the system. If WET testing is required, collect and document samples 


in accordance with the procedures outlined in Section 2.4.3.1 of this QAPP. Immediately transfer 


the samples to the sample refrigerator for storage awaiting packaging for transportation to the 


fixed analytical laboratory. Package samples for transport to the fixed analytical laboratory in 


accordance with procedures outlined in this QAPP and M-I SWACO SOP 2003. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Collect and document a sample for static sheen test for discharge of bilge water (011) that has 


been processed through the OWS in accordance with procedures outlined in this QAPP and M-I 


SWACO SOPs 1006 and 3004. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-22 summarizes the effluent monitoring tasks and frequencies for Discharge 011, Bilge Water.  


Table 2-22 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 011 


Frequency Task M-I SWACO (or Misc.) SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Four times per well Initial effluent toxicity screening 1006, 2001, ENV001, TOX045 


WET testing (if any initial toxicity screening exceeds 


threshold criteria) 


1006, 2001, Section 2.4.3, TOX002, 


TOX012, TOX014B, TOX043 


Once per well WET testing (if discharge exceeds 10,000 gallons 


during any 24-hour period and if chemicals are added 


to the system) 


1006, 2001, TOX002, TOX012, 


TOX014B, TOX043 


Monthly pH sample 1006, 2001, 2012  


Discharge event Static sheen test  1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


WET = whole effluent toxicity 


2.4.3.13 Compliance Sampling for Excess Cement Slurry (Discharge 012) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 
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• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Document the quantity of any chemical additive used. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks per discharge event (if conducted continuously): 


• Perform and document visual sheen tests in accordance with procedures outlined in this QAPP 


and M-I SWACO SOPs 1006 and 3005. 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a monthly basis: 


• Collect and document samples for pH analysis in accordance with procedures outlined in this 


QAPP and M-I SWACO SOPs 1006 and 2012. As soon as practicable, deliver pH samples to the 


rig compliance laboratory for analysis.  


Table 2-23 summarizes the effluent monitoring tasks and frequencies for Discharge 012, Excess Cement 


Slurry.  


Table 2-23 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 012 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Monthly pH sample 1006, 2001, 2012 


Discharge event Visual sheen test  1006, 2001, 3004 


Notes: 


SOP = standard operating procedure 


2.4.3.14 Compliance Sampling for Muds, Cuttings, and Cement at the Seafloor (Discharge 013) 


During active drilling operations, the M-I SWACO NPDES Compliance Specialist is responsible for 


performing the following tasks on a daily basis: 


• Document the estimated flow volume in accordance with procedures outlined in this QAPP and 


M-I SWACO SOP 1006. 


• Perform and document visual sheen tests for each outfall in accordance with procedures outlined 


in this QAPP and M-I SWACO SOPs 1006 and 3005. 


Table 2-24 summarizes the effluent monitoring tasks and frequencies for Discharge 013, Muds, Cuttings, 


and Cement at the Seafloor.  
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Table 2-24 Summary of Compliance Sampling, Measurement, and Observation 


Frequencies for Discharge 013 


Frequency Task M-I SWACO SOP 


Daily Document discharge flows and waste volumes 1006 


Visual sheen tests 1006, 3005 


Notes: 


SOP = standard operating procedure 


2.4.4 Field SOPs 


The SOPs and LWIs are formal, revision-controlled documents that: 


• Define the methods used in the performance of tasks having an effect on the quality of data, 


findings, or conclusions; 


• Provide standard methods for execution and documentation of work, so as to maximize 


uniformity and reliability of products; and 


• Facilitate coordination among individuals performing separate but interdependent tasks. SOPs 


and/or LWIs are generated through a cooperative effort among operations and QA personnel.  


QA personnel coordinate their development, which involves an iterative process of review and revision 


until they are satisfactory to both QA and the technical reviewers. 


2.4.4.1 M-I SWACO SOP and LWI Revisions 


As a SOP or LWI is revised, the revision number is incremented and the revised SOP released to the 


distribution list. SOP and LWI revisions shall be processed through the M-I SWACO NPDES 


Compliance Supervisor or appropriate QA staff. SOP revisions may be necessitated by regulatory 


requirements, technological advancements, or other causes.  


Dated acceptance signatures signify approval of the revisions. One technical reviewer and the M-I 


SWACO NPDES Compliance Supervisor or designee shall approve revisions of SOPs and LWIs.  Once 


formally accepted, the revised document replaces the previous version and is distributed to SOP holders 


with instructions as to which document(s) it replaces. 


The M-I SWACO NPDES Compliance Supervisor distributes SOPs and LWIs to technical staff and 


maintains distribution lists to confirm revisions. New SOPs and LWIs are distributed to responsible 


individuals. 


2.4.4.2 Sampling SOPs and LWIs 


Sampling SOPs and LWIs shall be developed, approved, and distributed to M-I SWACO NPDES 


Compliance Specialists. The SOP and/or LWI shall address, as applicable, the following elements: 


• The objectives of the GP; 


• A description of the overall sampling scheme (see below); 
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• The number and location of sampling points; 


• The number and location of control samples; 


• Requirements for QC samples such as blanks, duplicates/replicates, matrix spikes, etc; 


• The analyses to be performed (physical, chemical, toxicological, biological); 


• The number and size (weight or volume) of samples to be collected for each type of analysis; 


• Sample collection methods, specifying sampling equipment or SOPs, where applicable; 


• Field screening procedures and criteria; and 


• Sample containerization, preservation, and transportation procedures. 


The M-I SWACO NPDES Compliance Specialists and subcontract laboratories shall be notified of 


sampling program schedules in advance, so that personnel and physical resources can be scheduled to 


meet sample holding time limitations and other GP requirements.  


M-I SWACO operational discharge sampling-related SOPs and LWIs are listed in Table 2-25. The SOPs 


and LWIs listed in these tables are also included in Appendix A to this QAPP. 


2.4.5 Analytical SOPs 


Environ effluent toxicity testing SOPs are listed in Table 2-26 and included in Appendix A to this QAPP. 


Analytical SOPs for additional methods performed by subcontract laboratories are available upon request. 


Table 2-25 Operational Discharge Compliance Sampling Related SOPs 


M-I SWACO 


SOP Number 
M-I SWACO SOP Title 


1001 Qualification and Documentation of Computer Programs 


1002 Traceability of Reagents, Standards, and Reference Materials 


1003 Equipment Tracking 


1004 Balance Calibration 


1005 Laboratory Refrigerators 


1006 Field Logs 


1008 Demonstration of Capability 


2001 Chain-of-Custody (C-O-C) Procedures 


2002 Sample Collection for Suspended Particulate Phase (SPP) Toxicity Test 


2003 Packaging and Shipment of Samples 


2004 Decontamination of Equipment 


2007 Sample Collection for Chromium VI, Silver, and Thallium in Water-Based Drilling Fluid 


2008 Sample Collection for TAH and TAqH Analyses 


2010 Sample Collection for Biochemical Oxygen Demand (BOD5) Analysis 
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M-I SWACO 


SOP Number 
M-I SWACO SOP Title 


2011 Sample Collection for Fecal Coliform Analysis 


2012 Field Measurement of pH 


2013 Field Measurement of Total Residual Chlorine 


2014 Sample Collection for Total Suspended Solids (TSS) Analysis 


3004 Free Oil by Static Sheen Method 


3005 Visual Sheen Test Method 


LWI-001 Continuous Temperature Monitoring 


LWI-002 Chemical Inventory Management 


LWI-009 Deployment of Overboard House 


LWI-080 Pesticide/Biocide Handling/Mixing 


LWI-080A Mixing pesticide/biocide at the rig (Revision A) 


LWI-080B Mixing Pesticide/Biocides on the rig (Revision B) 


Notes: 


BOD5 = biochemical oxygen demand 


SOP = standard operating procedure 


SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TSS = total suspended solids 


Table 2-26 Drilling Fluid and Effluent Toxicity Testing SOPs 


Environ SOP 


Number 
Environ SOP Title 


TOX002 7-Day Chronic Toxicity Study with Atherinops affinis 


TOX012  7-Day Chronic Toxicity Study with Menidia beryllina 


TOX014B  7-Day Chronic Toxicity Study with Americamysis bahia – Survival, Growth, and Fecundity 


TOX043  
Chronic Toxicity Test Using Echinoderm Larvae (Strongylocentrotus purpuratus or Dendraster 


excentricus) 


TOX045 
Chronic Toxicity Fertilization Test Using Echinoderms (Strongylocentrotus purpuratus or 


Dendraster excentricus) 


ENV001 Chukchi Sea BES – Collection of Effluent Samples for Biological Testing  


Notes: 


SOP = standard operating procedure 


SPP = suspended particulate phase 
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2.4.6 Sample Handling and Custody 


2.4.6.1 Responsibilities 


The M-I SWACO NPDES Compliance Supervisor, or designee, is responsible for verifying that a 


sampling SOP is prepared that conforms to the provisions of this chapter, while fulfilling GP objectives. 


The M-I SWACO NPDES Compliance Supervisor is responsible for assembling or ordering rig 


compliance laboratory sampling kits. Fixed subcontract laboratories are responsible for supplying sample 


containers for fixed laboratory analyses and Barrow mobile laboratory analyses. M-I SWACO NPDES 


Compliance Specialists are responsible for collecting the field and QC samples as described in this 


chapter and as required by the GP; and for adhering to the sample packaging, labeling, and documentation 


requirements of this chapter and associated SOPs. The M-I SWACO NPDES Compliance Specialist is 


responsible for collecting grab samples at a point representative of the discharge. The subcontract 


laboratory sample custodian is responsible for the proper inspection, login, and storage of incoming 


samples, as defined in the laboratory’s SOPs.  


2.4.6.2 Sample Containers, Preservation, and Storage 


In general, samples will be collected for rig compliance laboratory analysis, Barrow mobile laboratory 


analysis, and fixed subcontract laboratory analysis in containers as required by the analytical methods. 


Sample containers are provided by the laboratory and may be pre-cleaned and/or pre-preserved (if 


required by the analytical method). 


The M-I SWACO NPDES Compliance Specialist will clean containers for static sheen and retort cuttings 


samples in the rig compliance laboratory following the procedures in SOP 2004 Decontamination of 


Equipment (Appendix A). 


After collection, the samples are maintained at the required temperature (for most samples, 0 - 6°C) under 


CoC procedures until analysis or until they are shipped to a subcontract laboratory for analysis. For 


operational discharge compliance program samples, the samples should not be frozen. Procedures for 


packaging and shipping samples are outlined in M-I SWACO SOP 2003 Packaging and Shipment of 


Samples.  


A summary of the analytical methods, sample containers, preservation, and holding times for samples that 


will be submitted to subcontract laboratories for analysis is included in Table 2-27.  


Table 2-27 Sample Containers, Preservation, and Holding Times 


Analyte/  


Analyte Group 
Method/SOP 


Container(s) (number, 


size, & type per sample) 
Preservation Holding Time 


OIL MATRIX 


Diesel fingerprint SW8015C (2) 40-mL VOA vials w/TLS Cool <6°C 
7 days to extraction,   


40 days to analysis 


AQUEOUS MATRIX 


TAH/TAqH1 


E624 (3) 40-mL VOA vials w/TLS 
Cool <6°C, 


HCl to pH<2 
14 days 


E625 SIM 
(2) 1-L amber glass jars 


w/TLC 
Cool <6°C 


7 days to extraction, 


40 days to analysis 
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Analyte/  


Analyte Group 
Method/SOP 


Container(s) (number, 


size, & type per sample) 
Preservation Holding Time 


Diesel fingerprint SW8015C (2) 40-mL VOA vials w/TLS Cool <6°C 
7 days to extraction,   


40 days to analysis 


SPP toxicity 


40 CFR 435, App. 2 


to Subpart A  
(E1619) 


(1) 1-gal (4L) LDPE jar 0 to 4°C 90 days 


Initial toxicity 


screening  


EPA/600/R-95-136 


(Echinoderm 
Fertilization Test) 


(1) 1-L LDPE bottle 
Cool 0-6°C; not 


frozen 


36 hours  


(72 hours maximum) 


WET2 


EPA/600/R-95-136 


(Topsmelt Chronic 


7d Survival and 


Growth Test)1 or 


 


EPA/821-R-02-014 


(Menidia Chronic 


7d Survival and 
Growth Test)1 2) 20-L and (1) 10-L HDPE 


cubitainers 


Cool 0-6°C; not 


frozenCool <6°C 


36 hours  


(72 hours maximum) 
EPA/821-R-02-014 


(Mysid Chronic 7d 


Survival, Growth, 


and Fecundity 


Test)1 


EPA/600/R-95-136 


(Echinoderm Larval 
Development Test) 


BOD5 SM5210-B (1) 1-L poly bottle Cool <6°C 48 hours 


TSS SM2540-D (1) 1-L poly bottle Cool <6°C 7 days 


Fecal coliform 


bacteria 
SM9222-D 


(1) 125-mL sterile poly 


container w/ Na2S2O3 


Cool <6°C, 


Na2SO3 
6 hours 


Notes: 


1 Samples for these tests may be provided as one, 10-L sample on an every-other-day basis. If this sample strategy is not feasible, a single 


sample of 30 L may be provided at one time. 


 2 Samples for WET testing may be collected in larger containers (up to 20-L LDPE cubitainers or different combination thereof) to facilitate 


sufficient volume to conduct all three tests. 


BOD5 = biochemical oxygen demand 


HCl = hydrochloric acid 


mL = milliliter 


L = liter 


Na2S2O3 = sodium thiosulfate 


SOP = standard operating procedure 


SPP = suspended particulate phase 


TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TLC = Teflon-lined cap 


TLS = Teflon-lined septa 


TSS = total suspended solids 


VOA = volatile organic analysis 


WET = whole effluent toxicity 


2.4.6.3 Sample Receipt 


Sample receipt and CoC will be maintained at the fixed subcontract laboratories in accordance with the 


procedures outlined in Section 1.8 of this QAPP. Drilling and effluent samples for toxicity testing require 


additional procedures to verify acceptability upon receipt at the fixed laboratory.  







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 64 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Receipt of Drilling Fluid Samples for SPP Toxicity Analysis 


Drilling fluid samples provided for biological testing must also meet the temperature requirements 


described above.  The pH of the drilling fluid samples will be tested upon receipt at the laboratory.  If the 


pH is less than 9, if black spots have appeared on the walls of the sample container, or if the mud sample 


has a foul odor, then the sample does not meet the method specific acceptability criteria for drilling fluids 


as specified in 40 CFR Part 435.  If the drilling fluid does not meet the acceptability criteria for testing, 


the client will be notified and the decision to proceed will be evaluated.  The drilling fluid should be used 


for testing within three months from the time of collection.  Elutriate samples prepared at the laboratory 


from the drilling fluids should be used for testing within the same day. 


Receipt of Effluent Samples for Initial Toxicity Screening and WET Testing Samples 


Upon receipt at the subcontract laboratory, water quality parameters are measured for effluent samples. 


These parameters include dissolved oxygen, temperature, pH, and salinity/conductivity. Acceptability 


criteria for water quality parameters are included in Section 2.6. 


2.4.6.4 Holding Times 


Sample holding time begins with the collection of the sample and continues until the analysis is complete. 


Analytical method holding times are included in Table 2-27.   


Testing for toxicity samples should be initiated on effluent samples within 36 hours of sample collection, 


but must not exceed 72 hours as prescribed in the GP and method guidance (does not apply to drilling 


fluid SPP toxicity testing). Effluent samples used for test solution renewals on the WET 7-day chronic 


tests (days 1-6) may be used up to 48-hours after the initial use (test initiation) and may be used for test 


solution renewals at up to 120 hours from the time of collection. 


2.4.6.5 Sample Retention and Disposal 


Procedures ensuring internal laboratory chain-of-custody shall also be implemented and documented by 


the subcontract laboratory. Samples shall be stored in limited-access, temperature-controlled areas. 


Samples will be retained and disposed of in accordance with laboratory procedures.   


Samples will be retained under proper storage conditions in the rig compliance laboratory. Static sheen 


samples will be retained until the end of the holding time or until the M-I SWACO NPDES Compliance 


Specialist verifies the acceptability of the sample results.  In the event a sample result shows a permit 


exceedance, the sample will be retained until the permittee requests additional testing or provides 


permission for disposal. After expiration of the sample retention period, mud samples are returned to the 


active mud system and cuttings samples are placed in the cuttings disposal system. 


2.4.6.6 Decontamination 


Decontamination is essential for the avoidance of cross-contamination among samples. Reusable, non-


dedicated sampling implements are decontaminated before use and after samples are collected, in 


accordance with M-I SWACO SOP 2004 Decontamination of Equipment. Generally, sample equipment 


used to collect samples for GP compliance is dedicated equipment and requires minimal decontamination. 
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2.4.7 Field Instrument/Equipment Testing, Inspection, Calibration, and Maintenance 


Effluent limitations in the GP involve measurements that shall be made directly in the field –for example, 


the Free Oil by Static Sheen Method (M-I SWACO SOP 3004). In addition, effluent limitations in the GP 


involve measurements that are made in an analytical laboratory – for example, TAH/TAqH and toxicity 


testing. These measurements involve the use of instrumentation that shall be calibrated and in good 


working condition in order to fulfill the quality objectives of the GP. 


This section discusses M-I SWACO’s program for calibration and verification of measuring and test 


equipment used to provide compliance data for the GP. Specific procedures for operation, maintenance, 


and calibration of rig compliance laboratory instrumentation can be found in the associated M-I SWACO 


SOP and/or manufacturer's instructions for each instrument.  


The fixed subcontract laboratory QA Manual documents the quality system under which the laboratory 


operates. The testing, inspection, calibration, and maintenance activities for analytical laboratory 


instrumentation are documented in the subcontract laboratory’s QA Manual and SOPs.  


2.4.7.1 Responsibilities 


The M-I SWACO NPDES Compliance Specialist or designee will be responsible for maintaining, issuing, 


and tracking field equipment in accordance with this chapter and relevant M-I SWACO SOPs. The Shell 


Environmental Compliance Engineer is responsible for designing QC programs for field measurements. 


M-I SWACO NPDES Compliance Specialists are responsible for performing field measurements, and 


maintaining and calibrating field equipment in accordance with M-I SWACO SOPs, this QAPP, and the 


GP, and for accurately completing the attendant documentation. 


The storage, preventive maintenance, issuing, and tracking of equipment are the responsibility of the M-I 


SWACO NPDES Compliance Supervisor. The M-I SWACO NPDES Compliance Supervisor or designee 


performs the following tasks: 


• Storage of Equipment - Field equipment is kept in a designated, limited-access storage area. 


• Controlling access to the storage area. 


• Issuing Equipment - Field equipment is issued by the M-I SWACO NPDES Compliance 


Supervisor. 


• Preventive Maintenance and Repair – The M-I SWACO NPDES Compliance Specialist performs 


preventive maintenance of field equipment in accordance with the manufacturers recommended 


schedule and procedures. 


• Record keeping and tracking – The M-I SWACO NPDES Compliance Supervisor maintains one 


Equipment Manual for each model of equipment in the Area Office.  The M-I SWACO NPDES 


Compliance Supervisor also keeps records of routine preventive maintenance, repairs and 


utilization of field equipment in an Equipment Log. Each time a piece of equipment is repaired, 


or routine maintenance is performed, an entry is made in the logbook, giving the date, nature of 


repair or maintenance, identification (description and serial number) of the equipment and the 


initials of the person performing the repairs or maintenance work. 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 66 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Subcontract laboratories are responsible for performing analytical measurements and maintaining and 


calibrating equipment in accordance with laboratory SOPs, the laboratory QA Manual, applicable 


analytical methods, and the GP; and for accurately completing the attendant documentation. Subcontract 


laboratory documentation shall be available upon request for audit or inspection, and equipment and 


reference material records shall be maintained in accordance with laboratory record retention policy. 


2.4.7.2 Rig Compliance Laboratory Equipment 


Sampling and analytical procedures are performed at the permittee’s drilling rig using M-I SWACO rig 


compliance laboratories. The M-I SWACO NPDES Compliance Specialist shall provide sampling 


equipment to safely collect representative samples of drilling fluids and drill cuttings and other effluents. 


The M-I SWACO NPDES Compliance Specialist shall also provide analytical equipment and supplies 


necessary to perform the Free Oil by Static Sheen Method (M-I SWACO SOP 3004). 


M-I SWACO shall maintain duplicate equipment for the Free Oil by Static Sheen Method (M-I SWACO 


SOP 3004) test at the rig compliance laboratory. 


The permittee shall provide M-I SWACO with access to a sample refrigerator that is capable of 


maintaining the drilling fluid and drill cutting samples at < 6 degrees Celsius (°C). The permittee shall 


provide a well-ventilated work area with sufficient counter space and adequate fluorescent lighting to 


perform procedures. Electricity shall be of sufficient voltage and amperage to operate retorts, balances, 


computers, and ultraviolet light. The permittee shall also provide storage space for the flammable solvent, 


isopropanol. 


2.4.7.3 Field and Rig Compliance Laboratory Instrument Calibration 


Instrument calibration comprises initial calibration that is used directly for quantification and continuing 


calibration verification that is used to confirm the validity of the initial calibration. Analytical procedures 


for the rig compliance laboratory, such as pH analysis, may require initial calibration and/or calibration 


verification. Analytical procedures for the fixed laboratory analyses may require initial and continuing 


calibration. Calibration procedures will be described in the applicable laboratory SOPs. 


Calibration of thermometers and balance weights shall be verified every two years using National 


Institute of Standards and Technology (NIST) standards.  Each working day, balances and refrigerators, 


shall be checked in the expected use range with NIST traceable standards. Checks shall be recorded on 


the equipment logs provided in the applicable SOPs.  The equipment logs shall indicate the acceptable 


range for the check. Corrective actions for calibration results outside the acceptance range shall also be 


recorded on the equipment logs. If a corrective action is not successful, then the equipment shall be 


removed from service. 


Calibration Procedures 


Equipment shall be calibrated at the frequency specified in the applicable SOPs. Equipment shall be 


calibrated using the procedures specified in the applicable SOPs. The appropriate form for recording the 


calibration of each device is provided in the applicable SOP. The status of equipment with regard to 


calibration needs to be readily available and clearly indicated on equipment and field logs. Applicable 


acceptance criteria for equipment inspection and calibration shall be met before any sample collection or 
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sample analyses are performed. Specific procedures for equipment calibration shall be documented in the 


relevant SOP. The results of the inspection and calibration shall be documented on Equipment Inspection 


and/or Calibration Forms.  


Calibration Verification 


Equipment calibration shall be verified by the analysis of appropriate reference materials before samples 


are collected /analyzed and at the required frequency throughout collection and/or analysis. The results 


shall be within the acceptance limits for the applicable SOP in order to proceed with sample collection 


and/or analysis. 


Calibrations shall be documented on the Equipment Log (in the M-I SWACO Area Office) or Equipment 


Calibration Form (on the Drilling Rig). Records pertaining to calibration shall be safely stored for the 


period described in M-I SWACO’s record retention policy. The following information shall be recorded: 


• Date; 


• Time; 


• Instrument type and serial number; 


• Identification of calibration standard; 


• True value (numerical result, positive, negative) of calibration standard; 


• Response of instrument before repair or adjustment; 


• Response of instrument after repair or adjustment; and 


• Signature of person performing the calibration. 


Rig Compliance Laboratory Equipment Calibration 


Portable analytical instruments (e.g. retorts, balances, and ultraviolet lights) require preventive and 


corrective maintenance, as well as calibration. Calibrations shall be performed in accordance with the 


appropriate M-I SWACO SOP and/or manufacturer's instructions. Portable equipment shall be calibrated 


and inspected prior to and upon return from the field. Rig compliance laboratory equipment calibration is 


summarized in Table 2-28. 


Table 2-28 Onsite Laboratory Equipment Calibration 


Equipment 
Calibration 


Procedure 


Calibration Verification 
SOP 


Method Frequency 


Balance 
Manufacturer’s 


specifications 


Calibration check – 100 g, 500 g, 


1000 g, and 2000 g F Class Calibration 


Weights 


Daily 1004 


pH Meter 
Manufacturer’s 


Specification 
Calibration check by buffer solution(s) Daily 2012 


Refrigerator 
Manufacturer’s 


specifications 


Verification of operating temperature by 


certified thermometer 
Daily 1005 


Notes:   


g = grams  SOP = standard operating procedure 
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Complete calibration verification forms as indicated in applicable SOPs. Forms will be maintained on 


drilling rig until completion of drilling season. After completion of drilling season, forms will be archived 


in the M-I SWACO Area Office. 


2.4.7.4 Standards and Reagents 


The M-I SWACO NPDES Compliance Specialists shall retain records for standards and reagents, 


including the manufacturer/vendor, the Certificate of Analysis or purity, the date of receipt, recommended 


storage conditions, and an expiration date. Original containers shall be labeled with an expiration date and 


a unique standard or reagent identifier. The standard or reagent identifier shall also be recorded on the 


Certificate of Analysis or vendor documentation.  


Standards and reagents records shall include the purchased stock or neat compound identifier number, a 


reference to the method of preparation (such as a SOP number) or a description of the preparation 


(including weights and/or volumes), the date of preparation, the expiration date and the preparer’s initials. 


Each prepared standard and reagent will be assigned a unique identifier that is linked to the 


documentation described in this paragraph. The container for each standard and reagent will be labeled 


with the unique identifier and the material expiration date. In order to protect the health and safety of 


personnel, containers will be labeled with the Hazardous Materials Identification System (HMIS) 


information. 


2.4.7.5 Reference Materials and Standards 


Equipment and standards shall be verified before use and on a continuing basis. Traceability and 


calibration  of  fixed  laboratory  equipment  will  be  discussed  in  the  subcontracted  laboratory QA 


Manual.  Documentation will be maintained at the fixed laboratory as discussed in Section 1.  


Reference Materials 


Reference materials are materials or substances for which one or more properties are sufficiently well 


established to be used for the calibration of an apparatus, for assessment of methods or for assigning 


values to materials.  Generally reference materials are purchased from third parties such as NIST and are 


characterized for content, independent of an analytical method.  Reference materials used to support data 


generated for permit compliance include: 


• Class F weights 


• NIST thermometers 


Original certificates are maintained at the M-I SWACO Area Office and certificate copies are maintained 


with equipment in the rig compliance laboratory.  Reference materials are removed from service upon 


expiration of the certificate and may only be placed back into service once the material is recertified. 


Reference Standards  


Reference standards shall be used for calibration only. Reference standards are removed from service 


upon expiration of the certificate or if calibration indicates the standard is outside of specifications. If the 


material is outside of specifications and correction factors can be established, the reference standard may 
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continue in service. The M-I SWACO Area Office shall maintain original records of the correction factors 


with the applicable dates. Copies of relevant correction factors shall accompany the material in the field. 


Traceability 


Calibration certificates shall be provided by the manufacturer and shall indicate traceability to national 


standards. Class F weights, crude oil standards, and NIST thermometers are examples of materials for 


which calibration certificates shall be maintained. Certificates that describe purity or composition of 


standard materials shall also be maintained. Certificates shall be cross-referenced to a material 


identification, such as equipment number, standard, or reagent number. 


2.4.7.6 Refrigerator Testing  


Refrigerators will be monitored using thermometers that have been calibrated using a NIST-traceable 


thermometer. Refrigerator temperatures will be monitored daily and the temperature recorded on Form 


1005-2 Refrigerator Calibration Log. Thermometer calibration procedures and refrigerator monitoring 


procedures are included in SOP 1005 Laboratory Refrigerators. 


2.4.7.7 Field Compliance Instrument/Equipment Maintenance 


Field equipment is maintained under a tracking and preventive maintenance program. When a piece of 


permit-related equipment is sent to a vendor for repairs or maintenance, a log entry is made giving the 


date, name of vendor, identification of the equipment, description of services required, and initials of the 


person sending the equipment. When the equipment is returned, a similar entry is made to document the 


return and a copy of the repair slip is placed in the Equipment Log. 


When equipment is issued, an entry is made in the Equipment Log giving the date, identification of the 


equipment, initials of the person issuing the equipment and the identity of the person to whom the 


equipment is issued. When the equipment is returned, a similar entry is made, noting date of return, and 


condition of the returned equipment. Through the use of the log, the M-I SWACO NPDES Compliance 


Supervisor maintains a continuous written record of the status and the location of each piece of field 


equipment. 


Equipment that is overdue for scheduled maintenance or is in need of repair is placed “Out of Service”. 


This equipment shall be clearly identified as “Out of Service” until the repair work has been completed 


and the equipment is operating satisfactorily. Equipment that is not marked shall be considered in proper 


working order. 


2.4.8 Fixed Subcontract Laboratory Instrument/Equipment Testing, Inspection, Calibration, and 


Maintenance 


Testing, inspection, calibration, and maintenance for fixed laboratory equipment is performed in 


accordance with laboratory QA Manuals and analytical method requirements. Calibration requirements 


for fixed laboratory equipment are documented in subcontract laboratory SOPs. Subcontract laboratories 


shall maintain equipment and have in place either a service contract, or sufficient spare parts, such that 


method holding times or analytical report due dates are not exceeded. 
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The following sections outline specific equipment, materials, and procedures used by the toxicity testing 


subcontract laboratory. 


2.4.8.1 Initial Toxicity Screening and Whole Effluent Toxicity Testing Laboratory Equipment 


Washing Procedures 


All laboratory equipment, glassware, and plasticware used for the toxicity testing program will be cleaned 


to eliminate potential toxicity associated with labware.  Plastic and glassware are scrubbed with a solution 


of non-phosphate detergent and hot tap water, and then rinsed three times with deionized water.  A rinse 


of 10% solution reagent grade hydrochloric acid is followed by three rinses with deionized water.  A rinse 


of reagent grade acetone is followed by air drying under a fume hood.  Acetone is not used on hard 


plastics.  A final three rinses with deionized water is followed by air drying. 


2.4.8.2 Initial Toxicity Screening and Whole Effluent Toxicity Testing Laboratory Materials 


Test Organisms Suppliers 


Test organisms used in the toxicity tests will be from either in-house cultures or collected in areas known 


to be generally free of pollutants, or purchased from reputable culturists.  Organisms are purchased from 


suppliers who are selected based on their reputation, depth of knowledge concerning the test organisms, 


and their ability to consistently deliver healthy test organisms. 


Upon receipt in the laboratory, test organisms will be slowly acclimated to test conditions in 


environmentally controlled holding areas in accordance with the test protocol for each test organism. Test 


organisms will be evaluated on a performance basis for every test conducted in the laboratory. Negative 


controls will be tested concurrent to each study to evaluate the health of the test organisms and the 


acceptability of the test conditions.  Positive controls (reference toxicant tests) will also be conducted to 


assess the relative sensitivity of test organisms compared to historical laboratory performance.  


Source of Seawater 


Seawater diluent that will be used in this study will come from the northern Hood Canal at Port Gamble, 


Washington. This water source (used as the laboratory control and sample diluent) has been used 


successfully on a wide range of bioassay testing programs.  Artificial seawater may also be prepared from 


deionized water and bioassay-grade sea salts (Crystal Sea Marinemix™) if necessary.  Extensive testing 


with a variety of test species has shown that there is no significant potential for toxicity or 


bioaccumulation from these water supplies.  Chemical analyses are performed annually on these water 


sources and have shown no significant contaminants of concern or bioaccumulation potential. 


2.5 Fixed Laboratory Analysis 


The fixed subcontract laboratories that are proposed for use for the analysis of compliance monitoring 


samples are listed for the corresponding preparation and analytical methods in Table 2-29.   
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Table 2-29 Analytical Subcontract Laboratories 


Analytical Parameter Matrix 


Preparation/ 


Analytical Method Laboratory/Organization 


TAH/TAqH Aqueous 
SW5030B/E624 


SW3520C/E625 SIM 


Primary Laboratory: 


SGS North America, Inc. 


200 W. Potter Drive 


Anchorage, AK 99518 


(907) 562-2343 Main 


(907) 561-5301 Fax 


Backup laboratory: 


TestAmerica Anchorage 


2000 W. International Airport Rd. 


Suite A10 


Anchorage, AK 99502 


(907) 563-9200 Main 


(907) 563-9210 Fax 


Diesel fingerprinting 
Aqueous 


Oil 


SW3520C/SW8015C 


SW3550C/SW8015C 


BOD5 Aqueous SM5210-B 


TSS Aqueous SM2540-D 


Fecal coliform Aqueous SM9222-D 


Primary Laboratory: 


SGS Mobile Laboratory 


Barrow, AK 99723 


Backup Laboratories: 


SGS North America, Inc. 


200 W. Potter Drive 


Anchorage, AK 99518 


(907) 562-2343 Main 


(907) 561-5301 Fax 


TestAmerica Anchorage 


2000 W. International Airport Rd. 


Suite A10 


Anchorage, AK 99502 


(907) 563-9200 Main 


(907) 563-9210 Fax 


Arctic Fox Environmental, Inc. 


Pouch 340043 


Prudhoe Bay, AK 99734 


(907) 659-2145 Main 


(907) 659-2146 Fax 


SPP Toxicity Aqueous 


40 CFR Part 435, App. 


2 to Subpart A 


(E1619) 


 


Environmental Enterprises USA, Inc. 


58485 Pearl Acres Road, Suite D 


Slidell, LA 70461 


(800) 966-2788 Main 


(985) 646-2810 Fax 


Initial toxicity screening Aqueous 


EPA/600/R-95-136 


(Echinoderm 


Fertilization Test) 


Primary Laboratory: 


Environ 


477 NE View Drive 


Port Gamble, WA 98364 


(360) 297-6040 Main 


Backup Laboratories: 


Environmental Enterprises USA, Inc. 


58485 Pearl Acres Road, Suite D 


Slidell, LA 70461 


(800) 966-2788 Main 


(985) 646-2810 Fax 


Element Materials Technology 


2417 West Pinhook Road 


Lafayette, LA 70508 


(337) 235-0483 Main 


(337) 233-6540 Fax 
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Analytical Parameter Matrix 


Preparation/ 


Analytical Method Laboratory/Organization 


WET testing Aqueous 


EPA/600/R-95-136 


(Topsmelt Chronic 7d 


Survival and Growth 


Test) 


or 


EPA/821-R-02-014 


(Menidia Chronic 7d 


Survival and Growth 


Test) 


Primary Laboratory: 


Environ 


477 NE View Drive 


Port Gamble, WA 98364 


(360) 297-6040 Main 


Backup Laboratories: 


Environmental Enterprises USA, Inc. 


58485 Pearl Acres Road, Suite D 


Slidell, LA 70461 


(800) 966-2788 Main 


(985) 646-2810 Fax 


Element Materials Technology 


2417 West Pinhook Road 


Lafayette, LA 70508 


(337) 235-0483 Main 
(337) 233-6540 Fax 


EPA/821-R-02-014 


(Mysid Chronic 7d 


Survival, Growth, and 


Fecundity Test) 


EPA/600/R-95-136 


(Echinoderm Larval 


Development Test) 


Notes:


BOD5 = biochemical oxygen demand 


SPP = suspended particulate phase 
TAH = total aromatic hydrocarbons 


TAqH = total aqueous hydrocarbons 


TSS = total suspended solids 
WET = whole effluent toxicity 


2.5.1 Analytical Laboratory Methods 


Evaluation of the effluent limits and laboratory quantitation limits is required to ensure that project data 


quality objectives are met. Laboratory-specific detection limits and reporting limits will be evaluated 


against the permit effluent limitations to determine whether the sensitivity of the data will be sufficient for 


its intended use.  


Proposed drilling fluid and effluent toxicity testing methods are summarized in Table 2-30.  The initial 


toxicity screening of effluent discharges will utilize the Chronic Toxicity Fertilization Test using 


echinoderms (Strongylocentrotus purpuratus or Dendraster excentricus) as outlined in the “Short Term 


Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to West Coast Marine and 


Estuarine Organisms” (EPA/600/R-95-136).   


The methods for WET testing are provided in established EPA procedures outlined in “Short Term 


Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to Marine and Estuarine 


Organisms” (EPA-600-4-91-003-Third Ed.) and the “Short Term Methods for Estimating the Chronic 


Toxicity of Effluents and Receiving Water to West Coast Marine and Estuarine Organisms” (EPA/600/R-


95-136).  The WET testing program will use three different species of organisms including the topsmelt, 


Atherinops affinis (or M. beryllina-depending on availability), the mysid shrimp, Americamysis bahia, 


and the purple sea urchin, Strongylocentrotus purpuratus.   


Table 2-31 presents subcontract laboratory analytical methods, detection limits, and reporting limits for 


effluent monitoring. 
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Table 2-30 Drilling Fluid and Effluent Toxicity Testing Methods 


Toxicity Test Test Description Species Method 


Drilling fluid SPP toxicity Mysid 96-Hour Survival Test 
Americamysis bahia 


(Formerly Mysidopsis bahia) 


40 CFR Part 435 


EPA-821-R-11-004 


EPA-821-R-02-012 


Initial (Rapid) toxicity 


screening test 


Chronic Toxicity Echinoderm 


Fertilization Test 


Purple Sea Urchin 


(Strongylocentrotus purpuratus) or 


Green Sea Urchin 


Strongylocentrotus droebachensis 


or  


Sand Dollar  


(Dendraster excentricus) 


EPA/600/R-95/136 


Marine Chronic Toxicity 
Test (WET testing) 


Larval Fish 7-Day Larval 
Survival and Growth Test 


Topsmelt  


(Atherinops affinis) or 


Inland Silverside1 
(Menidia beryllina) 


EPA/600/R-95/136 


or 


EPA-821-R-02-014 


Mysid Shrimp 7-Day Larval 


Survival, Growth, and 
Fecundity Test 


Americamysis bahia 


(Formerly Mysidopsis bahia) 
EPA-821-R-02-014 


Echinoderm Larval Survival 


and Development Test 


Purple Sea Urchin 


(Strongylocentrotus purpuratus) or 


Sand Dollar 
(Dendraster excentricus) 


EPA/600/R-95/136 


Notes:
1 Menidia beryllina may be used as a substitute for topsmelt. 
EPA = U.S. Environmental Protection Agency 


SPP = suspended particulate phase 


WET = whole effluent toxicity


 


Table 2-31 Analytical Laboratory Reporting Limits 


Analytical 


Method Analyte Matrix Permit Limit Units DL RL 


SM5210-B BOD5 Aqueous 30 mg/L 2 2 


SM2540-D TSS Aqueous 30 mg/L 0.15 0.5 


SM9222-D Fecal coliform Aqueous 100 col/100 mL 1 1 


E624 Benzene Aqueous NA µg/L 0.12 0.4 


E624 Toluene Aqueous NA  µg/L 0.31 1 


E624 Chlorobenzene Aqueous NA  µg/L 0.15 0.5 


E624 Ethylbenzene Aqueous NA  µg/L 0.31 1 


E624 P & M -Xylene Aqueous NA  µg/L 0.62 2 


E624 o-Xylene Aqueous NA  µg/L 0.31 1 


E624 1,3-Dichlorobenzene Aqueous NA  µg/L 0.31 1 


E624 1,4-Dichlorobenzene Aqueous NA  µg/L 0.15 0.5 


E624 1,2-Dichlorobenzene Aqueous NA  µg/L 0.31 1 


E625 SIM Acenaphthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Acenaphthylene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Anthracene Aqueous NA  µg/L 0.015 0.05 
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Analytical 


Method Analyte Matrix Permit Limit Units DL RL 


E625 SIM Benzo[a]anthracene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[a]pyrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[b]Fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[g,h,i]perylene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Benzo[k]fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Chrysene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Dibenzo[a,h]anthracene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Indeno[1,2,3-c,d] pyrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Fluoranthene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Fluorene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Naphthalene Aqueous NA  µg/L 0.031 0.1 


E625 SIM Phenanthrene Aqueous NA  µg/L 0.015 0.05 


E625 SIM Pyrene Aqueous NA  µg/L 0.015 0.05 


SW8015C Diesel Range Organics Aqueous NA mg/L 0.15 0.4 


SW8015C Diesel Range Organics Oil NA mg/kg 620 2000 


Notes: 


SGS North America, Inc. DLs and RLs.  


BOD5 = biochemical oxygen demand 


DL = detection limit 


mg/kg = milligrams per kilogram 


mg/L = milligrams per liter 


µg/L = micrograms per liter 


RL = reporting limit 


SPP = suspended particulate phase 


TSS = total suspended solids 


TUc = chronic toxic units 


 


2.6 Field and Laboratory Quality Control Samples 


2.6.1 Field Quality Control Samples and Frequencies 


Field QC samples that will be collected and/or submitted include field duplicates, MS/MSDs, trip blanks, 


and temperature blanks. Field QC samples will be collected and/or submitted at the following 


frequencies: 


• Field duplicates will be collected at a frequency of one per 20 or fewer primary samples for each 


analyte and matrix as described in Table 2-32. 


• MS and MSD samples will be collected for every 20 or fewer samples as described in Table 2-32. 


• Trip blanks will be submitted with every cooler for every shipment containing volatile samples. 


• Temperature blanks will be submitted with every cooler containing analytical samples. 


Table 2-32 summarizes the type and quantity of QC samples required for compliance monitoring. 


 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer 


April 2015 
Page 75 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Table 2-32 Field Quality Control Samples 


Discharge Matrix 
Monitoring 


Parameter 
Method Sampling Frequency Field Duplicate MS/MSD


1
 


Trip Blank 


Required? 


Discharge 001 


Water-based 


drilling fluids and 


drill cuttings 


Water-based 


drilling fluids 


and drill 


cuttings 


SPP toxicity E1619 
Weekly and 


end of well 


Duplicate collected each 


time a primary sample is 


collected2 


NA NA 


TAH E624 Once per well 
One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
Yes 


TAqH E625 SIM Once per well 
One duplicate per 20 or 


fewer samples 


One MS/MSD 


per 20 samples 
NA 


Diesel  oil  


(Diesel-range organics) 
SW8015C 


Once per well, or if static 


sheen test fails 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
NA 


Diesel oil in 


storage 


Diesel  oil  


(Diesel-range organics) 
SW8015C If static sheen test fails NA NA NA 


Discharge 002  


Deck Drainage 


OWS effluent TAH E624 


Once per discharge event 


(if conducted 


continuously) 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
Yes 


OWS effluent TAqH E625 SIM 


Once per discharge event 


(if conducted 


continuously) 


One duplicate per 20 or 


fewer samples 


One MS/MSD  


per 20 samples 
NA 


Discharge 003  


Sanitary Wastes 


MSD effluent BOD5 
SM5210-B Weekly NA NA NA 


MSD effluent TSS SM2540-D Weekly NA NA NA 


MSD effluent Fecal coliform bacteria SM9222-D Weekly NA NA NA 


Notes: 
1 Triple volume of sample must be collected for MS/MSD for organic analyses. Two sample volumes must be collected for inorganic analyses. 
2 A duplicate sample volume will be collected with each primary sample. The duplicate volume will be retained in the rig compliance laboratory refrigerator until acceptable results are received for the 


sample transported to the laboratory. If a problem occurs with the original sample that invalidates the results, the duplicate volume of sample will be packaged and transported to the subcontract 
laboratory for analysis. 
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2.6.2 Laboratory Quality Control  


2.6.2.1 Analytical Method Quality Control Criteria 


Quality control checks for sample collection will be accomplished by a combination of CoC protocols, 


field QA samples, and laboratory QC as prescribed in the sampling or analytical methods. Fixed 


laboratory QC samples will be prepared and analyzed as required by the analytical methods and 


laboratory QA Manuals. Results from LCS/LCSD and MS/MSD samples will be compared to criteria for 


accuracy and precision listed in Table 2-33. 


Table 2-33 Analytical Method Quality Control Criteria 


Analytical 


Method Analyte Matrix 


Laboratory Control Limits 


(Accuracy) 
RPD 


(Precision) LCL (%) UCL (%) 


SM5210-B BOD5 Aqueous 84.6 115.4 20 


SM9222-D Fecal coliform Aqueous NA NA NA 


SM2540-D TSS Aqueous 75 125 5 


E624 Benzene Aqueous 80 120 20 


E624 Toluene Aqueous 75 120 20 


E624 Chlorobenzene Aqueous 80 120 20 


E624 Ethylbenzene Aqueous 75 125 20 


E624 P & M -Xylene Aqueous 75 130 20 


E624 o-Xylene Aqueous 80 120 20 


E624 1,3-Dichlorobenzene Aqueous 75 125 20 


E624 1,4-Dichlorobenzene Aqueous 75 125 20 


E624 1,2-Dichlorobenzene Aqueous 70 120 20 


E625 SIM Acenaphthene Aqueous 45 110 30 


E625 SIM Acenaphthylene Aqueous 50 105 30 


E625 SIM Anthracene Aqueous 55 110 30 


E625 SIM Benzo[a]anthracene Aqueous 55 110 30 


E625 SIM Benzo[a]pyrene Aqueous 55 110 30 


E625 SIM Benzo[b]Fluoranthene Aqueous 45 120 30 


E625 SIM Benzo[g,h,i]perylene Aqueous 40 125 30 


E625 SIM Benzo[k]fluoranthene Aqueous 45 125 30 


E625 SIM Chrysene Aqueous 55 110 30 


E625 SIM Dibenzo[a,h]anthracene Aqueous 40 125 30 


E625 SIM Indeno[1,2,3-c,d] pyrene Aqueous 45 125 30 


E625 SIM Fluoranthene Aqueous 55 115 30 


E625 SIM Fluorene Aqueous 50 110 30 


E625 SIM Naphthalene Aqueous 40 100 30 


E625 SIM Phenanthrene Aqueous 50 115 30 


E625 SIM Pyrene Aqueous 50 130 30 


SW8015C Diesel Range Organics Aqueous 75 125 20 
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Analytical 


Method Analyte Matrix 


Laboratory Control Limits 


(Accuracy) 
RPD 


(Precision) LCL (%) UCL (%) 


SW8015C Diesel Range Organics Oil NA NA NA 


Notes: 


BOD5 = biochemical oxygen demand 


LCL = lower control limit 


RPD = relative percent difference 


TSS = total suspended solids 


UCL = upper control limit 


WET = whole effluent toxicity 


For operational discharge compliance sampling under the GP, the completeness goal is 100%. If a sample 


is determined to be invalid or unusable, the sample will be recollected as soon as practicable.  The M-I 


SWACO NPDES Compliance Specialist will be responsible for ensuring that all samples are collected as 


required by the permit. 


2.6.2.2 Toxicity Testing Quality Control Criteria 


The test acceptability criteria and performance standards for the proposed toxicity tests are summarized in 


Tables 2-34 and 2-35. The toxicity tests incorporate standard QA/QC procedures to ensure that the test 


results are valid. Standard QA/QC procedures include the use of negative and positive controls, the use of 


testing replicates, and water quality monitoring.  All limits established for this program meet or exceed 


those recommended by USEPA.  


All data collected and produced will be recorded on approved data sheets, which will become part of the 


permanent data record of the program. If any aspect of a test deviates from protocol, the test will be 


evaluated to determine whether it is valid according to test acceptability criteria and performance 


standards.    


Each toxicity test includes sample replication of 3 to 8 replicates, depending on the test.  The data 


generated are checked by the responsible laboratory technician and reviewed independently by another 


analyst to assess precision. The maximum percent difference (MPD) for replicates and the reference 


toxicant tests are evaluated relative to the permissible bounds of the methods.  Acceptable accuracy levels 


are also assessed by the calibration of water quality instruments, the use of certified standards, and the 


establishment of acceptable water quality testing parameters.  For example, water quality is monitored 


and, adjusted if necessary, throughout testing in at least one test replicate. Parameters that fall outside of 


acceptable test ranges may require corrective action. 


The sensitivity of test organisms will be evaluated using positive control reference toxicant tests.  


Reference toxicant tests will be conducted on each batch of test organisms either concurrently with 


project samples or monthly, as specified under the QA requirements for each test.  The reference toxicant 


test will consist of an exposure to at least five concentrations of a reference substance (known toxicant) 


used to assess the health and sensitivity of the test organisms.  The test duration and endpoint will mimic 


those of the corresponding bioassay.  Dilutions will be selected to bracket laboratory historical LC50/EC50.  


The LC50/EC50 results will be compared with historical data from definitive bioassays with the reference 
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substance. The reference toxicant substances will be copper sulfate, ammonium chloride, or other 


toxicants as appropriate for evaluating the sensitivity of test organisms. 


Table 2-34 Water Quality Criteria and Performance Standards 


Analyte 


Water Quality Test Parameters Acceptability Criteria 


Dissolved 


oxygen Temperature pH Salinity 


Drilling Fluid (Mud) SSP Mysid Acute 


Survival Toxicity Test 


Aeration to 


maintain  


DO > 5.3 mg/L 


20 ± 2°C 6 – 93 20 ± 2 ppt 


Chronic Toxicity Echinoderm Fertilization 


Test 
DO > 4.0 mg/L 12 ± 1°C 6 – 9 34 ± 2 ppt 


Larval Topsmelt 7-Day Chronic Survival 


and Growth Test 


Aerate if  


DO < 4.0 mg/L 
20 ± 1°C 6 – 9 5 – 34 ppt1 


Larval Menidia 7-Day Chronic Survival 


and Growth Test 


Aerate if  


DO < 4.0 mg/L 
25 ± 1°C 6 – 9 5 – 32 ppt1 


Mysid Shrimp 7-Day Larval Survival, 


Growth, and Fecundity Test 


Aerate if  


DO < 4.0 mg/L 
26 ± 1°C 6 – 9 20 – 30 ppt1 


Echinoderm Larval Survival and 


Development Test 


Aerate if  


DO < 4.0 mg/L2 
15 ± 1°C 6– 9 34 ± 2 ppt 


Notes: 
1 Target should not deviate by ± 2 ppt during test period. 
2 No aeration during testing. 
3 7.8 ± 0.1 (at initiation in the 100% elutriate). 
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Table 2-35 Toxicity Test Acceptance Criteria and Performance Standards 


Test Organism (Protocol – SOP) Test Acceptability Criteria 


Drilling Fluid (Mud) SPP Mysid Acute Survival Toxicity 


Test 


(40 CFR Part 435, EPA-821-R-11-004, EPA-821-R-02-012) 


1. Survival in the controls ≥ 90% 


Initial Toxicity Screening Test  


Chronic Toxicity Echinoderm Fertilization Test 


(Strongylocentrotus purpuratus or Dendraster excentricus) 


(EPA/600/R-95/136, WDOE WQ-R-95-80 – SOP No. 


TOX045) 


1. At least 70% fertilization in controls 


2. The dilution water and the effluent egg blanks have 


essentially no eggs with fertilization membranes. 


3. Minimum significant difference (MSD) of <25% 


4. Final sperm stock concentration must be ≤33,600,000 


sperm/mL AND one of the following conditions: 


a. Trial fertilization used – final sperm stock must not 


exceed double the target density selected that would 


provide 70-<100% fertilization without 


oversperming 


b. Sperm/egg ratio kept at ≤500:1 (without trial 


fertilization) and confirmation of sperm stock 


≤5,600,000 sperm/mL 


c. Use any reasonable sperm stock density and run two 


extra sets of controls (high and low density).  The 


high density control (0.200 mL of sperm stock) must 


have at least 5% higher fertilization than the low 


density control (0.050 mL of sperm stock) 


WET Tests  


Larval Fish 7-Day Chronic Survival and Growth Test 


Topsmelt (Atherinops affinis) 


(EPA/600/R-95/136 – SOP No. TOX002) 


1. Survival in the controls ≥ 80% 


2. 0.85 mg average weight of control larvae (9 days old) 


Larval Fish 7-Day Chronic Survival and Growth Test 


Inland Silverside (Menidia beryllina) 


(EPA-821-R-02-014 – SOP No. TOX012) 


1. Survival in the controls ≥ 80% 


2. 0.50 mg average weight of control larvae (7 days old)  


Mysid Shrimp 7-Day Larval Survival, Growth, and 


Fecundity Test 


(EPA/821-R-02-14 – SOP No. TOX014B) 


1. Survival in the controls ≥ 80% 


2. 0.20 mg average weight of control larvae (7 days old) 


3. MSD for growth ≤ 37% 


4. Egg production in ≥ 50% of females 


Echinoderm Larval Survival and Development Test 


(EPA/600/R-95/136 – SOP No. TOX043) 


1. Normal development in the controls ≥ 80% 


2. MSD for growth < 25% 


 


Notes: 


EPA = U.S. Environmental Protection Agency 


mL = milliliter 


MSD = minimum significant difference 


SPP = suspended particulate phase 


SOP = standard operating procedure 
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2.7 Documents and Records 


2.7.1 Responsibilities 


The M-I SWACO NPDES Compliance Supervisor or designee establishes and maintains the central files 


for project records, training records, qualified subcontractor files, and other important documentation. 


Each M-I SWACO NPDES Compliance Specialist is responsible for assembling supporting 


documentation generated in his or her task and forwarding the documentation to the Shell Environmental 


Compliance Engineer and the M-I SWACO NPDES Compliance Supervisor at the end of the season. In 


addition, the M-I SWACO NPDES Compliance Specialist is responsible for providing the onsite 


laboratory reports to the permittee. 


The M-I SWACO NPDES Compliance Supervisor and other signatories shall approve revisions of 


controlled documents such as the QAPP and associated SOPs and LWIs. The M-I SWACO NPDES 


Compliance Supervisor is responsible for determining, through consultation with technical staff, the 


activities that require SOPs and LWIs, and for working with the appropriate technical experts to develop 


the written procedures.  The M-I SWACO NPDES Compliance Supervisor is responsible for obtaining 


technical review and approval of SOPs and LWIs, for maintaining control of QAPP and revisions, and for 


maintaining an up-to-date distribution list of written procedures. 


M-I SWACO NPDES Compliance Specialists are responsible for performing tasks in accordance with 


applicable written procedures, except as explicitly directed by the relevant contract or Health and Safety 


policy. M-I SWACO NPDES Compliance Specialists are  responsible  for  maintaining  copies  of  


applicable written procedures at  the  rig compliance  laboratory  locations, performing the requirements 


defined in by the written procedures, maintaining documentation as required by the written procedures, 


and notifying management of deviations from the written procedures. M-I SWACO NPDES Compliance 


Specialists are also responsible for assisting the Shell Environmental Compliance Engineer and/or the M-I 


SWACO NPDES Compliance Supervisor in designing accurate and practical written procedures, and in 


keeping the written procedures up-to-date. 


2.7.2 Field and Laboratory Records 


M-I SWACO shall retain copies of observations, calculations and derived data, calibration records, and a 


copy of the test report in accordance with the BMP and permit requirements. Records that are generated 


or stored by computers shall have hard copy or write-protected backup copies. Field notebooks shall be 


assigned an identification number and each page of the notebook shall be sequentially numbered. The M-I 


SWACO NPDES Compliance Supervisor shall maintain completed notebooks, hard copy electronic 


records, write-protected backup records, and test reports. Records that are expected to be generated to 


document compliance with drilling fluid and effluent monitoring requirements are provided in Table 2-36.  


The records shall include the identity of the personnel involved in sampling, sample receipt, preparation 


calibration, and testing. Data, except those generated by automatic data collection systems, shall be 


recorded directly, promptly, and legibly in permanent ink.  
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Changes to records shall be signed or initialed by responsible staff. Entries shall not be obliterated by 


methods such as erasures, overwritten files, or markings. Corrections to recordkeeping errors shall be 


made by one line marked through the error. The individual making the corrections shall sign (or initial) 


and date the correction. This requirement also applies to electronically maintained records.  
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Table 2-36 General Permit Compliance Records by Location 


Record 
Shell Quality Assurance/  


Central Project Files 


Compliance 


Specialist Notebook 
M-I SWACO Area Office 


Quality Assurance Project Plan (QAPP) Original Copy
2
  


Audit Reports Original Copy  


HSE Manual Copy Copy
 2


  


Material Safety Data Sheet (MSDS) Copy Copy
 2


  


SOPs and LWIs Copy Copy 
2
 Original 


Personnel Qualifications Copy  Original
1
 


Training Documentation Form Copy  Original
1
 


Demonstration of Capability Copy Copy Original
1
 


Computer Program Verification Original   


Equipment Manuals Original Copy  


Reference Material Certificates Original Copy  


Equipment Log Original Copy  


Field Notebook Archive Copies
3
 Copy  


Daily Activity Report Archive Copies
3
 Copy 


2
  


Equipment calibration forms Archive Copies
3
 Copy  


Sample chain-of-custody forms  Archive Copies Copy  


Analytical reports from rig compliance laboratory  Archive Copies
3,4,5


 Copy  


Fixed analytical laboratory data packages Archive Copies
3,4,5 


 


  


Certification of Compliance – mercury and cadmium content in Barite Archive Copies
3
 Copy  


Drilling Fluid Inventory Archive Copies
3
   


Monthly Discharge Flow Volume Report Archive Copies
3
   


Static Sheen Results Archive Copies
3
 Copy  


Notes: 
1 Certified copy.  
2 Electronic copy. (continued on next page) 
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3 Rig compliance laboratory records will be retained in accordance with the permit requirements. Fixed laboratories shall maintain originals of their analytical data in 
accordance with their internal QA programs. 


4 Including QC results, if applicable. 
5 Copy of CoC document, with recipient’s signature at sample transfer to be filed. Sample transfer is defined as the point at which the sample is delivered to any third party.   
6 Originals provided to permittee at required frequency (e.g., at end of drilling season). 
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2.7.2.1 Deviations 


Deviations from SOPs, if any, shall be documented on Corrective Action Report Forms (Table 2-37). 


 
CAR No.     


 
Date:      


 


Table 2-37 Service Quality Non-Conformance Report 


To: From: 


Findings or Deviations 


Answer Due Date Signature 


Review and Comments 


Date Signature 


Review and Comments Follow up Actions 
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2.8 Reporting 


2.8.1 Notifications 


If any of the discharge limits are exceeded or if other suspected BMP Plan noncompliance or modification 


occurs, Shell Compliance Duty Officer (907-830-7435) must be called immediately. Noncompliance of 


the NPDES GP that may endanger health or the environment (if any) must be reported to the EPA by 


telephone within 24 hours from the time of occurrence. This includes any unanticipated bypass or upset 


that exceeds discharge limitations in the permit or any violation of maximum daily discharge limitations 


for any of the pollutants listed in Part 1 of the GP requiring 24-hr reporting.  


If NPDES GP noncompliance occurs, the Shell Environmental Compliance Engineer will complete and 


file the necessary reports to the EPA in accordance with permit requirements. 


2.8.2 Discharge Monitoring Reports 


All discharge monitoring results and effluent sampling will be summarized in the Discharge Monitoring 


Report (DMR) form EPA No. 3320-1 or equivalent. Monitoring data and other reports will be submitted 


electronically using NetDMR (http://www.epa.gov/netdmr). DMRs will be submitted to EPA no later 


than the 20th of the month following the completed reporting period. 


All permit records are submitted to Shell. Annual sampling results will be reported on the January DMR. 


All records of monitoring information shall be retained at least 5 years from the date of the sample, 


measurement, report, or application. 


The permittee must ensure that records of monitoring information include: 


• The date, exact place, time of sampling or measurements, and the name(s) of the individual(s) 


who performed the sampling or measurements; 


• The date(s) analyses were performed and the names of the individual(s) who performed the 


analyses; 


• The analytical techniques or methods used; and 


• The results of such analyses. 


Noncompliance reporting that is not required to be reported within 24 hours is to be included with the 


Discharge Monitoring Reports and submitted monthly. Shell is to preserve all reports and records for a 


period of at least five years from the date of sample, measurement, report, or application, or for the term 


of this permit, whichever is longer. 


2.8.3 TAH/TAqH Reporting 


Total aromatic hydrocarbons, or TAH, is determined by summing the results of EPA Method 602 (plus 


xylenes) or EPA Method 624 to quantify monoaromatic hydrocarbons. Total aqueous hydrocarbons, or 


TAqH, are determined by summing the results for TAH and EPA Method 610 or EPA Method 625 (to 


quantify PAHs listed in EPA Method 610). For samples where one or more analytes has a detectable 


result, TAH and TAqH will be presented as the sum of the detectable results. Detectable results include 


results that are reported as estimated (e.g., J-flagged) because the result is greater than the detection limit 
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and less than the reporting limit. If all results for the sample are nondetect, one-half the reporting limits 


for all nondetect results will be summed.  


2.9 Data Reporting  


A group of samples submitted to the subcontract laboratory at the same time and included on the same   


CoC form will be considered a sample delivery group. The results for this sample delivery group will be 


reported as one analytical data package. The analytical data package must contain adequate information to 


verify the quality of the data and be presented in a clear and concise manner. Data packages must include, 


at minimum, the following elements:  


• Cover sheet, which identifies the project; 


• Table of contents; 


• Case narrative, which documents all discrepancies with the data contained in the report, including 


(but not limited to) sample receipt, holding time(s), documentation of QC discrepancies and 


corrective action, matrix interferences; 


• Preparation and analytical methods used; 


• Sample identification; 


• Analytical results, including detection limits, reporting limits, and dilution factors;  


• Laboratory qualifiers; 


• Date(s)/time(s) of collection, receipt, preparation, analysis; 


• Sample receipt and management records; and 


• QA/QC sample results and supporting information. 


The toxicity testing laboratory is required to report results that include all information recommended by 


the test protocols for quality assurance review and data validation, as follows: 


• Test methods used for toxicity testing and statistical analyses; 


• Source of  testing water including a description of any pretreatment, and results demonstrating 


survival and growth of test organism in test water; 


• Source, history, and age of test organisms and if appropriate culturing information, or collection 


information.  Records should include information regarding taxonomic identification of test 


organisms; 


• Source of food composition and procedures used to prepare and dispense food to test chambers; 


• Description of experimental design including test setup, test monitoring, and test termination.  


Water quality and observation records should be summarized and included in report; 


• Methods used for physical and chemical characterization of test matrices; 


• A table of biological data for each sample, including negative and positive control information; 


• Methods used for statistical analysis; 
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• A description of any deviations from the methodology or problems with the process and 


procedures of analyses; 


• Original data sheets for water quality, survival, growth, abnormalities, reference toxicant, and 


statistics as applicable by test protocol; 


• Chain-of-custody records; and 


• References and literature. 


2.10 Data Review and Qualification 


All analytical data that the laboratory generates shall be verified before submittal to the permittee. This 


internal data review process, which is multi-tiered, shall include all aspects of data generation, reduction, 


and QC assessment. All definitive data shall be reviewed first by the analyst, and then by the supervisor 


of the respective analytical section using the same criteria. Elements for review or verification at each 


level must include, but are not limited to, the following: 


• Sample receipt procedures and conditions; 


• Sample preparation; 


• Appropriate analytical SOPs and methodologies; 


• Accuracy and completeness of analytical results; 


• Correct interpretation of all raw data, including all manual integrations; 


• Appropriate application of QC samples and compliance with established control limits; 


• Verification of data transfers; 


• Documentation completeness; and 


• Accuracy and completeness of data deliverables (hard copy and electronic). 


2.10.1 Laboratory Data Evaluation 


The calibration, QC, corrective actions, and flagging requirements will be performed in accordance with 


the laboratory QA Manual and the analytical methods. The laboratory shall apply data qualifiers as part of 


its internal validation activities. Flagging criteria apply when acceptance criteria are not met and when 


corrective actions are not successful or not performed. The supervisor of the respective analytical sections 


shall review the data qualifiers. 


The laboratory’s QA section shall perform internal review prior to issuance of the final data packages. 


The laboratory project representative shall complete a final review on all of the completed data packages 


and issue the final reports. 


2.10.2 Data Review and Verification 


Staff reviewing permit compliance data will conduct a QA/QC review and assessment of laboratory data 


deliverables, including an evaluation of:  


• The information provided on the analytical data sheets, including QC sample results;  
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• The laboratory case narrative and any flags that the laboratory applied as part of its data 


validation and usability assessment; 


• The sample collection documentation, including CoC records; and 


• Field laboratory data sheets and supporting documentation.  


This review will also verify the accuracy and completeness of field activities, including the adherence to 


the procedures as described in the cited SOPs and the specified analytical methods. In general, analytical 


data that have been reviewed by the laboratory QA section and permit compliance staff will be considered 


acceptable for use, including results that were flagged as part of the laboratory QA review and validation. 


Laboratory flags and case narratives will be reviewed as part of the data quality review and assessment to 


confirm that the quality of the data is acceptable for its intended purpose. 
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3.0 Environmental Monitoring Program 


3.1 Introduction and Overview 


In the management of its activities, Shell has contracted with Olgoonik Fairweather, LLC for the 


implementation of the Environmental Monitoring Program (EMP) portion of its exploration program in 


the Chukchi Sea. This section addresses the GP compliance tasks that will be performed by Olgoonik 


Fairweather LLC under contract to Shell during offshore drilling exploration.  


Table 3-1 defines the roles and responsibilities of the EMP implementation team. The specific details of 


responsibilities may change during project execution. Changes will be documented and communicated to 


the project team to ensure that project personnel are aware of appropriate points of contact and to avoid 


any gaps in responsibilities 


Table 3-1 Roles and Responsibilities of the EMP Implementation Team 


Role Responsibilities 


Shell Science Lead 


(SL) 
• Technical input on and review of project scope and equipment specifications 


• Participation in identification of risks, opportunities, and hazards 


Shell Project Lead 


(PL) 
• Ultimate program responsibility and management  


• Project execution 


• Permitting 


• Accounting  


• Stakeholder communication  


Shell 


Representative 
(Shell Rep) 


• Offshore based single point accountability for operations and oversees the projects assets and 


contractors in regards to program delivery, health, safety, security and environment (HSSE), 
reputation, stakeholder and regulatory compliance requirements established for the project 


• Coordination of operational implementation in the field 


• Sample shipping logistics 


• Day to day communication with Shell 


Vessel Master 


(VM) 


• Is the primary operator of the vessel 


• In United States (US) waters, must comply with US Coast  Guard (USCG), state, and local 


regulations  


• Is responsible for all aspects of boating operations, regardless of any senior personnel present on 
the boat. These responsibilities include, but are not limited to:  


o Safety of the vessel and all persons on board  


o Safe transport of the vessel to and from  her berth, if applicable  


o The safe operation of all shipboard equipment  


o Ensuring that all required operational and safety equipment is on board and that crew and 
passengers know the location and how to operate safety/survival equipment  


o Report all accidents, incidents, boardings, citations, safety concerns according to USCG 
regulations  


Olgoonik 


Fairweather Project 


Manager (PM) 


• Planning, coordination, and execution of the program as defined by Shell 


• Oversight of project assets and subcontractors 


Olgoonik 


Fairweather  Lead 
Scientist (LS) 


• Development of EMP design and quality assurance project plan (QAPP) 


• Coordination and approval of study reports 


• Oversight of field and analytical activities  







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer  


April 2015 
Page 92 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Role Responsibilities 


Sr Marine 


Technician (MT) 
• Field Instrument/Equipment Calibration, Maintenance, and Operation 


• Works with VM to determine if conditions are acceptable for deployment of sampling tools 


• Oversight and coordination (e.g., between VM and CS) of deployment and retrieval of sampling 


gear 


Principle 


Investigator(s) (PI) 
• Onshore based lead scientist for particular scientific field or subcontractor 


• Contribute expertise to development of sampling design, EMP, QAPP, and final reports. 


• Plan field sampling and execute post-field processing activities 


• Review laboratory data for reasonableness and usability 


• Communication of quality assurance (QA) and quality control (QC) requirements to project 
personnel 


Chief Scientist (CS) • Offshore based overall field scientific lead 


• Ensures field sampling procedures comply with QAPP and Standard Operating Procedures 


(SOPs) are being followed 


• Documents sample collection and processing activities, and initiates sample custody and/or 
additional sampling  


• Maintain custody of field records during ship-board activities 


• Review field records at the end of each sampling day 


Field Team(s) (FT) • Collect the samples after the sampling equipment is retrieved  


• Take control of the collected samples once determined to be acceptable and maintain custody of 


samples collected for chemical analysis 


• Process and preserve samples according to the QAPP, including all field documentation  


• Prepare and ship samples under custody to the appropriate analytical laboratories   


Laboratory 


Manager(s)  (Lab 
Manager) 


• Conduct all sample analysis, reporting, analytical activities, as well as all activities related to 


sample custody records and processing in accordance with their contracts and the QAPP and 
SOPs 


• Review/QC data, assign laboratory qualifiers, and implement corrective action 


• Ensure independent QA oversight 


• Communicate any issues that could affect sample integrity, data quality, or schedule to 


contracting Laboratory QA/QC Officer 


• Perform internal verification and validation of all reported data 


• Submit data packages and electronic data deliverables (EDDs) that conform to QAPP 


requirements 


Laboratory QA/QC 


Officer (Lab 
QA/QC) 


• Review analytical data to verify that QAPP and SOP requirements were achieved 


• Ensure data are traceable to raw data, calculations are accurate 


• Ensure data qualifiers are applied to any data that do not meet the QAPP measurement quality 


objectives (MQO) requirements 


• Report the results of audit to management 
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3.2 Data Quality Objectives 


The data quality objectives of the EMP are to address the following NPDES GP requirements: 


1) Complete an initial site assessment, including a physical sea bottom survey, to ensure the 


exploratory facility is not located or anchored in a sensitive biological area or habitat;  


2) Evaluate water-quality characteristics of the receiving water and potential effects of the 


specified discharges;  


3) Evaluate sediment characteristics of the seafloor and potential effects of the discharges on the 


sediment characteristics;  


4) Evaluate potential effects to the benthic community structure due to deposition of Discharge 


001 (water-based drilling fluids and drill cuttings) and Discharge 013 (muds, cuttings, cement 


at the seafloor), which includes both spatial and temporal changes in community diversity 


and abundance; and  


5) Evaluate the plume(s) in the vicinity of the discharges 


3.3 EMP Technical Approach: (Phase I through IV) 


The technical approach for the EMP requires collection of data during four different phases shown in 


Table 3-2.  The types of analysis for the four phases are shown in Table 3-3. The sampling design 


described in Section 3.5 will describe each of the four phases and how they meet the DQOs of the EMP.  


The sampling design is based on and intended to meet the data quality objectives (DQOs) of the EMP. 
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Table 3-2 Summary of Field Sampling for the Four Monitoring Phases


EMP 


Component Matrix 


Permit 


Reference 


Existing 


Baseline Data 


(Phase I 


replacement) 


(pre-drill 


baseline)
1
 


Phase II 


(during) 


Phase III 


(post-


drill) 


Phase IV 


(no later 


than 15 


months 


post drill) 


Physical 


Oceanography/ 
Meteorology 


Physical Characteristics 


(water) 
II.A.f.2. (X)2    


Plume Monitoring 


(water) 
II.A.j.4  X   


Biology 


Benthic Community 


Structure 
(benthos/epibenthos) 


II.A.f.4 


II.A.i.2 
X   X 


Physical Sea Bottom 


Survey 


II.A.f.1. 


II.A.h.1. 


II.A.i.1 


X  X X 


Chemistry 


Water-based Drilling 


Fluids/Drill Cuttings 
II.A.j.1  X   


Sediment Characteristics 


(surface sediment) 
II.A.j.2 X  X X 


Benthic Community 


Bioaccumulation 
Monitoring (tissue) 


II.A.j.3 X  X X 


Chemistry 


(continued) 


Receiving  Water 


Chemistry 
II.A.f.3. (X)3 X   


Plume Monitoring 


(water) 
II.A.j.4  X   


Notes: 
1 As indicated in the EMP, Appendix A, Phase I data includes historical data within the previous 5 years, sampling completed in 2012, 2013, 


additional samples of opportunity , and samples that may be collected concurrent with Phase II.  
2 Water column physical characteristics have historically been collected and additional data may be collected during Phase II. 
3 Reference samples will be collected outside the plume during Phase II as the most representative baseline (Phase I) data during drilling. 


3.3.1 Phase I Assessments 


The Phase I data collected from the previous 5 years was compiled and analyzed to determine the 


variability within and among the data sets from the same region and to establish whether historical data 


from a larger geographical area may be predictive of current baseline data at site-specific locations.  The 


results demonstrate that baseline data are available and are sufficient for replacement of Phase I permit 


requirements; therefore, Phase I sampling requirements are not addressed in this QAPP. The results of 


this analysis are presented in the EMP Appendix A.  
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Table 3-3 Summary of Analytical Parameters by Matrix 


Parameter  


Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Volatile Organic Carbon (VOC)/ 
Total Aromatic Hydrocarbons (TAH)2,3 (Phase II)4 


    Phase II 


Saturated Hydrocarbons (SHC) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Total Petroleum Hydrocarbons (TPH) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Polycyclic Aromatic Hydrocarbons (PAH) (Phase II)   
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Petroleum Biomarkers    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Percent Lipid     
Phase III 


Phase IV 
 


Particulate Organic Carbon (POC) (Phase II)      


Total suspended solids (TSS) (Phase II)      


Grain Size 
   


Phase III 


Phase IV  
 


Total organic carbon (TOC) 
   


Phase III 


Phase IV  


 


 


Sediment profile imaging 


(Sea Bottom) or ROV camera survey    


Phase III 


Phase IV  
 


Benthic Community Structure (benthos/epibenthos) 
   


Phase IV 
 


 


Aluminum (Al) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Antimony (Sb) 
 


Phase II Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 
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Parameter  


Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Arsenic (As) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Barium (Ba) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Beryllium (Be) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Cadmium (Cd) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Chromium (Cr) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Copper (Cu) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Iron (Fe) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Lead (Pb) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Manganese (Mn)    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Mercury (Hg) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Methyl mercury 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Nickel (Ni) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Selenium (Se) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Silver (Ag) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Tin (Sn) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 
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Parameter  


Water Total  


Water 


Particulate 


Phase  


Water 


Dissolved 


Phase 


Sediment Tissue  
Drilling  


Fluids/Cuttings
1 


Titanium (Ti) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Thallium (Tl) 
  


Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Vanadium (V)    
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Zinc (Zn) 
 


Phase II  Phase II 
Phase III 


Phase IV 


Phase III 


Phase IV 
Phase II 


Total metals 
 


6 19 195 195 195 


Notes:  
1 Analyses for total recoverable [metals] concentrations must be conducted and reported for each metal using EPA methods. The results must be reported in “mg/kg of whole mud (dry weight) and 


moisture content (percent by weight) of the original drilling fluid sample.”  
2 TAH “as determined by EPA Method 602 (plus xylenes)”. 
3 Total Aqueous hydrocarbons (TAqH) is the sum of TAH + PAH. 
4 As indicated in the EMP, Appendix A, Phase I data includes historical data, sampling completed in 2012, 2013 additional samples of opportunity, and samples that may be collected concurrent with 
Phase II. 
5 All required metals (Table A, NPDES GP) are included in the 19 metals. Manganese and vanadium are also included in sediments, muds and cuttings, and tissue sample analyses bringing the total 


metals for those matrices and phases to 21.  
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3.3.2 Phase II Plume Monitoring and Observations 


The objective of the plume-monitoring component is to measure metals, organics, turbidity and total 


suspended solids throughout the water column during periods of maximum discharge of water-based 


drilling fluid and drill-cuttings (Discharge 001). Additionally, the objective is to focus characterization 


efforts on areas of expected deposition of water-based drilling fluid and drill-cuttings based on model 


predictions. Plume monitoring will also serve as a check/verification of modeled effluent behavior. 


Phase II plume monitoring will be conducted from a vessel configured to conduct environmental 


monitoring. Safety, operational and navigational issues could limit the ability to delineate plumes in the 


immediate vicinity of the drilling operations. Within these logistical constraints, efforts will be made to 


safely locate and sample the plume(s) during the drilling process.  In order to assess maximum discharge 


of metals, hydrocarbons, turbidity, and total suspended solids, two primary time periods will be targeted. 


(1) Drilling of the largest casing interval after the BOP stack is set; this time period represents the 


expected maximum discharge rate over the longest time interval of water-based drilling fluids and 


drill-cuttings during the drilling process.  


(2) During and/or immediately following bulk drilling fluid discharge; this discharge represents a 


period when only water based drilling fluid (with some finer entrained drill cuttings) is 


discharged and total suspended solids could be higher due to the small particle size of the material 


(barite and bentonite). 


In the event that sampling during these time points cannot be conducted in the field, secondary options are 


presented in the EMP. During the two discharge events listed above, up to seven sampling stations will be 


targeted for sample collection (Figure 3-1).  A total of up to 70 water samples will be targeted for 


collection plus 6 samples of drill cuttings and drilling mud will be collected during Phase II (Table 3-4).  


The direction of the predominant currents will be measured with the ADCP system and will be used to 


inform actual sampling stations during field activities. 


The data collected during the Phase II monitoring will be used to assess the location of the plume(s), to 


refine model inputs, and to help inform the Phase III and IV monitoring efforts. 
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Figure 3-1 Phase II Water Sampling Stations 


 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer  


April 2015 
Page 101 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


Table 3-4 Number of Samples Slated for Collection During Phase II 


Sampling Water 


Depth
1
 


Transect 


Type 


Number of Samples (Estimated) 


Phase – 


Largest 


Casing 


Interval 


Phase – Bulk 


Drilling Fluids
2
 


Other Intervals
4
 


Total Number 


of Samples 


1 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


10 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


20 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


30 m below surface 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


2 m above bottom 
Plume 6 6 --- 12 


Reference 1 1 --- 2 


Drill-Cuttings Drilling Rig 2 0
3
 2 4 


Drilling Fluid Drilling Rig 2 2 2 6 


Subtotal  Up to 39 Up to 37 Up to 4 Up to 80 


Notes: 


1 Sampling water depth may vary depending on in-field measurements of turbidity during plume monitoring, weather conditions, or 
operational parameters.  
2 If bulk discharge event occurs.  


3 No separate drill cuttings samples will be collected because they are not present at significant concentrations in the bulk drilling fluids. 
4 Drill-cuttings and drilling fluids will be collected at each interval beyond the top hole as specified in the Drilling Fluids Plan. 


3.3.3 Phase III Assessment 


Phase III incorporates the post drill sampling immediately (as soon as practicable) following cessation of 


drilling at a well site. In the event that unforeseen circumstances occur preventing the environmental 


sampling of data immediately after drilling, the EPA will be notified immediately to determine the next 


course of action. A four-transect design (N, E, S, and W) off-set 22.5 degrees in line with the annual mean  


current direction, in conjunction with four different radii at 100 m, 250 m, 500 m, and 1000 m from the 


drill site location, will be used (Figure 3-2; Table 3-5). 
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Figure 3-2 Phase III and IV Sampling Stations 
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These transect orientations may be modified in the field, depending on observations made during the field 


effort (e.g., the Phase II ADCP data indicate a different trajectory for the predominant downstream 


current direction),  and/or sediment profile imaging or ROV survey, and sediment grab samples will be 


used to also help determine the depositional area of the muds and cuttings. 


Table 3-5 Summary of Near-Field and Far Field
1
 Phase III and IV Samples Slated for 


Collection 


Discipline 


Number of Sample 


Design Near-field 


stations 


Number of Far-


Field
1
 stations 


Number of samples 


Sediment Profile Imagery Up to 17 Up to 2-4 Up to 19-212 


Benthic ecology (Phase IV 


only) 
Up to 17 Up to 2-4 


Up to 57-63 (3 reps, 


possibly 5 reps, 


depending on field 


conditions and 


operational limitations) 


Chemistry—sediments Up to 17 Up to 2-4 Up to 19-21 


Chemistry—biota (clams) Up to 4 Up to 1-2 Up to 5-6 


Chemistry—biota 


(amphipods) 
Up to 4 Up to 1-2 Up to 5-6 


Notes: 
1 Far-field samples will be collected at 2-4 stations contemporaneous with the near-field stations. Far-field stations will be 
consistent with a subset of stations from the CSESP, where possible.  
2 Multiple photographs will be taken at each station (plan-view and cross-sectional) to ensure at least one high-quality photograph 


per station. 


3.3.4 Phase IV Assessment 


The sampling that occurs for the Phase IV monitoring must follow the same sampling design as for the 


Phase III sampling, as per the NPDES permit (Figure 3-2; Table 3-5). Sediment profile imaging (or 


similar technology), sediment chemistry, and tissue chemistry sample collection for Phase IV, if possible 


(e.g., if organisms are present for sample collection for chemical analysis), will be identical to the Phase 


III sampling design.  Benthic community structure will be added for the Phase IV assessment to measure 


and assess any potential long term impacts to the benthic community as a result of the exploratory drilling 


operations.  Three to five replicate sediment samples for identification and enumeration of benthic 


infauna will be collected from up to17 near-field stations and 2-4 far-field reference locations. 


3.4 Field Sampling 


3.4.1 Sampling Methods 


The following section summarizes the field sampling procedures that will be used to implement the 


environmental monitoring plan.  Details are provided in field SOPs provided in Appendix B. 


3.4.1.1 Navigation 


The Shell vessel navigation system will be used to track vessel and sampling locations during 


environmental monitoring if the accuracy of the system meets the EMP requirements (±10 m).  If the 
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vessel navigation system cannot meet this level of accuracy, an auxiliary system will be provided to 


define sampling locations.  The location of each sample is marked as a waypoint when the FT 


communicates to the VM that a sample is about to be collected.  The milestone number is documented in 


the field log by the FT and the pre-assigned sample identification (ID) number is recorded with the 


waypoint number, creating a link between each sample and the station coordinates. 


3.4.1.2 Acoustic Doppler Current Profiler (ADCP) 


An ADCP will be mounted on the environmental sampling vessel. Real time water velocity data from this 


ADCP system will be used to determine the water speed and direction to estimate the probable trajectory 


of the plume. In addition, backscatter data from the ADCP will be used if adequate strength backscatter 


data are present, to determine the three dimensional shape of the plume and influence sampling locations 


and depths. Integrating the ADCP data with the sampling XYZ locations is done to maximize the 


effectiveness of the Phase II plume-sampling component.  


After determining the XY sampling locations based on ADCP data, the Z component (water depth) will 


ultimately be determined by review of the turbidity and transmittance downcast data from the Sea-Bird 


SBE25plus system (Section 3.4.1.3).  Discrete samples will be collected during the upcast at depths 


selected to cover the maximum and minimum range of turbidity observed in the downcast. Review of 


ADCP data will be ongoing throughout the discharge sampling event to maintain sampling focus within 


the observed plume (if a plume is observed).  Sample XY and Z positions may change during the 


sampling as water velocities change.  


3.4.1.3 Conductivity, Temperature, and Depth (CTD) 


A Sea-Bird Electronics, Inc., SBE25plus (or similar) CTD profiler with (at a minimum) a turbidity sensor 


(e.g., Nephelometric Turbidity Units (NTU)) and a transmissometer will provide real-time multi-


dimensional data on suspended solids to optimize water-sampling locations. The CTD may be mounted 


on the carousel water sampler and may be used to collect hydrographic data at each water station, 


depending on the apparatus used to collect water samples. 


Twenty-five (25) carousel sensor measurements will be collected during the downcast from near surface 


(approximately 1 meter) to within approximately 2 m of the sea floor at each station.  Salinity and density 


(as sigma-t) will be calculated using Sea-Bird software from the conductivity, temperature and depth data.  


Navigational position and time will be recorded concurrently with the hydrocast measurements. CTD 


profiles and the presence of suspended solids detected by the turbidity sensor(s) and transmissometer will 


indicate the presence of the plume in addition to ADCP water column velocity data and real-time weather 


conditions. Water samples will be collected during the upcast or downcast (depending on rosette type, to 


minimize sample contamination) within the depth zones indicating plume characteristics. CTD operation 


will follow the guidance of Battelle SOP 5-367-01 Sea-bird Electronics SBE 25plus Sealogger and SBE 


32 Carousel Water Sampler System. 


3.4.1.4 Water Samples 


A total of up to 70 water samples representing the five different sampling depths in the water-column will 


be targeted for collection during Phase II using a multiple bottle carousel sampler (e.g., example pictured 


in Figure 3-3) or similar system. Samples will be collected in the carousel using GO-FLO or OTE Niskin 
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bottles (C Free).  The sampling layout is depicted in Figure 3-1. Table 3-4 summarizes the sampling 


design. Sampling collection using the carousel sampler will follow the guidance of Battelle SOP Battelle 


SOP 5-367-01 Sea-bird Electronics SBE 25plus Sealogger and SBE 32 Carousel Water Sampler System. 


Transect locations will maximize the plume coverage in response to discharge and plume dynamics. The 


general procedure during each sampling event is proposed as follows:  


1) The field team will use the real-time or near-real time ADCP data (if available) along with 


recent water column velocity data to determine the current direction and speed near the 


drilling operation. 


2) Prior to initiation of plume sampling, whole-water samples and CTD/turbidity data will be 


collected along the reference transect located at least 1,000 m away and perpendicular to the 


up-current end of the downstream plume transect (Figure 3-1).  


3) The plume-monitoring transect will be conducted across the plume (laterally) at intervals from 


as close to the release point as it is safe to occupy and down-current until evidence of the 


plume (e.g., turbidity measurements above background levels) disappears (Figure 3-1). 


ADCP data will be used to help locate the plume vertically and horizontally based on water 


volume velocity data and acoustic backscatter data.. Modifications to the transect scheme 


may be made at the discretion of the CS in response to conditions encountered in the field. 


4) Additional vessel transects along the plume (axially) may be made at the discretion of the field 


leader to help locate plume boundaries, pending vessel logistical considerations and priorities 


in the field. 


5) Water samples will be collected with a sampling carousel within the plume at up to six stations 


along three transects (two stations per transect) oriented in the direction of the predominant 


current at each of five depths. The main plume transect will be positioned along the primary 


current direction. Two additional transects will be set at approximately ±10-15 degrees from 


the primary current direction (Figure 3-1). All plume-transect sampling stations will be 


attempted within 1000 m from the drilling location, with the near-field stations being as close 


to the discharge as logistically possible. The sampling vessel will be equipped with a 


laboratory supporting on-board water filtration for collection of water samples for analysis of 


dissolved metals. Water samples will be filtered as soon as practical on-board the vessel 


laboratory. 


6) ADCP and CTD data will be used in an adaptive manner to optimize the location and depth for 


discrete water sample collection to capture the densest portion of the plume when possible.  


General target sample depths are approximately 1 m (near-surface), 10 m, 20 m, 30 m below 


the surface of the water, and 2 m above the sea bottom. 
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Figure 3-3 Example Carousel Water Sampler with Go-Flow Bottles and CTD Sensors 


 


 


3.4.1.5 Muds and Cuttings 


Two samples of used water-based drilling fluids and two samples of drill cuttings will be collected during 


drilling of the largest casing interval (after the blowout preventer (BOP) is set), and two samples of used 


water-based drilling fluids will be collected during bulk-mud discharge (if applicable), in Phase II of the 


monitoring program, for a total of 6 samples (Table 3-4). In addition, Permit No.: AKG-28-8100 Section 


II.A.13.j.1 requires metals analysis of each drilling fluid system.  Different weight drilling systems are 


utilized in each drilling interval as described in the Drilling Fluids Plan.  A sample from each drilling 


interval beyond the top hole (as specified in the Drilling Fluids Plan, i.e., 17 ½”, 12 ¼”, and 8 ½” hole 


sizes) will be collected and analyzed for the metals identified in Table A of Permit No.: AKG-28-8100 


(Additional 4 samples shown in column termed “Other Intervals” in Table 3-4). Drilling-fluid 
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compositions and monitoring records will be obtained from Daily Mud Report and Well Mud recap (done 


at end of well) to the degree possible.  


The water-based drilling fluids and drill cuttings will be collected by personnel on the Shell drilling rig 


(e.g., M-I SWACO NPDES Compliance Specialists) and placed in clean glass jars. Sample handling and 


analysis will be performed in accordance with Section 3.5.2. Samples will be frozen immediately to 


ensure preservation.  


3.4.1.6 Sediment Samples 


Sediments will be sampled at up to 17 near-field stations and up to two to four far-field stations during 


Phases III and IV with a double van Veen grab sampler (Table 3-5). Analytical chemistry samples will be 


collected from the top 2 cm (i.e., the surficial layer) of sediment. Depending on sediment observations 


from van Veen grab collections, gravity-core samples also may be collected in the field to obtain truly 


undisturbed cross-sectional samples of the sediment layer and to provide information on the 


depth/thickness of solids deposition caused by Discharges 001 and 013. The thickness of any overlying 


materials (water-based drilling fluids and drill cuttings) will be estimated by the CS or appropriate FT 


lead at the time of sample collection and recorded as part of the field documentation efforts.   


Van Veen Grab Sampler 


The double van Veen grab sampler is designed to be deployed from a vessel equipped with a power winch 


and A-frame or boom system and to collect undisturbed surface sediment samples to a maximal depth of 


approximately 15 cm. The double van Veen grab sampler enables chemistry and benthic infaunal samples 


to be co-collected from the same deployment.  Fairweather Science (FWS) SOP 06 Surface Sediment 


Sampling Using a Modified van Veen Grab Sampler describes the operation of the grab sampler.  Based 


on the sediment surface, the penetration depth of the grab sampler will be modified for softer or denser 


sediments. Weight will be added for dense, stiff sediment or removed for soft sediments.  A sheet of 


material (e.g., plastic, plywood) may be fastened to the grab frame to slow the descent rate into the 


sediment to prevent over-penetration. In addition, the grab sampler can be used in a variety of sea 


conditions. 


Upon return of the grab sampler to the deck of the vessel, the sampler will be placed on a table to enable 


sediment collection from the buckets. The hinged access doors on the top of the sampler are opened to 


determine whether the sample is acceptable for collecting material for analysis.  The discipline specific 


FT lead makes this determination.  An acceptable sample collection is one that displays the following 


characteristics: 


• Sampler is not overfilled with sediment, the jaws are fully closed and the top of the sediment is 


below the level of the open doors. 


• Overlying water must be present and must not be excessively turbid. 


• No significant leakage of water from the sampler of the bucket used for collecting a sample, 


unless sediment is very coarse grained (e.g., gravel or coarse sand). 


• The sampler is at least 80% full of sediment or the desired penetration has been achieved. 


• The sediment is level on at least one side. 
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Overlying water with no excessive turbidity indicates that the sediment sample is undisturbed and that 


surface sediments remain intact (i.e., there was no significant leakage of water and, hence, fine sediment 


remains in the sampler).  If unacceptable, the grab sampler will be redeployed at a slightly different 


location to avoid disturbance of the sediment layer from previous unacceptable grabs and drops of 


unwanted sediment. 


If the grab sample is acceptable then samples will be collected according to the following steps: 


1) Remove overlying water from the grab by siphoning or pumping through a pre-cleaned 


Teflon tube. (See Section 3.5.1.11 for equipment decontamination procedures). 


2) Collect samples through the access doors into stainless steel bowls and/or clean glass sample 


jar, avoiding sediment that contacts the metal sides of the grab. 


3) Collect the top 2 cm of sediment in the grab using a Kynar®-coated (or equivalent) scoop 


pre-marked with a 2-cm marking.  This surficial sediment layer represents recent 


accumulation (in this case, potentially drilling muds and cuttings discharged as a result of the 


drilling operations) and incorporates the primary biogenic zone.  


Once the top 2 cm have been removed from the grab into the homogenizing container, it will be gently 


but thoroughly mixed to a homogeneous color and consistency and subsampled into the appropriate 


containers for analysis of organics, metals, grain size, and total organic carbon (See Table 3-6). Any 


rocks, large shells, or rock debris will be removed from the sample.  


Gravity Core 


If collected, the sediment-core samples would be obtained most likely in the immediate vicinity of the 


drilling location and at the stations located within the 100 m and 250 m concentric radii from the drill site. 


If evidence exists in the field of muds or cuttings thicker than expected beyond the 100 m radii, additional 


core samples may be taken. Core samples would be collected only if/when sediment samples collected by 


grab or other data indicated substantial thickness of drilling muds or cuttings. Decisions regarding 


additional coring will be made at the discretion of the CS. Any sediment core samples would be in 


addition to the scope of the surface sediment sampling described earlier (e.g., in Table 3-5).   


Battelle SOP 5-342 Collecting Sediment Cores with a Piston Push/Hammer Corer describes the operation 


of the gravity core.  After collection, the core liner with sediment will be removed from the outer core 


tube.  Following penetration and removal, the core will be examined for integrity and volume.  The core 


is acceptable if the appropriate length is collected and the sediment recovered is relatively undisturbed 


throughout its depth.  Disturbed cores will be rejected; a new core liner installed; and the station will be 


resampled. If not immediately processed, the core liner will be sealed at each end with electrical tape or 


an equivalent system (e.g. cable tie) and stored upright in ice for up to 6 hours prior to processing.  


Pre-cleaned core liners will be used to collect each sample; a new liner will be used for each station.  The 


cores must be chilled (Table 3-6) and stored upright until processing. 


Core sample processing will be conducted in the field on the vessel as follows:   


1) Store the core liner with sample vertically prior to extraction. 
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2) Insert a piston (constructed from Teflon®, plastic, or aluminum) attached to a post that is 


longer than the core into the bottom of the core tube. 


3) Push the core tube down by hand, pushing adequate sediment (~4cm to satisfy laboratory 


requirements) out of the top of the core. 


4) Using a clean utensil (plastic or Kynar® covered), scrape the outside of the core away and 


discard (this removes any material smeared along the sides of the core liner).   


5) Using a second clean utensil (plastic or Kynar® covered), cut the sediment even with the top 


of the core tube and transfer to a clean collection jar.    


6) Continue to extrude, scrape off the edges, and sample the core until completed. The length of 


each core segment will be based on observed horizons identified by the CS.  It is anticipated 


that segment thicknesses could range from 4 – 10 cm. 


7) Gently but thoroughly mix the sediment to a homogeneous color and consistency and 


subsample sediment into the appropriate containers for analysis of organics, metals, grain 


size, and total organic carbon (See Table 3-6). 


Table 3-6 Sample Containers, Sample Sizes, Preservative Requirements, and Holding 


Times for Sediments, Tissue, and Water 


Compound Class 


Minimum 


Sample 


Size Container
1
 Preservation Holding Time


2
 


Sediment/Water-Based Drilling Fluids/Cuttings 


Hydrocarbons3 8oz Glass with Teflon lid Frozen –20°C 


1 year to 


extraction/40 
days to analysis 


VOC, muds and cuttings only 10g Glass with Teflon lid Cool <6ºC 14 days 


Metals 2oz Glass with Teflon lid Frozen –20°C 1 year 


Mercury 
4oz 


(1/2 filled) 
Glass with Teflon lid Frozen –20°C 1 year 


Methylmercury 
4oz 


(1/2 filled) 
Glass with Teflon Frozen –20°C 1 year 


TOC 2 oz Glass 
Cool <6°C, above 


freezing 
6 months 


Grain Size 4 qt Plastic bag 
Cool <6°C, above 


freezing 
6 months 


Benthic Animals 60ml 
Whirl-Pak® plastic 


bags, various sizes 
Buffered Formalin 1 month 


Benthic Animals 60 mL Glass jars 


Transfer from 


formalin to 


ethanol 


Indefinite 
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Compound Class 


Minimum 


Sample 


Size Container
1
 Preservation Holding Time


2
 


Tissue 


Hydrocarbons 8oz Glass with Teflon Frozen –20 °C 


1 year to 


extraction/40 
days to analysis 


Metals 2oz Glass with Teflon Frozen –20 °C 1 year 


Mercury 4oz Glass with Teflon Frozen –20 °C 1 year 


Methylmercury 4oz Glass with Teflon Frozen –20 °C 1 year 


Water 


VOC4 
3 x 40 ml 


vials 
Glass with Teflon-


lined lid 


No head space. 


 


Acidified to a pH 


≤2 with 


hydrochloric acid, 
above freezing 


14 days 


Hydrocarbons5 


1 L 


(two 1-L 


bottles 
collected) 


Glass with Teflon-


lined lid 


Acidified to a pH 


≤2 with 


hydrochloric acid, 
above freezing 


14 days to 


extraction/40 
days to analysis 


Metals (dissolved) 1L HDPE 


Acidified to a pH 


≤2 with Nitric 


Acid 


6 months 


Metals (particulate filter) 
1 mg on 


filter6 
Plastic petri dish; 


double Ziploc bags 
Dry 6 months 


Mercury 0.5 L Teflon 


Acidified to a pH 


<2 with 


Hydrochloric Acid 


90 days 


Methylmercury 0.5 L 
Glass with Teflon-


lined lid 


Acidified to a pH 


<2 with 
Hydrochloric Acid 


180 days 


POC 1 
Glass Fiber filter in 


plastic petri dish 
Frozen 1 year 


TSS 1 Polycarbonate Filter 
Frozen in sealed 


petri dish 
6 months 


Notes: 


1 Container Types:  G = Glass/Teflon-lined lid; P=Plastic SPEX.   
2 "x" days/"y" days = maximum days from sampling to extraction/maximum days from extraction to analysis. 
3 PAH, SHC/TPH, petroleum biomarkers.  
4 Three 40-ml VOC vials w/ Teflon® septum and Zero head space.  
5 PAH, SHC/TPH.  
6 Volume filtered on 0.47-mm, 0.4-µm pore size polycarbonate filter based on the TSS concentration is typically 0.5 – 2.0 L. 


3.4.1.7 Sediment Samples - Benthic Ecology Samples 


Infaunal and epifaunal benthic invertebrates will be sampled with a double van Veen grab sampler at up 


to 17 near field stations and up to two to four far-field stations. Three to five replicate grab samples will 


be collected at each station (Table 3-5, Figure 3-2). Sediment samples for benthic ecology will be 
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collected using the same protocol as for sediment samples collected for environmental chemistry. FWS 


SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler describes the operation of 


the grab sampler. Photographs of the surface of the grab samples will be taken to compare to Plan View 


photographs taken during the SPI or ROV program.  


Following the completion of the sediment sample collection at a particular station, a clean plastic bin will 


be placed underneath each side of the non-disturbed (no sediment removal for chemistry) grab samplers 


to empty the bucket with the remaining sediment for biota sorting (both for benthic ecology and biota 


chemical analysis samples). Samples will be rinsed using a 1.0-mm mesh stainless steel screen with water 


pressure sufficient enough to remove sediments but weak enough to minimize damage to the animals to 


isolate biological material (a stacked 0.5 mm sieve may also be placed beneath the 1.0 mm sieve to 


capture smaller organisms). The bucket that was used for sediment chemistry sampling may be used to 


obtain additional tissue mass for chemistry samples. Rinse water will be seawater filtered at least as low 


as the smallest sieve to remove any indigenous pelagic organisms that may be introduced into the benthic 


sample. Biological and sediment residues will be carefully removed from the sieve so that all visible 


animals, sediment particles, and fragments will be removed. The biological and sediment residue 


remaining in each sieve will be placed into separate pre-labeled plastic jars or Whirl-Pak® bags, 


preserved in 10% formalin buffered with borax or equivalent and securely stored for shipment to the 


laboratory. The sieving and sample preservation procedures for benthic ecology samples are described in 


Environ SOPSAM043.02 Benthic Sample Collection and Processing for Shell Baseline Environmental 


Sampling Program – Chukchi Sea.  


3.4.1.8 Tissue Samples for Chemistry 


Collection of biota samples (clams and amphipods) will be attempted at up to four (4) near-field stations 


and up to one to two additional reference stations each during both Phases III and IV (Table 3-5).  Target 


locations for biota sampling will be stations 3, 7, 11, and 15 (stations along the mean current transect 


anticipated to be the area of potential plume) but the actual locations will be determined in the field based 


on the availability of clams and amphipods. Due to natural patchiness of the biota, it is unlikely that biota 


samples will be able to be collected at all specific proposed stations. Biota samples for tissue analysis will 


be collected by using a combination of a clam rake and double van Veen grab sampler at the same station 


for clams and by using baited modified minnow traps for amphipods. Previous efforts at collecting 


bivalves and other benthic organisms in the Chukchi Sea (J. Hardin, Battelle, San Diego, CA, pers. obs.) 


indicated that clams are not obtained in numbers large enough for tissue volumes required for chemical 


analyses with the double van Veen grab sampler. Alternatively, the use of a clam rake towed for a few 


minutes often provides adequate numbers of bivalves. Because sample size is important for chemical 


analysis in order to have enough sample mass to meet target detection limits for all analyses, the use of 


the clam rake is warranted for bivalve collection.  Battelle SOP 5-365-01, Collecting Benthic and 


Epibenthic Invertebrates with a Towed Clam Rake and SOP 5-368-01, Collecting Amphipods for 


Chemical Analysis Using Baited Traps describe the collection procedures. 


For bivalves, following the clam rake sample collection, the catch is brought aboard and emptied into 


large plastic tubs. The contents of the tubs then are sorted by trained personnel using clean-gloved hands. 


Target bivalve species include Astarte spp. and Macoma spp. If numbers are sufficient to provide the 


required tissue mass, one and the same species will be collected at each station; however, if this is not 
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possible then it is more important to collect sufficient tissue mass for the analyses.  Preliminary 


identification of the bivalve species will be determined in the field and verified by taxonomic 


identification.  Collected bivalves are placed in a clean sieve and gently rinsed with seawater to remove 


external sediment and debris prior to being counted and photographed. Clams will be placed into pre-


cleaned glass containers, and frozen. For amphipods, traps are recovered to the ship. Traps are opened up 


and amphipods are gently rinsed from the trap and screens into a clean plastic sieve. Amphipods are 


separated from any visually adhered materials and sediment, then transferred into pre-cleaned glass 


containers, photographed, then frozen (Table 3-6). Chemical analysis will be conducted separately on 


whole body clams and on whole body amphipods (i.e., the organisms will not be dissected prior to 


chemical analysis).   


3.4.1.9 Sediment Profile Imaging 


Plan-view digital photographs of the seafloor and sediment profile images (cross-sectional digital 


photographs of the sediment-water interface) will be obtained using SPI technology at up to 17 near field 


stations per drill site and up to two to four reference stations. Images will be assessed to characterize 


baseline seafloor conditions. Operation of the SPI will follow the guidance of NewFields SAM044.02 


Sediment Profile Imaging (SPI) and Plan View (PV) Photography Collection.  


The SPI system consists of a camera enclosed in a waterproof, pressure-resistant housing, a 45° prism that 


penetrates the sediment, and a mirror that reflects an image of the sediment profile through the camera 


lens to a digital camera (Figure 3-4). The camera frame also supports a downward-looking camera to 


view the surface of the seafloor. These images are viewed onboard the vessel after the system has been 


retrieved and permit the scientific crew to view conditions of the seafloor and the ability to provide near 


real-time guidance of sampling activities and strategy. The two independent camera systems are triggered 


by mechanical switches. The plan-view camera is triggered first at a pre-determined elevation above the 


sea bottom. When the system hits the sea bottom and the prism begins to penetrate the sediment, the SPI 


camera switch initiates time-delay electronics that trigger the camera to collect an image when the prism 


has completed penetration (~15 seconds). At each station, the camera is lowered to the seafloor a 


minimum of three times to ensure that replicate images suitable for analysis are obtained. At any station 


where difficulties are encountered, additional camera drops can be made. The date, time, station, water 


depth, photo number, and estimated prism penetration are recorded in a field log, with each drop of the 


camera also logged. The digital images are transferred to an onboard computer after each station for back-


up. Images are transferred to a third location (e.g., an on-vessel external hard-drive) at least 1 time/day.  
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Figure 3-4 Sediment Profile Imaging and Plan View Camera Systems 


 


Alternatively, photography of the ocean floor can be accomplished by the use of an ROV equipped with a 


downward-facing central digital camera with two flashes on both sides. The device may be placed in a 


sealed titanium housing with a window allowing for wide angle photographs, depending on water depth 


and pressure considerations. The distance between the sea floor bottom and the camera is known through 


the use of an altimeter on the ROV. If used, the ROV system provides both digital photographs and video 


recordings of sea bed characteristics and the epibenthic infaunal community structure only. 


The ROV is powered through a hydraulic propulsion system which is supplied with power from the 


surface vessel through an electrical control umbilical. The ROV is deployed from the vessel or rig via an 


electrical winch that is attached to a tether management system (TMS). Once deployed, the TMS is 


suspended vertically below the surface vessel at an altitude above the seafloor of approximately 10 m. 


The ROV is then able to exit the TMS and make access to the seafloor to conduct its visual inspection of 


the sampling stations. Dependent on the ROV system in use, a lateral offset (maximum flying distance) 


between the ROV and TMS would be no greater than 100m. A video system consisting of multiple 


cameras allows the operators to direct the ROV and manipulate both mechanical arms and other systems. 


The ROV will be lowered to within 1-2 meter of the seafloor or to a distance such that the sea bed is not 


disturbed by the ROV propulsion system. Photographs and video footage at each sampling site will be 


collected for approximately 30 minutes at each sampling station visited or as required by the onboard 


science crew. Imagery is recorded in real time onto digital hard drives that are located onboard the vessel 


or rig. The digital images are transferred to an external hard drive after each station for back-up. Images 


are transferred to a third location (e.g., an on-vessel external hard-drive) at least 1 time/day. 
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3.4.1.10 Contamination Prevention 


Extreme care will be taken to avoid cross-contamination of sampling equipment and samples during 


collection and processing.  FWS SOP-04 Decontamination of Equipment – Sediment, BRL SOP-01 Field 


Go Flo Bottle Decontamination, and FWS SOP-07 Decontamination of Tissue Sampling Equipment 


describe general procedures for decontamination of field sampling equipment.  Other procedures include 


the following: 


• Avoid contact with hydrocarbon sources and any possible metals contamination during the 


collection of samples.  


• Use only clean stainless steel, Kynar® or similar coating, and/or plastic equipment and utensils 


for sample collection.  


• Decontaminate all components of the sampling equipment prior to use.  


• Store sampling equipment away from grease drips from winches and winch wire, diesel smoke, 


and other potential airborne contaminants (e.g., smoking) when it is not being used to sample. 


• Process samples in a clean area outside the influence of gasoline or diesel engines fumes and 


exhaust gases.   


Rigorous decontamination procedures will be used to ensure that sampling equipment is clean and comply 


with the QAAP. The CS will be responsible for assuring SOPs are followed. 


To the extent possible, non-contaminating, pre-cleaned materials (glass, stainless steel, Teflon™) will be 


used for sample collection.  When this is not possible (steel equipment, core liners), the sampling 


equipment will be cleaned as described below; 1% Alconox® solution (or equivalent) will be used as 


soap.  The use of solvents as part of the equipment decontamination process will be avoided, if possible, 


to limit the generation of solvent waste.  However, if any oily sheen is noted or if oil contamination is 


suspected, then the affected equipment will be rinsed three times with methanol.  The methanol must be 


completely evaporated prior to use of the equipment. 


• Any utensils that will contact samples for chemical analysis (e.g., Kynar® coated, stainless steel, 


or plastic utensils, screens and forceps) will be scrubbed with soap and water and rinsed three 


times with deionized water.   


• During the sample collection and processing, field personnel will wear nitrile (or equivalent) 


gloves that will be changed between stations. 


• Sample coring equipment will be cleaned prior to use and between samples.  A new core liner 


will be used for each station.  Other components of the core will be thoroughly scrubbed with a 


stiff brush and soapy water and thoroughly rinsed with site water at the beginning of each day and 


between each sampling station.   


• All sources of contamination (airborne sources, fingers, unclean equipment) should be avoided. 


• The core liner will be sealed at both ends to contain the sediment and keep contamination out.  


The core sample will not be removed from the liner until it is ready for processing under 


controlled conditions.  
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3.4.2 Sample Handling and Custody 


The procedures described in this section are designed to ensure that sample integrity and custody are 


maintained at all times.  If the sampling labeling, preservation, holding times, or custody requirements are 


not met, Shell will be notified.  The laboratory may proceed with testing with client approval and the data 


will be qualified by including a discussion of any protocol deviations in the analysis report.  If deemed 


feasible, the client may elect to provide a replacement sample for the out-of-specification sample and the 


initial sample rejected for further testing.  


3.4.2.1 Sample Labeling 


A unique sample identification (ID) number must be assigned to each sample.  The sample ID must be 


documented by the CS in the field logbook and communicated to the ship navigation system so that 


sample location and collection information are definitively linked to a specific sample container. The 


sample ID is a concatenation of the sample year, station ID, replicate number, and sample type in the 


form as shown in Table 3-7. For example, a sample collected from Burger A drill site, station BA001a, 


which is replicate 3 for benthic ecology would be identified as: 14-BA001a-03-BE. Each sample will also 


include a designation to include analysis type (eg. hydrocarbons or metals in sediment, water or tissue). 


Table 3-7 Sample Identification Scheme 


Character Position in Sample ID Description Example 


1,2 Year 14 (i.e., 2014) 


3-8 Station ID BA001a 


9,10 Replicate Number 03 


11,12 Sample Type BE 


Sample Identification Code Definitions 


Codes for Sample Types QC Sample Types Visit Number 


AC = Amphipod chemistry 


BC = Bivalve chemistry 


BE = Benthic ecology 


CC = Cuttings chemistry 


DC = Drilling fluid chemistry 


GS = Grain size 


LC = Water (liquids) chemistry 


PV = Sediment Profile Imaging plan 
view camera photograph 


SC = Sediment chemistry 


SP = Sediment Profile Imaging 
photograph 


TOC = Total organic carbon 


EB = Equipment blank 


FB = Field blank 


TB = Trip blank (VOCs) 


A unique sample ID if re-sampling is 


needed.   


The default is 01, and is incremented 
each time a sample is recollected. 


 


Each sample must be labeled with the unique sample identification number as soon as it is containerized.   


Sample labels must provide sufficient detail to uniquely identify each sediment sample and allow tracking 


to field activities.  An example label is shown in Figure 3-5. 
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Figure 3-5 Example Sample Label 


 


Project  Chukchi Sea    Sample ID_________________________ 


Collection Date (YYMMDD)  Time (2400) Station ID_________________________ 


Matrix (Circle one): Sediment / Water / Tissue / Drilling Fluid / Cuttings 


Water Type (Circle one): Whole / Particulates / Dissolved 


Tissue Type (Circle one or enter other): Macoma / Astarte / Other:      


Analysis Type: Organics   Metals   POC   TSS   TOC   Grain size   Biology    


Preservation (Circle): Chill   Freeze   Acidify   Formalin   None   Other_____________ 


Sample Collector Initials:__________ 


Container ___ of ___  (e.g., 1 of 2, 2 of 2) if the sample is contained in more than one container.   


3.4.2.2 Sample Preservation and Packing for Shipment 


Once samples are transferred to sample containers for analysis, they will be preserved as specified in 


Table 3-6 and maintained at the required temperature/conditions until packaged for shipment to the 


laboratories.  FWS SOP-03 Sample Packaging and Shipping describes these procedures.  Every effort 


will be made to deliver the samples to the analytical laboratories in a timely manner to meet the sample 


holding times.    


To prepare samples for shipment,  


• Protect the sample jars with shock insulation such as bubble wrap.  The cooler should have 


insulation placed on the bottom of the cooler and the samples should be wrapped in insulation if 


breakable or crushable containers are used. 


• For coolers containing samples for chemical analysis, add gel ice or cubitainers of frozen water to 


achieve the proper temperature and to ensure that the samples stay at a constant temperature for 


their entire trip.  


• Pack samples tightly so that they cannot move freely in the cooler; they must be secure.  


• An upper weight limit of 50 pounds per cooler is suggested.  


• For coolers containing samples for chemical analysis, place a temperature blank container in each 


cooler. 


• Record the contents of the coolers and list them on the chain-of-custody (CoC) forms. 


• Affix two CoC seals on each cooler with samples. Packing and labeling will conform to IATA 


regulations for the sample preservative.   
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3.4.2.3 Holding Times  


Sample holding conditions and holding times are defined in Table 3-6.  Holding times are determined 


from the time of sample collection.  Documentation must be sufficient to track sample holding, 


processing, and analysis times to ensure that holding times are met.  Samples must be held in a controlled 


area with limited access.  Some data results with short holding times may be flagged due to the logistics 


of transporting the samples from the remote site to the analytical laboratories. These data are expected to 


still be usable within the confines of the data quality objectives presented in this QAPP.  


Field samples collected for organics or metals analysis will be held for six months after delivery of final 


data; sample extracts and digestates will be held for one month.  Disposal records for unextracted 


samples, extracted samples, sample containers, and sample extracts must be sufficient to provide tracking 


from collection, through laboratory receipt, to sample disposal. 


3.4.2.4 Chain-of-Custody Records 


Sample custody records are the administrative records associated with the physical possession and/or 


storage history of each individual sample from sample collection to the final analytical result and sample 


disposal. FWS SOP-02 Sample Custody and FWS SOP-03 Sample Packaging and Shipping describe 


these procedures.  Sample custody will be initiated by the sample collection records that identify for each 


unique sample identification number the date, time, collection location, and collector.   


During the survey, samples will be in the custody of the FT(s), who will store samples securely under the 


preservation requirements defined in Table 3-6.  When samples are packaged for shipment to the 


analytical laboratories, the FT(s) will verify that each sample is recorded on the appropriate custody form.  


Each sample custody form will be signed by the FT(s), relinquishing the samples once he/she has verified 


that the custody form is accurate; that all samples present in the shipping container are listed on the form, 


and that the sample descriptions, requested analytical methods, and sampling dates are accurate.  The 


sample custody form provides a record of the samples collected and analyses requested.  The custody 


form should be sealed in a plastic bag and taped to the inside lid of the cooler.  The original sample 


custody forms accompany the samples; the shipper will keep a copy.   


If more than one cooler is sent in one shipment to the laboratory, then each cooler will contain a separate 


custody record for the samples in that cooler.  In addition, the outside of the coolers will be marked to 


indicate the number of coolers in the shipment (e.g., 1 of 2, 2 of 2).  Two custody seals will be placed on 


each cooler lid on opposite sides and will be signed and dated.  


Upon receipt at the designated laboratory, sample custody forms will be signed by the person receiving 


the samples once that person has verified that all samples identified on the custody forms are present in 


the shipping container.  Any discrepancies will be noted on the form (in addition to any internal 


laboratory documentation policy) and the sample receiver will immediately contact the Lab Manager to 


report missing, broken, or compromised samples.   


Each analytical laboratory must have a formal, documented system designed to provide sufficient infor-


mation to reconstruct the history of each sample, including preparation of sampling containers, sample 


collection and shipment, receipt, distribution, analysis, storage or disposal, and data reporting within the 
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laboratory.  Laboratory documentation must provide a record of custody for each sample throughout 


processing, analysis, and disposal.   


Field custody of electronic data, including all data on navigation, CTD, dissolved oxygen, ADCP acoustic 


backscatter, and optical-backscatter turbidity will be the responsibility of the field survey’s CS. The field 


custody of the electronic data consists of creating external hard-drive backups of all electronic data 


generated each day. The label on the backup media will include a survey ID, date, and name of person 


creating the backup files. The data will be transferred to a software system capable of physical 


oceanographic processing upon completion of the survey. 


3.4.2.5 Sample Archiving 


Samples must be archived under the conditions specified in Table 3-6 until the final analytical data have 


been received, reviewed, and approved by the scientific field specific PI. 


3.4.3 Field Instrument/Equipment Calibration, Maintenance, and Operation 


Field equipment must be tested, maintained, and calibrated according to SOPs and the manufacturers’ 


instructions prior to use in the field to avoid breakdowns that could impact schedule or loss of data.  The 


instruction manuals and SOPs must be available for all field equipment so that trouble-shooting and 


routine repairs can be conducted in the field.  Spare parts recommended by the manufacturer should be 


stocked on the vessel.  Major maintenance should be documented in the field logbook.  Maintenance must 


be documented to track instrument performance or problems.  Documentation should include the name of 


the person performing the maintenance, date maintenance was performed, a description of the 


maintenance activity, and (if the maintenance was performed in response to a specific instrument 


performance problem) the result of re-testing to demonstrate that the instrument performance had been 


returned to acceptable standards prior to re-use. Calibration, maintenance, testing, and inspection 


requirements for field equipment are defined in Table 3-8 and is the responsibility of the MT. 


3.5 Laboratory Analysis 


3.5.1 Analytical Methods 


Laboratory-specific detection limits and reporting limits have been evaluated against the EMP objectives, 


and have been deemed sufficient for their intended uses.  


Table 3-9 summarizes the methods that will be utilized by matrix and parameter.  As noted on the table, 


more than one method may be used for trace metals. Analytical laboratory SOPs and QA/QC data will be 


provided to the EPA upon request. 


Table 3-8 Field Equipment Calibration, Maintenance, Testing, and Inspection 


Equipment Activity Frequency 


Carousel- 


Sea Bird SBE25plus CTD and 


sensors (or equivalent)1 


Calibration Prior to survey 


Maintenance Prior to survey; as necessary 


Testing After any modifications/changes 


Inspection 
Visual inspection before and after each cast, data reviewed 


after each cast 
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Equipment Activity Frequency 


GPS2 


Calibration NA 


Maintenance 
As necessary (GPS systems do not require scheduled 


maintenance) 


Testing 
As necessary (GPS systems do not require scheduled 


testing) 


Inspection 
As per Ship’s standard procedures, data accuracy will be 


continuous during critical navigation operations 


Sediment Profile Imaging  


System3 


Calibration Prior to survey 


Maintenance 
Prior to survey; as necessary during survey (no scheduled 


maintenance) 


Testing After each cast 


Inspection 
Visual inspection before and after each cast; photographs 


reviewed after each cast 


ADCP 


Calibration Prior to survey 


Maintenance Prior to survey and deployment 


Testing Prior to survey and deployment.  


ROV System Maintenance Ongoing as required for continued operations 


Notes: 
1 Samples/direct measurements collected: Conductivity/salinity, temperature, depth, fluorescence, turbidity, transmissivity.  
2 Samples/direct measurements collected: Location of sampling equipment at time of sample or direct measurement.  
3 Samples/direct measurements collected: Sediment profile images, sediment characterization. 
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Table 3-9 Laboratory Analytical Methods 


Compound Class 


(Units) 


Method 


(EPA Citation) 


Possible 


Laboratory
1
 


Laboratory SOP 


Analysis Method 


Water 


VOCs EPA 82602 Battelle – Norwell 
5-245 


GC/MS purge and trap 


PAH EPA 8270 Battelle – Norwell  
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle – Norwell  
5-202 


GC/FID 


Metals (Dissolved): As, Be, Cd, 


Cr, Cu, Ni, Pb, Sb, Se, Tl, Zn 
EPA 1640, (Mod)  


Brooks Rand 


Laboratory 


BR-0066/BR-0060 
 


Metals (Dissolved): Ag, Al, Ba , 


Fe, Mn, Sn, Ti, V 
EPA 1638, (Mod) 


Brooks Rand 


Laboratory 
BR-0060 


Mercury (Dissolved) EPA 1631 
Brooks Rand 


Laboratory 
BR-0006 


Methylmercury (Dissolved)  EPA 1630 
Brooks Rand 


Laboratory 
BR-0011 


Metals (Particulates): Al, Ba, 


Cr, Fe,  Zn, Sb 
EPA 1638, (Mod)  


Brooks Rand 


Laboratory 
BR-0060 


POC (Particulates) EPA 9060/Lloyd Kahn 
Brooks Rand 


Laboratory 
EPA 9060/Lloyd Kahn 


TSS (Particulates) SM 2540 D (Mod) 
Brooks Rand 


Laboratory 
BR-1500 (Mod) 


    


Sediment and Drilling Fluids/Cuttings 


VOCs, muds and cuttings only EPA 8260 Battelle - Norwell 
5-245 


GC/MS purge and trap 


PAH EPA 8270 Battelle - Norwell 
5-157 


GC/MS 


Petroleum Biomarkers EPA 8270 (Mod) Battelle - Norwell 
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle - Norwell 
5-202 


GC/FID 


Metal: Ag, As, Ba, Be, Cd, Ni, 


Pb, Sb, Se, Sn, Tl, V 
EPA 6020A 


Florida Institute of 


Technology 


FIT-2012 Series 


ICP-MS 


Metals: Al, Cr, Cu, Fe, Mn, Ti, 
Zn 


EPA 7000B 
Florida Institute of 


Technology 


FIT-2010 Series 


FAAS 


Total Mercury EPA 7473 Battelle - Sequim 
FIT-2014 


CVAAS 


Methylmercury EPA 1630M Battelle - Sequim 
MSL-I-015 


CVAF 


TOC Modified EPA 415.1 
Florida Institute of 


Technology 


FIT-2015 


TOC Analyzer 


Grain Size NA 
Florida Institute of 


Technology 


FIT-2010-GS 
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Compound Class 


(Units) 


Method 


(EPA Citation) 


Possible 


Laboratory
1
 


Laboratory SOP 


Analysis Method 


Tissue 


PAH/Petroleum  EPA 8270 Battelle - Norwell 
5-157 


GC/MS 


Petroleum Biomarkers EPA 8270 (Mod) Battelle - Norwell 
5-157 


GC/MS 


SHC/TPH EPA 8015 (Mod) Battelle - Norwell 
5-202 


GC/FID 


Metal: Ag, As, Ba, Be, Cd, Ni, 


Pb, Sb, Se, Sn, Tl, V 
EPA 6020A 


Florida Institute of 


Technology 


FIT-1012 Series 


ICP-MS 


Metals: Al, Cr, Cu, Fe, Mn, Ti, 


Zn 
EPA 7000B 


Florida Institute of 


Technology 


FIT-1013 Series 


FAAS 


Total Mercury EPA 7473 Battelle - Sequim 
MSL-I-034 


CVAAS 


Methylmercury EPA 1630M Battelle - Sequim 
MSL-I-015 


CVAF 


Percent Lipid NA Battelle - Norwell 
SOP 5-190 


Gravimetric 


Notes: 
1Possible analytical laboratories are listed. Laboratories may change prior to project implementation and may include ALS Global (Kelso, WA 


for hydrocarbons, TOC, Grain Size analysis) and Brooks Rand Laboratory (Seattle, WA for metals analysis) or other contract analytical 
laboratory/laboratorie(s).  
2 VOC compounds are the Method 602 compounds plus o, m, p-xylene.  
3 Inductively-coupled plasma-mass spectrometer (ICP-MS) following preconcentration using method of Nakashima et al. (1988).  
4 Inductively-coupled plasma-mass spectrometer (ICP-MS) following preconcentration using a SeaFast system (Hathorne et al. 2012).  
5 USEPA SW-846 Method Series 6010C with analysis by inductively coupled plasma/mass spectrometry (ICP-MS) according to FIT SOP 


6005.  


3.5.2 Samples for Metals Analysis 


Samples of drill cuttings, mud samples, water, sediments, and tissues will be analyzed for a suite of 


metals. The analyses will be conducted following protocols that have been developed specifically for 


reliable trace-level analysis of the target metals in complex marine environmental samples. The analytical 


protocols have been used extensively for baseline characterization and monitoring the potential impact of 


offshore oil and gas activities in Alaska, including in the CSESP, Chukchi Offshore Monitoring In 


Drilling Area – Chemistry and Benthos (COMIDA-CAB), Arctic Nearshore Impact Monitoring In 


Development Area (ANIMIDA), and Continuation of Arctic Nearshore Impact Monitoring In 


Development Area (cANIMIDA) programs. Table 3-10 lists the metals that will be analyzed for each 


phase of the EMP and the applicable analytical instrument. 


3.5.2.1 Metals in Water (Phase II) Samples 


Dissolved metals in water samples collected during drilling activities (Phase II) will be analyzed for the 


list of 19 metals (Table 3-10). The dissolved-phase metal samples will be pre-concentrated prior to 


analysis. Particulate-bound metals in water samples collected during the plume-monitoring component in 


Phase II will be analyzed for 6 metals (Table 3-10) known to be indicators of particles derived from 


drilling muds and cuttings; the suspended particles will be air-dried (at ~50% humidity). The samples will 
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be analyzed by inductively coupled plasma/mass spectrometry (ICP/MS) for determination of the 


different metals. Mercury concentrations will be measured by Cold Vapor Atomic Fluorescence 


Spectrometry (CVAFS). These methods are based on USEPA methods described for Series 1630 and 


1631E (CVAFS), and Series 1638 (ICP/MS), with optimization to address the required detection limits 


and the sample matrices.  


3.5.2.2 Metals in Sediment (Phases II, III, and IV) Samples 


Sediment samples and muds and cuttings samples will be analyzed for a suite of 19 metals (see Table 


3-10). The well-mixed mud/cuttings and sediment will be freeze-dried and then totally digested in 


Teflon
 


beakers using concentrated high-purity hydrofluoric acid (HF), nitric acid (HNO3) and perchloric 


acid (HClO4). The liquid-phase and clear samples will be diluted with distilled deionized water (DDW) 


prior to analysis. The dissolved-phase water samples will be concentrated prior to analysis. Sediment 


samples to be analyzed for mercury will be digested by heating with HNO3 and sulfuric acid (H2SO4). 


The samples will be analyzed by FAAS, CVAF, cold vapor atomic absorption spectrometry (CVAAS), or 


ICP/MS for determination of the different metals. Total mercury concentrations will be measured by 


CVAAS and methylmercury by CVAF.  These methods are based on USEPA methods described for 


Series 7000 (FAAS and ICP-MS), Series 7473 (CVAAS), Series 1630M (CVAF), and Series 6010A 


(ICP/MS, with optimization to address the required detection limits and the sample matrices). Analyses of 


muds and cuttings for concentrations of total recoverable metals will be conducted following EPA 


methods, and results will be reported in mg/kg of whole mud (dry weight) and moisture content (percent 


by weight) of the original drilling-fluid sample. Laboratory limits of quantitation (LOQ) and limits of 


detection (LOD) are defined in Table 3-10.  
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Table 3-10 Metals and Analytical Instruments for Each Phase of Environmental Monitoring with Laboratory Limits
1
 


Analyte 


Analytical 


Instrument
2 


Dissolved Metals   


Water 


Particulate Metals 


Water 


Sediment &Drilling 


Mud/Cuttings Tissue 


MDL 


(µg/L) 


MRL 


(µg/L)
 


MDL 


(µg/g) 


MRL*Est 


(µg/g)  


LOQ 


(µg/g) 


LOD 


(µg/g) 


LOQ 


(µg/g) 


LOD 


(µg/g) 


Aluminum (Al) ICP-MS, FAAS 50 150 TBA 3.00 0.015% 0.003% 10 2 


Antimony (Sb)            ICP-MS 0.004 0.015 - - 0.005 0.0014 0.005 0.001 


Arsenic (As) ICP-MS 0.030 0.100 - - 0.10 0.02 0.06 0.012 


Barium (Ba) ICP-MS 1.00 3.00 TBA 0.01 0.05 0.01 0.05 0.01 


Beryllium (Be) ICP-MS 0.006 0.013 - - 0.005 0.001 0.005 0.001 


Cadmium (Cd) ICP-MS 0.004 0.012 - - 0.025 0.005 0.005 0.001 


Chromium (Cr) ICP-MS, FAAS 0.040 0.100 TBA 0.03 8 1.6  0.05 0.01 


Copper (Cu) ICP-MS,FAAS 0.04 0.12 - - 8.5 1.7  0.01 0.002 


Iron (Fe) ICP-MS, FAAS 12.0 50.0 TBA 1.00 0.05% 0.01% 12.5 2.5 


Manganese (Mn) ICP-MS, FAAS 0.75 3.00 - - 15 3 5 1 


Mercury (Hg), Total 


CVAF 


(Dissolved) 


CVAAS 
(other) 


0.10 ng/L 0.40 ng/L - - 5 ng/g 2 ng/g 5 ng/g 1.9 ng/g 


Methylmercury (MeHg) CVAF 0.02 ng/L 0.05 ng/L - - 0.05 ng/g 0.01 ng/g 5 ng/g 1.5 ng/g 


Nickel (Ni) ICP-MS 0.04 0.14 - - 0.20 0.04 0.05 0.01 


Lead (Pb) ICP-MS 0.003 0.013 - - 0.10 0.02 0.015 0.003 


Selenium (Se) ICP-MS 0.070 0.210 - - 0.1 0.02 0.075 0.015 


Silver (Ag) ICP-MS 0.011 0.036 - - 0.015 0.003 0.02 0.004 


Tin (Sn) ICP-MS 2.50 7.50 - - 0.05 0.01 0.01 0.002 


Titanium (Ti) ICP-MS, FAAS 2.50 10.00 - - 0.1% 0.02% 0.1% 0.02% 


Thallium (Tl) ICP-MS 0.003 0.010 - - 0.015 0.003 0.005 0.001 


Vanadium (V) ICP-MS 1.05 3.00 - - 0.01 0.01 0.05 0.01 


Zinc (Zn) ICP-MS, FAAS 0.26 0.75 TBA 0.20 2.5  0.5  2 0.4 


Notes:  
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  
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2 CVAAS = Cold Vapor Atomic Absorption Spectrometry; CVAF = Cold Vapor Atomic Fluorescence; FAAS = Flame Atomic Absorption Spectrometry; GFAAS = Graphite Furnace Atomic 
Absorption Spectrometry; and ICP/MS = Inductively Coupled Plasma/Mass Spectrometry. 
3 Laboratory detection limits are verified and updated periodically according to FIT’s quality system.  Detection limits current at the time of analysis may vary from those defined in this QAPP.  The 
actual laboratory LOQs and LODs will be reported with the laboratory data.  
4 To be determined (TBD). Laboratory LODs will be developed and reported with the study data. 
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3.5.2.3 Metals in Tissue (Phases III and IV) Samples 


Tissue samples will be analyzed for a suite of 19 metals (Table 3-10). Tissue samples for all metals, with 


the exception of Hg, will be freeze-dried and then digested by sequential addition of concentrated, high-


purity nitric acid (HNO3), hydrogen peroxide (H2O2), and hydrochloric acid (HCl). The solution will be 


diluted with distilled/deionized (DDW). Mercury analyses will be conducted following digestion with 


concentrated, high-purity HNO3 and H2SO4 


The samples will be analyzed by FAAS, CVAF, or ICP/MS for determination of the different metals. 


Mercury concentrations will be measured by CVAF and CVAAS. These methods are based on USEPA 


methods described for Series 7000B (FAAS), Series 1630M (CVAF), Series 7473 (CVAAS), and Series 


6010C (ICP/MS, with optimization for particular sample matrices). 


3.5.3 Samples for Hydrocarbon Analysis (Phases II, III, and IV) 


Samples of drilling mud, cuttings, sediment, and tissues will be analyzed for a suite of PAH, petroleum 


biomarkers (sterane/triterpanes; St/Tr), TPH, and SHC compounds. Water samples collected during Phase 


II monitoring will be analyzed for VOCs, TPAH, SHC and TPH; but, petroleum biomarkers will not be 


measured in the water samples. The analyses will be conducted following SOPs (e.g., 5-157, see Table 3-


9) that have been developed specifically for reliable trace-level analysis of the target parameters in 


complex marine environmental samples (e.g., Trefry et al. 2003 and 2012). The analytical protocols have 


been used extensively for baseline characterization and monitoring the potential impact of offshore oil 


and gas activities in Alaska, including in the CSESP, ANIMIDA, and cANIMIDA programs for 


hydrocarbon analysis. 


The instrumental analysis will be conducted following methods that are modified from US EPA Methods 


8015 (SHC) and 8270 (PAH and biomarkers), to obtain improved sensitivity and specificity, to include a 


number of additional key target parameters (e.g., alkyl PAHs and petroleum biomarkers), and to ensure 


that the analysis is appropriate for complex samples of drilling mud/cuttings, sediments, and biological 


tissues. The sample analyses are summarized below. 


3.5.3.1 Hydrocarbons in Water Samples (Phase II) 


Water samples will be extracted for PAH, SHC, TPH, and VOC compounds (Table 3-11, Table 3-12, and 


Table 3-13) following laboratory SOPs. Briefly, water samples will be prepared by fortifying a 1–2 L 


sample with surrogate internal standard (SIS) compounds, serially extracting the analytes of interest with 


dichloromethane (DCM), and preparing the samples for instrumental analysis. The sample extract will be 


dried and concentrated over anhydrous sodium sulfate and then will be purified with an alumina clean-up 


column. The extract will be concentrated and spiked with internal standards (IS) and split for instrumental 


analysis. One split will be submitted for SHC and TPH analysis by modified EPA Method 8015 by using 


gas chromatography with flame-ionization detection (GC/FID). The other split will be submitted for PAH 


analysis that uses a modified EPA Method 8270 gas chromatography/mass spectrometry (GC/MS) 


method with the detector operating in the selected ion-monitoring (SIM) mode. Target compounds will be 


quantified by using the method of internal standards using the SIS compounds resulting in surrogate 


recovery-corrected data generated to represent the native sample concentrations.  Laboratory reporting 


limits (RL) and method detection limits (MDLs) are reported in Table 3-11, Table 3-12 and Table 3-13.  
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Table 3-11 List of Polycyclic Aromatic Hydrocarbon and Alkyl PAH Target Analytes with Reporting Limits and Method 


Detection Limits
1
 


Parameter 


Whole Water (ng/L) Sediment (ng/g dry) Tissues (ng/g dry) 


RL MDL
2 


RL MDL RL MDL 


Naphthalene3 5.0 3.28 1.2 0.531 2.9 2.98 


C1-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C2-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C3-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


C4-Naphthalenes 5.0 3.28 1.2 0.531 2.9 2.98 


Biphenyl 5.0 1.43 1.2 0.162 2.9 1.25 


Acenaphthylene 5.0 1.02 1.2 0.186 2.9 1.04 


Acenaphthene 5.0 1.17 1.2 0.150 2.9 1.06 


Dibenzofuran 5.0 1.36 1.2 0.201 2.9 2.29 


Fluorene 5.0 1.02 1.2 0.138 2.9 3.02 


C1-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


C2-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


C3-Fluorenes 5.0 1.02 1.2 0.138 2.9 3.02 


Anthracene 5.0 1.27 1.2 0.225 2.9 0.726 


Phenanthrene 5.0 1.20 1.2 0.246 2.9 2.62 


C1-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C2-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C3-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


C4-Phenanthrenes/Anthracenes 5.0 1.20 1.2 0.246 2.9 2.62 


Retene 5.0 0.681 1.2 0.174 2.9 0.600 


Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C1-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C2-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


C3-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 
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Parameter 


Whole Water (ng/L) Sediment (ng/g dry) Tissues (ng/g dry) 


RL MDL
2 


RL MDL RL MDL 


C4-Dibenzothiophene 5.0 1.23 1.2 0.144 2.9 1.28 


Fluoranthene 5.0 0.682 1.2 0.444 2.9 0.944 


Pyrene 5.0 0.531 1.2 0.537 2.9 0.848 


C1-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C2-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C3-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


C4-Fluoranthenes/Pyrenes 5.0 0.531 1.2 0.537 2.9 0.848 


Benzo(a)anthracene 5.0 0.610 1.2 0.369 2.9 0.752 


Chrysene 5.0 0.710 1.2 0.333 2.9 0.606 


C1-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C2-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C3-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


C4-Chrysenes 5.0 0.710 1.2 0.333 2.9 0.606 


Benzo(b)fluoranthene 5.0 0.883 1.2 0.390 2.9 0.723 


Benzo(k)fluoranthene 5.0 0.839 1.2 0.201 2.9 0.663 


Benzo(e)pyrene 5.0 0.798 1.2 0.303 2.9 0.642 


Benzo(a)pyrene 5.0 1.14 1.2 0.411 2.9 0.468 


Perylene 5.0 2.48 1.2 0.354 2.9 0.612 


Indeno(1,2,3-cd)pyrene 5.0 0.808 1.2 0.462 2.9 0.543 


Dibenz(a,h)anthracene 5.0 1.09 1.2 0.285 2.9 0.279 


Benzo(g,h,i)perylene 5.0 0.990 1.2 0.450 2.9 0.417 


Notes:  
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary from those defined in this QAPP.  The actual 


laboratory MDLs and RLs will be reported with the laboratory data. Water MDL/RL based on a 1L sample size with a dilution factor of 1 and a PIV = 500uL.  Sediment MDL based on a 20g sample 


size (wet weight; 16.63 g dry weight) with a dilution factor of  2 and PIV = 1000uL.  Tissue MDL based on 20 g sample size (wet weight; 3.58 g dry weight) with a dilution factor of 2.05L and PIV = 
500uL. 
3 Bolded compounds are the 16 priority PAH pollutants. 
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Table 3-12 List of Saturated Hydrocarbons Target Analytes with Reporting Limits and Method Detection Limits
1
 


Parameter 
Whole Water (ng/L) 


Sediment and Drilling 


Mud/Cuttings (ng/g dry) 
Tissues (ng/g dry) 


RL MDL2 RL MDL RL MDL 


n-Nonane 500 43.1 120 7.46 305 28.7 


n-Decane 500 54.2 120 5.70 305 90.2 


n-Undecane 500 31.4 120 5.93 305 35.8 


n-Dodecane 500 31.9 120 6.42 305 30.4 


n-Tridecane 500 24.1 120 7.57 305 21.5 


Isoprenoid RRT 1380 NA3 NA NA NA 305 NA 


n-Tetradecane 500 22.7 120 5.66 305 29.6 


Isoprenoid RRT 1470 NA NA NA NA 305 NA 


n-Pentadecane 500 26.5 120 5.49 305 56.3 


n-Hexadecane 500 36.3 120 12.9 305 30.1 


Norpristane (1650) NA NA NA NA 305 NA 


n-Heptadecane 500 35.5 120 5.71 305 48.0 


Pristane 500 31.3 120 25.0 305 95.3 


n-Octadecane 500 50.5 120 8.06 305 23.9 


Phytane 500 33.2 120 9.23 305 24.9 


n-Nonadecane 500 38.5 120 4.91 305 26.9 


n-Eicosane 500 46.8 120 10.1 305 30.6 


n-Heneicosane 500 54.1 120 3.07 305 29.3 


n-Docosane 500 58.9 120 17.6 305 36.3 


n-Tricosane 500 43.5 120 6.97 305 25.8 


n-Tetracosane 500 63.6 120 17.4 305 25.1 


n-Pentacosane 500 69.8 120 15.4 305 16.2 


n-Hexacosane 500 72.6 120 10.2 305 15.4 
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Parameter 
Whole Water (ng/L) 


Sediment and Drilling 


Mud/Cuttings (ng/g dry) 
Tissues (ng/g dry) 


RL MDL2 RL MDL RL MDL 


n-Heptacosane 500 69.5 120 8.97 305 25.9 


n-Octacosane 500 78.9 120 9.62 305 19.7 


n-Nonacosane 500 58.3 120 6.26 305 23.0 


n-Triacontane 500 57.7 120 6.85 305 21.1 


n-Hentriacontane 500 55.6 120 4.05 305 40.0 


n-Dotriacontane 500 52.7 120 5.74 305 25.7 


n-Tritriacontane 500 58.1 120 2.87 305 23.9 


n-Tetratriacontane 500 47.0 120 4.99 305 30.6 


n-Pentatriacontane 500 50.0 120 5.19 305 26.8 


n-Hexatriacontane 500 45.4 120 4.44 305 31.1 


n-Heptatriacontane 500 48.1 120 9.92 305 40.0 


n-Octatriacontane 500 43.2 120 5.65 305 44.3 


n-Nonatriacontane 500 49.9 120 9.26 305 52.6 


n-Tetracontane 500 52.4 120 10.0 305 60.6 


SHC Total (C9-C40) NA NA NA NA NA NA 


TPH Total (C9-C40) NA 9200 NA 694 NA 267,000 


Notes:  
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary from those defined in this QAPP.  The actual 


laboratory MDLs and RLs will be reported with the laboratory data. Water MDL based on 1L sample with a dilution factor of 1 and pre-injection volume (PIV) = 500uL.  Sediment MDL based on a 
20g sample size (wet weight; 16.63 g dry weight) with a dilution factor of  2 and PIV = 1000uL.  Tissue RL is estimated based on 20 g sample size (wet weight; 3.36 g dry weight) with a dilution 


factor of 2.05L and PIV = 500uL.  
3 NA = standards not available for this compound; the RL and MDL of the compound which elutes prior to the isoprenoid compound is applied.  
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Water samples will be analyzed for VOCs using gas chromatography by purge-and-trap techniques (Table 


3-13).  Samples are spiked with SIS and RIS and an inert gas is bubbled through the water samples.  The 


VOCs are purged from the aqueous phase to the gas phase, which is swept through a sorbent trap where 


the VOCs are trapped, heated and back flushed with inert gas to desorb the components onto a non-polar 


fused silica capillary chromatographic column, separated via capillary gas chromatography, and identified 


and quantified using electron ionization mass spectrometry in the Full Scan mode.  Target compounds 


will be quantified by using the method of internal standards using the SIS compounds resulting in 


surrogate recovery-corrected data generated to represent the native sample concentrations. 


Table 3-13 List of VOC Target Analytes with Reporting Limits and MDLs
1
 


Notes:  
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time 


of project implementation.  


2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis 
may vary from those defined in this QAPP.  The actual laboratory MDLs and RLs will be reported with the laboratory data. Water MDL based 


on a 0.02 L sample size and a dilution factor of 1.  Sediment MDL based on a 5g sample size and a dilution factor of 1. 
3 These parameters may be analyzed by GC/MS purge and trap (SOP 5-245) or GC/MS SIM (SOP 5-157).  MDLs are for GC/MS SIM using 
20 g wet wt sediment (16 g dry weight) and 1L of water. 
3 To be determined (TBD). Laboratory MDLs will be developed and reported with the study data.  


3.5.3.2 Hydrocarbons in Sediment Samples (Phases III and IV) 


Samples of sediments, drilling muds, and cuttings will be extracted for PAH (Table 3-11), SHC and TPH 


(Table 3-12), and petroleum biomarkers St/Tr (Table 3-14), following laboratory SOPs. Muds and 


cuttings will also be analyzed for VOCs. Briefly, approximately 30 g of wet sediment will be fortified 


with SIS compounds and serially extracted with DCM. Less material may be used for the analyses of used 


drilling mud and cuttings because they may contain higher hydrocarbon concentrations than native 


sediment. 


The sample extract will be dried and concentrated over anhydrous sodium sulfate. The extract will be 


purified with activated copper to remove any sulfur that is present and then will be purified further with 


an alumina clean-up column. The extract then will be purified further using silica gel column fraction to 


Parameter 


Whole Water (ng/L) Drilling Muds and Cuttings (ng/g) 


RL MDL
2 


RL MDL 


1,4-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


1,3-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


1,2-Dichlorobenzene3 5.0 0.984 1.2 0.0737 


Benzene 2950 564 11.8 1.21 


Chlorobenzene3 TBD2,3 TBD TBD TBD 


Ethylbenzene 2860 506 11.4 1.62 


Toluene 1930 348 7.69 1.08 


m-xylene 938 227 3.70 0.603 


p-xylene 1990 311 7.94 1.20 


o-xylene 957 180 3.82 0.528 


Total Aromatic Hydrocarbons 


(TAH) NA NA NA NA 
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isolate the TPH/SHC fraction and petroleum biomarker fraction (F1) from the aromatic hydrocarbon 


fraction (F2). The resulting extracts will be concentrated and spiked with IS compounds. The TPH/SHC 


and petroleum biomarker F1 extracts will be submitted for TPH and SHC analysis by modified EPA 


Method 8015 using GC/FID and for petroleum biomarkers analysis by modified EPA Method 8270 using 


GC/MS-SIM. The F2 extract will be submitted for PAH analysis also using the modified EPA Method 


8270 by GC/MS-SIM analysis. Target compounds will be quantified by using the method of internal 


standards using the SIS compounds resulting in surrogate recovery-corrected data generated to represent 


the native sample concentrations. The laboratory also will determine the sediment grain size and the total 


organic carbon (TOC) content of the sediments. Sediments will be processed by the sieve and pipette 


methods to determine sediment grain size with data for the following four fractions: gravel, sand, silt, and 


clay. For organic matter, the TOC content will be measured at 900ºC with a total-carbon analyzer. 
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Table 3-14 List of Petroleum Biomarker (St/Tr) Target Analytes with Reporting Limits and Method Detection Limits
1
 


Compound Synonym 


Sediment (ng/g dry) Tissue (ng/g dry) 


RL MDL
2 


RL MDL 


C23 Diterpane T4-C23Diterpane 1.8 0.318 7.6 1.39 


13β,17α-diacholestane(20S) S4-Diacholestane 0.60 0.114 2.5 0.402 


13β,17α-diacholestane(20R) S5-Diacholestane 0.60 0.114 2.5 0.402 


C29 Tricyclictriterpane(20S) T9-C29Tricyclictriterpane 1.8 0.318 7.6 1.39 


C29 Tricyclictriterpane(20R) T10-C29Tricyclictriterpane 1.8 0.318 7.6 1.39 


5α,14α,17α-cholestane(20R) Cholestane 0.60 0.114 2.5 0.402 


18α(H)-22,29,30-trisnorhopane(TS) T11-Trisnorhopane(TS) 1.8 0.318 7.6 1.39 


17α(H)-22,29,30-trisnorhopane(TM) T12-Trisnorhopane(TM) 1.8 0.318 7.6 1.39 


5α,14α,17α,24-methylcholestane(20R) S24-Methylcholestane 0.60 0.114 2.5 0.402 


5α,14α,17α,24-ethylcholestane(20S) S27-Ethylcholestane(S25) 0.60 0.114 2.5 0.402 


5α,14α,17α,24-ethylcholestane(20R) S28-Ethylcholestane(S28) 0.60 0.114 2.5 0.402 


17α(H),21β(H)-30-norhopane T15-Norhopane 1.8 0.318 7.6 1.39 


18α(H)-oleanane T18-Oleanane 1.8 0.318 7.6 1.39 


17α(H),21β(H)-hopane T19-Hopane 1.8 0.318 7.6 1.39 


22S-17α(H),21β(H)-30-homohopane T21-Homohopane 1.8 0.318 7.6 1.39 


22R-17α(H),21β(H)-30-homohopane T22-Homohopane 1.8 0.318 7.6 1.39 


17β(H),21β(H)-hopane 17β(H),21β(H)-hopane 1.8 0.318 7.6 1.39 


Notes: 
1 Actual detection limits (e.g., LOD, MDL) may be higher or lower, depending on the specific analytical laboratory under contract at the time of project implementation.  
2 Laboratory MDLs are verified and updated periodically according to the organization’s quality system.  MDLs current at the time of analysis may vary from those defined in this QAPP.  The actual 


laboratory MDLs and RLs will be reported with the laboratory data.  Sediment MDL based on a 20g sample size (wet weight; 16.63  g dry weight) with a dilution factor of  1 and PIV = 1000uL.  


Tissue RL was estimated based on a 20g sample size (wet weight; 4.03  g dry weight) with a dilution factor of  2.05L and PIV = 1000uL. In the event that additional petroleum biomarkers are 
included in analysis, RLs and MDLs can be provided by the laboratory upon request. 


  







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer  


April 2015 
Page 134 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


This page intentionally left blank 







Quality Assurance Project Plan 


Chukchi Sea, Polar Pioneer 


AKG-28-8100– Polar Pioneer  


April 2015 
Page 135 of 162 


CAUTION: All hardcopies of “Controlling Document” are uncontrolled. When using this document 


verify that the revision matches the revision in the controlled version found on Livelink®.  


 


3.5.3.3 Hydrocarbons in Tissue Samples (Phases III and IV) 


Samples of biological tissues will be extracted for PAH (Table 3-11), SHC and TPH (Table 3-12), and 


petroleum biomarkers St/Tr (Table 3-14) following laboratory SOPs. About 20 g of wet tissue will be 


fortified with SIS compounds and serially extracted with DCM. The tissue will be extracted by 


maceration using a TissueMizer® or equivalent, with stainless-steel probes. The sample extract will be 


dried and concentrated over anhydrous sodium sulfate. The extract will be purified with an alumina clean-


up column. The extract then will be purified further with silica-gel column fraction to isolate the 


TPH/SHC fraction and petroleum biomarker fraction (F1) from the aromatic hydrocarbon fraction (F2). 


The resulting extracts will be concentrated and spiked with IS compounds. The TPH/SHC and petroleum 


biomarker F1 extracts will be submitted for TPH and SHC analyses by modified EPA Method 8015 using 


GC/FID and for analysis of petroleum biomarkers by modified EPA Method 8270 using GC/MS-SIM. 


The F2 extract will be submitted for PAH analysis using the modified EPA Method 8270 by GC/MS-SIM 


analysis. Target compounds will be quantified by using the method of internal standards using the SIS 


compounds resulting in surrogate recovery-corrected data generated to represent the native sample 


concentrations. The laboratory also will determine the lipid content of the tissue, based on the total 


extractable material (TEM).  


3.5.4 Macrofaunal Analysis 


Sediment samples will be processed shipboard by sieving according to methods outlined in Section 


3.5.1.8, and taxonomic analysis will be conducted on infaunal invertebrates to determine community 


composition. In the laboratory, receipt of benthic samples will be logged and processing steps recorded in 


a notebook to track each sample. Samples will be kept in formalin for a minimum of 1 month, and 


preferably no longer than 4 months, to prevent decalcification of small bivalve shells. After 1–3 months, 


the formalin in benthic samples will be decanted and the samples rinsed and then preserved in isopropyl 


alcohol (or 70% ethanol). Decanted formalin and rinsing water will be poured through a 0.5-mm mesh 


screen or smaller to capture any specimens that otherwise would be lost. Biological tissues in the 1.0-mm 


mesh sieve samples will be sorted from the sediment remains into major taxonomic units, and the 


invertebrate animals will be identified to the lowest practical taxonomic category. A small sample “tag” 


will be created on waterproof paper for each group of specimens of similar taxonomic determination to 


follow that group through identification and weighing. Samples will be weighed for wet-weight biomass 


and stored in alcohol in a glass container along with the specimen tags. Data will be entered into a 


computer with a database program. After analysis, samples should be moved to glass containers for long-


term storage and archival. Lids will be sealed with plastic liners, electrical tape or parafilm to reduce the 


rate of evaporation of fluids.  


Resulting metrics include taxonomic identification, abundance (individuals m
-2


), and biomass (g m
-2


). The 


data on benthic density and biomass resulting from taxonomic analysis will be used for statistical 


analysis. A small subset of samples employed for community analysis should be reprocessed by a 


different technician or multiple technicians, when appropriate. Where questions arise, specimens will be 


compared with the authoritative voucher sets or sent to an appropriate taxonomic expert. Quality-control 


methods for benthic taxonomic analysis will follow guidelines outlined in SOP SAM043.02 Benthic 


Sample Collection and Processing for Shell Baseline Environmental Sampling Program – Chukchi Sea.  
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3.5.5 Sediment Profile Imaging Analysis 


Table 3-15 below identifies the range of parameters that may be evaluated from the sediment photos. 


Further descriptions of the parameter groups are provided below. 


Table 3-15 Sediment Profile Imaging Parameters 


Parameter Units Method
 


Description 


Sediment grain size 
Modal phi φ 


interval 
Visual analysis (V) 


An estimate of sediment types present. 


Determined from comparison of images of 
known grain size. 


Prism penetration cm 
Computer analysis 


(CA) 


A geotechnical estimate of sediment 


compaction. Average of maximal and 


minimal distances from sediment surface to 
bottom of prism window. 


Sediment surface relief cm CA 


An estimate of small-scale bed roughness. 


Maximal depth of penetration minus minimal 
depth. 


Apparent Redox Potential 


Discontinuity depth 


(from color change in sediment) 


cm 
 


CA 


Estimate of depth to which sediments appear 


to be oxidized. Area of aerobic sediment 


divided by width of digitized image 


Thickness of sediment layers cm CA 
Measure thickness above original sediment 


surface 


Methane/Nitrogen Gas Voids number V Count 


Epifaunal Occurrence number V Count, identify 


Tube Density number/cm2 V Count 


Tube Type 


Burrow Structures 


Pelletal Layer 


Bacterial Mats 


 


— 


cm 


— 


 


V 


V 


V 


 


Identify 


Measure thickness, area 


Determine presence and color 


Infaunal occurrence         number V Count, identify 


Feeding Voids         number V Count, measure thickness, area 


Apparent Successional Stage — V,CA 
Estimated based on all of the above 


parameters 


Sediment Grain Size—This parameter is a textural feature of the sediment used to describe the type of 


sediment present. Based on grain-size distribution, the nature of the physical forces acting on a habitat can 


be inferred. Grain size is determined by comparison of collected images with a set of standard images for 


which mean grain size has been determined in the laboratory.  


Prism Penetration—This parameter provides an indication of sediment stiffness, with the profile camera 


prism acting as a penetrometer. The further the prism enters into the sediment, the softer the sediment is 


and typically indicates higher water content. Penetration is measured as the distance from the leading 


(deeper) edge of the prism to the sediment-water interface, up the length of the face plate. If the weight of 


the camera frame is not changed during image collection, the prism penetration provides a means for 


assessing the relative compaction between stations. In the unlikely event adjustments to weight and/or 


flotation are made, a minimum of three replicate drops with both system weight/flotation setups will be 


made to provide corrections for prism penetration calculations.   
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Surface Relief—Surface relief is measured as the difference between the maximal and minimal 


penetration measurements recorded from the sea bottom in one image. Another way to describe this 


measurement is the distance between the ‘peaks’ and ‘valleys’ of the sea bottom within the image. This 


parameter provides an estimate of small-scale bed roughness, on the order of the width of the prism’s face 


plate (15 cm).  


Apparent Color Redox Potential Discontinuity (SPI RPD) Layer—This parameter is used as an estimator 


of benthic habitat quality. It is the depth to which sediments are oxidized. The term “apparent” is used in 


describing this parameter because no actual measurement is made of the redox potential. An assumption 


is made that, given the complexities of iron and sulfate reduction-oxidation chemistry, reddish-brown 


sediment color tones (Diaz and Schaffner 1988) are indications that the sediments are oxic or at least are 


not intensely reducing. This assumption is in accordance with the classical concept of RPD depth, which 


associates it with sediment color (Fenchel 1969, Lyle 1983). The depth of the apparent color RPD is 


defined as the area of all the pixels in the image discerned as being oxidized divided by the width of the 


digitized image.  


Surface Features—A variety of physical and biological features can be seen at or on the sediment surface. 


These features can range from SAV, worm tubes, fecal pellets, epibenthic organisms, bacterial mats, algal 


mats, shells, mud clasts, and bed forms to feeding pits and mounds. Each of these features provides 


information on the type of habitat and its quality. Surface features are evaluated visually from each slide 


and compiled by type and frequency of occurrence. 


Subsurface Features—Subsurface features include a wide variety of features (such as infaunal organisms, 


burrows, water-filled voids, gas voids, or sediment layering) and reveal information about physical and 


biological processes influencing the sea floor. Subsurface features also provide data about the physical–


biological control occurring in a habitat. 


Successional Stage—Sediment profile data can be used to estimate successional stage of the fauna in a 


habitat (Rhoads and Germano 1986). Successional stage is based on the theory that organism-sediment 


interactions follow a predictable sequence after a major seafloor disturbance (Rhoads and Germano 


1982). Characteristics that are associated with pioneering or colonizing (Stage I) assemblages (Pearson 


and Rosenberg 1978), such as dense aggregations of small polychaete tubes at the surface and shallow 


apparent RPD layers, may be readily visible in sediment-profile images. Advanced or equilibrium (Stage 


III) assemblages also have characteristics that can be seen in profile images, such as deep apparent RPD 


layers and subsurface feeding voids. Stage II is intermediate between Stages I and III and has 


characteristics of both (Rhoads and Germano 1986).  


ROV Images-Once the survey is complete, the photos and video data will be sorted, analyzed and 


archived by the science crew. The videos and photos are directly interpreted by benthic scientists and 


observations recorded on forms provided for this purpose.  A data sheet is filled out for each video. 


3.5.6 Laboratory Instrument/Equipment Calibration, Maintenance, and Operation 


Laboratory instruments and equipment must be tested, maintained, and calibrated according to SOPs and 


the manufacturers’ instructions prior to use.  The manufacturer manuals and SOPs must be readily 


available at the bench so that trouble-shooting and routine repairs can be performed correctly.  All routine 
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maintenance and non-routine repairs are to be documented in a permanent location (e.g., electronically or 


in bound logbooks).  The return to analytical control is demonstrated by successful calibration.  


Instruments and equipment that are out-of-calibration must be tagged or removed from the laboratory to 


prevent inadvertent use. Calibration requirements are defined in Table 3-16. 


• Certified calibration standards will be used for instrument calibration. Where possible, standards 


will be traceable to National Institute of Standards and Technology (NIST).   


• Stock solutions for spiking solutions, surrogate compounds, and other organic or inorganic 


compound mixes will be made from reagent-grade chemicals or as specified in the SOPs.  All 


analytical stock solutions will be prepared using Class-A volumetric ware.   


• Preparation of stock solutions must be documented including the parent material used (lot number 


and concentration), the amount used, the final solution volume, and the final solution 


concentration.  Specific handling and documentation requirements for the use of standards will be 


defined in laboratory SOPs.   


• All new calibration or spiking solutions must be analyzed against a previously accepted standard 


to verify that the concentrations are acceptable. 


Prior to analysis, a calibration curve must be verified through the analysis of a check solution prepared 


from a source (or at least a lot) independent of that used for the initial calibration curve.  The calibration 


check solutions must include all targeted analytes. 
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Table 3-16 Calibration Procedures for Laboratory Instruments 


Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Battelle, Hydrocarbons/Metals (sediment and biota) 


Gas 


Chromatography/ 


Mass Spectrometry 


(GC/MS) 


Initial Calibration 


(ICAL) Standard 


Prior to samples ≤25% relative standard deviation (RSD) for 


each analyte and 


average RSD for 


all analytes ≤ 15%, R≤0.995 


Reanalyze, if failure repeats, take remedial action, 


if failure continues, a new ICAL is performed 


Independent 


Calibration Check 


(ICC) 


After ICAL or if 


failure of continuing 


calibration verification 


(CCV) 


PD must be ≤ 25%  for each analyte and internal 


standard (IS) area has not changed by more than 


a factor of two from the area in level 3 ICAL 


Evaluate and re-analyze, if this ICC fails, perform 


remedial action and reanalyze. If a second ICC 


fails, a new ICAL is performed or justify results.   


CCV Beginning and end of 


10 injections, or 24 hr 


period 


≤25% from true check std. conc. for each 


analyte and average difference for all analytes ≤ 


15%, and IS area has not changed by more than 


a factor of two from the area in level 3 ICAL 


Re-injection of samples prior to a CCV may be 


warranted. Evaluate samples, sample extracts 


must be bracketed by an acceptable CCV 


GC-Flame 


Ionization Detection 


(FID) 


ICAL Standard 


 


Prior to samples ≤25% relative standard deviation (RSD) for 


each analyte and 


average RSD for 


all analytes ≤ 20%,  R≤0.995  


Evaluate, re-analyze if necessary, discuss with 


PM 


 


ICC  After ICAL RSD  must be ≤ 25%  for each analyte and ≤ 


25%  for the mean, the IS area must be within a 


factor of 2 from the Level 3 ICAL and mass 


discrimination must be ≥0.8   


Reanalyze, if failure repeats, take remedial action, 


if failure continues, a new ICAL is performed 


CCV After every 10 


injections, or 24 hr 


≤25% from true check standard conc. for each 


analyte and average difference for all analytes ≤ 


20% 


Reanalyze, if failure repeats, take remedial action, 


if failure continues, a new ICAL is performed. 


Samples must be bracketed by an acceptable CCV 


Purge and Trap 


GC/MS 


ICAL Standard Prior to samples ≤30% RSD for 


each analyte and average RSD for 


all analytes ≤ 15%, R≤0.995 


Recalibrate if >10% of target analytes exceed 


%RSD or R2 criteria 


If < 10% of target compounds exceed criteria, 


recalibration is not required provided %RSD is < 


40% or R2 >0.98. If failure repeats, take remedial 


action, if failure continues, a new ICAL is 


performed 
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Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Purge and Trap 


GC/MS (continued) 


ICC After ICAL PD must be ≤ 30%  for most analytes (40-60% 


for oxygenates)  and the IS area must be within 


a factor of 2 from the Level 3 ICAL   


Recalibrate if >10% of target analytes exceed 


criteria. Reanalyze, perform remedial action as 


necessary, reanalyze if second ICC fails, a new 


ICAL is performed 


CCV beginning and end of 


each 12 h period 


≤30% PD for each analyte, average difference 


for all analytes ≤ 15% and the IS area must be 


within a factor of 2 from the Level 3 ICAL  


Reanalyze if >10% of target analytes exceed 


criteria. If < 10% of target compounds exceed 


criteria, affected sample re-analysis is not 


required if the % difference for exceeding 


analytes is < 40% (or 60% for oxygenates) 


Evaluate and re-analysis of samples analyzed 


after failed CCV, if necessary. Samples must be 


bracketed by an acceptable CCV 


CVAAS 5 point curve  Before, during, and 


after analysis of 20 


samples 


R2>0.995 Recalibrate 


Total Hg cold vapor 


atomic fluorescence 


spectrophotometer 


(CVAFS) 


5 point curve using 


two standards 


Daily RSD<15% Recalibrate 


Methylmercury 


CVAF 


5 point curve using 


two standards 


Daily RSD<15% Recalibrate 


ICP-MS 3-5 point curve 


depending on 


metal; r≥0.999 for 


all metals 


Recheck standards 


every 8-10 samples 


Continuing calibration with %RSD <15% Rerun samples 


FAAS 3-5 point curve 


depending on 


metal; r≥0.999 for 


all metals 


Recheck standards 


every 8-10 samples 


Continuing calibration with %RSD <15% Rerun samples 


Brooks Rand Lab, metals (water and particulates) 


Total Hg cold vapor 


atomic fluorescence 


spectrophotometer 


(CVAFS) 


 


6 point curve using 


two standards 


Daily RSD<15% and low calibration point recovery 


75-125% 


Reanalyze suspect calibration standard. If criteria 


still not  


met, then re-prepare standards and recalibrate the 


instrument 
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Instrument 
Calibration 


Procedure 
Frequency Acceptance Criteria Corrective Action (CA) 


Methylmercury 


CVAFS 


 


 7 point curve 


using two 


standards 


Daily RSD<15% and low calibration point recovery 


65-135% 


Reanalyze suspect calibration standard. If criteria 


still not met, then re-prepare standards and 


recalibrate the instrument 


ICP-MS (waters and 


particulates) 


 


5 point curve Daily Correlation coefficient 0.995, 1st standard MRL 


with ± 20% rec. 


Reanalyze suspect calibration standard. If criteria 


still not 


met, then re-prepare standards and recalibrate the 


instrument 


Total Carbon 


Analyzer, Shimadzu 


(POC) 


SSM-TOC 


 


4 pt curve, r≥0.999 Recheck standards 


every 8-10 samples 


Continuing calibration %RSD <15% Rerun Calibration 
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3.6 Quality Assurance/Quality Control 


Personnel performing QA activities within each organization must be trained and independent of the 


technical work they are reviewing.  QA staff will monitor the technical components of the project 


according to organizational SOPs to ensure the accuracy, integrity, and completeness of the data. 


Analytical staff members will be responsible for ensuring that sample tracking, sample preparation, and 


analytical instrument operation all meet the quality-control criteria detailed in the applicable analytical 


SOPs. 


The project design incorporates SOPs to ensure consistency (Table 3-17) and QC procedures and checks 


in both the field and laboratory in order to assess data quality.  The study design and QC samples are 


intended to assess the major components of total study error, which facilitates the final evaluation of 


whether environmental data are of sufficient quality to support the related decisions.  The QC sample 


requirements are designed to provide information on measurement error that can be used to initiate 


corrective actions with the goal of limiting the total measurement error. Note:
 
Possible analytical 


laboratories and associated SOPs are listed in Table 3-17. Laboratories may change prior to project 


implementation and may include other contract analytical laboratories (and subsequently slightly different 


SOP numbers and titles). 


Table 3-17 Standard Operating Procedures 


SOP Number SOP Title 


Field 


FWS SOP-01 Field Documentation 


FWS SOP-02 Sample Custody 


FWS SOP-03 Sample Packaging and Shipping 


FWS SOP-04 Decontamination of Equipment – Sediments 


FWS SOP-05 Preparation of Field Quality Control Samples 


FWS SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler 


FWS SOP-07 Decontamination of Sampling Equipment 


FWS SOP-08 Preparation of Field Quality Control Samples – Tissues 


BRL SOP-01 Field Go Flo Bottle Decontamination 


SOP 5-365-01 Collecting Benthic and Epibenthic Invertebrates with a Clam Rake 


SOP 5-368-01 Collecting Amphipod for Chemical Analysis using Baited Traps 


SAM043.02 Benthic Sample Collection and Processing 


SAM044.02 Sediment Profile Imaging and Plan View Photography Collection 


SOP 5-367-01 At-Sea Collection of Hydrographic Data Using CTD and Carousel System 


SOP 5-342-01 Collecting Sediment Cores with a Piston Push/Hammer Corer 


FIT-0001 Field Collection of Seawater Samples for Dissolved Trace Metals 


FIT-6001 Filter Preparation for Suspended Matter Collection and Trace Metal Analysis 
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SOP Number SOP Title 


FIT-6002 Collection and Digestion of Particulate Samples for Trace Metal Analysis 


Laboratory 


SOP 5-157 
Identification and Quantification of Semi-Volatile Organic Compounds by Gas Chromatography/Mass 


Spectrometry 


SOP 5-190 Tissue Extraction for Trace Level Semi-Volatile Organic Contaminant Analysis 


SOP 5-191 
Size Exclusion high performance liquid chromatography (HPLC) Cleanup of Sample Extracts for 


Semi-Volatile Organic Pollutants 


SOP 5-192 
Soil/Sediment Extraction Using an Orbital Shaker Table Method for Trace Level Semi-Volatile 


Organic Contaminant Analysis 


SOP 5-200 Water Extraction for Trace Level Semi-Volatile Organic Contaminant Analysis 


SOP 5-202 
Determination of Low Level Total Petroleum Hydrocarbons and Individual Hydrocarbon 


Concentrations in Environmental Samples 


SOP 5-245 Preparation and Analysis of Volatile Hydrocarbons in Environmental Samples 


SOP 5-328 Removal of Sulfur from Environmental Sample Extracts 


SOP 5-330 
Silica Gel Fractionation of Environmental Extracts for the Separation of Saturated Hydrocarbons and 


Aromatic Compounds 


SOP 5-329 Alumina Clean-up of Environmental Sample Extracts 


SOP 6-010 Sample Receipt, Custody, and Handling 


FIT-2010-GS Grain size by sieve and pipette 


BR-0066 
Reductive Precipitation of Total Recoverable and Dissolved Metals from Brackish and Seawater 


Samples 


BR-0060 
Determination of Trace Elements by Inductively Coupled Plasma - Mass Spectrometry using a Perkin-


Elmer ELAN DRC II 


FIT-1012 Series  Determination of (Metals) in Tissues  ICP-MS  


FIT-1013 Series Determination of (Metals) in Tissues by FAAS 


FIT-2010 Series Determination of (Metals) in Sediments by FAAS 


FIT-2012 Series Determination of (Metals) in Sediments by ICP-MS  


BR-0060 (Mod) 
Determination of Trace Elements by Inductively Coupled Plasma - Mass Spectrometry using a Perkin-


Elmer ELAN DRC II (Particulates) 


BR-0006 
Procedure for EPA Method 1631, Revision E: Mercury in Water by Oxidation, Purge and Trap, and 


Cold Vapor Atomic Fluorescence Spectrometry (CVAFS) 


BR-0011 
Determination of Methyl Mercury by Aqueous Phase Ethylation, Trap Pre-Collection, Isothermal GC 


Separation, and CVAFS Detection 


FIT 2015 Determination of Total Organic Carbon  


MSL-I-015 Methylmercury in Tissues and Sediments by Cold Vapor Atomic Fluorescence (CVAF) 


MSL-I-034 
Determination of Mercury in Tissues and Sediments by Direct Thermal Decomposition and Cold 


Vapor Atomic Absorption Spectrometry (CVAAS) 


MSL-I-034-02 
Determination of Mercury in Tissues and Sediments by Direct Thermal Decomposition and Cold 


Vapor Atomic Absorption Spectrometry (CVAAS) 


SAM043.02 Benthic Sample Collection and Processing 
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3.6.1 Field Quality Control 


Field QC samples will be collected in the same type of sample containers and in all other ways handled in 


the same manner as other field samples.  The field QC samples will be assigned unique sample numbers 


and will be submitted to the analytical laboratory as routine samples.  If abnormalities are detected in field 


QC samples, the data associated with the QC samples will be assessed to determine if project data are 


affected.  FWS SOP-05 Preparation of Field Quality Control Samples and FWS SOP-08 Preparation of 


Field Quality Control Samples – Tissue describe specific procedures for preparing field QC samples. 


The following field QC samples will be collected:  


• Trip blanks will be prepared and submitted for analysis at the frequency of one per shipping 


container of VOC samples. 


• Temperature blanks will accompany each cooler that contains samples with a temperature 


preservative requirement. The temperature blank will be created either in the field or laboratory 


by filling polyethylene bottles with deionized water or sediment, depending on the matrix being 


shipped.   


• Field duplicates will be collected as separate co-located sample and will be analyzed for the same 


chemical and physical parameters as the other samples from its location.  At a minimum, field 


duplicates are collected at 5% each of the sediment, water, and tissue samples. 


Field QC samples that will be collected specific to the EMP are described in the following sections. 


3.6.1.1 Equipment (Rinsate) Blank (EB) 


An equipment blank is a sample of contaminant-free medium (typically reagent-grade water) that has 


been passed through or over the sampling equipment used to collect field samples.  An equipment blank 


is collected in the same type of sample containers and in all other ways is handled in the same manner as 


other field samples. The equipment blank must be collected during the sampling event, after collection of 


at least one field sample, after normal equipment decontamination procedures, and prior to collection of 


the next field sample.  Sampling devices for sediment include the grab, stainless steel spoons or spatulas, 


bowls, and flexible tubing.  EB will be collected at a frequency of 5% of the total number of field samples 


collected for sediment and water.  


3.6.1.2 Field Blanks   


Field blanks will be collected in the field, depending on the type of associated analysis. For example, a 


sample of analyte free water poured into the container in the field, preserved and shipped to the laboratory 


with field samples serves to assess contamination from field conditions during sampling. Additionally, 


filter blanks will be collected for the dissolved metals to estimate any contamination associated with the 


field filtering process. Field blanks are prepared at a frequency of 5% of the total number of field samples 


collected for sediment and water. 


3.6.1.3 Laboratory Duplicates (Laboratory Splits) 


Laboratory duplicates (also called laboratory splits) are used to assess the precision of the analytical 


method and laboratory handling. For the laboratory duplicate analysis, one sample will be split by the 
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analytical laboratory into two portions and each analyzed. When collecting samples to be analyzed for 


laboratory duplicates, typically double the normal sample volume is required. This requires filling a larger 


size sample bottle, or filling two normal size sample bottles and labeling one with the site name and the 


second with the site name plus “laboratory duplicate”. Laboratory duplicate samples are collected, 


handled, and delivered to the analytical laboratory in the same manner as environmental samples. In some 


cases, laboratory duplicates may be replaced by matrix spike and matrix spike duplicate samples, which 


also are indicative of precision of the analytical method and laboratory handling.  


3.6.1.4 Benthic Samples 


For benthic samples, every effort will be made to use only grabs that have demonstrated no wash-out of 


the sediment surface. The quantity of sediment retained in the van Veen grab buckets should range from 


full to minimum penetration depth regardless of the material type and/or coarseness. Samples with 


insufficient penetration and low-volume of sediment recovery are rejected for community comparison 


samples. Samples will be carefully dropped into buckets and transported and poured into the sieves 


without significant spillage. A substantial spillage will require a new sample. Samples will be rinsed over 


a 1.0-mm mesh with a water pressure strong enough to remove sediments, but weak enough to minimize 


damage to the animals (nested sampling with a stacked sieve with 0.5-mm mesh may also be used). 


Biological and sediment residues will be carefully removed from each sieve so that all visible animals, 


sediment particles, and fragments will be removed. Samples then will be placed into Whirl-Pak® bags or 


jars labeled with the date of collection, station name, replicate number, sieve mesh size, and initials of 


personnel packaging the samples. Pertinent information also will be recorded on sample collection sheets 


listing the collection date, station name, water depth, and gross sediment characteristics. This information 


will also be included on a waterproof sample tag that is placed inside the specimen jar or container. The 


pertinent information then will be entered by the field personnel into the shipboard database for managing 


workflow and data collections and will be checked by the field lead daily for accuracy. 


3.6.1.5 Accuracy and Precision of the ADCP and CTD Sensor Arrays 


Table 3-18 defines typical accuracy and precision of ADCP instrument sensors.  Accuracy and precision 


are determined based on the pre-season calibration check and post-season calibration check. Table 3-19 


defines typical accuracy and precision of the CTD instrument sensors. The accuracy and precision of the 


equipment deployed during the environmental monitoring will be similar to these values and will be 


documented and reported with the data. 


Table 3-18 Typical Accuracy and Precision of Instrument Sensors (ADCP and OBS) 


Sensor 
Model 


(or equivalent) 
Measurement Units Range Accuracy Precision 


ADCP 


 


Teledyne RDI 


Workhorse Sentinel 


300khz (or 
equivalent) 


Current velocity cm/s 0 to 500 1 0.1 


Depth M 0 to 40 2% 1 cm 


Waves cm, sec > 0 cm   > 3.3 sec 1%, 1% 1cm, 0.5 sec 


OBS 


Seapoint Sensors 


Turbidity Meter (or 
equivalent) 


Turbidity NTU 0 to 25 
Calibration 


Dependent 
2% 
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Table 3-19 Typical Accuracy and Precision of Instrument Sensors (CTD) 


Sensor 
Model/Method  


(or equivalent) 
Units Range Accuracy Resolution 


Depth 


(Pressure) 


Sea-Bird SBE 25plus 


(or equivalent) 
Meters 0 to 100 


0.1% of range 


(0.1m) 


0.002% of range 


(0.002m) 


Temperature 
Sea-Bird SBE 25plus 


(or equivalent) 
ºC -5 to +35 0.001 0.0003 


Conductivity 


Sea-Bird SBE 25plus 


V2 


(or equivalent) 


mS/cm 0 to 7000 0.0003 0.00004 


Dissolved Oxygen SBE43 % Saturation 0-120 ± 2%  


pH SBE18 pH units 0-14 ± 0.1 ± 0.02 


Fluorescence/Turbidity ECO-FLNTUrt 


µg/L 


Chlorophyll 
0-50 0.025 0.001 


NTU 


(Nephelometric 


Turbidity Unit) 


0-25 0.013 0.001 


Colored Dissolved 


Organic Matter 


(CDOM)  


Wet Labs ECO-


FLCDrt CDOM 
µg/L 0.03-75-500 0.03 093 0.001 


Turbidity 


Seapoint Sensors 


Turbidity Meter (or 


equivalent) 


NTU 


0 to 25 
Calibration 


Dependent 
0.01 


0 to 125 5% 2% 


0 to 500 5% 2% 


Light Transmittance 


WET Labs C-Star 


Transmissometer 


25cm (or equivalent) 


m-1 0 to 40 0.20 0.01 


Altimeter Valeport Meter 0.1–100 0.01  


ADCP 


Teledyne RDI 


Workhorse Sentinel 


300khz (or 


equivalent) 


Current 


velocity (cm/s) 
0 to ± 2000 


± 0.5% of 


water velocity 


relative to 


ADCP 


± 0.5 cm/s 


0.1 


Echo Intensity 


Profile 


(decibels) 


0 to 80 1% ±1.5dB 


Depth(m) 0 to 165 2% 0.5m (bin size) 
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3.6.2 Laboratory Quality Control 


Quality control is an integral part of the laboratory activities. It establishes methods for maximizing the 


quality of operations and analyses, provides analysts with metrics about method performance, and aids 


project managers in identifying and correcting systematic and random problems that can plague the 


laboratory operations. 


Laboratory samples will be processed and analyzed in analytical batches or sample delivery groups 


(SDGs) of ≤20 field samples plus laboratory QC.  A suite of QC samples that monitors the accuracy and 


precision of the methods will be incorporated into each batch as defined below.  In addition to these QC 


samples, surrogate internal standards will be spiked into each sample analyzed for organic compounds.  


The acceptance criteria and corrective action for each QA sample is defined in Table 3-20. 


Table 3-19 Measurement Quality Criteria
1
 


QC Sample Type Measurement Quality Objective Corrective Action 


Field Duplicate (DU) 


No criteria defined.  Results will be used to 


assess sample heterogeneity or inconsistent 
sample handling and analysis procedures 


 


VOC (water/drill mud/ cuttings) 


Method Blank (MB) 


Target analyte concentration in MB <5x the 


MDL.  Data are acceptable if field sample 


concentration >5x MB; data <5x the MB will 


be flagged regardless of MB concentration 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze. If data fail MQO, 


report data with qualifiers; e..g., “B” data 


qualifier, unless “J” flagged. 


Field Trip Blank (TB) 
Target analyte concentration in TB <5x the 


MDL.  


Review with PI.  If data fail MQO, report 


data with qualifiers; e.g., “B” data qualifier.  


Laboratory Control Sample 


(LCS) 


Spiked target analytes must be recovered at 


50-130% 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Matrix Spike (MS) 


Spiked target analytes must be recovered at 


70-130%. Spike concentration must be >5x 


unspiked field sample concentration for MQO 
to apply. 


Compare with LCS results. If the MS results 


are outside the LCS, review with the PI to 


determine if the difference is attributed to 


matrix effect or analytical error. Review all 


sample prep records, re-analyze as directed 


by the PI. If data fail MQO, report data with 


qualifiers; e.g., “MI” data flag. 


Hydrocarbons (PAH/SHC/TPH/Biomarker)2 


Method Blank (MB) 


Target analyte concentration in MB <5x the 
MDL, or MB result is N-qualified.   


Data are acceptable if field sample 


concentration >5x MB; however, field sample 


data <5x the MB will be B-qualified regardless 
of MB concentration. 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e..g., “B” data 


qualifier, unless “J” flagged. 


Laboratory Control Sample 


(LCS) 


Target analyte recoveries:70-130%;  


50-130% for nonane. 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 


flag. 
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QC Sample Type Measurement Quality Objective Corrective Action 


Matrix Spike (MS) 


Target analyte recoveries:70-130%;  


50-130% for nonane.   


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Compare with LCS. If the MS results are 


outside the LCS, review with the PI to 


determine if difference is due to matrix 


effects or analytical. Review sample prep 


records, re-analyze as directed by the PI.  If 


data fail MQO, report data with qualifiers; 
e.g., “MI” data flag. 


Matrix Spike Duplicates 


(MSD) 


RPD ≤ 30%.   


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “MI” data 
flag. 


North Slope Crude (NSC) 


RPD ≤ 30%.   


Concentration must be >5x the MDL for MQO 


to apply. 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Standard Reference 


Material (SRM)  


 


PD ≤ 30% from target concentration and the 


95% confidence level.  


Analyte concentration must be certified and 


>5x the MDL for MQO to apply. 


Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Surrogate Internal Standard 


(SIS) 


Recoveries: 40-120%. Review with PI, possibly re-analyze and/or 


re-extract and reanalyze.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Battelle Metals (Except Mercury and Methyl Mercury) 


MB 
<5x the MDL, or field sample concentration 


>10x MB. 


Review with PI, possibly reanalyze. If all 


samples are >10x the MB, no corrective 


action is required. If samples are <10x the 


MB, the batch is re-prepped and re-analyzed. 


If data fail MQO, report data with qualifiers; 
e.g., “N” data flag. 


MS 


Target recoveries: 80-120%. 


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Review with PI, possibly reanalyze. Failure 


of multiple MQOs requires re-preparation 


and reanalysis of batch. If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


MSD 


RPD ≤ 20%. 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM Target recovery: 80-120% of certified value. 


Review with PI, possibly reanalyze. Failure 


of multiple MQOs requires re-preparation 


and reanalysis of batch. If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Battelle Mercury 


MB 
<5x the MDL, or field sample concentration 


>10x MB. 


Review with PI, possibly reanalyze. If all 


samples are >10x the MB, no corrective 


action is required. If samples are <10x the 


MB, the batch is re-prepped and re-analyzed. 


If data fail MQO, report data with qualifiers; 


e.g., “N” data flag. 
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QC Sample Type Measurement Quality Objective Corrective Action 


OPR  


(mercury analysis only; one 


at start and one at end of 
batch; similar to LCS) 


Target recoveries: 70-130% of (sediment and 
tissue)). 


Review with PI, possibly re-prepare and 


reanalyze with all samples in associated 


batch for failed analytes.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


MS 


Target recoveries: 80-120% (sediment and 


tissue). 


Spike concentration must be >5x unspiked 


field sample concentration for MQO to apply. 


Review with PI, possibly reanalyze. Failure 


of multiple MQOs requires re-preparation 


and reanalysis of batch. If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


MSD 


RPD ≤ 20% (sediment and tissue). 


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM 
Target recovery: 80-120% of certified value 


(sediment and tissue). 


Review with PI, possibly reanalyze. Failure 


of multiple MQOs requires re-preparation 


and reanalysis of batch. If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Sensitivity 


Low-level Check Sample analyzed at the MRL 


Target recovery: 80-120%.  


Concentration must be >5x the MDL for MQO 


to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


Battelle Methylmercury 


MB 
<5x the MDL, or field sample concentration 


>10x MB. 


Review with PI, possibly reanalyze. If 


confirmed and all samples are > 10x the 


blank, no corrective action is required. If 


samples are <10x the blank, the batch must 


be re-prepped and re-analyzed. If data fail 


MQO, report data with qualifiers; e.g., “N” 
data flag. 


OPR  


(one at start and one at end 
of batch; similar to LCS) 


Target recovery: 67–133%. 


Review with PI, possibly re-prepare and 


reanalyze with all samples in associated 


batch for failed analytes.  If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


MS 


Target recovery: 65-135%.  


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Review with PI, possibly reanalyze. Failure 


to meet criteria shall be reported in Data 


Summary. Failure of multiple MQOs 


requires re-preparation and reanalysis of 


batch. If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


MSD 


RPD ≤ 35%.  


Spike concentration must be >5x unspiked 
field sample concentration for MQO to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 


SRM Target recovery: 67-133% of certified value. 


Review with PI, possibly reanalyze. Failure 


of multiple MQOs/OPRs requires redigestion 


and reanalysis of batch. If data fail MQO, 


report data with qualifiers; e.g., “N” data 
flag. 


Sensitivity 


Low-level Check Sample analyzed at the MRL 


Target recovery: 80-120%.  


Concentration must be >5x the MDL for MQO 
to apply. 


Review with PI, possibly re-extract and 


reanalyze.  If data fail MQO, report data with 
qualifiers; e.g., “N” data flag. 
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QC Sample Type Measurement Quality Objective Corrective Action 


TOC (Sediment) 


LCS 80 – 120% of certified value  


Correct Problem, re-prepare and reanalyze 


LCS and all samples in associated batch for 
failed analytes. If problem persists, call PI. 


QADU RPD <10% at 10x detection limit 


Review with PI, re-extract and reanalyze.  If 


data continues to fail, report data with 
qualifiers. 


SRM ±15% of certified value 


Reanalyze. Failure to meet criteria shall be 


reported in Data Summary. Failure of 


multiple CRMs requires redigestion and 
reanalysis of batch.  


Completeness >90% Report results and assess impact 


POC (Water Particulates) 


MB 


All analytes in the method blank must be less 


than ½  the RL All analytes in the method 


blank must be less than ½  the RL  


Re-prepare and reanalyze the method blank 


and all samples processed with the 


contaminated blank. If problem persists, call 
PI.  


LCS 80 – 120% of certified  


Correct problem, re-prepare and reanalyze 


LCS and all samples in associated batch for 


failed analytes. If problem persists, call PI. 


LCSD RPB<10% 


Review with PI, re-extract and reanalyze.  If 


data continues to fail, report data with 
qualifiers.  


SRM 
±15% of certified number±15% of certified 


number 


Reanalyze. Failure to meet criteria shall be 


reported in Data Summary. Failure of 


multiple SCRMs requires redigestion and 
reanalysis of batch.  


Completeness >90%> Report results and assess impact.  


TSS (Water) 


MB 


No target analyte concentrations ≥ RL or ≥ 


10% of the measured values of the samples 
(whichever is large 


Reweigh and reanalyze the method blank and 


all samples processed with the contaminated 


blank. If problem persists, qualify or raise 
RL. 


Dup RPD ≤ 15% 
Reweigh and reanalyze the method blank and 


all samples. If problem persists, qualify. 


Grain Size (Sediment) 


Laboratory Duplicate 
RDP<20% of any individual values for gravel, 


sand, silt, or clay 


Correct problem by re-homogenizing 


sediment to provide a more representative 
sample and repeat analysis. 


Completeness >90% Assess impact and take corrective action. 
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QC Sample Type Measurement Quality Objective Corrective Action 


Brooks Rand Metals in water and particulates  (Except Mercury and Methylmercury) 


MB 
Mean ≤ LOQ; SD ≤ MDL or MBs 


<1/10thsample result 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test 


and if a minimum of 3 MB remain. If MBs 


are still high following rejection of any 


Grubb’s outlier, then a batch specific MDL is 


estimated (EMDL) by multiplying the 


standard deviation of the remaining MBs by 


3x. The batch specific MRL is estimated 


(EMRL) by multiplying the EMDL by 3x. 


All results are evaluated against the EMDL 


and EMRL, and data is qualified if 
necessary. 


Filter Blank (for dissolved 


metals) (FB) 
N/A N/A 


MS/MSD Recovery = 70-130% and RPD ≤ 30% 


If criteria not met, results must be qualified. 


If RPD criteria not met, then sample may be 


reanalyzed, but this is not required. Sample 


matrix may be inhomogeneous. A post-


digestion spike (PDS) can be analyzed to 


evaluate instrument accuracy and also to 


determine if matrix interference is occurring 


at the prep stage or at the analytical stage. An 


MSA curve may be prepared and analyzed 


along with the samples to quantify and 
correct for interference. 


SRM 


Recovery = 70-130% unless limits set by SRM 


manufacturer are greater or element/SRM 
specific limits have been established 


If SRM true value is ≥5x the LOQ and if the 


recovery is outside of the control limit, then 
batch must be re-prepared. 


Brooks Rand Mercury in water and particulates 


MB 


Each MB ≤ 0.5 ng/L and StDev ≤ 0.1 ng/L or 


highest MB < 0.1 times the lowest reported 
result. 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test 


and if a minimum of 3 MB remain. If MBs 


are still high following rejection of any 


Grubb’s outlier, then a batch specific MDL is 


estimated (EMDL) by multiplying the 


standard deviation of the remaining MBs by 


3x. The batch specific MRL is estimated 


(EMRL) by multiplying the EMDL by 3x. 


All results are evaluated against the EMDL 


and EMRL, and data is qualified if 
necessary. 


OPR (CCV) Recovery = 77 – 123% 


Reanalyze samples bracketed by failing CCV 


unless QA Manager accepts a passing spike 
instead. 


MS/MSD Recovery = 71 – 125%; RPD ≤ 24% 


If recoveries similar but fail recovery criteria, 


an interference is present in the sample and 


the result must be qualified. If RPD criteria 


not met, then the MS/MSD should be 
reanalyzed. 


SRM   Recovery = 75-125% Correct problem 
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QC Sample Type Measurement Quality Objective Corrective Action 


Brooks Rand Methylmercury in water and particulates 


MB 
Avg ≤ 0.045 ng/L StDev ≤ 0.015 ng/L or < 


1/10th of associated samples 


Reanalyze to confirm results. MBs may be 


omitted if they meet the Grubb’s Outlier test 


and if a minimum of 3 MB remain. If MBs 


are still high following rejection of any 


Grubb’s outlier, then a batch specific MDL is 


estimated (EMDL) by multiplying the 


standard deviation of the remaining MBs by 


3x. The batch specific MRL is estimated 


(EMRL) by multiplying the EMDL by 3x. 


All results are evaluated against the EMDL 


and EMRL, and data is qualified if 
necessary. 


OPR (CCV) Recovery = 70-130% 


Reanalyze samples bracketed by failing CCV 


unless QA Manager accepts a passing spike 
instead. 


MS/MSD 


Recovery = 65 – 135% (Recovery Criteria for 


Matrix Spike samples  are based on recovery 
corrected results); RPD ≤ 35% 


If recoveries similar but fail recovery criteria, 


an interference is present in the sample and 


the result must be qualified. If RPD criteria 


not met, then the system is not in control. 


Correct problem and reanalyze all associated 
samples. 


SRM/BS 


Recovery = 67 – 133% (Recovery Criteria for 


BS samples are based on recovery corrected 
results). 


Reanalyze remaining volume. Correct 


problem prior to continuing analysis. 


Sediment Profile Imaging 


Independent Check 


Measurements ±1.0 cm and Counts ± 2 counts 


Pixel density (adequate focus, exposure, and 
detail) 


Reanalyze all images for parameters out of 


QC range. 


Benthic Organisms (Sediment) 


Laboratory report 
>90% for Overall precision, analytical 
precision, analytical Accuracy/Bias 


Correct problem, resort, reweigh all samples 
in batch. 


Taxonomy 


100% of junior taxonomist samples verified. 


Questionable organisms of senior taxonomists 


verified 


Discuss identifications with taxonomists. 


Notes:  


1 Table represents criteria for all matrices unless otherwise noted.  
2 Hydrocarbon MQOs are based on the use of surrogate recovery corrected data.  


The following laboratory QC samples will be analyzed: 


• Method blank for each preparatory and analytical batch. 


• LCS (prepared using contaminant-free matrix-specific sample, e.g., Ottawa sand or sodium 


sulfate [sediment] and clean Tilapia [tissue]). 


• MS/MSD samples, prepared from the same parent sample and spiked with the analytes of interest 


at approximately 10X the MDL. 


• A laboratory duplicate (QADU) is a second aliquot of a field sample processed and analyzed to 


monitor precision. It may be a second matrix-spike sample. As previously described, MS/MSD 


data may replace the laboratory duplicate sample analysis.  
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Additional laboratory QC specific to the EMP are described in the following sections. 


3.6.3 Standard Reference Material 


An SRM is characterized by a metrologically valid procedure for one or more specified properties, 


accompanied by a certificate that provides the value of the specified property, its associated uncertainty, 


and a statement of metrological traceability.  A SRM is prepared with each processing batch for the 


appropriate sample matrix and analytical parameters (SRMs are not available for all parameters and 


sample types) to assess accuracy of the analytical procedures where applicable to a given matrix and 


analyte. 


3.6.3.1 North Slope Crude Reference Oil 


A NSC Reference Oil sample is used to evaluate the instrumental accuracy and also provide petroleum 


pattern information in the petroleum hydrocarbon analyses, aiding in the qualitative identification of 


target analytes. The NSC is analyzed for organics only. 


The MQO for each QC sample in this project are presented in Table 3-20. Analytical results that do not 


meet the MQOs will be submitted to and/or reviewed with the PI for assessment of the potential impact of 


the results. Affected samples may be reanalyzed at the PI's discretion. QC sample data that are accepted 


outside the MQOs qualified, and the rationale for accepting the analysis will be documented. 


3.6.3.2 Samples for Biological Community Analysis 


A small subset of samples employed for community analysis will be reprocessed by a different technician 


or multiple technicians, when appropriate. Where questions arise, specimens will be compared with the 


authoritative voucher sets, sent to an appropriate taxonomic expert. Quality-control methods for benthic 


taxonomic analysis will follow guidelines adapted from the US EPA’s Environmental Monitoring and 


Assessment Program (www.epa.gov/emap/html/pubs/docs/groupdocs/estuary/field/labman.html). 


3.7 Non-direct Measurements 


A substantial amount of data already exist for the outer continental shelf (OCS) Chukchi Sea as a result of 


extensive, multidisciplinary research programs (both industry and government) conducted over the past 


five years. These data are presented in the EMP Appendix A (OF, 2014) and will be used as part of the 


Phase I baseline characterization.  Hence, baseline-characterization data already exist from empirical data 


collected in the past 5 years. 


3.8 Data Management 


During this study, both hard copy and electronic data records will be generated in the field by several 


principle investigators from different organizations.  Each PI is responsible for ensuring that records 


generated by their field staff follow the requirements of this QAPP.  Similarly, field samples will be 


analyzed in several fixed laboratories for a variety of parameters; the laboratory manager is responsible 


for ensuring that data management procedures are consistent with this QAPP.   All the organizations that 


collect data in support of the EMP will maintain the original records that support their findings, report 


detailed results and provide copies of their records to OF at the end of each reporting phase.   
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3.8.1 Document Control  


The QAPP and associated SOPs are controlled documents.  The following procedures will be 


implemented to ensure that project personnel have the current versions of these documents.  


• The document version number and effective date is defined in the header control block.  


• Each organization will maintain a master list of current SOPs, which are approved by 


management and assigned an effective date. 


• A distribution list is maintained for this QAPP and associated SOPs.   


• SOPs that describe environmental data collection activities must be reviewed prior to use to 


ensure they are current and updated as needed.   


Field and laboratory logbooks must be bound, dated, paginated and distinctly labeled. 


3.8.1.1 Field Documentation 


Field records must provide a detailed description of sample collection activities to ensure that samples 


and data are traceable and defensible.  FWS SOP-01 Field Documentation describes these procedures.  


Field observations will be documented in real time in bound field logbooks and will provide a record of 


field activities, observations, and measurements during sampling.  All field records and documentation 


must comply with the documentation requirements defined in this QAPP.  Field forms required for this 


study will be included in the EMP project Sampling and Analysis Plan.  The field logbooks will be 


reviewed and approved independently at the end of each survey day.   


3.8.1.2 Laboratory Documentation 


Documentation of all laboratory activities is critical for tracking data and evaluating the success of any 


activity.  Laboratory documentation requirements must be defined in a laboratory QA Manual or specific 


SOPs.  At a minimum, the laboratories will maintain the following documentation records: 


• Calibration and maintenance of all instruments and equipment involved in the collection of 


environmental data  


• Preparation of calibration standards, spiking solutions, and dosing solutions such that each unique 


preparation can be tracked to the original (neat) material 


• Lot numbers for all standards, stock solutions, reagents, and solvents 


• Sample processing or preparation for testing such that it is traceable to sample receipt records  


• Sample analyses and results of analyses  


• Rejected data, accompanied by explanations of the failure and the corrective action 


• Data reduction formulas such that reported data are traceable to raw data. 


3.8.2 Data Storage Requirements 


Storage of project data must ensure that the integrity and traceability of data are maintained.    In the field, 


electronic data will be backed up daily to a second media (e.g., separate hard drive, thumb drive, CD), 
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labeled, and stored securely.  Field logs must maintain an inventory of the location of electronic files.  


Each laboratory must have a documented system of daily incremental and at least monthly full data 


backups, storage and recovery.  Electronic data files received from the laboratories will be stored on a 


networked project folder with incremental daily and full monthly backups.  Storage locations must be 


appropriate for the media (paper or electronic) and limit access or availability of the data.  Once the study 


is complete, original field records and copies of laboratory records will be submitted to Shell.  All 


hardcopy and electronic project files will be archived by the organization that generated the data for at 


least 5 years. 


3.8.3 Documentation Standards 


All data generated during the course of this project must be able to withstand challenges to their validity, 


accuracy, and legibility.  To meet this objective, data are recorded in standardized formats and in accord-


ance with prescribed procedures.  The documentation of all environmental data collection activities must 


meet the following minimum requirements: 


• Data must be documented directly, promptly, and legibly.  All reported data must be uniquely 


traceable to the raw data.  All data reduction formulas must be documented. 


• Handwritten data must be recorded in ink.  All original data records include, as appropriate, a 


description of the data collected, units of measurement, unique sample ID and station or location 


ID (if applicable), name (signature or initials) of the person collecting the data, and date of data 


collection.  


• Any changes to the original (raw data) entry must not obscure the original entry.  The change 


must be initialed and dated by the person making the change. 


• The use of pencil, correction fluid, and erasable pen is prohibited. 


During the project, records will be maintained in a secure location that minimizes loss as follows: 


• Hardcopy records will be maintained in the project files of the principle investigator at each 


organization.  This includes administrative records, field logs, and other field raw data.  Field logs 


and custody forms will also be scanned and saved in pdf format and saved in a networked project 


folder. 


• Electronic records will be maintained on in a networked project folder.  No project files may be 


maintained on personal computers except as temporary working files. 


• The results of QA/QC reviews, audits, and assessments will be saved in the QA network folder.  


Hardcopy audit records will be maintained in the QA files. 


3.8.4 Hardware and Software Requirements 


The following computer hardware and software standards requirements are established: 


• Software used to capture or transfer data electronically from analytical instruments to data 


management systems must be described in QA documentation, and validated prior to use.   
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• Data tracking from raw output to final values must be maintained.  Data access and change 


control must be defined, limited, and traceable.  


• Calculations performed by analytical instruments, data management software, and spreadsheets 


must be verified. 


• All data and derived products will be stored in the laboratory computers and backed up on CDs. 


3.8.5 Changes and Deviations 


During the conduct of this study, it may be necessary to modify the planned activities.  Modifications that 


are anticipated prior to field or laboratory work will be reported to the LS, who will assess the potential 


impact and contact the client if the changes are major (e.g., those that would affect the study objectives, 


design, or data quality).  All modifications will be described in the final report.   


Changes that are not anticipated prior to the planned activities are deviations and must be communicated 


and documented.  Documentation will include an assessment of any impact that the deviation has on the 


study design and data quality, and any corrective action implemented.  Minor deviations (e.g., those that 


would not impact the study objectives, design, or data quality) will be reported to and approved by the 


appropriate PI and the LS.  Major deviations (e.g., those that could impact the study objectives, design, or 


data quality) will be reported to the LS and client.  A discussion of major deviations and potential impact 


on the project objectives will be included in the final report. 


3.8.6 Data Reporting  


The reporting requirements for this project are defined by the analytical methods and intended use of the 


data.   


Field measurements will be reported as follows: 


• Water and sediment depth: feet 


• Station location: WGS84 latitude and longitude (may change in field, system and units are always 


recorded with coordinates)  


The concentrations of chemical compounds analyzed for this project will be reported in the units defined 


in Tables 3-10 through 3-15.  Sediment concentrations will be reported on a dry weight basis and tissue 


concentrations will be reported on a dry weight basis.  Additional data reporting requirements are as 


follows: 


• Total PAH: the sum of all PAH compounds determined, including alkyl homologues, except 


retene (to ensure comparability to historical data) 


• Total PAH16:  the sum of the 16 priority pollutant PAHs (EPA method 610) Total TPH (SHC): 


the concentration based on the total resolved compounds and unresolved complex mixture in the 


SHC (F1) fraction (C9 – C40).   


• Total SHC: the sum of the individual resolved SHC target compounds (C9 – C40) 


• TAH: Method 602 volatiles +_o, m, p-xylene 
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• TAqH: TAH+PAH (sum of the 16 PAH, as defined above) 


• Non-detect values in sums: Sum of EPA 16 priority pollutant PAH (Total PAH16) will include all 


detected compounds plus all non-detected compounds using ½ of the MDL reported for each non-


detected compound. All other summations will use a zero value for non-detects when used to 


calculate summations.  


3.8.7 Data Reduction 


Data reduction is the process of converting raw numbers (e.g., numbers of organisms per replicate) into 


data that can be displayed graphically, summarized in tables, or compared statistically for differences 


between mean values for sampling times or stations.  The data discussed in this section are those data that 


require some manipulation before being submitted to the data management consultant for entry into the 


database. 


3.8.7.1 Infaunal Analysis 


Historical and new data will be assessed for two attributes. These include standardizing the taxonomy to 


equivalent ‘species’ taxa groups and identification and removal of non-benthic species (e.g., pelagic 


organisms). All original data will be provided but the analyses to be performed will be based on these two 


modifications to the data. 


3.8.7.2 Organics and Metals 


GC/MS and GC/FID data will be acquired on PC-based Chemstation® minicomputers with dedicated 


chromatography software and reduced using MS Enviroquant® software.  All GC/MS and GC/FID data 


files will be transferred electronically to a PC so that the data can be incorporated into an electronic 


database or spreadsheets for final quantification and tabular results presentation.  Data for metals analysis 


by CVAF, CVAAS, ICP-MS, FAAS, and ZGFAAS are collected and processed by the instruments’ 


software systems.  Processed data are electronically transferred to Excel™ spreadsheet format for EDD 


generation.  The final reduction of analytical chemistry data will account for the size of the processed 


sample and dilution factors.   


3.8.7.3 Total Organic Carbon 


Total organic carbon measurements are acquired on instrument software and downloaded onto Excel™ 


spreadsheets for final quantification and tabular results presentation.  TOC results will be reported as 


percent total organic carbon on a dry weight basis. 


3.8.7.4 Grain Size 


Grain size will be reported as percent of the total for each size fraction measured.  Silt content is 


determined by subtracting the total clay content from the mud content.  Data are entered onto a 


spreadsheet for calculation of silt content.  In addition to weight percent by size class, the Gravel: Sand: 


Silt: Clay ratio and a numerical approximation of mean size and sorting (standard deviation) are 


calculated.   
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3.8.7.5 Sediment Profile Imaging Analysis 


After visual and computer image analyses are completed, a standard set of parameters (Table 3-15) taken 


from both analyses is combined and tabulated for reporting.  If appropriate, statistical analyses can be 


done to test hypotheses by applying appropriate parametric (e.g., t-test, ANOVA) and/or nonparametric 


techniques. 


3.9 Data Review/Qualification 


Data review conducted for this project is designed to ensure that reported data are accurate and traceable.  


Each organization generating data will perform the following data review: 


• All data that are hand-entered from an original source to another location (e.g., from field logs to 


spreadsheets or from an instrument output to a spreadsheet) will be verified by the Lab Manager 


prior to use in calculations or entry into a database.   


o Manually transcribed data are highly susceptible to errors, which could include 


transposing numbers in the copying process, mis-associating data (e.g., assigning results 


to the wrong sample), and creating untraceable data by assumption, interpolation, 


extrapolation (e.g., adding information such as units, times or dates that are not recorded 


in the original entry).  Hand-entered data must be verified 100%. 


o Electronically-transcribed data errors generally consist of an entire entry or record being 


copied into the wrong location or not copied over at all, resulting in missing data.   


• All manual calculations will be performed by a second person to verify that calculations are 


accurate and appropriate. 


• Calculations performed by software will be independently verified to ensure that the formulas are 


correct, appropriate, and consistent, and that calculations are accurately reported.  . 


Reported data will be independently reviewed to verify that reported data are accurate and traceable. The 


review will verify that data were generated according to the methods and MQC defined in this QAPP, 


including review of:  


• Sample holding times and preservation requirements vs. the requirements of Table 3-6. 


• Initial and continuing calibration methods, frequency and results vs. the requirements of Table 3-


16. 


• Sample extraction and analysis procedures vs. the requirements of Table 3-9. 


• Laboratory QC results vs. the requirements of Table 3-20. 


Laboratory data that do not meet the requirements of this QAPP will be re-extracted and/or re-analyzed 


whenever possible.  However, if it is not possible (e.g., sample consumed) or beneficial (sample exceeds 


holding time) to re-extract or re-analyze then data qualifiers will be added and reported with the data.  


Laboratory data qualifiers are defined in Table 3-21. 
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Table 3-20 Analytical Data Qualifiers 


Laboratory Qualifiers
1
 


Organic Chemistry Data Qualifiers 


N 
The QC result does not meet the accuracy, precision, or method blank MQO.  The quality control result, not the related 


sample compound, is qualified. 


n 


The QC result does not meet the base accuracy or precision MQO, but meets the contingency criteria.   


Spiked sample (MS/MSD) and SRM result is less than 5X the native sample concentration or less than 5X the MDL 


(field sample replicate). 


B 
Blank contamination. The analyte was detected in the field sample at <5X the Method Blank concentration; the 


qualifier is applied to the field sample.  The B qualifier is not applied if the sample data is J-qualified. 


J Estimated value: The analyte was positively identified but at a concentration less than the sample-specific RL. 


U Analyte was not detected at a 3-5:1 signal:noise ratio. The reported data value is the sample-specific MDL. 


D Dilution analysis value.  The initial analysis was outside the calibration range of the instrument. 


E Estimated value.  Result is greater than the highest calibration concentration.  


ME Estimated value.  Significant matrix interference.  


MI Significant matrix interference. Value could not be determined or estimated. 


T Holding time (HT) exceeded. 


H Surrogate compound was diluted out.  Qualifier used when surrogate recovery is affected by dilution of sample extract. 


NA Not applicable. 


Metals Chemistry Qualifiers (including Mercury and Methylmercury) 


N 
The QC result does not meet the accuracy, precision, or method blank MQO.  The quality control result, not the related 


sample compound, is qualified. 


J Estimated value: The analyte was positively identified but at a concentration less than the sample-specific RL. 


U 
Not detected above the MDL: The associated reported value is the MDL, adjusted by any dilution factor used in the 


analysis (i.e., the sample-specific MDL). 


D Dilution analysis value.  The initial analysis was outside the calibration range of the instrument. 


NA Not applicable 


NS Not spiked 


Notes:  
1MDL = method detection limit, as determined by EPA Method (US EPA 1997. 40 CFR part 136, Appendix B rev. 1.11) 


RL = reporting limit, the field sample concentration equivalent to a final extract concentration of that of the low calibration standard 
MRL = method reporting limit, the MDL multiplied by 3.18 (based on an MDL determination using 7 replicates).  


As a final review, the project principle investigator or laboratory manager at each organization will 


review and make professional judgments about the usability of data generated by that organization based 


on the field notes, field and laboratory QC results¸ and environmental reasonableness.   


Data reported in tables or deliverables will be audited by, or under the direction, of the Project QA 


Officer.  Errors noted in data audits will be communicated to analysts and project management and 


corrected data will be verified.  No data measurements will be eliminated from the reported data or 


database and data gaps will not be filled through interpolation, extrapolation, or with other existing data.  


The loss of samples during shipment or analysis will be documented in the data reports. 
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AND 
LOCAL WORK INSTRUCTIONS 


 
SOP/LWI 
Number 


SOP/LWI TITLE 


1001 Qualification and Documentation of Computer Programs 
1002 Traceability of Reagents, Standards, and Reference Materials 
1003 Equipment Tracking 
1004 Balance Calibration 
1005 Laboratory Refrigerators 
1006 Field Logs 
1008 Demonstration of Capability 
2001 Chain-of-Custody (C-O-C) Procedures 
2002 Sample Collection for Suspended Particulate Phase (SPP) Toxicity Test 
2003 Packaging and Shipment of Samples 
2004 Decontamination of Equipment 
2005 Collection of QC Samples 
2006 Collection of Oil and Grease Samples 
2007 Sample Collection for Chromium VI, Silver, and Thallium in Water-Based Drilling Fluid 
2008 Sample Collection for TAH and TAqH Analyses 
2010 Sample Collection for Biochemical Oxygen Demand (BOD5) Analysis 
2011 Sample Collection for Fecal Coliform Analysis 
2012 Field Measurement of pH 
2013 Field Measurement of Total Residual Chlorine 
2014 Sample Collection for Total Suspended Solids (TSS) Analysis 
3001 Retort Inspection and Recalibration 
3002 Base Fluids Retained on Cuttings Retort Test Procedure 
3003 Reverse Phase Extraction Method for Detection of Oil Contamination in Non-Aqueous 


  3004 Free Oil by Static Sheen Method 
3005 Visual Sheen Test Method 


LWI-001 Continuous Temperature Monitoring 
LWI-002 Chemical Inventory Management 
ENV001 Chukchi Sea BES – Collection of Effluent Samples for Biological Testing 
TOX002 7-Day Chronic Toxicity Study with Atherinops affinis 
TOX012 7-Day Chronic Toxicity Study with Menidia beryllina 


TOX014B 7-Day Chronic Toxicity Study with Americamysis bahia – Survival, Growth, and 
Fecundity 


TOX043 Chronic Toxicity Test Using Echinoderm Larvae (Strongylocentrotus purpuratus or 
Dendraster excentricus) 


TOX045 Chronic Toxicity Fertilization Test Using Echinoderms (Strongylocentrotus purpuratus 
or Dendraster excentricus) 
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1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides consistent methodology for documenting that 


the software used to collect, analyze, process or maintain data is validated or verified.  In addition, 


this SOP describes protocols for archiving historical software versions and manuals. 
 


 


2.0       Definitions 
 


2.1       Program – proprietary code developed, maintained, and controlled by a third-party vendor. 


An example of this would be Microsoft Excel® or the Discharge Tracking Application® by 


APEX. 
 


2.2 Routine – spreadsheet or database templates developed by a third-party vendor or in-house 


that uses input and output capabilities as well as functional capabilities of the program to 


perform mathematical manipulations. 
 


2.3 Verification – systematic methodology used to document the validity of adequacy, accuracy 


and reliability of program results and the validity of the models and algorithms used. 
 


3.0       Interferences 
 


3.1       No specific interferences are known for this procedure. 
 


4.0       Health and Safety Considerations 
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Spreadsheet program such as Microsoft Excel® 


 


5.2       Database program such as Microsoft Access® 


 


5.3       Discharge Tracking Application® by APEX 
 


5.4       Other software programs as may be necessary to meet the requirements of the General 


Permit. 
 


5.5       Routines for performing calculations or data management. 
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6.0 Reagents and Standards 
 


6.1 No specific reagents and standards are specified in this SOP. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
 


7.1 Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0 Quality Control 
 


8.1 This is a quality control procedure. 
 


9.0 Calibration and Standardization 
 


9.1 No specific calibration or standardization procedures are required for this SOP. 
 


10.0 Procedure 
 


10.1 All purchased software must be used in accordance with the terms of the software license. 
 


10.2 Documentation  is  established  and  maintained  to  demonstrate  the  validity  of  software 


program results and the validity of the models and algorithms used in the software. 
 


10.3 Verification is not required of the proprietary code that is the basis of commercial software 


programs such as Microsoft Excel® or Microsoft Access®.   Verification is required of 


inputs/outputs and the calculations of routines. 
 


10.4 Verification is required for industry-specific software programs, however Industry workgroup 


efforts to validate this software may be relied upon in lieu of a full verification. 
 


10.5 Verification includes one or more of the following steps: 
 


10.5.1  Performing hand calculations to verify key calculations within the routine. 
 


10.5.2  Comparing the results to published technical papers. 
 


10.5.3  Comparing the results of one program to a verified program that performs the same 


calculations. 
 


10.5.4  Comparing the results to a previously completed project for which a verified program or 


hand-computations were used. 
 


11.0 Calculations 
 


11.1 Types of calculations appropriate for this procedure are described in Section 10. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Software or routines are removed from use if verification indicates that incorrect results are 


produced from the software or routine. 
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13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 Software manuals. 
 


15.0 Documentation 
 


15.1 Computer program documentation includes 
 


15.1.1  A listing of algorithms and formulas. 
 


15.1.2  The results of the verification checks in Section10.5. 
 


15.2 The Quality Assurance Office or designee maintains the software verification documentation. 
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1.0       Scope and Applicat ion  
 


This Standard Operating Procedure (SOP) provides consistent methodology for providing traceability 
of reagents, standards and reference materials.  This SOP applies to all laboratory standards, 
reagents and reference materials that are used for the calibration of equipment, preparation of 
samples and standards and the analysis of samples. 


 


 
2.0       Definit ions  


 
2.1 Reference  materials  -  Materials  or  substances  for  which  one  or  more  properties  are 


sufficiently well established to be used for the calibration of an apparatus, for assessment of 
methods or for assigning values to materials.  Examples of reference materials include NIST 
thermometers and Class F weights. 


 


2.2 Stock Standards – Certified standards received from a vendor and used as part of the 
analytical procedure or used to prepare calibration standards at appropriate concentrations. 
The NIST SRM 1582 is a stock standard material used to prepare positive controls for the 
RPE test. 


 


2.3       Working Standards – Traceable standards prepared from certified stock standards. 
 


3.0       Interfer ences 
 


3.1       No specific interferences are known for this procedure. 
 


4.0       Health and Safety Consider ations  
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 
procedures outlined in the Global HSE Manual. 


 


4.2 Consult  Material  Safety  Data  Sheets  (MSDS)  before  handling  reference  materials  or 
standards. 


 


5.0       Equipme nt  and Suppli es 
 


5.1       No specific equipment is specified in this SOP. 
 


6.0       Reagents and Standar ds 
 


6.1 No specific reagents and standards are specified in this SOP.  Reagents and standards are 
specified in equipment calibration SOPs. 
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7.0 Sample Coll ecti on, Pr eservation, Ship ment and Stora ge 
 


7.1 Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0 Qual ity Control  
 


8.1 This is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in M-I SWACO SOP 2009 (Compliance 
Engineer Training). 


 


9.0 Calibrati on and St andardizati on 
 


9.1 This SOP defines a methodology for tracing reagents, standards and reference materials 
used for the calibration of equipment, preparation of samples and standards and the analysis 
of samples. 


 


10.0 Proc edure 
 


10.1 The traceability of reagents, standards and reference materials are the responsibility of the 
Compliance Supervisor. 


 
10.2 Upon receipt of a reagent, standard or reference material, the Compliance Supervisor (or 


designee) assigns a unique identifier to the material.  The same identification may be applied 
to multiple containers of the same lot of material received at the same time. 


 


10.2.1  The material identification is placed on certificates that apply to the reference material. 
Certificates  are  maintained  in  the  District  Office  with  the  Reagent,  Standard  and 
Reference Material Log. 


 


10.2.2  The identification of the reagent, standard or reference material, and the expiration date 
of the material from the manufacturer’s certificate and the M-I SWACO identification 
number are recorded in the Reagent, Standard and Reference Material Log (Figure 1). 


 


10.2.3  Reference materials are removed from service upon expiration of the certificate and may 
only be placed back into service once the material is recertified. 


 


10.3 Reagents and standards are only prepared from materials that have not expired.   The 
expiration date of the prepared reagent or standard (working standard) is the earliest of the 
expiration dates of the materials used to prepare the working standard. 


 


10.3.1  The identification number of the certified reagent or standard, the identification number of 
the reagent or standard prepared from the certified material, the methods used for 
preparation (volumes, masses, names of chemicals, etc.) and the expiration date (the 
earliest of the expiration dates of the materials used to prepare the new reagent or 
standard) are recorded in the Reagents and Standards Preparation Log (Figure 2). 
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10.3.2  Standards and reagents are removed from service at the expiration date. 
 


11.0 Calculati ons 
 


11.1 No calculations are necessary for this procedure other than those required to document 
reagent and standard preparation. 


 


12.0 Data Assessment and Correcti ve Act ion  
 


12.1 Reagents, standards and reference materials are removed from service upon expiration of 
the certificate. 


 


13.0 Polluti on Prev enti on and Wast e Management 
 


13.1 Expired standards and reagents are disposed of properly at the expiration date. 
 


14.0 References 
 


14.1 Appropriate equipment manuals. 
 


14.2 M-I SWACO SOP 1004 – Balance Calibration 
 


14.3 M-I SWACO SOP 1005 – Laboratory Refrigerators 
 


14.4 M-I SWACO SOP 3001 – Retort Inspection and Calibration 
 


14.5 M- I SOP 3002 – Base Fluids Retained on Cuttings Retort Procedure 
 


15.0 Docum entation 
 


15.1 Figures 3 and 4 are examples of entries into the Reagents, Standards and Materials Log 
(Figure 3) and the Reagents and Standards Preparation Log (Figure 4). 


 
15.2 The Equipment Coordinator maintains certificates for reagents, standards and reference 


materials in the District Office. 
 


15.3 The Compliance Engineer maintains copies of reagents, standards and reference materials 
log and certificates with the mobile laboratory equipment. 


 


15.4 Upon completion of the Drilling Interval, the copies of reagents, standards and reference 
material log and certificates are filed by the Records Custodian in the District Office. 
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Figur e 1 
 


Reagents, Standards and Reference Materi als Log 
 


Date: M-I SWACO ID 
No:  


Ident ific ation o f Material Expir ation  Date Signatu re: 
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Figur e 2 
 


Reagents a nd Standards Prep arati on Log 
 


Date: Working  
Stand ard ID:  


Prepared from 
M-I SWACO ID 


No.:  


Preparation  Detail s Expir ation  
Date 


Signatu re: 
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Figur e 3 
 


Example Reagents, Standard s and Reference Materi als Log 
 


Date: M-I SWACO ID 
No:  


Ident ific ation o f Material Expir ation  Date Signa ture: 


8-8-2003 0222554 10mL JP Tube From Certificate 
 


(2 years from Cal. Date) 


 


Toby Pierce 


8-8-2003 0225778 20mL JP Tube From Certificate 
(2 years from Cal. Date) 


Toby Pierce 


8-8-2003 21015846 
(Serial number) 


NIST Traceable Thermometer From Certificate 
(2 years from Cal. Date) 


Toby Pierce 


8-8-2003 12222 F-Class Weights From Certificate Toby Pierce 


8-8-2003 I12222 Isopropyl alcohol 02-05(3 years) Toby Pierce 


8-8-2003 N12222 NAF Calibration Fluid (NovaPlus B) 02-05(3 years) Toby Pierce 


8-8-2003 F12222 F Crude Oil Standard 02/05 (3 years) Toby Pierce 


8-8-2003 RPE110803 RPE Standard 1% 11-08-03 Toby Pierce 


     


      Example Form  
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Figur e 2 
 


Example Reagents an d Standards Pr eparati on Log 
 


Date: Working  
Stand ard ID:  


Prepared from 
M-I SWACO ID 


No.:  


Preparation  Detail s Expir ation  
Date 


Signatu re: 


1/31/02 W02-01 R02-01 / R02-02 87 mg dissolved into 10 ml 
methylene chloride 


12/31/04 Toby Pierce 


1/31/01 W02-02 W02-01 / R02-03 40 μl of W02-01 mixed into 10 
ml IPA 


12/31/03 Toby Pierce 


        


Use Only If Standard is prepared on 
 


Rig 
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1.0       Scope and Application 


 


This   Standard   Operating   Procedure   (SOP)   provides   consistent   methodology   for   tracking, 
maintaining and calibrating laboratory equipment.  This SOP applies to all laboratory equipment that 
is used for the preparation of samples and standards and the analysis of samples. 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1 No  specific  equipment  is  specified  in  this  SOP. Equipment  is  specified  in  equipment 
calibration and analytical SOPs. 


 


6.0       Reagents and Standards 
 


6.1 No specific reagents and standards are specified in this SOP.  Reagents and standards are 
specified in equipment calibration SOPs. 


 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       This is a quality control procedure. 
 


9.0       Calibration and Standardization 
 


9.1       This  SOP  defines  a  methodology  for  tracking  and  maintaining  equipment  calibrations. 
Calibration procedure details are described in SOPs for calibration and inspection. 
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10.0 Procedure 
 


10.1 The   storage,   preventive   maintenance,   issuing   and   tracking   of   equipment   are   the 
responsibility of the Compliance Supervisor. 


 


10.2 Preventive Maintenance and Repair 
 


10.2.1 Field equipment undergoes preventive maintenance in accordance with the manufacturers 
recommended schedule and procedures. 


10.2.2  When a piece of equipment is sent to a vendor for repairs or maintenance, a log entry is 
made into the Equipment Log (Figure 1) giving the date, name of vendor, identification of the 
equipment, description of services required, and initials of the person sending the equipment. 
When the equipment is returned, a similar entry is made to document the return and a copy 
of the repair slip is placed in the Equipment Log (Figure 1). 


 


10.2.3  Equipment that is overdue for scheduled maintenance or is in need of repair, is placed “Out 
of Service”.   This equipment shall be clearly identified as “Out of Service” until the repair 
work has been completed and the equipment is operating satisfactorily.  Equipment that is 
not marked shall be considered in proper working order. 


10.3 Storage of Equipment 
 


10.3.1  Field equipment is kept in a designated, limited-access storage area.   The Compliance 
Supervisor controls access to the storage area. 


 


10.3.2  The Compliance Supervisor (or designee) issues equipment to each Compliance Engineer. 
 


10.3.3  When equipment is issued to a project, an entry is made in the Kit Tracking Log (Figure 2) 
giving the date, project number, identification of the equipment, initials of the person issuing 
the equipment and the identity of the person to whom the equipment is issued.  When the 
equipment is returned, a similar entry is made, noting date of return, and condition of the 
returned equipment. 


 


10.3.4  A Compliance Kit Checksheet (Figure 3) is also filled out when a kit is sent to the field.  It 
details the inventory of that kit. 


10.4 Calibration Procedures 
 


10.4.1  Equipment shall be calibrated at the frequency specified in the applicable SOPs. 
 


10.4.2   Equipment shall be calibrated using the procedures specified in the applicable SOPs. 
 


10.4.3   The status of equipment with regard to calibration needs to be readily available and clearly 
indicated on equipment and field logs. 


10.4.4  Equipment calibration shall be verified by the analysis of appropriate reference materials 
before samples are collected/analyzed and at the required frequency throughout collection 
and/or analysis. 
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10.4.5  The results of inspections and/or calibrations shall be documented on equipment inspection and/or calibration forms as specified in 
the applicable SOPs. 


10.4.6  The results shall be within the acceptance limits for the applicable SOP in order to proceed with sample collection and/or analysis. 


10.4.7  Records pertaining to  calibration  shall  be  safely stored  for  the  period  described  in  M-I SWACO’s record retention policy.  
The following information shall be recorded:  


10.5 Contingency Plan 
 


• Date 
 


• Time 
 


• Instrument type and serial number 
 


• Identification of calibration standard 
 
• True value (numerical result, positive, negative) of calibration standard 


 
• Response of instrument before repair or adjustment 


 
• Response of instrument after repair or adjustment 
 
• Signature of person performing the calibration 
 


10.5.1  M-I SWACO shall maintain duplicate equipment for the RPE test (ultraviolet light) at the 
mobile lab. 
 


10.5.2  Since the ROC procedure is performed daily, a duplicate retort shall be maintained in the 
mobile laboratory.  If the backup retort is put into service due to malfunction of the primary 
retort, the Compliance Supervisor shall be notified immediately so that a replacement retort 
can be shipped to the mobile laboratory within 24-hours. 
 


10.5.3  Duplicate glassware for the retort shall also be maintained at the mobile laboratory.  If the 
glassware is unusable, the Compliance Supervisor shall be notified immediately so that 
replacements can be shipped to the mobile laboratory within 24-hours. 


11.0 Calculations 
 
11.1 No calculations are necessary for this procedure. 


 
12.0 Data Assessment and Corrective Action 


 
12.1 Equipment that is overdue for scheduled maintenance or is in need of repair, is placed “Out 


of Service”. 
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12.2 Equipment that cannot produce an acceptable calibration is placed “Out of Service” until the 
appropriate corrective action is complete. 


 


12.3 Notify the Compliance Supervisor and/or Quality Assurance Officer if equipment requires 
repair, maintenance or calibrations. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 Appropriate equipment manuals. 
 


14.2 SOP 1004 – Balance Calibration 
 


14.3 SOP 1005 – Laboratory Refrigerators 
 


14.4 SOP 3001 – Retort Inspection and Calibration 
 


15.0 Documentation 
 


15.1 The Compliance Supervisor keeps records of routine preventive maintenance, repairs and 
utilization of field equipment in an Equipment Log (Figure 1). 


15.2 The  Compliance  Supervisor  maintains  original  equipment  manuals,  reference  material 
certificates and Equipment Logs in the District Office files. 


 


15.3 The Compliance Engineer maintains copies of the applicable equipment manuals, reference 
material certificates and Equipment Logs with the mobile laboratory equipment. 


 


15.4 The Compliance Supervisor completes the equipment inspection and/or calibration forms as 
specified in the applicable SOPs.  Calibration data sheets are maintained in the Equipment 
Log and a copy accompanies the mobile laboratory equipment. 


 


15.4.1 If the Compliance Engineer calibrates equipment during a fluids drilling interval, the form is 
maintained in the Drilling Interval notebook. 


15.4.2 Upon completion of the Drilling Interval, copies of the equipment calibration records are 
returned to the Compliance Supervisor and placed in the project files. 
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Figure 1 


 


Equipment Log 
 


Equipment:  Equipment ID No.:  
Manufacturer:  Serial No.:  
Date  In 
Service: 


   


Calibration Records (may reference Equipment Calibration/Inspection Logs if used) 


Date: Time: Calibration 
Std ID: 


Std True Value: Equipment 
Response 


Signature: 


      


      


      


      


      


      


      


      


      


      


      


      
Maintenance Records 


Date: Nature of Repair/Vendor and Services Required Signature: 
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Compliance Kit Log  (Figure 2) 
Kit Number  
Date In Service  


   


 
Date: Time: Project Issued To / 


Received From: 
Condition of 
Equipment 


Issuer 
Initials 


Recipient 
Initials 


       
       
       
       
       
       
       
       
       
       
       
       
Date Comments: 
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Compliance Kit Checklist  (figure 3) 
 


Kit No. 
Assembled By:    


Date: 
 


Retort Serial # Orange Notebook#   Serial # Exp. Date 
1. TB Balance #  RPE Std#   
2. F-Class Weights #  Crude #   
3. NIST Thermometer  Serial #  IPA #   
 Printer Serial #     
      


 
 


Equipment Quantity Actual Comment  Equipment Quantity Actual Comment 
Retorts 3    Beaker 100 ml 1   JP Tube Stand 1   Marker 1   


JP Tubes 50 ml 6   IPA 1 Gal 1   
JP Tubes 20 ml 6   F Crude 1   
JP Tubes 10 ml 6   Nova Plus B 1   


Steel Brush 3   Black Light 2   
Wide Brush 3   View Box 1   


JP Brush 3   Calibration Wts. 1   
Pipe Cleaners 10   Accessory Wts. 1   
Fuse 5 amp 4   Labels 10   
Fuse 1 amp 4   TB Scale 1   


Legs 4   Glass Jars 12   
Rubber Plugs 2   IO Filter Discs 20   


O Rings 10   Cuttings Scale 1   
Reamer 3   Field Notebook 1   


Heat Sinks 2   Printer 1   
Never Seeze 3   Black Cartrdg. 2   
Condenser 3   RPE Bags 10   


Mitts 2   Waste Bottle 5   
Hook 1   1 Gal. Buckets 4   
Cells 6   Viscosity Cup 1   


RPE Standard1% 1   NIST Batteries 1   
Binder & Tabs 2   Contico 2   
Zipper Bags 2   RPE Box 1   


    NIST 
Thermometer 


1   


    8 oz jars 8   
    Labels 10   
        


(Sheet 1 of 2) 
 


Static Sheen Test Kit is to be supplied by the Permittee. 


Steel wool is the responsibility of the Compliance Engineer. 







SOP No: 
Date: 
Revision: 
Page: 


1003 
March 2012 
6 


8 of 8 
Equipment Tracking 


© Copyright M-I L.L.C., 2012, All Rights Reserved. 


 


 


 
 
 
 
 
 


 
Kit No. 


Compliance Kit Checklist 
(Continued) 


 
 


 
Certificates and Paperwork 


 
 


Verification of Certification for 10 ml JP Tubes 
Serial # Cal. Date Serial # Cal. Date 


    
    
    


Verification of Certification for 20 ml JP Tubes     
    
    


Verification of Certification for 50 ml JP Tubes     
    
    


Certificate of Conformity for 10 ml JP Tubes   
Certificate of Conformity for 50 ml JP Tubes  
Traceable Certificate for Digital Thermometer  
Traceable Certificate for Weights  
32 oz. Glass Jar Cleanliness Certification  
Attachment Weights Sheet  
Equipment Tracking Sheet for Kit  
MSDS for F Crude Oil  
MSDS for IPA  
MSDS for Novaplus B  


  
  
  


 


 
(Sheet 2 of 2) 


 
TOXICITY AND GC/MS KITS ARE TO BE ORDERED BY THE RIG FROM THE LAB OF 


CHOICE OF THE PERMITEE 
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for routine operation 
and maintenance of the laboratory balances.  This SOP applies to all laboratory balances that are 
used for the preparation of samples and standards and for the analysis of samples. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Ohaus triple beam balance, Model 750-SW 
 


5.2       Balance Calibration Log (Form 1004-1) 
 


6.0       Reagents and Standards 
 


6.1 Class F (or traceable OIML Class M2 or traceable ASTM E617 Class 6) weights: 100 g, 500 
g, 1000 g, and 2000 g 


 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       The balance is calibrated daily while in use. 
 


8.2       Triple beam balances have an allowable deviation of ±  0.1 % from the recorded NIST 
certified weight. 
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8.3 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 This SOP defines calibration procedures for the balance. 
 


10.0 Procedure 
 


10.1 Ensure that the weighing platform is clean.  If the weighing platform is not clean, clean the 
pan with water.  Dry the pan completely before proceeding with the calibration. 


 


10.2 Calibration 
 


10.2.1  Record the balance identification and weight identification when the Balance Calibration Log 
is initiated. 


 


10.2.2  Record the analyst initials adjacent to the date the balance is calibrated. 
 


10.2.3  Verify that the slide weights on zero (seated in the zero notch). 
 


10.2.4 The beam should be level with the pointer.  If this is not the case, “tare” the balance by 
adjusting the thumbscrew underneath the pan until the pointer rests at zero. 


 


10.2.5  Place the 100 gram (g) weight on the weighing pan.  Move the weights on the beam until the 
beam is level with the center of the arrow. 


 


10.2.6  To find the mass of the object on the pan, simply add the numbers from the three beams. 
Record the mass in the Balance Calibration Log in the appropriate column. 


 


10.2.7  Repeat steps 10.2.4 and 10.2.5 for the 500, 1000 and 2000 g weights. 
 


10.2.8  If the mass exceeds the tolerance shown in Table 1 for the true weight (as provided by the 
Class F certification), recalibrate.  If necessary, clean the balance pan.  If the mass(s) is (are) 
outside the tolerance, notify the Quality Assurance Officer and/or Equipment Coordinator and 
make arrangements for the repair of the balance. 


 


10.3 Operation 
 


10.3.1  Never weigh anything without prior daily calibration. 
 


10.3.2  Make sure the weighing platform is clean and that the balance is level horizontally. 
 


10.3.3  Never weigh anything without using a container such as a beaker or retort cup. 
 


10.3.4  Record the mass after the beam is stable. 
 


10.4 Maintenance 
 


10.4.1  Remove any material that has spilled. 







SOP No: 
Date: 
Revision: 
Page: 


1004 
March 2012 
6 
3 of 5 


Balance Calibration 


© Copyright M-I L.L.C., 2012, All Rights Reserved. 


 


 


10.4.2  Record all maintenance on the Balance Calibration Log. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Fail the balance if the balance cannot be zeroed. 
 


12.2 Fail the balance if the mass exceeds the tolerance shown in Table 1 for the true mass (as 
determined by the weight certification). 


 


12.3 If the readings are not within range, notify the Quality Assurance Officer and/or Equipment 
Coordinator. 


 
13.0 Pollution Prevention and Waste Management 


 
13.1 Wastes are not generated with this procedure. 


 
14.0 References 


 
14.1 Ohaus manual 


 
15.0 Documentation 


 
15.1 All balance calibration and maintenance information is recorded on the Balance Calibration 


Log. 
 


15.2 Acceptability of the calibration is documented in Section 4 of the Daily Activity Report. 
 


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.  Enter a comment in 
the comment column as to why the balance was not calibrated. 


 


15.4 The Compliance Engineer maintains the Balance Calibration Log during a fluids drilling 
interval in the Drilling Interval Notebook. 


 


15.5 Upon completion of the fluid drilling interval, original Balance Calibration Logs are provided 
to the permittee. 


 


15.6 The District Office archives copies of the Balance Calibration Log in the District Office after 
completion of a fluids drilling interval. 


 


15.7 Copies of the Class F weight certificates are stored in the Drilling Interval Notebook.  The 
Equipment Coordinator stores the original weight certificates with the Equipment Log in the 
District Office. 
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Table 1 
 


Acceptance Ranges for Balance Calibration 
 


Weight (g) Acceptance Range (g) 


2000 ± 2 or 0.1% of true 


1000 ± 1 or 0.1% of true 


500 ± 0.5 or 0.1% of true 


100 ± 0.1 or 0.1% of true 







 


 


 
 
 
 


Balance Calibration 


 
 
 
 
 
 
 
 


Form 1004-1 
 


Balance Calibration Log 


SOP No: 1004 
Date: March 2012 
Revision: 6 
Page: 5 of 5 


 


Operator:  OCS-G Number:  Month / Year:  


Balance ID:  F Class Weight ID:  Rig Name:  


Area and Block (surface location):  


Compliance Engineer 1:  Compliance Engineer 2:  


 
Date 


Analyst 
Initials 


100 
± 0.1 g 


500 
± 0.5 g 


1000 
± 1 g 


2000 
± 2 g 


Acceptable? 


(Yes / No) 


 
Comment 


Analyst 
Signature 


1         
2         
3         
4         
5         
6         
7         
8         
9         


10         
11         
12         
13         
14         
15         
16         
17         
18         
19         
20         
21         
22         
23         
24         
25         
26         
27         
28         
29         
30         
31         
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for refrigerator 
monitoring.  This SOP applies to all refrigerators in the laboratory that are used for storage of 
samples and standards. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the HSE Manual.  Volatile or explosive materials may only be stored 
in refrigerators rated as explosion-proof. 


 


5.0       Equipment and Supplies 
 


5.1       NIST traceable thermometer, such as Control Company 61161-310 or equivalent 
 


5.2       Refrigerator 
 


6.0       Reagents and Standards 
 


6.1       NIST certified thermometer, such as Control Company 61161-310 or equivalent 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
 


8.0       Quality Control 
 


8.1       The temperature of the refrigerator is verified daily. 
 


8.2       Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program. Training on SOP revisions will be documented  
through  completion  of  Form  2009-1,  as  described  in  SOP  2009  (Compliance  Engineer 
Training). 
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9.0 Calibration and Standardization 


 
9.1 The refrigerator thermometer is calibrated against an NIST certified thermometer every two 


years. 
 


10.0 Procedure 
 


10.1 Thermometer Calibration 
 


10.1.1  Place the NIST thermometer and the refrigerator thermometers in an ice-water bath. 
 


10.1.2  Record date checked, the temperature each thermometer reads, the adjustment required 
for the refrigerator thermometers to agree with the NIST thermometer, and the analyst 
initials in the Thermometer Calibration Log (Form 1005-1). 


 


10.1.3  Label the thermometer with the date checked, the temperature, the adjustment required 
to be accurate, and the analyst initials. 


 


10.2 Refrigerator Calibration: 
 


10.2.1 Check refrigerator temperatures daily using the thermometer located inside the 
refrigerator. 


 


10.2.2  Record the analyst initials and the current temperature from the thermometer taking the 
adjustment into account on the Refrigerator Calibration Log. 


 


10.2.3  Adjust the refrigerator if the temperature is outside the quality control limits.  Record the 
temperature after the adjustment. 


 


10.2.4  Document any adjustments made in the Refrigerator Calibration Log (Form 1005-2). 
 


10.2.5  Report any refrigerators that are not functioning properly to the permittee and request the 
permittee make arrangements for repairs or replacement. 


 


10.3 Maintenance: 
 


10.3.1  Promptly remove and discard samples and standards that are no longer being used. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Thermometers are calibrated every two years and the results recorded on the Certificate of 
Calibration issued by the manufacture. 


 
12.2 Each thermometer certificate is marked with the correction factor. 
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12.3 The refrigerator temperature must be between 2 and 6°C to be in compliance. 


 
12.4 Document adjustments to the operation of the refrigerator on the Refrigerator Calibration Log 


(Form 1005-2). 
 


12.5 Report any refrigerators that are not functioning properly to the permittee and request the 
permittee to make arrangements for repairs or replacement.  Identify affected samples to the 
permittee.  Note the request and affected samples on the Refrigerator Calibration Log. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 References are not applicable to this procedure. 
 


15.0 Documentation 
 


15.1 Refrigerator temperatures and temperature adjustments are recorded in the Refrigerator 
Calibration Log. 


 
15.2 Thermometer  calibration  information  is  recorded  on  the  Thermometer  Certificate  of 


Calibration. 
 


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.  Enter a comment in 
the comment column as to why the refrigerator was not calibrated. 


 


15.4 The Compliance Engineer maintains the Refrigerator Calibration Log during a fluids drilling 
interval in the Drilling Interval Notebook. 


 


15.5 The Compliance Engineer maintains a copy of the certificate for the refrigerator thermometer 
in the Drilling Interval Notebook. 


 


15.6 Upon completion of fluids drilling interval, original Refrigerator Calibration Logs are provided 
to the permittee. 


 


15.7 The District Office archives copies of the Refrigerator Calibration Log after completion of a 
fluids drilling interval. 


 


15.8 The Equipment Coordinator maintains the Thermometer Calibration Log in the Equipment 
Log at the District Office. 
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Form 1005-1 
 


Thermometer Calibration Log 
 


 
Date: Analyst 


 


Thermometer Identification Actual 
Reading °C 


Correction Comment 


 


NIST Thermometer 
 


 
 
 
 


Not to be used in the field 







 


 


 
 
 
 


Laboratory Refrigerators 


 
 
 
 
 
 


 
Form 1005-2 


Refrigerator Calibration Log 


SOP No: 1005 
Date: March 2012 
Revision: 6 
Page: 5 of 5 


 


Month and Year:  Operator:  


OCS-G Number:  Rig Name:  


Area and Block (surface location):  


Compliance Engineer 1:  Compliance Engineer 2:  


 


 


D
a
te


 Analyst 
Initials 


4 ± 2 ° 
C 


Comment Analyst 
Signature 


 


D
a
te


 Analyst 
Initials 


4 ± 2 ° 
C 


Comment Analyst 
Signature 


1     17     


2     18     


3     19     


4     20     


5     21     


6     22     


7     23     


8     24     


9     25     


10     26     


11     27     


12     28     


13     29     


14     30     


15     31     


16          


NIST Calibrated Thermometer Serial Number:  


Thermometer Correction Factor 
(from Certificate): °C 


Date of Last Calibration:  


Comments:  


 


 


© Copyright M-I L.L.C., 2004, All Rights Reserved. 
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Quality Assurance Officer Date 
 


 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides a consistent methodology for the completion of 
field logs such as the field notebooks and Daily Activity Reports.  The Field notebook is the only 
acceptable format for the handwritten initial collection of sampling information.  The Daily Activity 
Reports are the primary format for organizing the documentation contained in the Drilling Interval 
Notebook and maybe handwritten or electronic. 


 


 
2.0       Definitions 


 
2.1       Day – Midnight (00:00) through 23:59, unless otherwise directed by the permittee. 


 
2.2       Field Notebook – Waterproof, bound notebook used to record sample collection information. 


 
2.3       Daily Activity Report – Form for summarizing sampling, calibration and analytical results. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Manual. 
 


5.0       Equipment and Supplies 
 


5.1       Indelible pens 
 


5.2 Drilling Interval Notebook containing elements as described in Table 3-1 of the M-I SWACO 
Quality Manual 


 


5.3       Field Notebook 
 


6.0       Reagents and Standards 
 


6.1       No reagents or standards are required for the completion of this procedure. 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1 This procedure documents the summary of sample collection, preservation, shipment and 
analysis activities that is maintained on the Daily Activity Reports and Field Notebooks. 
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8.0 Quality Control 
 


8.1 This is a quality control procedure designed to define the requirements for completing 
theField Notebooks and Daily Activity Reports. 


 
8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 


Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 This procedure describes the protocol for documenting acceptable calibration on the Daily 
Activity Reports. 


 
10.0 Procedure 


 
10.1 The sample identification is composed of the sample location, date, time and initials of the 


sampler.  For example, a sample collected from the centrifuge on January 31, 2002 at 
20:35 by John Doe would be labeled as Cent/013102/20:35/JD.  This identifier is placed 
on the sample label, recorded in the Field Notebook and in appropriate sections of the Daily 
Activity Report.  Field duplicates are identified by appending “-D” to the sample identification. 


 


10.2 Field Notebook 
 


10.2.1  When the Field Notebook is initiated, the first page of the notebook is labeled with the OCS- 
number, block number, permittee and well name.  Printed names and signatures of each 
person entering data in the field notebook are also recorded on the first page. 


 


10.2.2  The Compliance Engineer records sample collection data in the Field Notebook at the time 
samples are collected. 


 


10.2.3  Each  page  should  be  dated,  signed  and  numbered  sequentially.    There  should  be  no 
skipped, blank pages. 


 


10.2.4  The date, time, location and sampler signature are recorded for each sample taken in the 
Field Notebook. 


 


10.2.5 The sample identification as described in Section 10.1 is assigned to each sample and 
recorded in the Field Notebook. 


 


10.2.6  Other data relevant to the sample collection such as measured depth or density can also be 
recorded in the Field Notebook. 


 


10.2.7  Other critical compliance activities, including communications from rig personnel, may also 
be recorded. 


 


10.2.8  The format for recording sampling data in the field notebook is shown in Figure 1. 
 


10.2.9  Recording initial handwritten information in other places is not authorized.  No other personal 
records shall be maintained. 
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10.3 Daily Activity Report 
 
10.3.1  The Daily Activity Report (Form 1006-1) is completed DAILY during a drilling fluid interval. 


 


10.3.2  More than one Daily Activity Report may be necessary to capture all the daily information. 
Use as many forms as necessary to accurately record all the daily information. 


 


10.3.3  The Date, Operator, Area, OCS-G, and Rig Name are completed at the beginning of each 
day.  The Compliance Engineer signs at the end of each day.  This information is repeated 
if additional Daily Activity Reports are completed. 


 


10.3.4  Communications from other personnel that are critical to compliance activities are recorded 
in this section. 


 


10.3.5 Observations that may affect compliance, (e.g., weather, drilling fluid deliveries, etc.) are 
recorded.  This is an appropriate block to record if no compliance activities are performed 
during the day. Record the current depth and drilling activity daily in this section. 


 


10.3.6  Section 1 summarizes sampling and analytical activities for the retention on cuttings (ROC) 
procedure. 


 


10.3.6.1   The sample identification (Section 10.1) is recorded in the column 1 of the Daily Activity 
Report. 


 


10.3.6.2   The drilling interval depth as associated with this sample and as recorded in the APEX 
software is recorded in column 2. 


 


10.3.6.3   Record the identification of the field sampling plan or the SOP that was followed to collect 
the sample in the Sampling Reference column (column 3). 


 


10.3.6.4   The analytical result (%ROC) is recorded in column 4. 
 


10.3.6.5   Record comments relevant to the test or sample in column 5 (such as interval # and 
footage represented by sample). 


 


10.3.6.6   Record the Daily and Well ROC average at the bottom of section 1. The Well ROC 
average should be recorded every day. 


 


10.3.7  Section 2 summarizes the sampling and analytical activities for the reverse-phase extraction 
(RPE) procedure, Static Sheen test, and other on-site compliance activities. 


 


10.3.7.1   The sample identification (Section 10.1) is recorded in column 1 of the Daily Activity 
Reports. 


 


10.3.7.2   Identify the location where the sample was taken from. (Column 2) 
 


10.3.7.3   Sample preservation is recorded in column 3. 
 


10.3.7.4   List the test method or SOP reference used to perform the testing procedure in column 4. 
 


10.3.7.5   The test result (pass/fail) is recorded in column 5. 
 
10.3.7.6   Record comments relevant to the test or sample in column 6.
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10.3.8  Section 3 is used for the collection of samples for contract laboratory analyses 
 


10.3.8.1  If the samples are transferred to the permittee or another third party such as a laboratory, 
then chain-of-custody (C-O-C) documentation is required as described in M-I SWACO 
SOP 2001 (Chain-of-Custody Procedures). 


 


10.3.8.2   The sample identification (Section 10.1) is recorded in column 1. 
 


10.3.8.3   The analyses requested (i.e. toxicity, GC/MS, etc.) are recorded in column 2. 
 


10.3.8.4   Sample preservation is recorded in column 3. 
 


10.3.8.5   The C-O-C number is recorded in column 4. 
 


10.3.8.6   The status (shipped or stored) of the sample is recorded in column 5 or 6. 
 


10.3.8.7   Record comments relevant to the sample in column 7. 
 


10.3.9  Section 4 is used to summarize daily equipment calibration procedures. 
 


10.3.9.1   The equipment identification is the unique identifier assigned to the equipment by the 
Equipment Coordinator.  The equipment identification is entered in column 1. 


 


10.3.9.2   The calibration procedure is entered in column 2.  The procedure may reference a SOP or 
the name of the procedure. 


 


10.3.9.3   The analyst notes the acceptability of the calibration and/or inspection in column 3. 
 


10.3.9.4   Comments (i.e., malfunctions, repairs, maintenance, etc.) are noted in column 4. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Corrective action is required if Field Notebooks or Daily Activity Reports are not correctly 
completed. Generally, the corrective action is additional Compliance Engineer training. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1 M-I SWACO SOP 2001 (Chain-of Custody Procedures) 
 


14.2 Final NPDES General Permit for New and Existing Sources and New Dischargers in the 
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the 
Outer Continental Shelf of the Gulf of Mexico (GMG290000) 
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14.3  Final NPDES General Permit for the Eastern Portion of the Outer Continental Shelf (OCS) of 
the Gulf of Mexico (GOM) (GMG280000); 63 FR 55745 (October 16, 1998); 66 FR  
1498(March 14, 2001 Modification); 66 FR 18253 (April 6, 2001 Corrections); 65 FR 30886 
(May15, 2000) 


 
14.4 Operator and M-I SWACO Safe Work Plan 


 
15.0 Documentation 


 
15.1 Daily Activity Reports are maintained in the Drilling Interval Notebook during the fluids 


drilling interval. 
 


15.2 Upon completion of the drilling interval, original Daily Activity Reports are provided to the 
permittee and copies of the Daily Activity Reports are archived in the project files in the 
District Office. 


 


15.3 Field notebooks are provided to the permittee at the completion of the fluids drilling interval 
and copies of the field notebooks are archived in the project files in the District Office. 
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Figure 1 -Example Field Notebook
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Figure 1- Example Field Notebook Page (continued) 
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Daily Activity Report 
Date:   Compliance Engineer:   
Operator:   Surface Area and 


Block   
OCS-G Number:   Rig Name:   
Rig Phone Number:   Rig Fax Number:   
Communications:   


Observations:   


Section 1 - ROC 
Sample Identification 


(Location/Date/Time/Init) 
Sample 
Depth 


(ft) 


Sample Collection 
Reference 


%ROC Comments 


          
          
          
   


     
            


Daily ROC Percentage     
Well ROC Percentage     


Section 2 - Other on-Site Samples 
Sample ID 


(Loc/Dt/Time/Int) 
Collection 


Site/Location 
Preserv-


ative 
Test 


Method 
Test Result Comment 


            
            
            
            


Section 3 - Offsite Samples 
Sample ID 


(Loc/Dt/Time/Int) 
Analysis 


Req. 
Preserv- 


ative 
C-O-C 


No. 
Shipped? Stored? Comments 


              


              


Section 4 - Equipment Calibration 
Equipment 


Identification No. 
SOP/Procedure Calibration/Inspection 


Acceptable? (Yes/No) 
Comments (Time of Malfunct; 


Repairs/Maint.) 


        
        
        


        
        Compliance Engineer Signature 


  
Date 
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1.0       Scope and Application 


 


This Standard Operating Procedure (SOP) provides a consistent methodology for analyst 
demonstration of capability.  This SOP applies to all analysts that are performing environmental 
compliance analyses.  This SOP describes the procedure for analyst demonstration of capability to 
perform analytical procedures described in the 3000 series SOPs. 


 


 
2.0       Definitions 


 
2.1       No specific definitions are necessary to complete this procedure. 


 
3.0       Interferences 


 
3.1       No specific interferences are known for this procedure. 


 
4.0       Health and Safety Considerations 


 
4.1       Health and safety considerations are described in the applicable analytical SOP. 


 
5.0       Equipment and Supplies 


 
5.1       See applicable analytical SOP. 


 
6.0       Reagents and Standards 


 
6.1       See applicable analytical SOP. 


 
7.0       Sample Collection, Preservation, Shipment and Storage 


 
7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 


 
8.0       Quality Control 


 
8.1 Each  analyst  must  demonstrate  acceptable  precision  and  accuracy  as  defined  in  the 


referenced EPA methods prior to analyzing compliance samples. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training).
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9.0 Calibration and Standardization 
 


9.1 Calibration and standardization requirements are described in the applicable analytical SOP. 
 


10.0 Procedure 
 


10.1 ROC Test Procedure 
 


10.1.1  The analytical procedure is M-I SWACO SOP 3002. 
 


10.1.2  Obtain sufficient drill cuttings to perform the analytical procedure in quadruplicate.  Cuttings 
should contain approximately 5 to 20 %ROC. 


 


10.1.3  Thoroughly mix the cuttings and aliquot four replicates. 
 


10.1.4  Analyze each replicate using the procedure in M-I SWACO SOP 3002. 
 


10.1.5  Successful  demonstration  of  analyst  capability  requires  that  the  analyst  coefficient  of 
variation (CV) be less than 10%. 


 


10.2 RPE Test Procedure 
 


10.2.1  The analytical procedure is M-I SWACO SOP 3003. 
 


10.2.2  Six quality control standards shall be prepared by spiking a Crude Oil F (or equivalent) into 
an internal olefin-based drilling fluid and a vegetable-ester based drilling fluid.  The final 
concentrations of oil shall be 0.1%, 1%, and 2% in each drilling fluid.   Sufficient volumes 
shall be prepared such that ten (10) aliquots of each standard are available for extraction 
and analysis. 


 


10.2.3  A minimum of ten aliquots of each standard shall be prepared and analyzed according to the 
test method.  Record the results on Form 3003-1 of M-I SWACO SOP 3003. 


10.2.4  Successful demonstration of analyst capability will yield the results shown in Table 1 for the 
data set: 


 


Table 1 
 


Analyst Demonstration of Capability for RPE Procedure 
 


Concentration Acceptability 


0.1 % Oil Detected in less than 20% of the samples 


1% Oil Detected in greater than 75% of the samples 


2% Oil Detected in greater than 90% of the samples 
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⎜ 
⎠ 


10.3 Continued Proficiency 
 


10.3.1  Continued proficiency for the ROC test is demonstrated by meeting the 95% mass balance 
requirement of M-I SWACO SOP 3002 and by acceptable field duplicate precision of less 
than 10 relative percent difference (RPD), to be performed once per twenty sampling 


intervals (to be tracked with the compliance engineer check sheet).  Continued proficiency 
for the RPE test is demonstrated by correct interpretation of the positive and negative 
controls and spike samples. 


 


 
11.0 Calculations 


 
11.1 ROC Test Procedure 


 
11.1.1  Precision of the replicate analyses is calculated with the following equations: 


 


n = Total number of samples 
 


 


X = Average of four replicate measurements (X) X  = (X1 + X2 + X3 + X4)/n 
 
 


⎛ ( X − X ) 2 ⎞ 
SD = Sample standard deviation SD =   ∑ ⎜ 


⎝ 
⎟ 


n − 1 ⎟
 


 


 
 


CV = Coefficient of variation CV = 
S  D x100 
X 


 


 


11.1.2  Accuracy of duplicate analyses is calculated with the following equation: 


(A1  − A2 )
 


RPD = Relative Percent Difference RPD = 
(A1 + A2 ) 


x200
 


 
Where A1 and A2 are the duplicate measurements 


 


 
12.0 Data Assessment and Corrective Action 


 
12.1 If the analyst does not successfully complete the Demonstration of Capability, the analyst is 


retrained and the Demonstration of Capability is repeated.  The analyst will not perform a 
given compliance procedure until the Demonstration of Capability is successfully completed. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes generated with this procedure are managed as described in the applicable analytical 
SOP.
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14.0 References 
 


14.1 M-I SWACO SOP 3001 (Retort Inspection and Calibration) 
 


14.2 M-I SWACO SOP 3002 (Base Fluids Retained on Cuttings (ROC) Retort Test Procedure) 
 


14.3 M-I  SWACO  SOP  3003  (Reverse  Phase  Extraction  (RPE)  Method  for  Detection  of  Oil 
Contamination in Non-Aqueous Drilling Fluids (NAF)) 


 
15.0 Documentation 


 
15.1 The Certification Statement shown in Figure 1 is completed after the successful conclusion 


of a Demonstration of Capability. 
 


15.2 Retain the raw data (applicable completed forms and instrument printouts) and the original 
certification in the District Office personnel qualifications files. 


 


15.3 The Compliance Engineer maintains a copy of the Demonstration of Capability certification in 
the Compliance Engineer notebook. 
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Figure 1 Demonstration of Capability Certification Statement 
 


Date:  


District Office Name:  


District Office 
Address: 


 


Analyst(s) Names:  


Matrix:  


Method number, SOP#, Rev#, and Analyte or Class of Analytes or Measured Parameters: 


 


 


 
We, the undersigned, CERTIFY that: 


 
1. The analysts identified above, using the cited test method(s), which is in use at this District Office for 


the analyses of samples have met the Demonstration of Capability. 
 


2. The analyst(s) identified on this certification performed the test method(s). 
 


3. A copy of the test method(s) and the laboratory-specific SOPs are available for personnel on-site. 
 


4. The data associated with the demonstration of capability are true, accurate, complete and self- 
explanatory. 


 
5. Raw data (including the original of this certification form) necessary to reconstruct and validate these 


analyses have been retained at the District Office.  A summary of the demonstration of capability 
is attached to the original certification form and maintained in the analyst’s training records.  The 
associated information is well-organized and available for review by authorized assessors or 
inspectors. 


 
 
 


Senior Operations Manager Signature Date 
 
 
 


Quality Assurance Officer’s Name Signature Date 
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1.0 Scope and Application 
 


This Standard Operating Procedure (SOP) describes the procedures for custody procedures for 
collection and submittal of permit compliance samples to mobile and fixed laboratories. 


 


 
2.0 Definitions 


 
2.1 Chain-of-custody  is  defined  in  National  Investigation  Center  Policies  and  Procedures 


-330/9-78/001-R, Revised May 1986 as: 
 


1. It is in your possession, or 
 


2. It is in your view, after being in your possession, or 
 


3. It was in your possession and then you locked it up to prevent tampering, or 
 


4. It is in a designated secure area. 
 


 
3.0 Interference 


 
3.1 No specific interferences are known for this procedure. 


 
4.0 Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Plan. 
 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0 Equipment and Supplies 
 


5.1 Chain-of-Custody (C-O-C) Form 
 


5.2 Refrigerator that meets the criteria of M-I SWACO SOP 1005 
 


5.3 Indelible Pen 
 


6.0 Reagents and Standards 
 


6.1 Reagents or standards are not applicable to this procedure. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
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7.1 Sample collection, preservation, shipment and storage requirements are described in the 
sample and analysis SOPs. 


 


8.0 Quality Control 
 


8.1 This is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration or standardization requirements are not applicable to this procedure. 
 


10.0 Procedure 
 


10.1 Mobile Laboratory Analyses 
 


10.1.1  Label sample containers at sample collection as specified in M-I SWACO SOP 1006. 
 


10.1.2  C-O-C forms are not required for mobile laboratory analyses. 
 


10.1.3  Record sample collection information in the Field Notebook and on the Daily Activity Report 
as described in M-I SWACO SOP 1006. 


 


10.1.4  Store samples for mobile laboratory analyses in a designated secure area under the proper 
conditions as specified in the sampling and analysis SOPs. 


 


10.2 Fixed Laboratory Analyses 
 


10.2.1  Label sample containers at sample collection as specified in M-I SWACO SOP 1006. 
 


10.2.2  Complete the contract laboratory C-O-C as described below.  If a contract laboratory C-O-C 
is not available or if the samples will be sent to the M-I SWACO laboratory, then complete 
the M-I SWACO C-O-C (Figure 1). 


 


10.2.3  The sampler shall sign and date C-O-C in the area for  
 


10.2.4  Enter the Permittee Name and Location on the C-O-C form. 
 


10.2.5  Enter the field sample identification, the analyses requested, the date and time of sample 
collection, preservation and number/type of containers in the appropriate spaces. 


 


10.2.6  Repeat step 10.2.5 for each sample. Use additional C-O-C forms as needed. 
 


10.2.7  Complete Section 3 of the Daily Activity Log as described in M-I SWACO SOP 1006. 
 


10.3 Samples are stored under proper conditions until shipped or transferred to a third party. 
 


10.4 When  samples  are  provided  to  the  drilling  rig  or  shipped  to  a  fixed  laboratory,  the 
  Compliance Engineer shall sign and date the Released  block.  The person receiving the 
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samples shall sign and date the  by  The Compliance Engineer retains a copy of 
the executed C-O-C and includes the original C-O-C with the samples. 


 


10.5 The Compliance Engineer will ensure that the samples and original, executed C-O-C are 
sent to the contract laboratory or delivered to the appropriate personnel on the drilling rig. 


 


10.6 Pack and ship the samples as specified in M-I SWACO SOP 2003. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 Corrective action is required if C-O-C forms are not correctly completed.   Generally, the 
corrective action is additional Compliance Engineer training. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Wastes are not generated with this procedure. 
 


14.0 References 
 


14.1  Investigation  Center  Policies  and  Procedures  Manual  EPA-330/9-78/001-R, 
Revised May 1986. 


 


14.2 M-I SWACO SOP 1006 
 


14.3 M-I SWACO SOP 2003 
 


15.0 Documentation 
 


15.1 Sample collection information is recorded as described in M-I SWACO SOP 1006. 
 


15.2 Provide the receiving party with the original executed C-O-C when submitting the samples 
for analyses.  Retain a copy of the executed C-O-C. 


 


15.3 Archive the C-O-C copies in the Drilling Interval Logbook during the drilling interval. 
 


15.4 Upon completion of the drilling interval, provide the permittee with a copy of the C-O-Cs 
retained after submittal of the samples.  Archive a separate copy in the project files at the 
District Office. 
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Quality Assurance Officer Date 
 
 
 


Compliance Supervisor Date 
 


 
1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of drilling 
fluid samples for use in toxicity tests. These samples would be sent to a contract laboratory for 
96-hour suspended particulate phase (SPP) toxicity testing using the method defined in 40 CFR 
435, Appendix 2 to Subpart A. 


 
 
2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in a (1) 1-gal (4L) LDPE jar with plastic lid. 
 
7.2 Sample will be maintained at 4±2 °C until analyzed. 
 
7.3 Sample will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.3 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Drilling mud formulations to be tested shall be collected from active fluid systems.  Obtain 


well-mixed grab sample from beneath the shale shaker after the mud has passed through the 
screens. Sample shall be stored in LDPE containers or in other appropriate uncontaminated 
vessels. This sample will be collected and analyzed weekly and at EOW.   


 The following sample containers will be provided by the laboratory. Sample containers may vary 
by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements.  


 
Analyte Method Container Preservative Holding Time 


SPP toxicity 
40 CFR 435, Appendix 


2 to Subpart A 
(1) 1-gal (4L) LDPE jar  4±2°C 


Initiate test within 90 
days of sampling 


 
10.2 Fill container with drilling fluid.  Place the cap tightly on container after filling. 
 
10.3 Label sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody.  


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Mud samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  One of 


the samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or 
blue ice) and continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.    
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 40 CFR 435, Appendix 2 to Subpart A 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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Quality Assurance Officer    Date 
 
 


Compliance Supervisor      Date 
 


1.0 Scope and Application 
 


This Standard Operating Procedure (SOP) presents procedures for labeling samples, and 
packaging and shipping samples for transfer to an analytical laboratory. 


 


2.0 Definitions 
 


2.1 Environmental  samples    samples   whose  toxic,  flammable,   corrosive,  or  otherwise hazardous 
constituents represent less than one percent by volume of the sample. 


 
2.2 Hazardous samples  samples whose total concentration of toxic, flammable, corrosive or otherwise 


hazardous constituents are likely to be equal to or greater than one percent by volume of the 
sample. 


 


3.0 Interferences 
 


3.1 Use packaging material to fill the unused space in the cooler to prevent sample containers from breaking.  
Ensure that sample containers are tightly sealed.  Improperly sealed or broken containers can result in 
cross-contamination. 


 
3.2 Double-bag wet ice in resalable bag to prevent leaking, which can contribute to cross-contamination. 
 
3.3 Maintain temperature at 4±2°C so that water samples do not freeze.   


 
4.0 Health and Safety Considerations 


 
4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0 Equipment and Supplies 
 


5.1 Use supplies provided by the laboratory.  If not available, then obtain the following supplies: 
 


5.1.1 Pre-cleaned sample containers 
 
5.1.2 Sample labels 


 


5.1.3 Sturdy cooler, in good repair 
 


5.1.4 Bubble wrap or other packing material 
 


5.2 Absorbent pads or packing material, such as vermiculite 
. 
5.3 Strapping tape 
 
5.4 Ziploc® type bags (or equivalent), gallon and quart size 


 
5.5 Ice (sufficient quantity to chill samples to 4°C) 


 
5.6 Shipping labels and custody seals 


 
5.7 Air bill and/or manifest 
 
5.8 Indelible pen and/or marker 
 
5.9 Field logbook 
 
5.10  Chain-of-custody 
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5.11 Temperature blank 
 
5.11 Trip blank (if required) 
 


   6.0 Reagents and Standards 
 


6.1 No reagents or standards are required for this procedure. 
 


7.0 Sample Collection, Preservation, Shipment and Storage 
 


7.1 Samples will be collected in accordance with the applicable sampling SOP using the appropriate 
container and preservative required by the analytical method.  These containers will be provided by the 
contract laboratory.   


 
7.2 Samples will be stored in a dedicated laboratory refrigerator and maintained at 4±2°C until analyzed. 
 
7.3 Samples will be shipped according to the procedures described in this SOP (Section 10.0). 


 


8.0 Quality Control 
 


8.1 This SOP is a quality control procedure. 
 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration and standardization procedures are not applicable. 
 


10.0 Procedure 
 


10.1 Samples  should  be  collected  in  appropriate  containers  with   sufficient  volume  and 
preservation as described in the sampling SOPs . 


 


10.2 Sample Labeling 
 


10.2.1  Samples shall be uniquely identified, labeled, and documented in the field at the time of collection.  


10.2.2  Samples collected for laboratory analysis are identified by using standard sample labels that are 
affixed to the sample containers.  The following information shall be included on the sample label 
at the time of collection using waterproof, non-erasable ink: 


 Date - A six-digit number indicating the year, month and day of collection; 
 Time - A four-digit number indicating the military time of collection; 
 Sample Number  sample identification as described in M-I SWACO SOP 1006 (Field 


Logs) and applicable sampling SOPs; 
 Preservative - (if any); 
 Sampler - Signature of person collecting the sample; and  
 Requested Analyses. 


10.3 Follow chain-of-custody procedures throughout cooler packaging and shipment.  Refer to M-I  SWACO 
SOP 2001 (Chain-of-Custody Procedures).  


 
10.4 Select the best method to transport the material based on quantity and hazard(s) of the sample. 


Qualified personnel will ship samples that are designated as hazardous materials. 
 


10.5 Sample Packaging 
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10.5.1 This procedure only applies to those samples that M-I SWACO is packaging and shipping. 
Most samples will be transferred to the permittee and the permittee will be responsible for packing 
and shipping the sample. 


 


10.5.2   Environmental  samples  should  be  packed  prior  to  shipment  using  the  following procedures: 


 Allow sufficient headspace (approximately 10 percent of the volume of the container) in all 
bottles, except for volatile water samples.  Samples collected in VOA vials for volatile analyses 
(TAH, SW8260B, etc.) should have no headspace. 


 Ensure that the lids on all bottles are tight. 


 Select a sturdy cooler in good repair.  Secure and tape the drain plug with packaging tape. 


 Place glass sample bottles into bubble wrap bags or wrap a layer of bubble wrap around glass 
containers. 


 The samples are packed in a cooler using cushioning material such as bubble wrap, vermiculite, 
Styrofoam pellets, etc.   Crushed ice or ice cubes shall not be used for packing material. 


 Place noxious samples in paint cans with vermiculite before being placed in the cooler.  The 
recipient of the samples shall be notified in advance so that proper precautions may be taken 
when opening the shipping container. 


 Ensure that each cooler contains a temperature blank.  Temperature blanks are plastic bottles 
containing water that are provided by the laboratory.  


 If the cooler contains samples for volatile analyses (TAH, SW8260B, etc.), verify that the cooler 
contains a trip blank.  A trip blank is a set of (3) sealed 40-mL VOA vials containing reagent grade 
water.  These are provided by the contract laboratory. 


 Fill the resalable plastic bags with ice.  Double-bag the ice to minimize leaks.  Place the bags on 
the sides of the cooler and double line the top of the samples. 


 Complete the chain-of-custody (CoC) form in accordance with M-I SWACO SOP 2001 (Chain-of-
Custody Procedures) and applicable sample SOPs. Sign and date the CoC before placing it in the 
cooler with the samples. 


 The last page of the completed chain-of-custody form shall be kept with the field records. 
Place the original Coca in a resealable plastic bag and tape to the inside of the cooler lid. 


 Add more packing material if needed.   


 Sign and date custody seals.  Place one on each end of the cooler, across the cooler lid. Use clear 
packaging tape across each custody seal. Seal the cooler with packaging tape. 


 The cooler lid is labeled with the name, address, and phone number of the destination 
laboratory and the return address and phone number of the shipper.  Air bills or manifests 
provided by the shipping company are also completed with the required information.  The label on 
the cooler lid also shall identify the contents as environmental samples. 


 The completed and labeled coolers shall be shipped as appropriate to minimize sample holding 
times and to maintain preservation. 


10.5.3   Hazardous environmental samples are provided to the permittee to arrange for shipping. 


 If M-I SWACO personnel must ship the samples, it will be necessary to 
determine the DOT classification of hazardous environmental samples prior to 
shipment before exact labeling and shipping procedures can be determined.  A 
qualitative knowledge of the composition of the materials is necessary for 
classification. Consult with trained personnel who have knowledge of dangerous 
goods or hazardous materials regulations (see Section 13 - References) prior to 
packaging and shipping hazardous samples. Specific information for packaging 
and shipping hazardous samples is outside the scope of this SOP.  
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10.6 Sample Shipping 
 


10.6.1   This procedure only applies to those samples that M-I SWACO is packing and shipping. 
Most samples will be transferred to the permittee and the permittee will be 
responsible for packing and shipping the sample. 


10.6.2   Samples collected in the field shall be transported to the laboratory or field testing 
site as expeditiously as possible to avoid hold time exceedence and to ensure that 
samples remain properly preserved.  If necessary, samples shall be kept chilled prior 
to shipping. 


10.6.3 Sample coolers will be transported via helicopter to Barrow. An M-I SWACO 
representative will transfer the samples to Alaska Airlines Gold Streak for direct 
shipment to the appropriate laboratory for analysis. 


 


10.6.3  Samples must be classified prior to shipment, as either environmental or hazardous 
materials samples. If there are questions, contact the Compliance Supervisor or 
appropriate permittee personnel. 


 
10.7 Shipping addresses 
  
 Organic and Metals Analyses: 


 SGS Environmental Services, Inc. 
 200 W. Potter Drive 


Anchorage, AK 99518 
 (907) 562-2343 
 
 Pace Analytical 
 940 So Harney 
 Seattle, WA 98108 
 (206) 767-5060 
 
 SPL, Inc.  
 500 Ambassador Coffer Parkway 
 Scott, LA 20583 
 (337) 237-4775 
 
 Stock barite analyses: 


 SGS Environmental Services, Inc. 
 200 W. Potter Drive 
 Anchorage, AK 99518 
 (907) 562-2343 
 
 TestAmerica Laboratories, Inc. 
 6310 Rothway Street 
 Houston, TX 77040 
 (713) 690-4444 
 
 Toxicity Analyses: 


Bio-Aquatic Testing, Inc. 
 2501 Mayes Road, Suite 100 
 Carrollton, TX 75006 
 (972) 242-7750 
 (866) 822-7250 
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 Environmental Enterprises USA, Inc. 
 58485 Pearl Acres Road, Suite D 
 Slidell, LA 70461 
 (985) 646-2787 
 (800) 966-2788 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 No corrective action is required by this procedure. 
 


13.0 Pollution Prevention and Waste Management 
 


13.1 Minimize the quantity of samples shipped to the amount needed for the analytical tests. 
 


14.0 References 
 


14.1 Regulations for transportation of hazardous materials in interstate, intrastate, and foreign 
commerce by rail car, aircraft, motor vehicle, and vessel are promulgated in 49 CFR Parts 
171 through 181, Subchapter C- Hazardous Materials Regulations. 


 
14.2 Regulations for packing, marking, labeling, and shipping of dangerous goods by air transport 


are promulgated by the International Air Transport Authority (IATA), which is equivalent to 
United Nations International Civil Aviation Organization (UN/ICAO).   Dangerous Goods 


Regulations.  International Air Transport Association (IATA). 
 


14.3 Regulations for packing, marking, labeling, and shipping of dangerous goods by marine 
vessel are promulgated by the International Maritime Organization (IMO). International 


Maritime Dangerous Goods Code.  International Maritime Organization (IMO), Amendment 
29-98. 


 
14.4 M-I SWACO SOP 1006 (Field Logs) 


 
14.5 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


 
15.0 Documentation 


 
15.1 Archive the air bill or manifest with the CoC in the Drilling Interval Logbook during the 


drilling interval. 
 


15.2 Upon completion of the drilling interval, provide the permittee with the original air bill or manifest.  Archive 
a copy of the air bill or manifest in the project files at the District Office.
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Quality Assurance Officer Date 
 
 


Compliance Supervisor Date 
 


1.0       Scope and Application 
 


This Standard Operating Procedure (SOP) provides consistent methodology for decontamination of 
sampling equipment.  Removing contaminants from equipment minimizes the likelihood of sample 
cross contamination, reduces or eliminates transfer of contaminants to clean areas, and prevents the 
mixing of incompatible substances. 


 


2.0       Definitions 
 


2.1       No specific definitions are necessary to complete this procedure. 
 


3.0       Interferences 
 


3.1       The use of an untreated potable water supply is not acceptable. 
 


4.0       Health and Safety Considerations 
 


4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 
procedures outlined in the Global HSE Plan. 


 


4.2       Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 


5.0       Equipment and Supplies 
 


5.1       Long and short handled brushes 
 


5.2       Paper towels 
 


5.3       Plastic or galvanized tubs, buckets or stainless steel sink 
 


5.4       Drying rack 
 


5.5       Appropriate personal protective equipment (PPE) 
 


6.0       Reagents and Standards 
 


6.1       Non-phosphate detergent such as Alconox  
 


6.2       Potable (treated tap) water 
 


7.0       Sample Collection, Preservation, Shipment and Storage 
 


7.1       Sample collection, preservation, shipment and storage requirements are not applicable. 
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8.0 Quality Control 
 


8.1 Efficacy of decontamination procedures can be determined by the collection and analysis of 
equipment blanks. 


 


8.2 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


 


9.0 Calibration and Standardization 
 


9.1 Calibration and standardization procedures are not applicable. 
 


10.0 Procedure 
 


10.1 Don appropriate PPE (minimum safety glasses with side shield and gloves). 
 


10.2 Fill a sink, bucket or tub (large enough to contain equipment) with potable (treated tap) water 
and non-phosphate detergent. 


 


10.3 Place the equipment in the soapy water and scrub the equipment. 
 


10.4 Rinse the equipment with copious quantities of potable (treated tap) water. 
 


10.5 Allow the equipment to air dry on a clean surface covered with paper towels or on a drying 
rack, if available. 


 


10.6 Cover the sampling equipment or analytical glassware during storage. 
 


11.0 Calculations 
 


11.1 No calculations are necessary for this procedure. 
 


12.0 Data Assessment and Corrective Action 
 


12.1 If equipment blanks contain detectable concentration of target analytes, add extra cleaning 
steps to the procedure. 


 


13.0 Pollution Prevention and Waste Management 
 


13.1 Follow permi ements for disposal of rinse water and soapy solutions. 
 


14.0 References 
 


14.1 No references are applicable. 
 


15.0 Documentation 
 


15.1 No documentation is necessary for this procedure.
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Quality Assurance Officer  Date 


Compliance Supervisor  Date 


1.0 Scope and Application 


This Standard Operating Procedure (SOP) describes procedures to collect quality control samples.  


Requirements for collecting quality control samples are described in the appropriate sampling and 


analysis SOPs. 


2.0 Definitions 


2.1 Equipment Blank � provides a measure of the efficacy of decontamination procedures 


through the collection and analysis of a contaminant-free material that has been exposed to 


the sampling equipment. 


2.2 Duplicate - a pair of field samples that are chemically identical at the time of containerization.  


Duplicates provide a measure of the precision in the sample collection and analysis 


procedures for a given sample matrix. 


2.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) � prepared in the laboratory by spiking two 


aliquots of a single field sample with a known quantity of analyte.  The MS/MSD samples are 


prepared and analyzed using the same conditions as the field sample.  MS/MSD samples 


provide a measure of the precision and accuracy of the sample collection and analysis 


procedures for a given sample matrix.   


3.0 Interferences 


3.1 The quality control samples described in this procedure (duplicate and matrix spike) may 


provide information about sample interferences. 


4.0 Health and Safety Considerations 


4.1 No specific health and safety considerations are necessary other than the general 


procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


5.0 Equipment and Supplies 


5.1 Pre-cleaned sample containers (with preservatives, if required) 


5.2 Stainless steel or plastic sampling bowl 


5.3 Stainless steel or plastic sampling spoon 







SOP No: 2005  


Date: March 2004 


Revision: 4 


Page: 2 of 4 


Collection of Quality Control Samples 


© Copyright M-I L.L.C., 2004, All Rights Reserved.


5.4 Other equipment as for collecting samples, as described in the applicable sampling SOPs. 


6.0 Reagents and Standards 


6.1 Analyte-free water 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 Sample collection, preservation, shipment and storage requirements are described in the 


sampling and analysis SOPs. 


8.0 Quality Control 


8.1 This is a quality control procedure. 


8.2 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


9.0 Calibration and Standardization 


9.1 Calibration and standardization procedures are not applicable. 


10.0 Procedure 


10.1 Refer to M-I SWACO SOP 1006 (Field Logs) for sample identification requirements.  Refer to 


M-I SWACO SOP 2001(Chain-of-Custody Procedures) for chain-of-custody procedures.  


10.2 Equipment Blanks 


10.2.1 Equipment blanks are not collected on disposable or dedicated equipment.  If an 


equipment blank is required in the sampling and analysis SOPs or in the rig-specific 


sampling plan, then follow the procedures described below. 


10.2.2 Properly decontaminate the sampling device as described in M-I SWACO SOP 2004 


(Decontamination of Equipment).  


10.2.3 Select the proper sample containers and an appropriate quantity of analyte-free water. 


10.2.4 Slowly pour the analyte-free water through, over or into the sampling device until the 


sample bottle is filled to the appropriate level. 


10.2.5 Securely tighten the cap on the bottle. 


10.3 Duplicate Samples 


10.3.1 If a field duplicate sample is required in the sampling and analysis SOPs, then follow the 


procedures described below. 


10.3.2 Select the proper containers for a sample and a duplicate sample. 
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10.3.3 Collect the sample in accordance with the appropriate sampling SOPs. 


10.3.4 For cuttings samples, collect the sample material into a sample container and thoroughly 


homogenize the sample with a spoon.  Take half the sample and place into another 


sample container, and homogenize both.   


10.3.5 For mud samples, thoroughly homogenize the samples. 


10.3.6 Fill the appropriate sample jars, placing equal portions of sample into the sample bottles. 


10.3.7 Securely tighten the caps on the sample bottles. 


10.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 


10.4.1 Many laboratories can prepare the MS/MSD samples from the submitted sample volume.  


The sampler is only required to identify the sample for MS/MSD analysis on the chain of 


custody.   


10.4.2 If the laboratory requires additional sample volume (as indicated in the sampling and 


analysis SOPs or in the rig-specific sampling plan), the samples should be collected as 


duplicate samples, filling three bottles with sample. 


10.5 Prepare the sample bottle(s) for shipment in accordance with M-I SWACO SOP 2003 


(Packaging and Shipment of Samples). 


11.0 Calculations 


11.1 No calculations are necessary for this procedure. 


12.0 Data Assessment and Corrective Action 


12.1 If the duplicate results consistently show poor precision, increase the time spent 


homogenizing the sample. 


13.0 Pollution Prevention and Waste Management 


13.1 Waste management procedures discussed in the applicable sampling and analysis SOPs 


apply to the equipment blank, field duplicate and matrix spike samples.   


14.0 References 


14.1 ��Handbook of Analytical Quality Control in Water and Wastewater Laboratories�.  EPA-


600/4-79-019, March 1979. 


14.2 M-I SWACO SOP 1006 (Field Logs) 


14.3 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


14.4 M-I SWACO SOP 2003 (Packaging and Shipment of Samples) 


14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 
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15.0 Documentation 


15.1 Collection of quality control samples is recorded in the field notebooks and on the Daily 


Activity Reports. 


15.2 Daily Activity Reports are maintained in the Drilling Interval Notebook during the synthetic 


fluids drilling interval. 


15.3 Upon completion of the drilling interval, original Daily Activity Reports are provided to the 


permittee and copies of the Daily Activity Reports are archived in the project files in the 


District Office. 


15.4 Field notebooks are provided to the permittee at the completion of the synthetic fluids drilling 


interval and copies of the field notebooks are archived in the project files in the District 


Office. 
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Quality Assurance Officer Date


Compliance Supervisor Date


1.0 Scope and Application


This Standard Operating Procedure (SOP) describes processes to collect samples for oil and grease
analyses. NPDES compliance samples must be analyzed by an on-shore contract laboratory using
Environmental Protection Agency (EPA) Method 1664A (n-Hexane Extractable Material (HEM; Oil
and Grease) and Silica Gel Treated n-Hexane Extractable Material (SGT-HEM; Non-polar Material)
by Extraction and Gravimetry). This SOP is designed to provide general guidelines for the types of
equipment and sampling procedures required for the collection of representative samples from
various sampling ports. Specific procedures for sampling are described in the rig-specific


Sampling and Analysis Plans.


2.0 Definitions


2.1 Sample port – the sample locations, such as lines or taps, where the samples will be
collected.


2.2 Equipment Blank – provides a measure of the efficacy of decontamination procedures
through the collection and analysis of a contaminant-free material that has been exposed to
the sampling equipment.


2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location
as the original sample. Duplicate samples are collected simultaneously or in immediate
succession, using identical recovery techniques, and treated in an identical manner during
storage, transportation, and analysis.


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with
a known quantity of analyte and extracting and analyzing both the spiked and the unspiked
duplicate. In the absence of matrix interferences, the difference between the analytical
results for these two duplicates will yield an acceptable recovery rate for the spike.


3.0 Interferences


3.1 Sample interferences may be observed in the analytical results if sampling equipment is not
properly decontaminated between samples or if contaminated gloves or sample containers
are used.


4.0 Health and Safety Considerations


4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in
the material safety data sheet [MSDS]) is recommended.
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4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas
of the drilling rig.


4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO
safety procedures.


4.4 Consult the MSDS for specific health and safety information about the fluids being used in
the treatment process.


4.5 Sample containers may contain hydrochloric acid; gloves must be worn when handling
sample containers.


4.6 Safety goggles must be worn during sample collection procedures.


4.7 Follow safety guidelines and precautions for use of PTFE bailers.


5.0 Equipment and Supplies


5.1 Nitrile gloves or other gloves suitable for handling fluid samples (as per MSDS) and
containers with hydrochloric acid. Change gloves before and between each sample.


5.2 Chain-of-custody (C-O-C)


5.3 Disposable PTFE bailer, 2” by 36”


5.4 Uncontaminated Nylon rope or twine


5.5 Drip pan, metal


5.6 Purge bucket, such as 1-gallon metal bucket, for collecting purge volume of completion fluid


5.7 Sample bottles for EPA Method 1664A analyses: 1-liter pre-cleaned glass sample containers
(with preservatives) and PTFE-lined screw cap


5.8 Sturdy ice chest with packing materials for sample containers.


6.0 Reagents and Standards


6.1 Hydrochloric (HCl) acid, 6N


7.0 Sample Collection, Preservation, Shipment and Storage


7.1 Samples should be preserved to < pH 2 using 6N HCl acid.


7.2 Samples should be maintained at 4C 2 until tested.


7.3 Ship samples as described in M-I SWACO SOP 2003 (Packaging and Shipment of
Samples).


8.0 Quality Control
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8.1 Samplers are trained in using this procedure by the Compliance Supervisor.


8.2 If samples are collected with reusable equipment, collect field blanks as described in M-I
SWACO SOP 2005 (Collection of Quality Control Samples).


8.3 Collect field duplicates every 10 samples.


8.4 Training records are maintained and are available from the M-I SWACO Compliance
Supervisor upon request.


8.5 No plastic sampling containers or sampling devices of any kind shall be used.


8.6 No composite sampling shall be performed without permittee written permission.


9.0 Calibration and Standardization


9.1 Calibration and standardization procedures are not required.


10.0 Procedure for Collecting Oil and Grease Samples


10.1 The objective of this procedure is collecting a representative sample in a glass bottle.


10.2 FIELD DOCUMENTATION: All information for this sampling procedure is recorded in the
field notebook as per M-I SWACO SOP 1006 (Field Logs).


10.3 Sampler must identify each sample and sample location. This is recorded in the field
notebook as per M-I SWACO SOP 1006 (Field Logs).


10.4 It is preferential to use disposable sampling equipment. Reusable sampling tools must be
decontaminated using the procedures in M-I SWACO SOP 2004 (Decontamination of
Equipment) before collecting the samples. If reusable sampling equipment is used to collect
samples, then field blanks must be collected as described in M-I SWACO SOP 2005
(Collection of Quality Control Samples).


10.5 The preferential sample point is a tap in the treatment system that can be isolated with a
valve. This point will allow the collection of a grab sample directly into the sample bottle.


10.6 Collection from a Sampling Port


10.6.1 The sampler shall take the monthly Oil and Grease sample after the last point of filtration
before the fluid is discharged. This sample shall be representative of the fluid after it has
returned from the well bore and be representative of the fluid being discharged.


10.6.2 Calculate the amount of liquid present in the dead space between the line and the sample
port.


10.6.3 Place a drip pan under the port and place the completion purge bucket in the drip pan. The
completion purge bucket should be of sufficient size to hold the amount of liquid present in
the dead space.
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10.6.4 Slowly open the sample port and purge the volume of the liquid calculated above from the
line and collect in the waste bucket. Purge the sample port for a minimum of 10 seconds.
Return the liquid to the process for recycling.


10.6.5 After purging the line, collect the sample directly into the appropriate sample container. Do
not pre-rinse the container. Do not overfill the container. If the container is overfilled the
sample must be returned to the processing equipment for recycling and the used container
must be placed in the appropriate waste container and a new sample collected into a new
container.


10.6.6 Fill the sample bottle to approximately 1 inch of the top of the sample container.


10.6.7 If the sample container did not contain preservative, add 5 ml of 6N HCl to the 1-liter
container. Use pH paper to verify a pH of less than 2. If pH is not less than 2, add 6N HCl to
lower pH below 2.


10.6.8 Place the cap on the container and tighten. If the cap is cracked or has dropped on the
grating, use a new cap.


10.6.9 Close the sample port valve after collection of the samples. Verify that the valve is closed.


10.7 Collection Using a PTFE Bailer


10.7.1 This procedure is designed to collect samples from a pit, tank, drum or other container that
does not have liquid flow or a sample tap. In lieu of a tap, samples may be collected through
the depth of the container using a PTFE bailer.


10.7.2 Follow M-I SWACO and Operator safety procedures for lockout/tagout of circulating and
agitating equipment that may cause entanglement of sampling equipment.


10.7.3 Don the appropriate personal protective equipment. Use double pair of nitrile gloves.


10.7.4 Tie uncontaminated nylon rope or twine to the end of the PTFE bailer. Check the knot to
ensure that PTFE bailer will not slip off the rope. Double check that the bailer will not slip off
of the rope.


10.7.5 Lower the PTFE bailer into the container until approximately 1-foot below the surface of the
liquid.


10.7.6 Remove the PTFE bailer and observe the liquid in the bailer for phase differences. If phase
differences are observed, consult with the Operator before submitting the sample for
analysis.


10.7.7 Empty the PTFE bailer into the sample container


10.7.8 If the PTFE bailer specified in this SOP is used for sample collection, there should be
sufficient volume to fill a 1-liter glass container.


10.7.9 If the sample container did not contain preservative, add 5 ml of 6N HCl to the 1-liter
container and 2 ml of 6N HCl to the 100-ml containers.
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10.7.10Place the cap on the container and tighten. If the cap is cracked or has dropped on the
grating, use a new cap.


10.8 Quality Control Samples


10.8.1 If the sampler is required to collect MS/MSD samples, they should be collected as duplicate
samples but with three sets of samples (one original sample, one matrix spike sample, and
one matrix spike duplicate). Collect an additional one or two aliquots (1 L, additional smaller
volume, or both) using the same sampling procedure for each set of twenty samples or less.
These samples will be designated the matrix spike and, if collected, the matrix spike
duplicate.


10.8.2 It is preferable to use disposable sampling equipment. M-I SWACO must obtain prior
written permission from the Operator’s Environmental Engineer prior to sampling with
reusable sampling equipment. Reusable sampling tools must be decontaminated using the
procedures in M-I SWACO SOP 2004 (Decontamination of Equipment) before collecting the
samples. If reusable sampling equipment is used to collect samples, then field blanks must
be collected as described in M-I SWACO SOP 2005 (Collection of Quality Control Samples).


10.8.3 Collect a field duplicate at a frequency of 1 in 10 samples using the same sampling
procedure.


10.9 Sample Labeling and Shipment


10.9.1 Complete the sample labels as described in M-I SWACO SOP 2003 (Packaging and
Shipment of Samples).


10.9.2 Prepare the samples for EPA 1664A analysis for shipment to the on-shore contract
laboratory in accordance with M-I SWACO SOP 2003 (Packaging and Shipment of
Samples).


11.0 Calculations


11.1 If applicable, calculate the dead volume (V) in the purge line using the following equation:


V (gallons) = (7.48)()(r2)(h)


Where = 3.14


r = radius of sampling port (feet), and


h = length of port to be purged (feet).


12.0 Data Assessment and Corrective Action


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved,
sample bottle cracker, etc.), it must be returned to the processing equipment for recycling
and the used container must be placed in the appropriate waste container.
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12.2 If the cap is cracked or has dropped on the grating, use a new cap.


13.0 Pollution Prevention and Waste Management


13.1 Return the purge volume to the treatment process


13.2 Follow operator's requirements for disposal of rinse water and soapy solutions that result
from decontamination of the sampling equipment.


13.3 Follow operator's requirements for disposal of used PPE equipment.


13.4 Follow operator's requirements for disposal sampling equipment.


14.0 References


14.1 Final NPDES General Permit for New and Existing Sources and New Dischargers in the
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the
Outer Continental Shelf of the Gulf of Mexico (GMG290000)


14.2 Final NPDES General Permit No. GMG 460000 for Offshore Oil and Gas Activities in the
Eastern Gulf of Mexico


14.3 Operator and M-I SWACO Safe Work Plan


14.4 Method 1664, Revision A n-Hexane Extractable Material (HEM; Oil and Grease) and Silica
Gel Treated n-Hexane Extractable Material (SGT-HEM; Non-polar Material) by Extraction
and Gravimetry, EPA-821-R-98-002 (PB99-121949), February 1999.


14.5 M-I SWACO SOP 1006 (Field Logs)


14.6 M-I SWACO SOP 2001 (Chain-of-Custody Procedures)


14.7 M-I SWACO SOP 2003 (Packaging and Shipping of Samples)


14.8 M-I SWACO SOP 2004 (Decontamination of Equipment)


14.9 M-I SWACO SOP 2005 (Collection of Quality Control Samples)


15.0 Documentation


15.1 Identify samples as described in M-I SWACO SOP 1006 (Field Logs).


15.2 For those samples shipped to fixed laboratories, field and quality control sample information
is entered on the C-O-C as described in M-I SWACO SOP 2001 (Chain-of-Custody
Procedures).
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1.0 Scope and Application 
 


 The purpose of this procedure is to provide a consistent method for the collection of drilling 
fluid samples for analysis for chromium VI, silver, and thallium. These samples will be sent to a 
contract laboratory for testing by method SW6020A (chromium, silver, and thallium).  
Chromium VI will be analyzed as total chromium. 


 
2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location 


as the original sample.  Duplicate samples are collected simultaneously or in immediate 
succession, using identical recovery techniques, and treated in an identical manner during 
storage, transportation, and analysis. 


 


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with a 
known quantity of analyte and extracting and analyzing both the spiked and the unspiked 
duplicate. In the absence of matrix interferences, the difference between the analytical 
results for these two duplicates will yield an acceptable recovery rate for the spike. 


 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas 


of the drilling rig. 
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4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO 
safety procedures. 


4.4 Consult the MSDS for specific health and safety information about the fluids being used in 
the treatment process. 


4.5 Safety goggles must be worn during sample collection procedures. 


5.0 Equipment and Supplies 


5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  
Change gloves before and between each sample. 


5.2 Clean sample container with preservative (provided by the contract laboratory). 


5.3 Chain-of-custody. 


5.4 Sturdy ice chest with ice and packing materials for sample containers. 


6.0 Reagents and Standards 


6.1 There are no standards required for this procedure. 


7.0 Sample Collection, Preservation, Shipment, and Storage 


7.1 Each sample will be collected in a 500-mL poly container preserved with HNO3.   


7.2 Samples will be maintained at 4±2 °C until analyzed. 


7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 
and Shipment of Samples). 


8.0 Quality Control 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 


8.2 Samples must be maintained at 4±2 °C until tested. 


8.2 Quality control samples will be collected at the following frequencies: 


 Field duplicate samples (one per 10 or fewer samples) 


 Matrix spike (MS) samples (one MS per 20 or fewer samples) 


9.0 Calibration and Standardization 


9.1 No calibration required. 
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10.0 Procedure 


10.1 Sample must be collected when the drilling fluid is expected to have the highest concentrations 
of metals (e.g., after formulation and prior to use). This sample will be collected from the water 
phase of the drilling fluid with the purpose of obtaining partitioning of metals from drilling fluid to 
receiving water.  The sample should be collected from the mud pits. 


 The following sample containers will be provided by the laboratory. Sample containers may 
vary by laboratory; however, all sample containers and preservatives must comply with 
analytical method requirements. 


Analyte Method Container Preservative Holding Time 


Total chromium 


Total silver 


Total thallium 


SW6020A 1 x 500 mL poly HNO3, 4±2°C 180 days 


10.2 Fill each container using care not to overflow or rinse out the preservative. Place the cap tightly 
on each container after filling. 


10.3 Collect quality control samples.  If required, collect  a  field  duplicate  sample  using  the  same  
sampling procedure as the original sample.  If the sampler is required to collect MS and MSD 
samples, two additional aliquots should be collected in the same manner as duplicate samples 
(one original sample, one matrix spike sample, and one matrix spike duplicate).  These 
samples will be designated the matrix spike and, if collected, the matrix spike duplicate. 


10.4 Label each sample container with the sample identification number.  The sample identification 
is composed of the sample location, date, time, and initials of the sampler. For example, a 
sample collected on January 31, 2012 at 1852 by John Doe would be labeled as 
SS/013112/18:52/JD.  The label shall also contain the operator name, the block name and 
number, the OCS-G number, the analysis requested, the sample collection date and time, and 
sampler initials. Sample identification information will be recorded on the chain-of-custody.  


10.5 Record sample location and identification information in the field notebook as per M-I SWACO 
SOP 1006 (Field Logs). 


10.6    Mud samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  
Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2 °C until the time of testing. 


11.0 Calculations 


11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.  


13.0 Pollution Prevention and Waste Management 


13.1 Return the purge volume to the treatment process. 


13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 


14.0 References 


14.1 Permit No: AKG 280000 


14.2 SW-846 Method 6020A 


14.3 M-I SWACO SOP 1006 (Field Logs) 


14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 


14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 


14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 


15.0 Documentation 


15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


The purpose of this procedure is to provide a consistent method for the collection of 
drilling fluid samples for analysis for total aromatic hydrocarbons (TAH) and total aqueous 
hydrocarbons (TAqH). These samples will be sent to a contract laboratory for testing by 
methods SW8260B (TAH) and SW8270D SIM (TAqH). 


 


2.0 Definitions 


 
2.1 Base Fluid means the continuous phase or suspending medium of a drilling fluid formulation. 
 
2.2 Drilling Fluid means the circulating fluid (mud) used in the rotary drilling of wells to clean and 


condition the hole and to counterbalance formation pressure. 
 
2.3 Field duplicate - A field duplicate sample is a second sample collected at the same location as 


the original sample.  Duplicate samples are collected simultaneously or in immediate 
succession, using identical recovery techniques, and treated in an identical manner during 
storage, transportation, and analysis. 


 


2.4 Matrix Spike - Matrix spikes are performed by spiking one of a pair of duplicate samples with a 
known quantity of analyte and extracting and analyzing both the spiked and the unspiked 
duplicate. In the absence of matrix interferences, the difference between the analytical 
results for these two duplicates will yield an acceptable recovery rate for the spike. 


 
3.0 Interferences 
  
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 
 
4.1 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 
 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
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4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 
the drilling rig. 


 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
 
5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in a 40 ml VOA vial or 1-L amber glass jar with Teflon®-lined cap.   
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 


8.0 Quality Control 
 


8.1 Samples must be maintained at 4±2 °C until tested. 
 


8.2 Quality control samples will be collected at the following frequencies: 
 


 Field duplicate samples (one per 10 or fewer samples) 
 Matrix spike (MS) and matrix spike duplicate (MSD) samples (one MS/MSD pair per 20 or 


fewer samples) 
 Trip blank (supplied by the laboratory; one trip blank per cooler containing samples for 


volatile analysis). 
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9.0 Calibration and Standardization 
 


9.1 No calibration required. 
 
10.0 Procedure 
 
10.1 Sample should be collected at the EOW (at same time as the SPP toxicity test). This sample 


will be collected once per well from water based drilling fluid. Drilling fluid formulations to be 
tested shall be collected from the  active fluid systems. The following sample containers will 
be provided by the laboratory. Sample containers may vary by laboratory; however, all sample 
containers and preservatives must comply with analytical method requirements. 


   
Analyte Method Container Preservative Holding Time 


TAH SW8260B 3 x 40 mL VOA vial HCl, 4±2°C 14 days 


TAqH SW8270D SIM 2 x 1 L amber glass jar 4±2°C 7 days to extraction, 40 
days to analysis 


 
 Obtain a grab sample from beneath the shale shaker after the mud has passed through the 


screens. Fill each container directly if possible. Collect samples in order of decreasing volatility 
(i.e., fill the VOA vials first, then the 1 L amber glass jars). Fill each VOA vial completely, leaving 
no headspace in the vial.  Use care not to rinse out the preservative. Place the cap tightly on 
each container after filling. 


 
10.3 Collect QC samples for each analytical method.  
  
 10.3.1 If required, collect a field duplicate sample using the same sampling procedure as the 


original sample. 
 
 10.3.2 If the sampler is required to collect MS and MSD samples, two additional aliquots should 


be collected in the same manner as duplicate samples (one original sample, one matrix spike 
sample, and one matrix spike duplicate).  These samples will be designated the matrix spike 
and, if collected, the matrix spike duplicate. 


 
10.4 Label each  sample container with the sample identification number.  The sample 


identification is composed of the sample location, date, time, and initials of the sampler. For 
example, a sample collected from the shale shaker on January 31, 2012 at 1852 by John 
Doe would be labeled as SS/013112/18:52/JD.  The label shall also contain the operator 
name, the block name and number, the OCS-G number, the analysis requested, the sample 
collection date and time, and sampler initials. Sample identification information will be recorded 
on the chain-of-custody.  


 
10.5    Samples shall be immediately chilled in a dedicated laboratory refrigerator to 4°C ±2.  One of the 


samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or blue 
ice) and continuously maintained at 4±2 °C until the time of testing. 


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 
 
12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 


sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container. 


 
13.0 Pollution Prevention and Waste Management 
 
13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 
 
14.1 Permit No: AKG 280000 
 
14.2 SW-846 Methods 8260B and 8270D SIM 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for five-day biochemical oxygen demand (BOD) analysis. These samples 
would be sent to a contract laboratory for testing by Standard Method 5210B. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 1-L poly bottle. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater and domestic wastewater discharges. Samples will be 
collected weekly for BOD analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
 


Analyte Method Container Preservative Holding Time 


BOD5 SM20 5210B (1) 1-L poly bottle 4±2°C 48 hours 


 
10.2 Fill the container with wastewater.  Place the cap tightly on each container after filling. 
 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody.  


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.   
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Standard Method 9222D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for fecal coliform analysis. These samples will be sent to a contract 
laboratory for testing by Standard Method 9222D. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Sterile sample container with preservative (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 Sodium thiosulfate (Na2S2O3) preservative. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 125-mL sterile poly container w/ Na2S2O3. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samplers are trained in using this procedure by the Compliance Supervisor. 
 
8.2 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater and domestic wastewater discharges. Samples will be 
collected monthly for fecal coliform analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
 


Analyte Method Container Preservative Holding Time 


Fecal coliform SM20 9222D 
(1) 125-mL sterile poly 
container w/ Na2S2O3 


Na2S2O3, 4±2°C 8 hours 


 
10.2 Allow the line to clear for several minutes prior to sampling.  Fill container directly and use care 


not to touch the inside of the container to avoid contamination of the sample.  Use care not to 
overfill the container or rinse the preservative out of the container.  Place the cap tightly on each 
container after filling. 


 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody. 


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs).   
 
10.4    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice (do not use dry ice or blue ice) and 
continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
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12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container.  


 
13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment. 
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Standard Method 9222D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the field measurement 
of pH. This method uses a portable pH meter, such as the Hach HQ11d or equivalent, to measure 
pH in water based on USEPA Method 150.1.     


 


2.0 Definitions 


 
2.1 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
2.2 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers, eye 


wash stations, hand washing stations, fish cleaning stations, and laundries. 
 
3.0 Interferences 


 
3.1 Oil of any type in a water sample will coat the pH electrode. Temperature changes of the water 


during pH measurement will cause drift. 
 
3.2 Refer to the manufacturer’s instruction manual. 
 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures.  
 
4.3 Safety goggles must be worn during sample collection procedures. 
 
4.4 Consult MSDSs before  hand l ing  re fe rence  mate r ia ls  o r  standards. 
 
5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
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5.2 Daily activity report form and field logbook. 
 
5.3 Portable pH meter and manufacturer’s instruction manual. 
 
6.0 Reagents and Standards 


 
6.1 Buffer solution(s) for calibration. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples are collected at frequencies according to Region 10 Permit requirements as outlined in 


rig specific QAPP documentation from the locations specified in the rig-specific Sampling Plan.   
 
7.2 Sample should be analyzed immediately following collection. 
 
8.0 Quality Control 


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 
8.2 Refer to manufacturer’s instruction manual for check standard procedures. 
 
9.0 Calibration and Standardization 
 
9.1 The portable pH meter will be calibrated according to the manufacturer’s instruction manual. 
 
10.0 Procedure 
 
10.1 Samples to be tested shall be collected from the locations specified in the rig-specific Sampling 


Plan for discharges requiring pH testing. pH will be monitored according to Region 10 Permit 
requirements as outlined in rig specific QAPP documentation. 


 
10.2 Collect water in one 100-mL plastic bottle with plastic cap.   
 
10.3 Analyze the sample immediately.  Follow the procedures in the manufacturer’s instruction 


manual. 
 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5 Decontaminate pH probe or other reusable sampling equipment between samples. 
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11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 


12.0 Data Assessment and Corrective Actions 


 


12.1 There is no data assessment associated with this procedure.  
 
13.0 Pollution Prevention and Waste Management 


 


13.1 The wastewater samples will be placed into the sanitary or domestic wastewater systems. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment.  
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Manufacturer’s instruction manual for portable pH meter 
 
14.3 USEPA Method 150.1 
 
14.4 M-I SWACO SOP 1006 (Field Logs) 
 
14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Daily activity report and field logbook. 
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the field measurement 
of total residual chlorine in sanitary wastewater discharges. This method uses the Hach Pocket 
Colorimeter™ II test kit, or equivalent, to measure total chlorine in wastewater using a method 
equivalent to Standard Method 4500-Cl F,G.  Monitoring is not required if chlorine is not used as 
a disinfectant or for facilities serving fewer than 10 persons    


 
 
2.0 Definitions 


 
2.1 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
3.0 Interferences 


 
3.1 Cold water can cause condensation on the sample cells during color development that can 


interfere with instrument readings. Examine sample cells for condensation and wipe to remove 
excess liquid prior to reading. 


 
3.2 Avoid collecting sample in a plastic container because plastics can react with and consume 


chlorine.  
 
3.3 See manufacturer’s instruction manual for more information about potential interferences. 
 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures.  
 
4.3 Safety goggles must be worn during sample collection procedures. 
 
4.4 Consult MSDSs  before  handling  reference  materials  or standards. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Daily activity report form and field logbook. 
 
5.3 Hach Pocket Colorimeter™ II or equivalent instrument Instruction Manual and test kit. 
 
6.0 Reagents and Standards 


 
6.1 N,N-diethyl-p-phenylenediamine (DPD) Total Chlorine Reagent Powder Pillows, or other 


method-specific reagent. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples of wastewater are collected weekly from the locations specified in the rig-specific 


Sampling Plan.   
 
7.2 Sample should be analyzed within 15 minutes immediately following collection. 
 
8.0 Quality Control 


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented through 
completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer Training). 


 
8.2 Accuracy check procedures are included in the manufacturer’s instruction manual. 
 
9.0 Calibration and Standardization 
 
9.1 Instrument will be calibrated according to the manufacturer’s instruction manual. 
 
10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater discharges. Samples will be collected weekly for total 
residual chlorine analysis. 


 
10.2 Collect the sample in 100-mL plastic bottle with plastic cap.   
 
10.3 Analyze the sample within 15 minutes.  Follow the procedures in the manufacturer’s instruction 


manual. 
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10.4 Record results on the Daily Activity Report (Form 1006-1) and the field logbook. 
 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 


12.0 Data Assessment and Corrective Actions 


 


12.1 There is no data assessment associated with this procedure.  
 
13.0 Pollution Prevention and Waste Management 


 


13.1 The wastewater samples are placed into the sanitary wastewater systems.  
 
14.0 References 


 


14.1 Permit No: AKG 280000 
 
14.2 Manufacturer’s instruction manual 
 
15.0 Documentation 
 
15.1 Daily activity report and field logbooks.
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1.0 Scope and Application 
 


 The purpose of the procedure is to provide a consistent method for the collection of 
wastewater samples for total suspended solids (TSS) analysis. These samples would be sent 
to a contract laboratory for testing by Standard Method 2540D. 


 
 
2.0 Definitions 


 
2.8 Sanitary Waste - means human body waste discharged from toilets and urinals. 
 
3.0 Interferences 


 
3.1 Sample interferences may be observed in the analytical results if sampling equipment is not 


properly decontaminated between samples or if contaminated gloves or sample containers are 
used. 


 
4.0 Health and Safety Considerations 


 
4.1 Fluids handled on the rig may cause skin irritation; wearing protective gloves (as described in 


the material safety data sheet [MSDS]) is recommended. 
 
4.2 Fluid sample should be handled with the same precautions used in the fluid handling areas of 


the drilling rig. 
 
4.3 Sampler must follow the Operator and Rig’s safety procedures as well as the M-I SWACO safety 


procedures. 
 
4.4 Consult the MSDS for specific health and safety information about the fluids being used in 


the treatment process. 
 
4.5 Safety goggles must be worn during sample collection procedures. 
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5.0 Equipment and Supplies 
 
5.1 Nitrile  gloves  or  other  gloves  suitable  for  handling  fluid  samples  (as  per  MSDS).  Change 


gloves before and between each sample. 
 
5.2 Clean sample container (provided by the contract laboratory). 
 
5.3 Chain-of-custody. 
 
5.4 Sturdy ice chest with ice and packing materials for sample containers. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards required for this procedure. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Each sample will be collected in (1) 1-L poly bottle. 
 
7.2 Samples will be maintained at 4±2 °C until analyzed. 
 
7.3 Samples will be packaged and shipped in accordance with M-I SWACO SOP 2003 (Packaging 


and Shipment of Samples). 
 
8.0 Quality Control 


 


8.1 Samples must be maintained at 4±2 °C until tested. 
 
8.2 No quality control samples are required. 
  
9.0 Calibration and Standardization 
 
9.1 No calibration required. 
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10.0 Procedure 
 
10.1 Wastewater to be tested shall be collected from the locations specified in the rig-specific 


Sampling Plan for sanitary wastewater discharges. Samples will be collected weekly for TSS 
analysis. 


 
 The following sample containers will be provided by the laboratory. Sample containers may vary 


by laboratory; however, all sample containers and preservatives must comply with analytical 
method requirements. 


 
Analyte Method Container Preservative Holding Time 


TSS SM20 2540D (1) 1-L poly bottle 4±2°C 7 days 


 
10.2 Fill the container with wastewater.  Place the cap tightly on each container after filling. 
 
10.3 Label each sample container with the sample identification number.  The sample identification is 


composed of the sample location, date, time, and initials of the sampler. For example, a sample 
collected on January 31, 2012 at 1852 by John Doe would be labeled as SS/013112/18:52/JD.  
The label shall also contain the operator name, the block name and number, the OCS-G number, 
the analysis requested, the sample collection date and time, and sampler initials. Sample 
identification information will be recorded on the chain-of-custody. 


 
10.4 Record sample location and identification information in the field notebook as per M-I SWACO 


SOP 1006 (Field Logs). 
 
10.5    Wastewater samples shall be immediately chilled in a dedicated laboratory refrigerator to 4±2°C.  


Samples shall be shipped to the testing facility on wet ice or gel packs (do not use dry ice or blue 
ice) and continuously maintained at 4±2°C until the time of testing.   


 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If sample integrity has been compromised (e.g., container overfilled, sample not preserved, 
sample bottle cracked, etc.), it must be returned to the processing equipment for recycling 
and the used container must be placed in the appropriate waste container. 
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13.0 Pollution Prevention and Waste Management 


 


13.1 Return the purge volume to the treatment process. 
 
13.2 Follow operator's requirements for disposal of used PPE and disposable sampling equipment 
 
14.0 References 


 


14.1 Permit No: AKG280000 
 
14.2 Standard Method 2540D 
 
14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2001 (Chain-of-Custody Procedures) 
 
14.5 M-I SWACO SOP 2003 (Packaging and Shipping of Samples) 
 
14.6 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 
 
15.1 Chain-of-custody, sample labels, field logbooks. 
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1.0 Scope and Application 


The modified API Recommended Practice 13B-2 is designed to measure the amount of non-


aqueous drilling fluid (NAF) contained on cuttings generated during a drilling operation.  The 


procedure is a retort test that measures oil material (NAF base fluid) and water released from a 


cuttings sample when heated in a calibrated and properly operating �retort� instrument.  The 


inspection and calibration requirements described in this standard operating procedure (SOP) will 


demonstrate that the retort is properly calibrated and operating prior to performing the API 


Recommended Practice 13B-2 (M-I SWACO SOP 3002). 


2.0 Definitions 


2.1 Base Fluid - the continuous phase or suspending medium of a drilling fluid formulation. 


2.2 NAF � non-aqueous drilling fluids, i.e., with a base fluid that is a water-immiscible fluid. 


3.0 Interferences 


3.1 No interferences are known for this procedure. 


4.0 Health and Safety Considerations 


4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


4.3 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 


4.4 The NAF retention on cuttings involves separating liquids from approximately 50 ml of 


cuttings by distillation at high temperature in a 50 ml mud retort apparatus.  Two retorts may 


be running simultaneously and continuously for several hours at a time.  This procedure 


generates heat and a small amount of water and organic vapor. 


4.5 If the condenser or cup hole is plugged, the retort may explode.  The condition of the 


equipment should be checked daily during use. 


Quality Assurance Officer  Date 


Compliance Supervisor  Date 
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4.6 The temperature of the retort will be at 950ºF during testing, so it is a potential thermal 


hazard. 


5.0 Equipment and Supplies 


5.1 Digital thermometer, range �50 to 150 C,  1 C between �20 and 100 C (VWR 61161-310 


or equivalent) 


5.2 Triple-beam balance, range 2000 g, precision  0.1g 


 


5.3 10 ml Disposable Syringe, (Becton, Dickinson and Company) No.309603, or equivalent. 


5.4 Teflon  syringe filter, 25-mm, 0.45 m pore size, Whatman or equivalent. 


5.5 Retort Assembly, retort body, cup and lid: 303 stainless steel or equivalent. 


5.5.1 Retort cup with lid, volume 50 ml 


5.5.2 Condenser � capable of cooling the oil and water vapors below their liquification 


temperature 


5.5.3 Heating jacket � nominal 350 watts 


5.5.4 Temperature control � capable of limiting temperature of retort to at least 930 F (500 C) and 


enough to boil off all NAFs. 


5.5.5 JP-Tube (Liquid Receiver) � 10 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside diameter 


10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 20 C; accompanied by 


Certificate of Verification. 


5.5.6 JP-Tube (Liquid Receiver) � 20 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside diameter 


13-mm; wall thickness 1.2  0.1 mm; calibration to contain �TC� @ 20 C; accompanied by 


Certificate of Verification. 


5.5.7 JP-Tube (Liquid Receiver) � 50 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.25 ml graduations (or 0 � 100% graduations); precision  


0.05 ml; outside diameter 10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 


20 C; accompanied by Certificate of Verification or Certificate of Conformity. 


5.6 Fine steel wool (No. 000 or 0000)  


5.7 Drill bit or stiff wire 
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5.8 Thread sealant lubricant � high temperature lubricant; Never-Seez  or equivalent 


5.9 Paper towels 


5.10 Miscellaneous cleaning aids � pipe cleaners, brush, retort spatula and cork screw. 


6.0 Reagents and Standards 


6.1 Solids free NAF 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 A sample of solids-free NAF is collected from the batch of NAF as sent by the supplier, prior 


to circulating down hole, according to the procedures described in the appropriate sampling 


SOP. 


8.0 Quality Control 


8.1 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


8.2 The inspection procedures described in Sections 10.3, 10.4, and 10.5 are performed at the 


following frequency: 


8.2.1 Inspect when new, prior to placing in service. 


8.2.2 Inspect at the beginning of service at a new location (or well). 


8.2.3 Inspect daily. 


8.2.4 Inspect when returned from location to the Compliance Supervisor. 


8.2.5 Inspect prior to performing the verification procedures listed in Sections 10.7 and 10.8. 


8.3 The procedure described in Section 10.7 is performed at the following frequency: 


8.3.1 Verify prior to placing in service. 


8.3.2 Verify monthly while in service. 


8.4 The procedure described in Section 10.8 is performed at the following frequency: 


8.4.1 Verify prior to placing in service through documentation of a Certificate of Verification or 


Certificate of Conformity. 


8.4.2 Verify at a minimum every two years. 
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9.0 Verification and Standardization 


9.1 This SOP defines verification procedures for the retort. 


9.2 Calibrate the balance as described in M-I SWACO SOP 1004 (Balance Calibration). 


9.3 Calibrate the thermometers as described in M-I SWACO SOP 1005 (Laboratory 


Refrigerators). 


10.0 Procedure 


10.1 Prior to running all tests, inspect the retort cup lid hole and the retort cell-condenser tube to 


verify both are fully open and free of any solids accumulation.  Clean these passages with a 


pipe-cleaner and �rod� with a drill bit or stiff wire before all tests. 


10.2 Perform the visual inspection daily (See 10.3, 10.4 and 10.5). 


10.3 Visually inspect retort cup, cup lid and retort cell top for the following: 


10.3.1 General cell damage (i.e., cracks, splits, dents, wear, warping, etc.). 


10.3.2 Condition of threads (clean and sharp). 


10.3.3 Interior and exterior metal surface damage (pitting, wall thinning, etc.). 


10.3.4 Cup lid hole should be fully open and free of any solids accumulation. 


10.3.5 Retort cell-condenser tube should be checked with the drill bit or �T�-handled drill bit to 


insure that the connection is fully open, and free of any solids accumulation. 


10.3.6 Complete appropriate items on the Daily Inspection Retort Form (Form 3001-1). 


10.4 Visually inspect retort case and external heating jacket for: 


10.4.1 General damage (i.e., split case, evidence of electrical arcing, heat damage, cracks, splits, 


wear or warping of heating chamber, etc.). 


10.4.2 Electrical cord for damage or evidence of arcing or shorting. 


10.4.3 If external visual inspection indicates a potential problem, disconnect the power cord, 


remove front cover and inspect thermal blocks, electrical connections, free operation of 


thermostat, etc. 


10.4.4 Smooth operation of switches and control. 


10.4.5 On/off operation of indicator lights. 


10.4.6 Complete the appropriate items on the Daily Inspection Retort Form (Form 3001-1). 


10.5 Visually inspect the JP-tube for: 







Retort Inspection and Calibration 


© Copyright M-I L.L.C., 2004, All Rights Reserved.


SOP No: 3001 


Date: March 2004 


Revision: 4 


Page: 5 of 12 


10.5.1 Permanent identification marking legibility. 


10.5.2 Scale on volume division legibility. 


10.5.3 Chips or cracks in glass. 


10.5.4 Debris or solids that cannot be removed. 


10.6 If the retort fails any of the inspections in Sections 10.3 through 10.5, mark as �Out of 


Service�.  Clean or repair if possible; alternatively return to manufacturer for repair/inspection 


or discard and replace.  After cleaning or repairs, re-inspect the retort. 


10.7 Volumetric NAF Recovery Performance Test  


10.7.1 Allow the retort heating chamber to cool below 150 F prior to beginning any new retort test. 


10.7.2 Clean and dry the retort assembly and condenser. 


10.7.3 Pack the retort body (upper chamber) with steel wool. 


10.7.4 Apply lubricant/sealant to threads of retort cup and retort stem (high-temperature grease, 


i.e. Never-Seez ). 


10.7.5 Prior to performing the Volumetric NAF Recovery Performance Test, filter the NAF test 


material.  Pour the NAF into a 10 ml plastic syringe fitted with a disposable 0.45 m filter. 


Expel the NAF into a clean 50 ml JP-tube.  Repeat as necessary to fill the JP-tube. 


10.7.6 Pour the solids-free NAF from the 50 ml JP-tube into the retort sample cup. 


10.7.7 Place the lid on retort sample cup and rotate to obtain a proper fit, allowing excess NAF 


base fluid to escape so that final volume is exactly 50 ml.  Wipe excess NAF base fluid from 


lid, outside of cup and threads; avoid wicking out NAF base fluid from the retort cup lid hole. 


10.7.8 Screw the retort sample cup into the retort body (upper chamber).  Keep assembly upright 


so that NAF does not escape or flow into the drain/condenser tube.  (Although there are no 


solids to be trapped by the steel wool, using the steel wool will assure the NAF does not 


escape or flow into the drain or condenser tube). 


10.7.9 Attach the condenser to the retort assembly, seating firmly. Keep assembly upright so that 


NAF does not escape or flow into the drain/condenser tube. 


10.7.10 Attach or position the calibrated 50 ml JP-tube used in 10.7.5 so that it will collect all of the 


condensed NAF liquid. 


10.7.11 Turn on the retort and allow it to run at least one hour.   


10.7.12 When no more NAF condensed liquid is recovered, remove the JP-tube and allow the 


condensate to cool to room temperature. 


10.7.13 Read and record the total volume of NAF fluid collected on the Periodic Retort Verification 


Data Sheet (Form 3001-2).  If the amount of condensed NAF liquid is less than 48.5 ml, 


repeat the procedures in Section 10.7. 
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10.8 JP-Tube (Liquid Receiver) Volume Specification Verification: 10 ml, precision  0.05 ml or 20 


ml, precision  0.05 ml: 


10.8.1 Allow JP-tube and distilled water to reach ambient temperature.  Measure water 


temperature with digital thermometer.  Record the temperature and record density of water 


at nearest temperature (Table 1) on the Periodic Retort Verification Data Sheet (Form 3001-


2). 


10.8.2 Place the clean, empty JP-tube on the balance and record the empty weight (W1, grams). 


10.8.3 Use the pipette to fill JP-tube to the first gradation (2 ml) with distilled water.   


10.8.4 Place JP-tube on the balance.  Record the weight of the JP-tube (W2, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.5 Add an increment of water to the next gradation (4 ml) with the distilled water. 


10.8.6 Place JP-tube on the balance.  Record the weight of the JP-tube (W3, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.7 Add an increment of water to the next gradation (6 ml) with the distilled water. 


10.8.8 Place JP-tube on the balance.  Record the weight of the JP-tube (W4, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.9 Add an increment of water to the next gradation (8 ml) with the distilled water. 


10.8.10 Place JP-tube on the balance.  Record the weight of the JP-tube (W5, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.11 Add an increment of water to the next gradation (10 ml) with the distilled water. 


10.8.12 Place JP-tube on the balance.  Record the weight of the JP-tube (W6, grams) on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


10.8.13 Calculate JP-tube volumes, VMark, as shown in Equation 1.  Use the density of water at the 


measured temperature.  Record the VMark on the Periodic Retort Verification Data Sheet 


(Form 3001-2). 


Wb � Wa (g) 
VMark = 


Density of water (g/ ml 
Equation 1


  where 


a � weight of JP-tube and water prior to adding increment 


b � weight of JP-tube and water with increment added 


10.9 If the retort fails any of the calibration verifications in Sections 10.7 or 10.8, mark as �Out of 


Service�.  Clean or repair if possible; return to manufacturer for repair/inspection or discard 


and replace.  After cleaning or repairs, re-inspect, and recalibrate the retort. 
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11.0 Calculations 


11.1 The JP-tube volume, VMARK, is calculated as shown in Equation 1 in Section 10.7. 


12.0 Data Assessment and Corrective Actions 


12.1 If any of the questions on the Daily Inspection Retort Form (Form 3001-1) are answered 


�Yes�, the retort must be removed from service until cleaning, repairs and/or maintenance 


are complete.   


12.2 The retort may be returned to service after successful completion (�No�) of the Daily 


Inspection Retort Form (Form 3001-1). 


12.3 If the retort fails any of the calibrations on the Periodic Retort Verification Data Sheet (Form 


3001-2), mark as �Out of Service�.  Clean or repair if possible; return to manufacturer for 


repair/inspection or discard and replace.  After cleaning or repairs, reinspect, and recalibrate 


the retort. 


12.4 The retort may be returned to service after successful completion of the calibrations on the 


Periodic Retort Verification Data Sheet (Form 3001-2). 


12.5 Repairs and/or maintenance and other corrective actions are noted on the Daily Inspection 


Retort Form (Form 3001-1) or the Periodic Retort Verification Data Sheet (Form 3001-2). 


13.0 Pollution Prevention and Waste Management 


13.1 The only waste material generated by this procedure is the NAF.  The waste is returned to 


the mud system upon completion of the tests. 


14.0 References 


14.1 Appendix 7 to Subpart A of Part 435 and API Recommended Practice 13B-2. 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 


14.3 M-I SWACO SOP 1005 (Laboratory Refrigerators) 


14.4 M-I SWACO SOP 3002 (Base Fluid Retained on Cuttings Retort Test Procedure) 


 


15.0 Documentation 


15.1 Complete the Daily Retort Inspection Sheet (Form 3001-3) daily during a drilling interval.   
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15.1.1 The Compliance Engineer maintains the Daily Retort Inspection Sheet during a synthetic 


fluids drilling interval in the Drilling Interval notebook.   


15.1.2 Upon completion of the synthetic fluid drilling interval, original Daily Retort Inspection Sheet 


are provided to the permittee.  The District Office archives copies of the Daily Inspection 


Retort Form after completion of a synthetic fluids drilling interval. 


15.1.3 The Daily Retort Inspection Sheet must be restarted if a retort is changed out during the 


month. 


15.1.4 Mark all unused fields with �N/A� and/or a line though the unused blank.  Enter a comment 


in the comment column as to why the retort  was not calibrated. 


15.1.5 The Daily Retort Inspection Form (Figure 1) may be used to calibrate retorts on a single day 


basis such as in preparation for a periodic verification. 


15.2 Complete the Periodic Retort Verification Data Sheet (Form 3001-2) at the frequencies 


specified in Section 8.3. 


15.2.1 If the Compliance Engineer calibrates the retort during a synthetic fluids drilling interval, the 


form is maintained in the Drilling Interval notebook and archived in the project files upon 


completion of a drilling interval. 


15.2.2 If the equipment coordinator calibrates the retort, the original form is maintained in the 


Equipment Log and a copy accompanies the retort in the Equipment records. 


 


 


Figure 1:  Water Density Table 
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Form 3001-1:  Daily Retort Inspection Form


Operator:  Location: (Surface Location) 


OCS-G Number:  Rig Name:  


Date and Time:  Analyst:  


Retort Model:  Retort ID:  


Visual Condition Inspection (10.3,10.4, 10.5) Yes No Comment 


Retort cell damaged (10.3)?    


Retort threads damaged (10.3)?    


Retort metal surfaces damaged (10.3)?    


Retort cup lid hole plugged (10.3)?    


Retort cell-condenser plugged (10.3)?    


Retort case damaged (10.4)?    


Electrical cord damaged (10.4)?    


Thermal blocks, electrical connections, operation of    


Switches and controls stick (10.4)?    


Indicator lights do not operate (10.4)?    


Permanent ID of JP-tubes illegible (10.5)?    


Volume scales illegible (10.5)?    


Chips or cracks in glass (10.5)?    


Debris or solids in JP-tubes (10.5)?    


Retort Model:  Retort ID:  


Visual Condition Inspection (10.3,10.4, 10.5) Yes No Comment 


Retort cell damaged (10.3)?    


Retort threads damaged (10.3)?    


Retort metal surfaces damaged (10.3)?    


Retort cup lid hole plugged (10.3)?    


Retort cell-condenser plugged (10.3)?    


Retort case damaged (10.4)?    


Electrical cord damaged (10.4)?    


Thermal blocks, electrical connections, operation of    


Switches and controls stick (10.4)?    


Indicator lights do not operate (10.4)?    


Permanent ID of JP-tube illegible (10.5)?    


Volume scale illegible (10.5)?    


Chips or cracks in glass (10.5)?    


Debris or solids in JP-tube (10.5)?    


If any response is �Yes�, then clean and repair or remove from service. 


Analyst Signature:  Date:  
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Form 3001-2 Periodic Retort Verification Data Sheet 


Date:  Analyst:  


Operator:  OCS-G Number:  


Area and Block: 
(Surface Location) 


Rig:  


Balance ID:  JP Tube ID:  


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


Performance Test of NAF Fluid Recovery (10.7) (Monthly) 


Retort ID:  JP Tube ID:  


Start Time (time of day):   Stop Time (time of day):  


Total Volume NAF recovered (ml) at end of test:


JP-Tube Volume Procedure (10.8) (Every 2 years) 


 Weight (gram) Water Density 


(grams) 


Calculated 


Volume (ml) 


Volume Scale 


Reading (ml) 


Pass/Fail  


(Within 0.05mL) 


W1      


W2      


W3      


W4      


W5      


W6      


Procedure Results Yes No Comments 


NAF Recovery < 48.5 ml (10.7)? 


JP-tube volume exceeds  0.05 ml (10.8)?
If any response is �Yes� then clean and repair or remove from service.


Analyst Signature:  Date:  







  
  
D


a
y


 


T
im


e
 


In
it


ia
l 


R
e


to
rt


 c
e
ll


 d
a
m


a
g


e
d


 (
1
0
.3


)?
  


(Y
/N


) 


R
e


to
rt


 t
h


re
a


d
s
 d


a
m


a
g


e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 m
e
ta


l 
s
u


rf
a
c


e
s


 d
a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 c
u


p
 l
id


 h
o


le
 p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
e
ll
-c


o
n


d
e
n


s
e


r 
p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
a


s
e
 d


a
m


a
g


e
d


 (
1
0


.4
)?


 (
Y


/N
) 


E
le


c
tr


ic
a
l 
c


o
rd


 d
a


m
a
g


e
d


 (
1


0
.4


)?
 (


Y
/N


) 


T
h


e
rm


a
l 


b
lo


c
k


s
, 
e
le


c
tr


ic
a
l 


c
o


n
n


e
c


ti
o


n
s
, 


o
p


e
ra


ti
o


n
 o


f 
th


e
rm


o
s
ta


t 
d


a
m


a
g


e
d


 (
1
0


.4
)?


 Y
/N


) 


S
w


it
c
h


e
s
 a


n
d


 c
o


n
tr


o
ls


 s
ti


c
k


 (
1
0
.4


)?
 (


Y
/N


) 


In
d


ic
a
to


r 
li


g
h


ts
 d


o
 n


o
t 


o
p


e
ra


te
 (


1
0
.4


)?
 (


Y
/N


) 


P
e


rm
a
n


e
n


t 
ID


 o
f 


J
P


-t
u


b
e


s
 i
ll


e
g


ib
le


 1
0
.5


)?
(Y


/N
) 


V
o


lu
m


e
 s


c
a
le


s
 i
ll


e
g


ib
le


 (
1
0
.5


)?
 (


Y
/N


) 


C
h


ip
s
 o


r 
c
ra


c
k
s
 i
n


 g
la


s
s
 (


1
0
.5


)?
 (


Y
/N


) 


D
e


b
ri


s
 o


r 
s


o
li
d


s
 i


n
 J


P
-t


u
b


e
s
 (


1
0


.5
)?


 (
Y


/N
) 


 If
 a


n
y
 r


e
s
p


o
n


s
e
 i


s
 �


Y
e


s
�,


 t
h


e
n


 c
le


a
n


 
a
n


d
 r


e
p


a
ir


 o
r 


re
m


o
v
e
 f


ro
m


 s
e


rv
ic


e
. 


R
e


to
rt


 c
e
ll
 d


a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 t
h


re
a


d
s
 d


a
m


a
g


e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 m
e
ta


l 
s
u


rf
a
c


e
s


 d
a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 c
u


p
 l
id


 h
o


le
 p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
e
ll
-c


o
n


d
e
n


s
e


r 
p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
a


s
e
 d


a
m


a
g


e
d


 (
1
0


.4
)?


 (
Y


/N
) 


E
le


c
tr


ic
a
l 
c


o
rd


 d
a


m
a
g


e
d


 (
1


0
.4


)?
 (


Y
/N


) 


T
h


e
rm


a
l 


b
lo


c
k


s
, 
e
le


c
tr


ic
a
l 


c
o


n
n


e
c


ti
o


n
s
, 


o
p


e
ra


ti
o


n
 o


f 
th


e
rm


o
s
ta


t 
d


a
m


a
g


e
d


 (
1
0


.4
)?


 Y
/N


) 


S
w


it
c
h


e
s
 a


n
d


 c
o


n
tr


o
ls


 s
ti


c
k


 (
1
0
.4


)?
 (


Y
/N


) 


In
d


ic
a
to


r 
li


g
h


ts
 d


o
 n


o
t 


o
p


e
ra


te
 (


1
0
.4


)?
 (


Y
/N


) 


P
e
rm


a
n


e
n


t 
ID


 o
f 


J
P


-t
u


b
e


s
 i


ll
e
g


ib
le


 (
1
0


.5
)(


Y
/N


) 


V
o


lu
m


e
 s


c
a
le


s
 i
ll


e
g


ib
le


 (
1
0
.5


)?
 (


Y
/N


) 


C
h


ip
s
 o


r 
c
ra


c
k
s
 i
n


 g
la


s
s
 (


1
0
.5


)?
 (


Y
/N


) 


D
e


b
ri


s
 o


r 
s


o
li
d


s
 i


n
 J


P
-t


u
b


e
s
 (


1
0


.5
)?


 (
Y


/N
) 


 If
 a


n
y
 r


e
s
p


o
n


s
e
 i


s
 �


Y
e


s
�,


 t
h


e
n


 c
le


a
n


 
a
n


d
 r


e
p


a
ir


 o
r 


re
m


o
v
e
 f


ro
m


 s
e


rv
ic


e
. 


                                


                                


                                


                                


                                


                                


                                


                                


                                


                                


                                


                                


                                







  
  
D


a
y


 


T
im


e
 


In
it


ia
l 


R
e


to
rt


 c
e
ll


 d
a
m


a
g


e
d


 (
1
0
.3


)?
  


(Y
/N


) 


R
e


to
rt


 t
h


re
a


d
s
 d


a
m


a
g


e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 m
e
ta


l 
s
u


rf
a
c


e
s


 d
a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 c
u


p
 l
id


 h
o


le
 p


lu
g


g
e
d


 (
1


0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
e
ll
-c


o
n


d
e
n


s
e


r 
p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
a


s
e
 d


a
m


a
g


e
d


 (
1
0


.4
)?


 (
Y


/N
) 


E
le


c
tr


ic
a
l 
c


o
rd


 d
a


m
a
g


e
d


 (
1


0
.4


)?
 (


Y
/N


) 


T
h


e
rm


a
l 
b


lo
c
k
s
, 
e
le


c
tr


ic
a


l 
c
o


n
n


e
c
ti


o
n


s
, 
o


p
e
ra


ti
o


n
 o


f 
th


e
rm


o
s
ta


t 
d


a
m


a
g


e
d


 (
1
0
.4


)?
 Y


/N
)  


S
w


it
c
h


e
s
 a


n
d


 c
o


n
tr


o
ls


 s
ti


c
k


 (
1
0
.4


)?
 (


Y
/N


) 


In
d


ic
a
to


r 
li


g
h


ts
 d


o
 n


o
t 


o
p


e
ra


te
 (


1
0
.4


)?
 (


Y
/N


) 


P
e
rm


a
n


e
n


t 
ID


 o
f 


J
P


-t
u


b
e
s


 i
ll
e


g
ib


le
 


1
0
.5


)?
(Y


/N
) 


V
o


lu
m


e
 s


c
a
le


s
 i
ll


e
g


ib
le


 (
1
0
.5


)?
 (


Y
/N


) 


C
h


ip
s
 o


r 
c
ra


c
k
s
 i
n


 g
la


s
s
 (


1
0
.5


)?
 (


Y
/N


) 


D
e


b
ri


s
 o


r 
s


o
li
d


s
 i


n
 J


P
-t


u
b


e
s
 (


1
0


.5
)?


 (
Y


/N
) 


If
 a


n
y
 r


e
s
p


o
n


s
e


 i
s
 �


Y
e


s
�,


 t
h


e
n


 
c
le


a
n


 a
n


d
 r


e
p


a
ir


 o
r 


re
m


o
v
e


 f
ro


m
 


s
e
rv


ic
e
.


R
e


to
r t


 c
e
ll
 d


a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 t
h


re
a


d
s
 d


a
m


a
g


e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 m
e
ta


l 
s
u


rf
a
c


e
s


 d
a
m


a
g


e
d


 (
1
0


.3
)?


 (
Y


/N
) 


R
e


to
rt


 c
u


p
 l
id


 h
o


le
 p


lu
g


g
e
d


 (
1


0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
e
ll
-c


o
n


d
e
n


s
e


r 
p


lu
g


g
e
d


 (
1
0
.3


)?
 (


Y
/N


) 


R
e


to
rt


 c
a


s
e
 d


a
m


a
g


e
d


 (
1
0


.4
)?


 (
Y


/N
) 


E
le


c
tr


ic
a
l 
c


o
rd


 d
a


m
a
g


e
d


 (
1


0
.4


)?
 (


Y
/N


) 


T
h


e
rm


a
l 
b


lo
c
k
s
, 
e
le


c
tr


ic
a


l 
c
o


n
n


e
c
ti


o
n


s
, 
o


p
e
ra


ti
o


n
 o


f 
th


e
rm


o
s
ta


t 
d


a
m


a
g


e
d


 (
1
0
.4


)?
 Y


/N
) 


S
w


it
c
h


e
s
 a


n
d


 c
o


n
tr


o
ls


 s
ti


c
k


 (
1
0
.4


)?
 (


Y
/N


) 


In
d


ic
a
to


r 
li


g
h


ts
 d


o
 n


o
t 


o
p


e
ra


te
 (


1
0
.4


)?
 (


Y
/N


) 


P
e
rm


a
n


e
n


t 
ID


 o
f 


J
P


-t
u


b
e


s
 i


ll
e
g


ib
le


 (
1
0


.5
)(


Y
/N


) 


V
o


lu
m


e
 s


c
a
le


s
 i
ll


e
g


ib
le


 (
1
0
.5


)?
 (


Y
/N


) 


C
h


ip
s
 o


r 
c
ra


c
k
s
 i
n


 g
la


s
s
 (


1
0
.5


)?
 (


Y
/N


) 


D
e


b
ri


s
 o


r 
s


o
li
d


s
 i


n
 J


P
-t


u
b


e
s
 (


1
0


.5
)?


 (
Y


/N
) 


If
 a


n
y
 r


e
s
p


o
n


s
e


 i
s
 �


Y
e


s
�,


 t
h


e
n


 
c
le


a
n


 a
n


d
 r


e
p


a
ir


 o
r 


re
m


o
v
e


 f
ro


m
 


s
e
rv


ic
e
. 


                               


                               


                               


                               


                               


 
                               


                               


                               


                               







SOP No: 3002  


Date: March 2004 


Revision: 4 


Page: 1 of 7 


Base Fluids Retained on Cuttings Retort Test Procedure 


© Copyright M-I L.L.C., 2004, All Rights Reserved.


Quality Assurance Officer  Date 


Compliance Supervisor  Date 


1.0 Scope and Application 


The modified API Recommended Practice 13B-2 is designed to measure the amount of non-


aqueous drilling fluid (NAF) contained in cuttings generated during a drilling operation.  The 


procedure is a retort test that measures NAF base fluid and water released from a cuttings sample 


when heated in a calibrated and properly operating �retort� instrument.  This Standard Operating 


Procedure (SOP) provides a consistent methodology for completing the retort test.  A sample of 


cuttings is heated in the retort, which distills out the liquid associated with the sample.  The liquid is 


condensed and collected in a receiver and separated into two liquid phases, the NAF base fluid and 


water. 


2.0 Definitions 


2.1 Base Fluid - the continuous phase or suspending medium of a drilling fluid formulation. 


2.2 NAF � non-aqueous drilling fluid, i.e. with a base fluid that is a water-immiscible fluid. 


3.0 Interferences 


3.1 No interferences are known for this procedure. 


4.0 Health and Safety Considerations   


4.1 Follow health and safety procedures outlined in the Global HSE Plan. 


4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 


4.3 Drilling fluid samples should be handled with the same precautions used in the drilling fluid 


handling areas of the drilling rig. 


4.4 The NAF retention on cuttings involves separating liquids from approximately 50 ml of 


cuttings by distillation at high temperature in a 50 ml mud retort apparatus.  Two retorts may 


be running simultaneously and continuously for several hours at a time.  This procedure 


generates heat and a small amount of water and organic vapor. 


4.5 If the condenser or cup hole is plugged, the retort may explode.  The condition of the 


equipment should be checked daily during use. 


4.6 The temperature of the retort will be at 950ºF during testing, so it is a potential thermal 


hazard. 


5.0 Equipment and Supplies 
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5.1 Triple-beam balance, range 2000 g, precision  0.1g 


5.2 Retort Assembly, retort body, cup and lid: 303 stainless steel or equivalent. 


5.2.1 Retort cup with lid, volume 50 ml 


5.2.2 Condenser � capable of cooling the oil and water vapors below their liquification 


temperature 


5.2.3 Heating jacket � nominal 350 watts 


5.2.4 Temperature control � capable of limiting temperature of retort to at least 930 F (500 C) 


and enough to boil off all NAFs. 


5.2.5 JP-Tube (Liquid Receiver) � 10 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside 


diameter 10-mm; wall thickness 1.5  0.1 mm; calibration to contain �TC� @ 20 C; 


accompanied by Certificate of Verification. 


5.2.6 JP-Tube (Liquid Receiver) � 20 ml cylindrical Pyrex  or equivalent glassware with rounded 


bottom, funnel-shaped top, and 0.1 ml graduations; precision  0.05 ml; outside 


diameter 13-mm; wall thickness 1.2  0.1 mm; calibration to contain �TC� @ 20 C; 


accompanied by Certificate of Verification. 


5.3 Fine steel wool (No. 000 or 0000) 


5.4 Drill bit or stiff wire 


5.5 Thread sealant lubricant � high temperature lubricant; Never-Seez  or equivalent 


5.6 Paper towels 


5.7 Miscellaneous cleaning aids � pipe cleaners, brush, retort spatula and cork screw. 


5.8 Permittee-approved software for ROC calculations 


5.9 Retort Input Data Form 3002-1 


5.10 Daily Activity Report Form 1006-1 


6.0 Reagents and Standards 


6.1 There are no reagents or standards associated with this method. 


7.0 Sample Collection, Preservation, Shipment and Storage 


7.1 Sampling will be performed with sampling equipment decontaminated as per M-I SWACO 


SOP 2004 (Decontamination of Sampling Equipment) or with dedicated sampling equipment.  


Samples will be collected as described in the applicable sampling SOPs. 


7.2 A representative sample is collected from each discharge stream at a point following the last 


treatment equipment.  Sample locations are described in the rig-specific sampling plan. 
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7.3 Samples within each interval must be collected within one hour of each other.  Testing 


should be started within two hours of individual sample collection.   


8.0 Quality Control 


8.1 Compliance Engineers are trained in the requirements of this procedure through the 


Compliance Engineer training program.  Training on SOP revisions will be documented 


through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 


Training). 


8.2 Demonstration of Capability:  Each analyst that performs this procedure shall have 


successfully completed a Demonstration of Capability as defined in M-I SWACO SOP 1008 


(Demonstration of Capability). 


8.3 Once per 20 sampling intervals, analyze two duplicate samples (two aliquots of the same 


sample after careful homogenization) which are expected to have a ROC between 5% and 


20%.  Calculate the relative percent difference (RPD) between the two results.  The RPD 


should be less than 10%. (track duplicate sampling intervals using compliance engineer 


check sheet) 


8.4 The mass balance for each sample is calculated using the permittee-approved software.  For 


each sample, the mass balance must be within  5% of the mass of the wet sample. 


9.0 Calibration and Standardization 


9.1 M-I SWACO SOP 1004 (Balance Calibration) describes the calibration and standardization 


for the balance used in this procedure. 


9.2 M-I SWACO SOP 3001 (Retort Inspection and Calibration) describes the calibration and 


standardization for the retort used in this procedure. 


10.0 Field Procedure for Testing ROC Using the 50 ml Compliance Retort 


10.1 Prior to running all tests, perform the Daily Inspection described in M-I SWACO SOP 3001 


(Retort Inspection and Calibration) and complete the Daily Inspection Equipment Form. 


10.2 All testing data is recorded on the Daily Activity Report as specified in M-I SWACO SOP 


1006 (Field Logs).  Sample data are recorded on the ROC Data Input Sheet (Figure 1). 


10.3 Analytical procedure 


10.3.1 Pack the retort body (upper chamber) with steel wool. 


10.3.2 Apply lubricant/sealant to threads of retort cup and retort stem (high-temperature 


grease, i.e. Never-Seez ). 


10.3.3 Weigh and record the mass of the clean empty retort cup, lid and body to 0.1 g. This is 


mass A. 
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10.3.4 Gently mix the cuttings to obtain a homogeneous sample. Partially fill the retort sample 


cup with the sample.  Remove any sample that is on the threads with a paper towel.  


10.3.5 Place the lid on the retort sample cup and rotate to obtain a proper fit. 


10.3.6 Screw the retort sample cup into the retort body (upper chamber).  Keep the assembly 


upright.  Weigh and record the mass to 0.1 g; this is mass B. 


10.3.7 Attach the condenser to the retort assembly, seating firmly.  Keep the assembly upright 


and place the retort assembly into the retort oven and close the lid.  


10.3.8 Weigh and record the mass of the clean, empty 10 ml or 20 ml JP-tube to 0.1 g. This is 


mass C. 


10.3.9 Attach or position the weighed 10 or 20 ml JP-tube so that it will collect all of the 


condensed NAF liquid and water.  Secure the JP-tube at the proper height with the 


rubber washer provided in the retort kit so all the condensed fluids will be collected. 


10.3.10  Turn the retort on and run for a minimum of 1 hour.  The thermostat shall be set at 


950 F.  


10.3.11  After all the NAF has boiled off, turn off the retort.  Remove the JP-tube and allow it to 


cool.  Observe the JP-tube; if solids have boiled into the JP-tube, the test is void and  


you must repeat the test.  Record the volume of water; this is V in mls.  If an emulsion 


interface is present, carefully heat the JP-tube.  Wearing the thermal protection gloves 


provided in the retort kit, remove the retort from the heating jacket while grasping the 


condenser.  Carefully heat the emulsion band by rolling the JP-tube against the retort 


cell.  This is done over short time intervals as to avoid boiling the liquids. After the 


emulsion is broken, allow the JP-tube to cool and read and record the water volume 


(lowest point of the meniscus).  This is your V in mls.  


10.3.12  Weigh and record the mass of the JP-tube and its contents (oil and water).  This is 


mass D in grams.  


10.3.13 Remove the assembly and condenser from the heating jacket and allow them to cool 


without water quenching.  


10.3.14 Weigh and record the mass of the cooled retort cell body and lid.  This is mass E in 


grams.  


10.3.15  Clean the retort assembly, condenser and JP-tube immediately after finishing each 


test.  Scrape the solids from the retort assembly and condenser.  Wipe clean with a 


paper towel.  Immerse in water if necessary to remove the solids.  Clean the receiver 


as described in M-I SWACO SOP 2004 (Decontamination of Equipment). 


10.3.16  Gently place the metal heat sink in the heating jacket to absorb the heat.  This will 


accelerate the cooling time between retort runs.  
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11.0 Calculations 


11.1 Calculate the RPD as follows: 


(R1 � R2) *200 
RPD =  


(R1 + R2) 


 where R1 = the higher ROC result 


  R2 = the lower ROC result 


11.2 The permittee-approved software calculates the mass balance using the following equation: 


(MD + MBF + V) 
Mass Balance = 


Mw 


where MD = Mass of dry retort cuttings (Mass E � Mass A) 


 MBF = Mass of NAF base fluid (Mass D � Mass C � Volume V) 


 V = Volume of water recovered (assumes 1 ml = 1 g) 


  Mw = Mass of wet cuttings (Mass B � Mass A) 


11.3 The permittee-approved software performs the required calculations.  


12.0 Data Assessment and Corrective Actions 


12.1 The permittee-approved software assesses the data.  The software provides the mass 


balance result or a warning if the mass balance criteria are not met. 


12.2 The procedure shall be repeated for any sample that fails the mass balance ratio. 


Homogenize the sample thoroughly and repeat the procedure if the sample is still within the 


holding time.  If the sample has exceeded the holding time and drilling is still inside the 


interval, collect another sample, thoroughly homogenize the new sample and repeat the 


procedure.  If the sample has exceeded the holding time and drilling has commenced in the 


next interval, thoroughly homogenize the original sample and repeat the procedure. 


12.3 The procedure shall be repeated using a smaller sample size for any sample where solids 


boiled over into the JP-tube. Homogenize the sample thoroughly and repeat the procedure if 


the sample is still within the holding time.  If the sample has exceeded the holding time and 


drilling is still inside the interval, collect another sample, thoroughly homogenize the new 


sample and repeat the procedure.  If the sample has exceeded the holding time and drilling 


has commenced in the next interval, thoroughly homogenize the original sample and repeat 


the procedure. 
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12.4 If the holding time is exceeded and drilling is still inside the interval, collect another set of 


samples and repeat the procedure.  If the holding time is exceeded and drilling has 


commenced on the next interval, use the data from the original sample. 


13.0 Pollution Prevention and Waste Management 


13.1 Samples are retained until the holding time has expired or until the Compliance Engineer has 


verified the acceptability of the test results, whichever comes first. 


13.2 The waste material generated by this procedure is NAF and water that is returned to the mud 


system.  The fluid is returned to the active mud system upon completion of the tests. 


Cuttings (excess sample) are returned to the mud system. 


 


14.0 References 


14.1 Appendix 7 to Subpart A of Part 435 and API Recommended Practice 13B-2. 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 


14.3 M-I SWACO SOP 1006 (Field Logs) 


14.4 M-I SWACO SOP 1008 (Demonstration of Capability) 


14.5 M-I SWACO SOP 2004 (Decontamination of Equipment) 


14.6 M-I SWACO SOP 3001 (Retort Inspection and Calibration) 


15.0 Documentation 


15.1 Sample collection information is recorded in the Field Notebook. 


15.2 Calculations are documented in the permittee-approved software and recorded in the Daily 


Activity Report (Form 1006-1) 


15.3 Mark all unused fields with �N/A� and/or a line though the unused blank.  


15.4 The Compliance Engineer maintains the Retort Input Data Forms (Form 3002-1) and 


software outputs in the Drilling Interval Notebook.  A copy of the Retort Input Data Forms 


(Form 3002-1) is provided to the permittee daily. 


15.5 Upon completion of the drilling interval, provide the permittee with the Retort Input Data 


Forms (Form 3002-1) and software outputs.  Archive a copy of the Retort Input Data Forms 


(Form 3002-1) and software outputs in the project files at the District Office. 
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Form 3002-1 Retort Input Data 


Certificate of Analysis 


Operator:  Rig:  Date:  


Area & Block: 


(Surface Location)


OCS-G Number:  Interval #:  


Method Reference:  
40 CFR 435, Appendix 7 to Subpart A � API Recommended 


Practice 13B-2 
Permit Number:  


Sample Collection Point:  Sample Time:  


Start Depth:  End Depth:  Sample Depth:  Sample Vol.:  


Retort Start 
Time: 


 
Retort End 


Time: 
 Retort S/N:  Cell #:  


RETORT CELL WITH STEEL WOOL (A):  Grams 


CELL + WET CUTTING WEIGHT (B):  Grams 


EMPTY JP TUBE WEIGHT (C):  Grams 


LIQUID + JP TUBE WEIGHT (D):  Grams 


CELL + DRY CUTTING WEIGHT (E):  Grams 


WATER VOLUME IN JP TUBE (V):  mL 


Mass Balance:  1 ± 0.ð5 


ROC RESULT FROM SOFTWARE:  %BF 


Comments: 


Sample Collection Point:  Sample Time:  


Start Depth:  End Depth:  Sample Depth:  Sample Vol.:  


Retort Start 
Time: 


 
Retort End 


Time: 
 Retort S/N:  Cell #:  


RETORT CELL WITH STEEL WOOL (A):  Grams 


CELL + WET CUTTING WEIGHT (B):  Grams 


EMPTY JP TUBE WEIGHT (C):  Grams 


LIQUID + JP TUBE WEIGHT (D):  Grams 


CELL + DRY CUTTING WEIGHT (E):  Grams 


WATER VOLUME IN JP TUBE (V):  mL 


Mass Balance:  1 ± 0.ð5 


ROC RESULT FROM SOFTWARE:  %BF 


Comments: 


Software Used: 
(Name and Version) 


Interval Average 
% BF: 


 Well Average % BF:  


Analyst Signature:  Date:  
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Quality Assurance Officer Date 
 
 


Compliance Supervisor Date 
 


 
1.0 Scope and Application 
 


 This Standard Operating Procedure (SOP) provides consistent methodology for the qualitative 
(pass/fail) analysis of drilling fluid or drill cuttings for static sheen. Static sheen is a 
compliance test for the  discharge of free  requirement for discharge of drilling fluids 
and drill cuttings from offshore production platforms. 


 
2.0 Definitions 


 
2.1 Free oil  any oil contained in a waste stream that, when discharged, will cause a film or 


sheen upon or a discoloration of the surface of the receiving water. 
 
2.2 Sheen    a  silvery  or  metallic  reflection  or  gloss;  increased  reflectivity,  visual  color, 


iridescence or an oil slick on the water surface. 
 
3.0 Interferences 


 
3.1 This test requires that the sample be introduced below the water surface.  Any introduction of 


the  sample  to  the  water  surface  (e.g.,  from  outside  the  syringe  when  immersing  and 
removing it from the water) interferes with the test observation. 


 
3.2 Residual free oil on improperly washed equipment is a primary source of contamination.  All 


reusable equipment must be thoroughly cleaned using the procedures in M-I SWACO SOP 
 2004 (Decontamination of Equipment). 
 
4.0 Health and Safety Considerations 


 
4.1 No  specific  health  and  safety  considerations  are  necessary  other  than  the  general 


procedures outlined in the Global HSE Plan. 
 
4.2 Consult Material Safety Data Sheets (MSDS) for drilling fluids used during drilling interval. 
 
5.0 Equipment and Supplies 
 
5.1 Equipment and supplies are to be provided by the permittee.  If they are not available, obtain 


the items listed below. 
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5.2 2 Rubbermaid® dishpans, No. 2951 or 11.5 quart or equivalent.  (Container must have an 


internal cross-section parallel to its opening has an area of 1000 cm2 ± 50 cm2 and a depth 
of 13 to 30 cm). 


 
5.3 20- or 30-gallon black plastic trash bags. 
 
5.4 20-mL or 25-mL disposable plastic syringes. 
 
5.5 Disposable plastic weigh boats. 
 
5.6 Sample collection containers: 32-oz wide-mouth glass jar with Teflon®-lined cap or equivalent; 


cleaned as specified in M-I SWACO SOP 2004 (Decontamination of Equipment). 
 
5.7 Stainless steel spatula. 
 
5.8 Triple beam balance. 
 
5.9 5-gallon bucket for seawater. 
 
5.10 Ambient seawater. 
 
5.11 Test area with fluorescent lighting. 
 
5.12 Daily activity report (M-I SWACO SOP 1006  Field Logs). 
 
5.13 Static Sheen Test Report Form 3004-1. 
 
6.0 Reagents and Standards 


 
6.1 There are no standards associated with this method. 
 
7.0 Sample Collection, Preservation, Shipment, and Storage 


 
7.1 Samples of drilling fluids are collected daily from beneath the shale shaker after cuttings 


have been removed.  The sample volume should range from 200 to 500 mL and be collected 
in a glass jar. 


 
7.2 Samples of drill cuttings are collected daily from the shale shaker screen with a clean 


spatula or similar instrument and placed in a sample container.  The sample volume should 
range from 200 to 500 g. 
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7.3 Samples must be tested no later than one hour after collection. Samples must be stored in a 


dedicated laboratory refrigerator and maintained at 4±2°C until tested. 
 
8.0 Quality Control  


 


8.1 Compliance  Engineers  are  trained  in  the  requirements  of  this  procedure  through  the 
Compliance Engineer training program.  Training on SOP revisions will be documented 
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer 
Training). 


  
9.0 Calibration and Standardization 
 
9.1 Calibrate the balance as described in M-I SWACO SOP 1004 (Balance Calibration). 
 
10.0 Procedure 
 
10.1 Cut a new plastic garbage bag in half and place the liners in each dishpan. 
 
10.2 Collect five gallons of seawater. 
 
10.3 Pour the seawater into the plastic bag-lined dishpans to within ½ inch of the top. 
 
10.4 Mud Samples 
  
 10.4.1 Homogenize the mud sample thoroughly. 
 
 10.4.2 Fill and empty the disposable syringe with the homogenized mud three times.  Fill the 


syringe with 20 mL of mud. Inject 15 mL of mud into the seawater 1 cm below the surface. 
 
 10.4.3 Stir the seawater with a syringe to distribute the test material homogenously. 
 
10.5 Cuttings Samples 
  
 10.5.1 Mix the cuttings thoroughly with a clean spatula. 
 
 10.5.2 Using the stainless steel spatula, weigh 15 grams of cuttings onto a disposable plastic 


weigh boat. 
 
 10.5.3 In the second dishpan, immerse the weigh boat into the water and use the spatula to 


scrape the cuttings into the bottom of the container.  Stir the cuttings with the spatula to evenly 
distribute the solids on the bottom of the dishpan. 
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10.6 Observations 
 
 10.6.1 Make all observations within one hour of transferring the sample into the container. 


Observations should be made every 10 minutes with the final observation being 60 minutes 
from the start of the test. 


 
 10.6.2  Look  for  a  silvery  or  metallic  sheen,  or  gloss,  increased  reflectivity,  visual  color, 


iridescence or an oil slick.  Look from at least three directions at angles 30 to 60 degrees from 
horizontal. 


 
 10.6.3 If the free oil covers more than 10% of the surface area, the film may be too thick to 


see color or sheen, so look for an oil slick. 
 
 10.6.4 If a sheen is observed on less than ½ of the surface area continue to make 


observations for a total of one hour.  If the sheen still covers less than ½ of the surface area at 
the end of one hour, the sample passes the static sheen test and the discharge can continue. 


 
 10.6.5 If the sample causes a sheen to occur on more than ½ of the surface area within one 


hour of starting the test, the sample does not pass the static sheen test.  Notify the permittee. 
 


10.6.6 Record observations on the Static Sheen Test Report Form 3004-1. 
 


 10.6.7 Record results on the Daily Activity Report (Form 1006-1). 
 
11.0 Calculations 


 
11.1 There are no calculations with this procedure. 
 
12.0 Data Assessment and Corrective Actions 


 


12.1 If a test for a sample is not begun within one hour of sample collection or if a negative result 
is not confirmed by continued observation for up to one hour, the test is invalid.  Collect 
another sample and repeat the test.  


 
12.2 If a sample does not pass the sheen test, notify the permittee. 
 
13.0 Pollution Prevention and Waste Management 


 


13.1 Samples are retained until the holding time has expired or until the Compliance Engineer has 
verified the acceptability of the test results, whichever comes first. 


 
13.2 Plastic trash bag liners are placed in the trash. 
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13.3 The seawater/mud and seawater/cuttings slurries are placed into the mud system. 
 
14.0 References 


 


14.1 Appendix 1 to Subpart A of Part 435. 
 


14.2 M-I SWACO SOP 1004 (Balance Calibration) 
 


14.3 M-I SWACO SOP 1006 (Field Logs) 
 
14.4 M-I SWACO SOP 2004 (Decontamination of Equipment) 
 
15.0 Documentation 


 
15.1 Sample collection information is recorded in the Field Notebook and the Daily Activity Report. 
 
15.2 The results of the static sheen tests are recorded on the Static Sheen Test Report Form (Form 


3004-1) and on the Daily Activity Report (Form 1006-1). 
 
15.3 Mark all unused fields with  and/or a line though the unused blank.  Enter a comment in 


the comment column as to why the empty column was not used. 
 
15.4 The Compliance Engineer maintains the Static Sheen Report Forms in the Drilling Interval 


Notebook. 
 
15.5 Upon completion of the drilling interval, provide the permittee with the original Static Sheen 


Test Report Forms.  Archive a copy of the Static Sheen Test Report Forms in the project files 
at the District Office. 
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Form 3004-1  Static Sheen Test Report 
Form 


 


Certificate of Analysis 


Operator:  OCS-G Number:  


Rig Name:  Area and Block: 
(Surface Location) 


Permit Number:  Method Reference: 
 


40 CFR Subpart A, Appendix 1 to Subpart A 


Sample ID Number   


Date of Sampling and Analysis   


Type of Sample   


Time of Sampling   


Location of Sample 
  


Sample Collector   


Test Location   


Analyst   


Time Test Initiated   


Observations Time Pass  / Fail Time Pass  / Fail 


1     


2     


3     


4     


5     


6     


Results of Analysis Pass / Fail Pass / Fail 


Comments: 


Analyst Signature: Date: 
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1.0 Scope and Application


The purpose of the procedure is to provide a consistent method for performing a visual sheen test of
waste streams discharging into the marine environment around a drilling platform.


2.0 Definitions


2.1 Sheen – means a silvery or metallic sheen, gloss, or increased reflectivity, visual color or
iridescence on the water surface.


2.2 Free oil – any oil contained in a waste stream that, when discharged, will cause a film or
sheen upon or a discoloration of the surface of the receiving water.


2.3 Drilling Fluid - means the circulating fluid (mud) used in the rotary drilling of wells to clean
and condition the hole and to counterbalance formation pressure. Classes of drilling fluids
are:


2.4 TCW fluids - means Treatment Completion Workover fluids. These are defined as salt
solutions, weighted brines, polymers and various additives used to prevent damage to the
well bore during operations which prepare the drilled well for hydrocarbon production or alter
the formation in some way to increase production; or biocides, corrosion inhibitors, or other
chemicals which are used to treat seawater or freshwater to prevent corrosion or fouling of
piping or equipment.


2.5 Deck Drainage - means any waste resulting from deck washings, spillage, rainwater, and
runoff from gutters and drains including drip pans and work areas within facilities subject to
this permit.


2.6 Miscellaneous Discharge – means the discharge of:


Desalination Unit Discharge Diatomaceous Earth Filter Media


Blowout Preventer Fluid Uncontaminated Ballast Water


Uncontaminated Bilge Water Mud, Cuttings, and Cement at the Seafloor


Uncontaminated Freshwater Uncontaminated Seawater


Boiler Blowdown Source Water and Sand


Excess Cement Slurry


2.7 Produced Water - means the water (brine) brought up from the hydrocarbon-bearing strata
during the extraction of oil and gas, and can include formation water, injection water, and any
chemicals added downhole or during the oil/water separation process.


Quality Assurance Officer Date


Compliance Supervisor Date
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2.8 Sanitary Waste - means human body waste discharged from toilets and urinals.


2.9 Domestic Waste - means material discharged from galleys, sinks, showers, safety showers,
eye wash stations, hand washing stations, fish cleaning stations, and laundries.


3.0 Interferences


3.1 This test can not be performed when atmospheric or surface conditions prohibit the observer
from detecting a sheen (e.g., overcast skies, rough seas, ect.).


4.0 Health and Safety Considerations


4.1 No specific health and safety considerations are necessary other than the general
procedures outlined in the Global HSE Plan.


5.0 Equipment and Supplies


5.1 Daily observation worksheet.


6.0 Reagents and Standards


6.1 Reagents or standards are not applicable to this procedure.


7.0 Sample Collection, Preservation, Shipment and Storage


7.1 There is no sample collection for this procedure.


8.0 Quality Control


8.1 Compliance Engineers are trained in the requirements of this procedure through the
Compliance Engineer training program. Training on SOP revisions will be documented
through completion of Form 2009-1, as described in SOP 2009 (Compliance Engineer
Training).


9.0 Calibration and Standardization


9.1 No calibration required.


10.0 Procedure


10.1 The observer must be positioned on the rig or platform, relative to both the discharge point
and current flow at the time of discharge, such that the observer can detect a sheen should it
surface down current from the discharge. For any discharges that have been occurring for at
least 15 minutes previously, observations can be made any time thereafter. For discharges of
less than 15 minutes duration, observations must be made during both discharge and 5 minutes
after discharge has ceased.
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10.2 Obtain and record wind speed, wind direction, and current direction from appropriate
personnel on site (e.g., marine department, barge engineer, ect.).


10.3 If an observation cannot be made, record this in the Daily Observation Worksheet along with
a comment as to why the observation cannot be made (e.g., overcast skies, rough seas,
ect.).


11.0 Calculations


11.1 There are no calculations with this procedure.
12.0 Data Assessment and Corrective Actions


12.1 There is no data assessment associated with this procedure.
13.0 Pollution Prevention and Waste Management


13.1 There are no wastes that are generated with this procedure.


14.0 References


14.1 Final NPDES General Permit for New and Existing Sources and New Discharges in the
Offshore Subcategory of the Oil and Gas Extraction Category for the Western Portion of the
Outer Continental Shelf of the Gulf of Mexico (GMG290000)


14.2 Final NPDES General Permit No. GMG 460000 for Offshore Oil and Gas Activities in the
Eastern Gulf of Mexico


15.0 Documentation


15.1 Daily Observation Worksheet


15.2 Archive the Daily observation worksheet in the Drilling Interval Logbook during the drilling
interval.


15.3 Mark all unused fields with “N/A” and/or a line though the unused blank.


15.4 Upon completion of the drilling interval, provide the permittee with a copy of the Daily
Observation Worksheet. Archive a separate copy in the project files at the District Office.
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SCOPE 
 
This document offers work level instructions for the proper completion of continuous temperature monitoring of non-contact cooling 
water at Alaska SHELL operations. 
 
RESPONSIBILITY 
 
The M-I SWACO Compliance Supervisor is responsible to ensure that this LWI has been provided to each person prior to conducting 
this task. 
Each M-I SWACO Compliance Specialist is responsible for reviewing the below procedure, and referenced documents prior to 
beginning the work outlined within and for adhering to the below document while performing the task.   
 
1.0 References: 


1.0 NPDES Permit 
 
2.0 General Requirements: 


2.0 M-I SWACO Compliance trained personnel will oversee all monitoring and documentation. 
 


3.0 Safety Guidelines: 
3.0 Standard PPE for the area that the temperature will be taken must be worn.  This will include hard hat, FRC 


coveralls, eye protection, hearing protection and hard toed work boots.  Note that other PPE may be required 
depending on the discharge point location. 


 
4.0 Instructions: 


4.0 Temperature sensors installed at each non-contact cooling water discharge point will continuously measure and 
record the temperature of the effluent fluid. The data will be logged and reviewed daily so the high and low 
temperatures can be recorded.  Temperatures are sampled from each discharge point once per minute; with the 
value logged as the results are displayed in real time on the computer screen.  The Compliance Specialist will be 
able to monitor each systems cooling water temperatures while in the compliance lab. 


4.1 Every 24 hours the temperature readings will be reviewed by the Compliance Specialist and the daily high and low 
temperatures will be recorded. 


4.2 The high and low temperatures for each cooling water discharge will be logged on the NPDES spreadsheet.  
 
5.0 Contingency:  


5.0 Process for sampling and recording temperatures in the event of a single sensor failure 
5.0.1 Proper PPE for the area that the samples will be collected must be donned prior to entering those areas. 
5.0.2 In the event that a single temperature sensor fails, temperatures will be taken manually at the discharge 


point with a certified traceable thermometer. 
5.0.3 Samples will be collected every hour and temperature measured immediately. Values will be logged and the 


maximum and minimum temps recorded on the NPDES spreadsheet. 
 


5.1         Process for sampling and recording temperatures in the event of multiple censor failures or complete system failure. 
              5.1.0 In the event of multiple censor failures or a complete system failure, the Compliance Specialist will manually 


sample temperatures of non-contact cooling waters every six hours. 
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5.1.1      Systems which tend to have the greatest variance in temperatures, along with high volume 
discharges, will be prioritized above other discharge systems. 


5.1.2 Samples will be collected and the temperatures immediately measured using a certified traceable 
thermometer. 


5.1.3 Every 24 hours, the Compliance Specialist will record the maximum and minimum temperatures for 
each non-contact cooling water discharge on the NPDES spreadsheet.   


 
 
Revision Log 
Date: Document History: Revised/reviewed by: Location: 


2/22/13 Original Created Buddy Brooks Alaska Shell Operations 
2/25/13 Approved for distribution Peter Nelson Alaska Shell Operations 
2/25/13 Reviewed Jeremy Chadwell Alaska Shell Operations 
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1.0 SCOPE 


 
To estimate the chronic toxicity of effluents and receiving waters to topsmelt, Atherinops 
affinis, during a seven-day, static-renewal exposure.  Procedures are based on 
EPA/600/R-95/136 and WDOE WQ-R-95-80. 
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Number of replicates per concentration 5 
Volume of test chamber 600 mL (minimum) 
Volume of test samples and controls 200 mL (minimum) 
Number of test organisms per chamber 5 
Test substance renewals Daily 
Type of biological observations Survival and growth (dry weight and biomass) 
Definition of death for this test Lack of movement after a pulse of water has 


been applied from a disposable pipette 
Times of biological observations Survival - daily; growth at end of test 
Type of physical observations Bath and chamber temperature and light 
Times of physical observations Bath temperature continuous; chamber 


temperature and light daily 
Types of water quality analyses DO, temperature, salinity, and pH in one 


replicate per concentration, daily 
  


 
2.2 Physical Requirements 
 
DO  ≥ 4.0 mg/L 
Temperature 20 ± 1ºC 
Salinity 5-34 ppt (± 2 ppt of selected test salinity for California);  
  30 (or 34) ± 2 ppt for Washington 
pH  7.8 - 8.2 (dilution water), 6-9 (test sample) 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux)
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2.3 Biological Requirements 
 
Feeding Test organisms will be fed 40 newly-hatched (less than 24-hour old) 


Artemia nauplii per larva twice a day from day 0 through day 6.  Organisms 
are not fed on day 7. 


Life stage Larvae (9-15 days post-hatch) will be used 
Dilution water Filtered (0.45µm) Hood Canal seawater diluted with reagent grade 


deionized water to test salinity or reconstituted seawater made with 
bioassay grade salts (i.e. Crystal Sea Marine Mix or equivalent) 


 
2.4 Interferences 
 
Toxic substances may be introduced by contaminants in dilution water, glassware, sample 
hardware, and testing equipment. 
 
Improper effluent sampling and handling may adversely affect test results. 
 
Pathogenic and/or predatory organisms in the dilution water and effluent may affect test 
organism survival and confound test results. 
 
Food added during the test may sequester metals and other toxic substances and 
confound test results. 
 
3.0 TEST ORGANISM 
 
The test organism will be Atherinops affinis (Topsmelt).  This organism is to be used in 
effluent and receiving water testing. 
 
3.1 Test Organism Specifications 
 
Species: Atherinops affinis Topsmelt) 
Source: Aquatic BioSystems, Fort Collins, CO 
Age:  Larvae (9 - 15 days post hatch) will be used 
 
 
3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
Stock cultures of A. affinis will be fed newly-hatched (< 24 hours old) Artemia daily.  Food 
identification, source, preparation, and quality will be tracked. 
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If the organisms’ survival rate in any replicate on any day falls below 50%, the volume of 
Artemia will be reduced by one-half for the remainder of the test. 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboatory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Light meter 
DO meter and probe 
pH meter and probe 
Conductivity meter and probe 
Thermistor 
Nitex® mesh sieves (0.5 mm) 
Drying oven 
Desiccator 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a water bath, temperature controlled room, or incubator capable 
of maintaining constant temperature and appropriate illumination.  The facility will be well 
ventilated and free of fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
600-mL glass beakers or equivalent 
 
6.0 PROCEDURE 
 
Nine (9) to 15-day old larvae are exposed in a static-renewal system to different 
concentrations of effluent or to receiving water for a period of seven days.  Test results are 
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based on the survival and growth (change in dry weight) of the larvae as compared to the 
control. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
6.1.2 Dilution Water Preparation 
 
Dilution water will be made from filtered natural or reconstituted seawater diluted to the 
appropriate test salinity (5 to 34 ± 2 ppt) with deionized water as needed. 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.1.4 Test Organism Addition 
 
Nine (9) to 15-day old larvae are active and difficult to capture and are subject to handling 
mortality; care must be taken when handling. The fish culture is concentrated by 
transferring animals from the short term culture to a nested sieve (0.5 mm) submerged in 
dilution water. The fish are concentrated by slightly lifting the nested sieve so that the water 
volume is reduced but the animals are still within water. Animals are then scooped with a 
small cup (intermediate holding vessel) and decanted into sets of five animals each. 
Transferring animals with a wide-bore pipette should be avoided, but may be used to 
remove unwanted fish.  Within a short time from transfer the intermediate holding vessels 
are immediately checked by a different technician for organism health and the desired 
number of animals is correct. The larvae are then transfered into test chambers.  Test 
organisms will be transferred to test chambers in a manner to avoid systematic bias 
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(randomly).  Any organisms remaining (stranded) in the intermediate holding vessel after 
the transfer will be discarded and replaced. Test chambers will be arranged randomly in 
the water bath. 
 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test dilutions will be prepared using labware cleaned according to Section 6.1.1 or using 
pre-cleaned labware of a disposable nature.  Dilution water will be the only water used in 
making up all stock and final dilutions.  Each test chamber will be labeled with the test ID 
number, dilution, and replicate.  The position of the test chambers will be randomized.  This 
position will be maintained throughout the test. 
 
6.2.2 Test Measurements 
 
Data will be recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each concentration.  Readings will be taken on the 
“old” test solution as well as the renewal solutions.  Data collection will start in the controls 
and proceed from the lowest test concentration to the highest.  If 100% mortality occurs in 
any test chamber readings will be taken on that day, but no subsequent readings will be 
taken from that test chamber. 
 
Biological.  The number of live and dead larvae in each test chamber is recorded daily, 
and the dead larvae are discarded.  At the end of the test, the numbers of surviving larvae 
in each test chamber are counted and placed in weigh boats. 
 
Immediately before drying, the larvae are rinsed in deionized water.  The rinsed larvae are 
transferred by forceps to a tared weighing boat and dried at 60ºC for 24 hours or at 100ºC 
for a minimum of 6 hours.  Immediately upon removal from the drying oven, the weighing 
boats are placed in a desiccator to cool and to prevent the adsorption of moisture from the 
air until weighed.  All weighing boats containing the dried larvae are weighed to 0.01 mg; 
the tare weight is subtracted; and the measurement is recorded. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
Before the daily renewal of test dilutions, uneaten and dead Artemia and other debris are 
removed from the bottom of the test chambers with a pipette.  Remaining dilution water will 
be decanted or removed using a siphon, leaving approximately 10-15% of total volume.  If 
handling mortality occurs, the number and chamber position of the dead larvae will be 
recorded. 
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6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 10-15% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the larvae. 
 
6.3 Post-task 
 
6.3.1 Data Analysis 
 
The end points of this chronic toxicity test using Atherinops are based on the adverse 
effects on survival and growth.  Calculate the effects on growth using the original number 
of test organisms, and calculate the mean weights of the controls (used to evaluate if 
weights met test acceptability criteria) using the surviving number of test organisms. 
 
Results Needed: 


• Percent mortality in controls 
• Percent mortality in test concentrations 
• LC50 value and 95% confidence limits 
• EC50 value and 95% confidence limits (effects on growth) 
• Tables showing biological, chemical, and physical data 


 
6.3.2 Method 
  
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.3 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired. At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
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6.3.4 Pollution Prevention 
 
For glassware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (copper sulfate) are collected for hazardous 
waste disposal. 
 
6.4 Reference Toxicant Test 
 
A positive control test (reference toxicant test) must be tested concurrently with any chronic 
toxicity effluent test performed with Atherinops affinis. This test is used to assess the health 
of a particular batch of test organisms or organisms from a specific source (i.e. field 
collected or a specific supplier). Five concentrations (20, 40, 80, 160, 320 ppb) of a 
reference substance (copper sulfate) may be used in a 7-day exposure to assess the 
health of the test organisms.  (Concentrations may be adjusted in cases of changes in 
organism sensitivity.)  Five replicate test chambers per reference substance concentration 
will be used.  The LC50 values will be compared with historical data from definitive 
bioassays.  The results of mortality and growth with the reference substance will be 
reported and used in combination with control responses to characterize the health of the 
test organisms. 
 
It should be noted that currently there is currently only a single supplier for topsmelt 
(Aquatic BioSystems, Fort Collins CO.).  
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any laboratory personnel demonstrating competence with this method may perform the 
procedure. 
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9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 
Test acceptability criteria are: 


• 80% or greater survival in controls 
• If the test starts with 9-day-old larvae, the mean weight per larva must 


exceed 0.85 mg in the reference and brine controls; the mean weight of 
preserved larvae must exceed 0.72 mg. 


• The LC50 for survival must be within two standard deviations of the control 
chart mean for the laboratory.  The LC50 for survival with copper must be 
<205 µg/L. 


• The minimum significant difference (%MSD) of <25% relative to the control 
for survival for the reference toxicant test.  The (%MSD) of <50% relative to 
the control for growth for the reference toxicant test. 


 
9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
 
10.0 REFERENCE DOCUMENTS 
 
Chapman, G.A., D.L. Denton, and J.M. Lazarchak (Eds.). 1995.  Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine 
and Estuarine Organisms.  U.S. EPA Environmental Monitoring Systems Laboratory, 
Cincinnati, Ohio, EPA/600/R-95/136. 
 
Norberg-King, T.J. 1988.  An interpolation estimate for chronic toxicity:  The ICp approach. 
Technical Report 05-88, National Effluent Toxicity Assessment Center, Environmental 
Research Laboratory, U.S. Environmental Protection Agency, Duluth, Minnesota. 
 
Washington State Department of Ecology. 2008 Revision. Laboratory Guidance and Whole 
Effluent Toxicity Test Review Criteria.  Water Quality Program.  Publication No. WQ-R-95-
80. 
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1.0 SCOPE 
 
To determine the chronic toxicity to Menidia beryllina (inland silverside) when exposed to a 
test substance for 7 days.  Procedures are based on the Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
Organisms. 3th Ed. (EPA 2002) (EPA-821-R-02-014). The implementation of this method 
is further defined in the Washington Department of Ecology document Laboratory 
Guidance and Whole Effluent Toxicity Test Review Criteria (WQ-R-95-80) for 
regulatory use on samples originating in Washington State.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on M. beryllina 
Test type Static Renewal 


Test duration 7 Days  


Test temperature 25±1 ºC 


Test Salinity 30± 2 ppt (recommended); Range = 5 – 32 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 min.) 
at 50-100 foot-candles (550-1050 lux) 


Test chamber size 600 – 1000 mL (recommended) 


Test solution volume 500 – 750 mL (recommended) 


Renewal of test solution Daily 


No. of organisms per chamber 10 
No. of replicates per treatment 4 


Feeding 
1000 Artemia nauplii Days 0 -2 
1500 Artemia nauplii Days 3 – 6 
None on Day 7 


Test solution aeration None unless DO levels fall below 4.0 mg/L 
Type of biological observations Death, growth (dry weight) 


Definition of death for this test Lack of movement after a pulse of water has been applied 
from a disposable pipette 


Times of biological observations Daily 
 
 
 







 


Title:  7-Day Chronic Toxicity Study with Menidia 
beryllina 


SOP No.: 
Date: 
Page No.: 


TOX012.06 
07/09/2014 


of 11 


 


PROPRIETARY INFORMATION FOR REVIEW PURPOSES ONLY, DO NOT DUPLICATE OR DISTRIBUTE 


2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L or 60% saturation  
Temperature 25 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Menidia beryllina (inland silverside) 


Life Stage Tested 7-11 days old (24 hour age range) 


Feeding Daily 


Temperature (°C) 25±1 ºC 


pH 6-9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to test 
chambers and introduction of test organisms), and daily thereafter 
until termination in a surrogate chamber per concentration.  Total 
residual chlorine on control and highest concentration at beginning 
and end of test (final measurement is not necessary if chlorine 
undetected in initial). 


 
 
2.3 Biological Requirements 
 
 
Feeding Test organisms will be fed ad libitum during the holding period. Feeding 


rate is 0.10mL of Artemia nauplii per chamber (or ~1000 Artemia per 
chamber) on Days 0 – 2, and 0.15mL of Artemia nauplii per chamber (or 
~1500 Artemia per chamber) on Days 3 - 6. Larvae are not fed on Day 7. 


Life stage Juveniles (7 to 11 days post-hatch; 24 hours range in age) will be used 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may increase 
sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless pH is large 
(more than 1 pH unit) or if concentration of some pH-dependent toxicant in the sample is 
near the threshold for toxicity. To confirm that toxicity is artifactual and due to pH drift, 
parallel tests should be conducted, one with controlled pH and one with uncontrolled pH. 
Total ammonia should also be measured in each treatment at the beginning of parallel 
testing. During parallel testing, the pH should be measured in each treatment at the 
beginning and end of each 24 hour exposure period. For each treatment, the mean initial 
pH and mean final pH should be reported. pH measurements taken during the test should 
confirm that pH was effectively maintained at the target pH in the controlled pH treatment. 
For each treatment, the mean initial pH and the mean final pH should be within +/- 0.2 pH 
units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
The test organism will be Menidia beryllina.  This organism is used extensively in effluent 
and product testing. 
 
3.1 Test Organism Specifications 
 
Species: Menidia beryllina 
Source: Aquatic BioSystems, Aquatic Research Organisms, Aquatic Indicators. 
Age:  7 to 11-day-old larvae 
Identification: Before exposure to test substances, individuals will be positively identified 


as Menidia beryllina 
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3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
During the test, the organisms in each test chamber will be fed Artemia nauplii (less than 
24-hour old).  Organisms will be fed 0.1 g wet weight (~1000) per replicate on Days 0 to 2; 
0.15 g wet weight (~1500) per replicate on Days 3 to 6.  For feeding density estimation, 
two-10uL subsamples of concentrated Artemia are pipeted onto a piece of filter paper and 
counted utilizing a dissecting microscope. When pipeting Artemia, the pipet tips need to be 
trimmed with a blade to enlarge the opening and prevent clogging and damage to the 
animals. The subsample counts will then be averaged to estimate the number of Artemia 
per 10μL. The following formula will be used to determine the amount of concentrated 
Artemia to deliver the appropriate amount per replicate. This process will be repeated for 
each batch of Artemia collected. Larvae will not be fed on Day 7. 
 


1. Corrected mean count of Artemia per μL 
# Mean Count ÷ 10 = corrected mean count 


2. Desired Amount (1000 or 1500 Artemia) ÷ # corrected mean count 
 
Example 
Subsample counts: 38 and 32 = mean count of 35 
Corrected mean count: 35 ÷ 10 = 3.5 
Desired amount: 1000 ÷ 3.5 = 295.7 μL (amount to deliver per replicate)  
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboratory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection.  Samples utilized for test solutions 
renewals shall not exceed 72 hours of sample collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Thermometer 
Light meter 
Electronic meters and probes (DO, Temp, Cond/Sal, pH, Ammonia) 
Colorimetric titration for water hardness and alkalinity 
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Dissecting microscope with substage lighting 
Analytical balance 
Sedgwick-Rafter counting cell (or equivalent) 
30-mL plastic cups 
600 - 1000mL beakers 
Graduated cylinders 
 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a room with constant temperature of 25 ± 1°C and appropriate 
illumination of 16-hour/8-hour day/night cycle.  The facility will be well ventilated and free of 
fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
500, 600, or 1000mL chambers 
 
6.0 PROCEDURE 
 
Larvae are exposed in a static-renewal system for seven days to different concentrations of 
effluent or to receiving water.  Test results are based on the survival and growth (increase 
in weight) of the larvae as compared to the control. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
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resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
 
6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: natural seawater (Northern Hood Canal, WA; sand filtered and salinity 
adjusted as needed) or artificial seawater (prepared from deionized water and Crystal Sea 
Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 6.1.1 
or using pre-cleaned labware of a disposable nature. Dilutions are initially prepared in 
vessels large enough to contain sufficient volume for all test replicates. These “stock” 
containers may be used for preparing the test solutions prior to test initiation and for the 
test solution renewal (if required).  
 
The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum of 
five test substance concentrations. The definitive test (also referred to as a “dilution test” or 
“LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, specific 
test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions (unless 
receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once the 
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conditions are confirmed to be within the test parameters, the solutions will be distributed to 
the replicate test chambers. Each test chamber will be labeled with a coded test chamber 
number, representing the specific test, the concentration, and the replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 7-day exposure to at least five concentrations of a 
reference substance (known toxicant) used to assess the health and sensitivity of the test 
organisms.  Dilutions will be selected to bracket laboratory historical 7-dayLC50.  The LC50 
results will be compared with historical data from definitive bioassays with the reference 
substance.  The results of the 7-day survival and growth test, determined during this study, 
will be reported and used in combination with control mortality to characterize the health of 
the test organisms. 
 
6.2.3 Test Organism Addition 
 
Fish larvae will be captured using a large bore, pipette equipped with a suction bulb.  The 
volume in the holding chamber will be reduced and the larval fish will be captured, one at a 
time, and placed into intermediary holding vessels (1oz plastic food cups).  The tip of the 
pipette will be placed below the surface of the intermediary holding vessel during the 
transfer.  Since the larvae are slow moving and small, ten larvae can be easily counted into 
each cup; however, if the technician feels his or her accuracy is improved by counting 
fewer fish, only five larvae should be placed in each cup.  After the organisms are 
dispensed, a light table is used to verify the number and health of organisms in each cup. 
Larvae will be transferred to the test dilutions from the intermediary holding vessels within 
90 minutes of the test dilution makeup.  The amount of water added to the chambers when 
transferring the larvae to the compartments will be kept to a minimum to avoid unnecessary 
dilution of the test concentrations. Test organisms will be transferred to test chambers in a 
manner to avoid systematic bias.  Any organisms remaining after the transfers will be 
discarded.  Test chambers will be arranged randomly in the test area. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
At the time of daily renewal of test solutions, uneaten and dead Artemia and other debris 
are removed from the bottom of the test chambers with a siphon hose.  Siphoned water is 
collected in a white plastic tray so any larvae caught up in the siphon can be carefully 
retrieved and gently returned by pipette to the appropriate test chamber.  If handling 
mortality occurs, the number and chamber position of the dead larvae will be recorded. 
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6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 15-20% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the larvae. 
 
6.2.5 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each measurement.  DO, temperature, salinity, and 
pH will be measured at the beginning and end of each 24-hour period in one test chamber 
per concentration and in the control.   
 
Biological.  The number of live and dead larvae in each test chamber are recorded daily, 
and the dead larvae are discarded.  At the end of the test, the number of surviving larvae in 
each test chamber are counted as a group for drying and weighing. 
 
Growth and Biomass.  Immediately before drying, the preserved larvae are rinsed in 
distilled water.  The rinsed larvae are transferred by forceps to a tared weighing boat and 
dried at 60°C for 24 hours or at 100°C for a minimum of 6 hours.  Immediately upon 
removal from the drying oven, the weighing boats are placed in a desiccator to cool and to 
prevent the adsorption of moisture from the air until weighed.  All weighing boats containing 
the dried larvae are weighed to 0.01 mg; the tare weight is subtracted; and the weight is 
recorded.  The dry weight is divided by the number of original larvae per replicate 
(Biomass) to determine the average individual dry weight.  This value is recorded on the 
data sheets.  The mean weight per surviving fish is also calculated and recorded (Growth). 
 For controls, this value is compared to test acceptability criteria. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
The average reproduction is calculated using the original number of test organisms. 
 
Results Needed: 


• Survival and growth in controls 
• Survival and growth in test concentrations 
• LC50 value and 95% confidence limits 
• IC50 value and 95% confidence limits (effects on reproduction) 
• Tables showing biological, chemical, and physical data 
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Concentration-Response Relationship:  The concentration-response relationship must be 
reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Laboratory Protocol LAB061 for guidance in evaluating the WET test variability and 
concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and the 
reference toxicant test must be evaluated to determine whether they fall within the upper 
and lower bound limits specified in EPA/821/B-00/004. These limits are included in 
Laboratory Protocol LAB061 which also contains guidelines for determining the proper 
course of action in the event the PMSD exceeds the upper bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoints of toxicity tests using Menidia beryllina (inland silverside) are based on the 
adverse effects on survival and growth. The LC50, the IC25, and the IC50 are calculated 
using point estimation techniques, LOEC and NOEC values, for survival and growth, are 
obtained using a hypothesis testing approach such as Dunnett’s Procedure or Steel’s 
Many-one Rank Test. Separate analyses are performed for the estimation of the LOEC 
and NOEC endpoints and for the estimation of the LC50, IC25, and IC50. Concentrations at 
which there is no survival in any of the test chambers are excluded from the statistical 
analysis of the NOEC and LOEC for survival and growth but included in the estimation of 
the LC50, IC25, and IC50. 
 
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired.  At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
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6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (aqueous metals) are collected for hazardous 
waste disposal. 
 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 
Test acceptability criterions are as follows: 


• ≥ 80% average survival of control larvae 
• Average dry weight is 0.50 mg or greater per surviving control larva (when test 


starts with 7-day-old larvae) 
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9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
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1.0 SCOPE 
 
To determine the chronic toxicity to Americamysis bahia (opossum shrimp) when exposed 
to a test substance for 7 days.  Procedures are based on the Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
Organisms. 3th Ed. (EPA 2002) (EPA-821-R-02-014). The implementation of this method 
is further defined in the Washington Department of Ecology document Laboratory 
Guidance and Whole Effluent Toxicity Test Review Criteria (WQ-R-95-80) for 
regulatory use on samples originating in Washington State.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on A. bahia 
Test type Static Renewal 


Test duration 7 Days  


Test temperature 26±1 ºC 


Test Salinity 30± 2 ppt (recommended); Range = 20 – 30 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 min.) 
at 50-100 foot-candles (550-1050 lux) 


Test chamber size 400 mL (recommended) 


Test solution volume 150 mL (recommended) 


Renewal of test solution Daily 


No. of organisms per chamber 5 
No. of replicates per treatment 8 


Feeding 375 Artemia nauplii twice daily. Once before and once after 
renewal. Approx. 8 hours apart 


Test solution aeration None unless DO levels fall below 4.0 mg/L 
Type of biological observations Death, growth (dry weight), fecundity 


Definition of death for this test Lack of movement after a pulse of water has been applied 
from a disposable pipette 


Times of biological observations Daily 
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2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L or 60% saturation  
Temperature 26 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Americamysis bahia (opossum shrimp) 


Life Stage Tested 7 days old 


Feeding Twice Daily 


Temperature (°C) 26±1 ºC 


pH 6-9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to test 
chambers and introduction of test organisms), and daily thereafter 
until termination in a surrogate chamber per concentration.  Total 
residual chlorine on control and highest concentration at beginning 
and end of test (final measurement is not necessary if chlorine 
undetected in initial). 


 
 
2.3 Biological Requirements 
 
 
Feeding Test organisms will be fed ad libitum during the holding period. Feeding 


rate is 375 Artemia nauplii per chamber twice daily.  
Life stage Juveniles (7 days old) will be used 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may increase 
sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless pH is large 
(more than 1 pH unit) or if concentration of some pH-dependent toxicant in the sample is 
near the threshold for toxicity. To confirm that toxicity is artifactual and due to pH drift, 
parallel tests should be conducted, one with controlled pH and one with uncontrolled pH. 
Total ammonia should also be measured in each treatment at the beginning of parallel 
testing. During parallel testing, the pH should be measured in each treatment at the 
beginning and end of each 24 hour exposure period. For each treatment, the mean initial 
pH and mean final pH should be reported. pH measurements taken during the test should 
confirm that pH was effectively maintained at the target pH in the controlled pH treatment. 
For each treatment, the mean initial pH and the mean final pH should be within +/- 0.2 pH 
units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
The test organism will be Americamysis bahia.  This organism is used extensively in 
effluent and product testing. 
 
3.1 Test Organism Specifications 
 
Species: Americamysis bahia 
Source: Aquatic BioSystems, Aquatic Research Organisms, Aquatic Indicators. 
Age:  7 day-old mysids 
Identification: Before exposure to test substances, individuals will be positively identified 


as Americamysis bahia 
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3.2 Test Organism Care 
 
Records of the stock shipments will be kept, including the original source, feeding regime, 
and holding water characteristics. 
 
During the test, the organisms in each test chamber will be fed Artemia nauplii (less than 
24-hour old).  Organisms will be 375 nauplii per replicate, twice daily.  For feeding density 
estimation, two-10uL subsamples of concentrated Artemia are pipeted onto a piece of filter 
paper and counted utilizing a dissecting microscope. When pipeting Artemia, the pipet tips 
need to be trimmed with a blade to enlarge the opening and prevent clogging and damage 
to the animals. The subsample counts will then be averaged to estimate the number of 
Artemia per 10μL. The following formula will be used to determine the amount of 
concentrated Artemia to deliver the appropriate amount per replicate. This process will be 
repeated for each batch of Artemia collected. 
 


1. Corrected mean count of Artemia per μL 
# Mean Count ÷ 10 = corrected mean count 


2. Desired Amount (1000 or 1500 Artemia) ÷ # corrected mean count 
 
Example 
Subsample counts: 38 and 32 = mean count of 35 
Corrected mean count: 35 ÷ 10 = 3.5 
Desired amount: 375 ÷ 3.5 = 107.1 μL (amount to deliver per replicate)  
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at the laboratory.  The test substance will not be 
heated, filtered, distilled, frozen, or otherwise altered without prior written consent by the 
Client. The test substance is stored at 0 - 6ºC in a secure and distinct storage area.  The 
test substance will be used within 36 hours of collection.  Samples utilized for test solutions 
renewals shall not exceed 72 hours of sample collection. 
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5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Thermometer 
Light meter 
Electronic meters and probes (DO, Temp, Cond/Sal, pH, Ammonia) 
Colorimetric titration for water hardness and alkalinity 
Dissecting microscope with substage lighting 
Analytical balance 
Sedgwick-Rafter counting cell (or equivalent) 
30-mL plastic cups 
beakers 
Graduated cylinders 
 


 
5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of a room with constant temperature of 26 ± 1°C and appropriate 
illumination of 16-hour/8-hour day/night cycle.  The facility will be well ventilated and free of 
fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 16 
hours light and 8 hours dark (± 15 min.). 
 
5.2.3 Test Chambers 
 
250, 400, or 600mL chambers 
 
6.0 PROCEDURE 
 
Mysids are exposed in a static-renewal system for seven days to different concentrations of 
effluent or to receiving water.  Test results are based on the survival and growth (increase 
in weight) of the mysids as compared to the control. 
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6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will come 
into contact with any of the test substances or organisms in this evaluation. Labware must 
be cleaned prior to use. Labware will first be soaked in deionized water then scrubbed with 
a brush on all surfaces using non-phosphate detergent in deionized water. Alconox® is a 
widely used established brand of detergent used in laboratory applications.  The clean 
materials will then be rinsed three times with running deionized water.  Labware will then 
be allowed to soak in a 10% hydrochloric acid bath and afterwards rinsed three times with 
deionized water. Glass labware with also receive a solvent rinse with reagent grade 
acetone, and finally rinsed three times with deionized water. Some plastic labware is not 
resistant to solvents and may be damaged by acetone. Plastic labware such as Teflon can 
receive a solvent rinse, but all other plastics should be investigated prior to solvent rinsing. 
 
 
6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: natural seawater (Northern Hood Canal, WA; sand filtered and salinity 
adjusted as needed) or artificial seawater (prepared from deionized water and Crystal Sea 
Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity at 
which the test will be conducted, unless already at the correct values.  The water quality 
conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize stress.  
During the holding period, just enough newly-hatched Artemia nauplii will be fed twice daily 
so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 6.1.1 
or using pre-cleaned labware of a disposable nature. Dilutions are initially prepared in 
vessels large enough to contain sufficient volume for all test replicates. These “stock” 
containers may be used for preparing the test solutions prior to test initiation and for the 
test solution renewal (if required).  
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The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum of 
five test substance concentrations. The definitive test (also referred to as a “dilution test” or 
“LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, specific 
test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions (unless 
receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once the 
conditions are confirmed to be within the test parameters, the solutions will be distributed to 
the replicate test chambers. Each test chamber will be labeled with a coded test chamber 
number, representing the specific test, the concentration, and the replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 7-day exposure to at least five concentrations of a 
reference substance (known toxicant) used to assess the health and sensitivity of the test 
organisms.  Dilutions will be selected to bracket laboratory historical 7-dayLC50.  The LC50 
results will be compared with historical data from definitive bioassays with the reference 
substance.  The results of the 7-day survival and growth test, determined during this study, 
will be reported and used in combination with control mortality to characterize the health of 
the test organisms. 
 
6.2.3 Test Organism Addition 
 
Mysids will be captured using a large bore, pipette equipped with a suction bulb.  The 
volume in the holding chamber will be reduced and the mysids will be captured, one at a 
time, and placed into intermediary holding vessels (1oz plastic food cups).  The tip of the 
pipette will be placed below the surface of the intermediary holding vessel during the 
transfer.  Five mysids should be placed in each cup.  After the organisms are dispensed, a 
light table is used to verify the number and health of organisms in each cup. Mysids will be 
transferred to the test dilutions from the intermediary holding vessels within 90 minutes of 
the test dilution makeup.  The amount of water added to the chambers when transferring 
the animals to the compartments will be kept to a minimum to avoid unnecessary dilution of 
the test concentrations. Test organisms will be transferred to test chambers in a manner to 
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avoid systematic bias.  Any organisms remaining after the transfers will be discarded.  Test 
chambers will be arranged randomly in the test area. 
 
6.2.3 Daily Cleaning of Test Chambers 
 
At the time of daily renewal of test solutions, uneaten and dead Artemia and other debris 
are removed from the bottom of the test chambers with a siphon hose.  Siphoned water is 
collected in a white plastic tray so any animals caught up in the siphon can be carefully 
retrieved and gently returned by pipette to the appropriate test chamber.  If handling 
mortality occurs, the number and chamber position of the dead mysids will be recorded. 
 
 
6.2.4 Test Solution Renewal 
 
The test solutions are renewed daily, immediately after cleaning the test chambers.  The 
water level in each chamber is lowered to a depth of 7-10 mm, leaving 15-20% of the test 
solution.  New test solution is added slowly by refilling each chamber with the appropriate 
amount of test solution without excessively disturbing the mysids. 
 
6.2.5 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will be 
rinsed with deionized water between each measurement.  DO, temperature, salinity, and 
pH will be measured at the beginning and end of each 24-hour period in one test chamber 
per concentration and in the control.   
 
Biological.  The number of live and dead mysids in each test chamber are recorded daily, 
and the dead mysids are discarded.  At the end of the test, the number of surviving mysids 
in each test chamber are counted as a group for drying and weighing. 
 
Fecundity / Egg Development.  Live organisms are examined for eggs, and the sexes are 
determined within 12 hours of the termination of the test.  Each replicate is examined under 
240X magnification to determine the number of immature animals, the sex of the mature 
animals, and the presence or absence of eggs in the oviducts or brood sacs of the 
females.  This is done while organisms are alive because they turn opaque upon dying. 
 
The numbers of immature, males, females with eggs, and females without eggs are 
recorded on data sheets. 
 
Growth and Biomass.  Immediately before drying, the preserved mysids are rinsed in 
distilled water.  The rinsed mysids are transferred by forceps to a tared weighing boat and 
dried at 60°C for 24 hours or at 100°C for a minimum of 6 hours.  Immediately upon 
removal from the drying oven, the weighing boats are placed in a desiccator to cool and to 







 


Title:  7-Day Chronic Toxicity Study with Americamysis 
bahia- Survival, Growth, and Fecundity 


SOP No.: 
Date: 
Page No.: 


TOX014B.02 
07/09/2014 


9 of 11 


 


PROPRIETARY INFORMATION FOR REVIEW PURPOSES ONLY, DO NOT DUPLICATE OR DISTRIBUTE 


prevent the adsorption of moisture from the air until weighed.  All weighing boats containing 
the dried mysids are weighed to 0.01 mg; the tare weight is subtracted; and the weight is 
recorded.  The dry weight is divided by the number of original mysids per replicate 
(Biomass) to determine the average individual dry weight.  This value is recorded on the 
data sheets.  The mean weight per surviving fish is also calculated and recorded (Growth). 
 For controls, this value is compared to test acceptability criteria. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
The average reproduction is calculated using the original number of test organisms. 
 
Results Needed: 


• Survival and growth in controls 
• Survival and growth in test concentrations 
• LC50 value and 95% confidence limits 
• IC50 value and 95% confidence limits (effects on biomass and fecundity) 
• Tables showing biological, chemical, and physical data 


 
Concentration-Response Relationship:  The concentration-response relationship must be 
reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Laboratory Protocol LAB061 for guidance in evaluating the WET test variability and 
concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and the 
reference toxicant test must be evaluated to determine whether they fall within the upper 
and lower bound limits specified in EPA/821/B-00/004. These limits are included in 
Laboratory Protocol LAB061 which also contains guidelines for determining the proper 
course of action in the event the PMSD exceeds the upper bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoints of toxicity tests using Americamysis bahia (opossum shrimp) are based on 
the adverse effects on survival, growth, and fecundity. The LC50, the IC25, and the IC50 are 
calculated using point estimation techniques, LOEC and NOEC values, for survival and 
growth, are obtained using a hypothesis testing approach such as Dunnett’s Procedure or 
Steel’s Many-one Rank Test. Separate analyses are performed for the estimation of the 
LOEC and NOEC endpoints and for the estimation of the LC50, IC25, and IC50. 
Concentrations at which there is no survival in any of the test chambers are excluded from 
the statistical analysis of the NOEC and LOEC for survival and growth but included in the 
estimation of the LC50, IC25, and IC50. 
 
LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
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estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide variety 
of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired.  At that point, samples are either returned to the clients at their request or 
disposed.  Date of disposal is recorded in the sample receipt log.  Samples are disposed of 
by putting them down the drain. 
 
6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of reference toxicant (aqueous metals) are collected for hazardous 
waste disposal. 
 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures in effect 
during the time the study is being performed.  In the case where there is a conflict between 
the other SOPs and this protocol, the protocol will be the definitive procedure. 
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9.1 Test Acceptability 
 
Test acceptability criterions are as follows: 


• ≥ 80% average survival of control mysids 
• Average dry weight is 0.20 mg or greater per surviving control mysids 
• PMSD for growth ≤ 37% 


 
 
9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the QA Manual (Section 
13) for criteria used for determination of an out-of-control event, appropriate corrective 
action, contingencies for handling out-of-control data, and responsible parties. 
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1.0 SCOPE 
 
To estimate the chronic toxicity of effluents by measuring echinoderm larval development 
in a 72-hour static test.  Procedures are based on EPA/600/R-95/136 and WDOE WQ-R-
95-80.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Number of samples 1 
Number of concentrations per sample 5 
Number of replicates per concentration 4 minimum 
Number of controls 1 
Number of replicates per control 4 minimum 
Number of reference toxicant 
concentrations 


5 


Number of replicates per reference 
substance concentration 


4 


Volume of test samples and controls 10 mL 
Number of organisms per chamber 25 eggs per mL 
Number of test substance renewals None 
Type of biological observations Survival and normal development 
Times of biological observations 72 ± 2 hours 
Type of physical observations Bath and chamber temperature and light 
Times of physical observations Bath temperature continuous; chamber 


temperature in each concentration and controls 
at the beginning and end of the test; light at the 
start of the test 


Types of water quality analyses DO, salinity, and pH measured at the start and 
end of test in each concentration and controls 
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2.2 Physical Requirements 
 
DO  Not less than 4.0 mg/L 
Temperature 15 ± 1ºC  
Salinity 34 ± 2 ppt 
pH  6-9 
Lighting Ambient laboratory light (50-100 foot candles); 16 hours light, 8 hours dark 
 
2.3 Biological Requirements 
 
Feeding Test organisms will not be fed during test 
Life stage < 1 hour old embryos 
Dilution water Filtered (0.45 μm) natural seawater from a clean source, salinity adjusted 


to test salinity. 
 
2.4 Interferences 
 
Toxic substances may be introduced by contaminants in dilution water, glassware, sample 
hardware, and testing equipment. 
 
Improper effluent sampling and handling may adversely affect test results. 
 
 
3.0 TEST ORGANISM 
 
Echinoderm larvae will be the test organisms.  These species are widely used in toxicity 
testing.  Standard protocols exist for this species for both product and effluent testing . 
 
3.1 Test Organism Specifications 
 
Species: Strongylocentrotus purpuratus or Dendraster excentricus 
Source: M-REP, Steve LePage, Carlsbad, CA. A. Kimbrough Siewers, 619 


Washington St., Santa Cruz, CA  95060,  
Age:  < 1 hour old embryos 
Identification: Before exposure to test substances, individuals will be positively identified 


as Strongylocentrotus purpuratus or Dendraster excentricus. 
 
 
 
 
 
 
3.2 Test Organism Care 
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Adult echinoderms are held in-house or will be obtained in a “ripe” condition from 
commercial suppliers. 
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at Environ’s Port Gamble Laboratory.  The test 
substance will not be heated, filtered, distilled, frozen, or otherwise altered without prior 
written consent by the Client. The test substance is stored at 4ºC in a secure and distinct 
storage area.  The test substance will be used within 36 hours of collection. 
 
5.0 EQUIPMENT 
 
5.1 Instrumentation/Equipment 
 


Circulating pump 
Pasteur pipets and bulbs 
1,000 W heater 
Compound microscope 
Plastic trays 
Sedgwick-Rafter (or equivalent) counting cell (1 mL) 
100 mL graduated cylinders 
Plunger for stirring eggs in 1 L beaker 
1-L beakers 
Spawning containers 
Mohr pipets (10 mL, 5 mL, 1 mL and 0.1 mL) 
Oxford mechanical pipetters (0-5 mL, 5-10 mL) 
Controlled-temperature water bath (20 ± 1ºC) 
Polarographic oxygen probe 
SCT meter 
pH probe and calibrated meter with scale divisions of 0.1 pH units 
Calibrated mercury thermometer 
Culture tubes (16 x 100 mm) 
Kimwipes® 
Nitex screen (75-250 m) 
Large plastic funnel 







 
Title:   Chronic Toxicity Test Using Echinoderm Larvae 


(Strongylocentrotus purpuratus or Dendraster 
excentricus) 


SOP No.: 
Date: 
Page No.: 


TOX043.06 
07/09/14 


4 of 11 
 


PROPRIETARY INFORMATION FOR REVIEW PURPOSES ONLY, DO NOT DUPLICATE OR DISTRIBUTE 


5.2 Apparatus 
 
5.2.1 Test Area 
 
The test area consists of an incubator, a water bath, or a room with constant temperature 
and appropriate illumination. The facility will be well ventilated and free of fumes. 
 
5.2.2 Lighting 
 
Overhead lighting will be at 10-20 foot-candles (ambient), 16 hours light and 8 hours dark. 
 
5.2.3 Test Chambers 
 
New 7 dram (26 ml) shell vials. 
 
6.0 PROCEDURE 
 
Echinoderm larvae (< 1 hour old) are exposed for 72 hours to different concentrations of 
effluent or reference toxicants (copper sulfate) in a static test.  Brine controls are employed 
during effluent testing.  The test chambers used are 7 dram shell vials, each containing 10 
mL of test solution. Five replicate test chambers, each containing approximately 25 larvae 
per mL of test substance are employed for each test concentration.  Additional test 
chambers will also be set up as a water quality series to provide data at termination on the 
water quality in control and test concentrations. Test endpoints are normal development 
and survival.  The bioassay will be performed in accordance with the standard procedures 
and guidelines specified in EPA 1995. 
 
6.1 Preparation 
 
6.1.1 Glassware Preparation 
 
Glassware will first be soaked in deionized water then scrubbed with a brush on all 
surfaces using non-phosphate detergent in deionized water.  Glassware will be rinsed three 
times with running deionized water.  Glassware will then be rinsed in 10% hydrochloric 
acid, rinsed three times with deionized water, rinsed once with reagent grade acetone, and 
finally rinsed three times with deionized water. 
 
6.1.2 Spawning 
 
Every attempt should be made by the laboratory to ensure the availability of multiple 
spawnable adults. 
 
Prepare filtered seawater at 34 ± 2 ppt.  Be sure the solution is saturated to at least 90% 
DO prior to use. 
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To collect gametes required for testing echinoderm species, spawning is induced in the 
adult organisms by the injection of 0.5 to 1.0 mL of 0.5 M KCl into the coelemic cavity 
through the perisotomal membrane.  The injection is performed while the adult animal is 
out of water. Females will release orange (S. purpuratus) or purple (D. excentricus) eggs 
and males of both species will release cream-colored sperm. Once release has been 
initiated, each adult is inverted over a 50 to 100 mL beaker with filtered seawater at 15 
degrees Celsius and gametes are allowed to accumulate for approximately 15 minutes.  
 
Prior to fertilization, examine eggs by microscope to ensure that they are normally shaped. 
Echinoderm eggs are typically round or oval in shape, with sand dollar eggs having an 
extracellular coating. During inspection, also ensure that there are no other unusual 
features that would preclude the use of the eggs (e.g., large vacuoles within the eggs). 
 
Once sufficient eggs and sperm had been collected, the eggs are transferred to a larger 
beaker with cold filtered seawater and a homogenized sperm solution (taken from several 
males) is added to the egg solutions. Egg-sperm solutions are periodically homogenized 
with a perforated plunger during the fertilization process. Approximately one half-hour after 
fertilization, embryo solutions are checked for fertilization (presence of fertilization 
membrane). Only those embryo stocks with >90% fertilization are used to initiate the tests. 
 Density of the embryo stock solution is determined by counting the number of embryos in 
a subsample of stock solution. Approximately 250 embryos will be added to test chambers 
within 1 hours of fertilization. 
 
In order to determine the initial embryo stocking concentration, five sacrificial vials 
should be preserved using l-mL 5% buffered formalin. 
 
6.2 Primary Task 
 
6.2.1 Day 0 - Setting Up and Starting the Test 
 
Once successful spawning has begun, prepare test containers.  One method that may be 
used is as follows:  with colored tape, label the 4 replicate test tubes for each treatment 
(e.g., A=red, B=Blue, and C=green) and write the sample number and the effluent 
concentration on the tape. Alternatively, a blind labeling scheme may be used. 
 
Prepare test solutions by adding the appropriate volumes of effluent and dilution water 
(totaling 10 mL) to each test tube.  The test involves five effluent concentrations and a 
dilution water control. In addition, prepare a brine control when using brine to adjust salinity 
at higher effluent concentrations. Prepare brine controls similar to the effluent control, but 
use deionized water in place of the effluent, and adjust the water to the same salinity as 
the test water.  In addition, set up 5 separate zero-time vials with dilution water for 
determining initial embryo density. 
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Since the volume in each test chamber is only 10 mL, water quality measurements must be 
made on surrogate test chambers (one for each concentration).  The parameters will 
include dissolved oxygen, temperature, salinity, and pH and will be recorded a data sheet. 
 
Within 1 hours of fertilization, inoculate each container with embryo suspension 
(approximately 250 fertilized eggs) to reach a final concentration of 25 eggs/mL.  Ensure 
that the embryos remain suspended with frequent plunging during pipetting.  The amount 
of suspension should not exceed 10% of test volume. 
 
Immediately after inoculation of the test vessels with embryos, preserve 5 stocking density 
vials with 5% buffered formalin. 
 
Cover and incubate the containers by partial immersion of the test tubes in a temperature-
controlled water bath or an environmental chamber at 15±1ºC for 72 hours, under a 16-
hour light, 8-hour dark photoperiod.  Do not aerate the test vessels during the bioassay. 
 
6.2.2 Day 1-2 - Test Monitoring 
 
Check and record the temperature of the water bath or environmental chamber. 
 
6.2.3 Day 3 - Test Termination 
 
Near the end of the 72-hour incubation period, examine the control vials under a 
microscope to check for complete development of control organisms.  If development is 
complete to the pluteus stage, the test is ended.   
 
Terminate the test and preserve by adding 0.5 mL of 5% buffered formalin. 
 
DO, temperature, salinity, and pH of each test concentration are measured in the surrogate 
containers and recorded. 
 
The time the test is terminated is recorded. 
 
6.3 Test Termination 
 
6.3.1 Larvae Counting Method 
 
The preserved samples are examined on an inverted microscope under 10X - 40X 
magnification. The use of the inverted microscope eliminates the need for test solution 
transfer and potential loss of test organism.  The normal and abnormal larvae are 
enumerated, and percent survival and percent abnormality are determined. The stocking 
density samples are also enumerated. Counting is performed only by trained personnel. 
 
The test vial is placed on the mechanical stage of an inverted microscope, and the 
contents are examined under 10X-40X magnification.  Using the mechanical stage, all 
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larvae are carefully counted and scored as either normal or abnormal.  Live abnormal 
larvae are those observed at 72 hours (or time of test termination) in which pluteus 
development is incomplete.  Live normal larvae are those observed at 72 hours (or time of 
test termination) that have completely reached pluteus stage.  
 
Normal Pluteus development is defined as:  
 


1. The larvae have a pyramid shape with a pair of skeletal rods that extend at least 
half the length of the long axis of the larvae. 


2. The gut should be differentiated into three parts. If the gut If the gut appears 
lobed and constricts distally in specimens with an obstructed view then normal 
gut development may be inferred. 


3. Development of post-oral arms has begun. 
 
The final count is recorded on the data sheet. 
 
6.3.2 Calculations 
 
The percentage of embryos that survived or developed to live larvae reaching pluteus 
stage will be calculated for each treatment replicate using the formulas: 
 


percentage alive = 100 (final count) 
initial count 


 


percentage normal = 
100 (number normally 
developed) 


final count 
 
The means will then be obtained for each treatment level, and the latter will then be 
corrected for control response using Abbott’s formula, as follows: 
 


E = 
100 (A - 
M) 


100 - M 
 


where: 
E  = the mean percent abnormal/dead, or the mean percent mortality corrected 


for controls 
A  = the mean percent abnormal/dead, or the mean percent mortality 
M  = the value of A for the controls  


 
6.3.3 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding time 
has expired. At that point, samples are either returned to the clients at their request or 
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disposed.  Permittee and date of disposal are recorded on the chain-of-custody form.  Non-
toxic samples are disposed by putting them down the drain.  Toxic samples are disposed of 
following standard hazardous waste procedures.   
 
6.3.4 Pollution Prevention 
 
For glassware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain.  Known quantities of sample material and reference toxicant (copper sulfate) are put 
down the drain after use, in compliance with City regulations. 
 
6.4 Reference Toxicant Test 
 
Concurrent with this chronic toxicity test with bivalve larvae and a test substance, five 
concentrations of a reference substance (copper sulfate) are used to assess the health of 
the test organisms.  Four replicates per reference concentration will be used. Five 
concentrations will be selected to bracket the 48-hour LC50.  The suggested reference 
toxicant concentrations are:  2.5, 5, 10, 20, 40 ppb copper sulfate.  (Concentrations may be 
adjusted in cases of long-term changes in organism sensitivity.)  The LC50 values will be 
compared with historical data from definitive bioassays.  The results of the 72-hour growth 
and survival test, conducted during this study, will be reported and used in combination 
with control growth and survival to characterize the health of the test organisms. 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, consistent 
with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
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8.0 PERSONNEL 
 
Any laboratory personnel demonstrating competence with this method may perform the 
procedure. 
 
 
9.0 QUALITY ASSURANCE REQUIREMENTS 
 
9.1 Test Acceptability 
 
Test acceptability criteria are: 


• At least 80% normal development in controls. 
• %MSD of < 25 %. 


 
9.2 Count Check Acceptability 
 
To demonstrate consistency among staff members’ counting methods, a QA check should 
be performed on each test by having another staff member perform a second (side-by-
side) count on 10 percent of the test samples, randomly chosen.  These QA counts must 
be recorded on the data sheet. To be acceptable, the mean of the QA counts must be 
within 5 percent of the mean of the original counts.  If the mean of the QA counts exceeds 
the 5 percent acceptability, a second series of QA counts will be performed.  In the event 
the second series of QA counts fails to pass the acceptability criterion, the test report must 
note this fact and warn to use the test results with caution. Documentation in the form of a 
Corrective Action Report should be filed by the Laboratory Manager. It shall be the 
responsibility of the Laboratory Manager or their assignee, to evaluate where the 
discrepancy is occurring and, with concurrence of the Quality Systems Manager, decide on 
a course of action, which may include retraining of one or more staff members to improve 
consistency. 
 
9.3 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-of-
control event and the need for corrective action.  Please refer to the Quality Manual 
(Section 13) for criteria used for determination of an out-of-control event, appropriate 
corrective action, contingencies for handling out-of-control data, and responsible parties. 
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10.0 ACRONYMS AND DEFINITIONS 
 
°C Degrees Celsius 
Dilution Water Acceptable dilution water is one that is appropriate for the objectives of the test. This 


water type will support adequate performance of the test organisms, meet test 
acceptability criteria for control responses, be consistent in quality, and will not contain 
contaminants that could produce toxicity. 


EC50 Effective Concentration of a tested material or toxicant needed to impact half the 
organisms in a tested population 


Embryo Fertilized egg cell, also zygote 
ft-c Foot candles; units of illuminance or light falling on object 
IC25 Inhibitory Concentration of a tested material or toxicant needed to impact 25% of the 


organisms in a tested population 
IC50 Inhibitory Concentration of a tested material or toxicant needed to impact half the 


organisms in a tested population 
LC50 Lethal Concentration of a tested material or toxicant needed to kill half the organisms in 


a tested population 
lux Lux; units of illuminance or light falling on object 
mg Milligrams 
mL Milliliters 
MSD Minimum Significant Difference 
% Percent 
Pathogenic  causing or capable of causing disease 
ppt Parts per thousand (salinity) 
QA/QC Quality Assurance / Quality Control 
Reagent Grade meets the limits of purity for inorganic chemicals as established by the American 


Chemical Society 
Taring Processess of zeroing a mechanical weight measurement either with or without a 


weight boat or other vessel on top of the balance 
WET Whole Effluent Toxicity 
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1.0 SCOPE 
 
To estimate the chronic toxicity of effluents and receiving water using echinoderm 
sperm during a 40-minute exposure period.  Procedures are based on EPA/600/R-
95/136 and WDOE WQ-R-95-80.  
 
2.0 SUMMARY OF TEST 
 
2.1 Approach 
 
Table 1. General Test Conditions for Performing Chronic Toxicity Testing on Echinoderm Gametes 
Test type Static 


Test duration 


40 minutes  
Sperm is exposed to the test solution for 20 minutes; after 
20 minutes, eggs are added and allowed 20 minutes for 
fertilization. 


Test temperature 12 ± 1 ºC 


Test Salinity 30 ± 2 ppt 


Lighting Ambient laboratory, 16 hours light, 8 hours dark (± 15 
min.) at 50-100 foot-candles (550-1050 lux) 


Test chamber size 30 mL 


Test solution volume 5 mL 


Renewal of test solution None 


No. of organisms per chamber About 1120 eggs and sperm cells per vial not to exceed 
3.36 ×106 (6000 sperm per egg) 


No. of replicates per treatment 4 
Feeding None 


Test solution aeration None in the test chambers 
Type of biological observations Fertilization 
Definition of fertilization for this test Expression of cell fertilization membrane 
Times of biological observations Post-exposure 
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2.2 Physical Requirements 
 
The following are required for the control sample. 
 
DO  Not less than 4.0 mg/L  
Temperature 12 ± 1ºC  
pH  7.8 – 8.2 
Salinity  30 ± 2 ppt 
Lighting 16 hours light, 8 hours dark (± 15 min.) at 50-100 foot-candles (550-1050 


lux) 
 
Table 2. Test Condition Summaries 
Species Strongylocentrotus purpuratus or Dendraster excentricus 


Life Stage Tested Gametes used within 1 hour of collection 


Feeding None 


Temperature (°C) 12 ± 1 ºC 


pH 6 - 9  


DO  >4.0 mg/L 


Type of physical observations Temperature and light daily 


Types of water quality analyses, and 
the test concentrations measured 


DO, pH, conductivity, and temperature, measured on stock 
solutions of all concentrations on Day 0 (before distribution to 
test chambers and introduction of test organisms.  Total residual 
chlorine on control and highest concentration at beginning of 
test.  


 
 
2.3 Biological Requirements 
 
 
Feeding Adult organisms may be fed macroalgae during the holding period. The 


organisms will not be fed during the test 
Life stage Gametes (egg and sperm cells) 
Dilution water Filtered natural seawater or artificial seawater (Crystal Sea MarineMix™) 
Brine  Hypersaline brine from concentrated seawater (prepared by freezing 


filtered seawater).  The test salinity may be adjusted to protocol criteria 
by using brine. Calculations will be determined using a salinity 
adjustment worksheet from Excel programming. 
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2.4 pH Drift 
 
pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-
dependent toxicants are present. 
 
As pH increases, the toxicity of ammonia also increases, so upward pH drift may 
increase sample toxicity. Artifactual toxicity due to pH drift is not likely to occur unless 
pH is large (more than 1 pH unit) or if concentration of some pH-dependent toxicant in 
the sample is near the threshold for toxicity. To confirm that toxicity is artifactual and 
due to pH drift, parallel tests should be conducted, one with controlled pH and one with 
uncontrolled pH. Total ammonia should also be measured in each treatment at the 
beginning of parallel testing. During parallel testing, the pH should be measured in each 
treatment at the beginning and end of each 24 hour exposure period. For each 
treatment, the mean initial pH and mean final pH should be reported. pH measurements 
taken during the test should confirm that pH was effectively maintained at the target pH 
in the controlled pH treatment. For each treatment, the mean initial pH and the mean 
final pH should be within +/- 0.2 pH units of the target pH. 
 
Results of the parallel tests are compared to demonstrate the presence or absence of 
artifactual toxicity. 
 
3.0 TEST ORGANISM 
 
Either Strongylocentrotus purpuratus or Dendraster excentricus will be the test 
organism.  These organisms are widely used in toxicity testing.  Standard protocols 
exist for these species for both product and effluent testing (Dinnel et al. [1987] and 
USEPA [1995]). 
 
3.1 Test Organism Specifications 
 
Species: Strongylocentrotus purpuratus or Dendraster excentricus 
Source: Marine Research and Educational Products, Carlsbad, CA, or field 


collected in various locations 
Age:  Gravid adults. Sperm used immediately after SW activation 
Identification: Before exposure to test substances, individuals will be positively 


identified using Ricketts and Calvin 1966.  
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3.2 Test Organism Care 
 
Adult echinoderms are held in-house or will be obtained in a “ripe” condition from 
commercial suppliers. 
 
 
4.0 TEST SUBSTANCE 
 
The test substance will be labeled, properly stored, and tracked by internal chain-of-
custody procedures throughout its tenure at Environ’s Port Gamble Laboratory.  The 
test substance will not be heated, filtered, distilled, frozen, or otherwise altered without 
prior written consent by the Client. The test substance is stored at 0 - 6ºC in a secure 
and distinct storage area.  The test substance will be used within 36 hours of collection.   
 
5.0 EQUIPMENT 
 
5.1 Instrumentation 
 


Syringe (to inject KC1) with 18-22 gauge needle 
Pasteur pipets and bulbs 
Ice bath or refrigerator 
Compound microscope 
Neubauer hemocytometer 
Sedgwick-Rafter (or equivalent) counting cell (1 mL) 
1,000-mL beakers 
100-mL beakers 
50-mL beakers 
20-30-mL scintillation vials 
Small siphon hose (2 ft.  long, 3/16 - 1/4 in diameter) 
Pipet selection (10, 5, 1, and 0.1 mL) 
Pipet bulb 
Racks for scintillation vials 
Oxygen probe 
pH probe and calibrated meter 
Calibrated mercury thermometer 
100-mL graduated cylinder 
 


5.2 Reagents 
 


0.5 M KC1 
10% buffered formalin 
 


 
5.3 Apparatus 
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5.3.1 Test Area 
 
The test area consists of a room, incubator, or bath with constant temperature of 12 ± 
1°C and appropriate illumination of 16-hour/8-hour day/night cycle.  The facility will be 
well ventilated and free of fumes. 
 
5.3.2 Lighting 
 
Overhead lighting will be at 50-100 foot-candles (550-1050 Lux), with a photoperiod of 
16 hours light and 8 hours dark (± 15 min.). 
 
5.3.3 Test Chambers 
 
30mL shell or scintillation vials 
 
6.0 PROCEDURE 
 
Echinoderm sperm are exposed for 20 minutes to different concentrations of effluent 
and reference toxicant in a static, nonrenewal test, and then are tested for the ability to 
fertilize eggs for 20 minutes.  The appropriate sperm-to-egg ratio is determined prior to 
the definitive test through use of a trial fertilization series.  The test chambers are 30-mL 
glass shell vials (new, unwashed) containing 5 mL of test solution that has been 
adjusted to 30 ± 2 ppt salinity using seawater, brine, or deionized water.  Four to five 
replicate tubes are used at each concentration. 
 
6.1 Preparation 
 
6.1.1 Labware Preparation 
 
Labware is described as any plastic or glass material used in the laboratory that will 
come into contact with any of the test substances or organisms in this evaluation. 
Labware must be cleaned prior to use. Labware will first be soaked in deionized water 
then scrubbed with a brush on all surfaces using non-phosphate detergent in deionized 
water. Alconox® is a widely used established brand of detergent used in laboratory 
applications.  The clean materials will then be rinsed three times with running deionized 
water.  Labware will then be allowed to soak in a 10% hydrochloric acid bath and 
afterwards rinsed three times with deionized water. Glass labware with also receive a 
solvent rinse with reagent grade acetone, and finally rinsed three times with deionized 
water. Some plastic labware is not resistant to solvents and may be damaged by 
acetone. Plastic labware such as Teflon can receive a solvent rinse, but all other 
plastics should be investigated prior to solvent rinsing. 
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6.1.2 Dilution Water Preparation 
 
The dilution water will be a saltwater source deemed appropriate by the laboratory and 
may include: 0.45µm filtered natural seawater (Northern Hood Canal, WA; sand filtered 
and salinity adjusted as needed) or artificial seawater (prepared from deionized water 
and Crystal Sea Marinemix™). 
 
6.1.3 Test Organism Acclimation 
 
During the holding period, the organisms are acclimated to the temperature and salinity 
at which the test will be conducted, unless already at the correct values.  The water 
quality conditions will be changed no more than 3ºC or 3ppt per 24 hours to minimize 
stress.  During the holding period, just enough newly-hatched Artemia nauplii will be fed 
twice daily so that some food is constantly present. 
 
6.2 Primary Task 
 
6.2.1 Test Dilution Preparation 
 
Test substance dilutions will be prepared using labware cleaned according to Section 
6.1.1 or using pre-cleaned labware of a disposable nature. Dilutions are initially 
prepared in vessels large enough to contain sufficient volume for all test replicates. 
These “stock” containers may be used for preparing the test solutions prior to test 
initiation and for the test solution renewal (if required).  
 
The testing may be either a “screening test” which includes a laboratory control (dilution 
water) and the undiluted test substance or a “definitive test” which includes a minimum 
of five test substance concentrations. The definitive test (also referred to as a “dilution 
test” or “LC50 test”) is conducted when a dose response (i.e. LC50) is desired. 
 
The final test substance dilutions for the definitive test will be expressed as percent and 
typically run in a geometric series with a 0.5x dilution. Other ratios may be selected 
depending upon the project requirements. When specified by the regulatory permit, 
specific test substance concentrations targeting the Acute and Chronic Critical Effluent 
Concentrations (ACEC/CCEC) should be included in the concentration series.  
 
Dilution water will be the only water used in making up all stock and final dilutions 
(unless receiving water is specified).   
 
After preparation, the “Stock” test dilutions are allowed to equilibrate to the test 
temperature. Water quality is measured and recorded in the stock dilutions, and once 
the conditions are confirmed to be within the test parameters, the solutions will be 
distributed to the replicate test chambers. Each test chamber will be labeled with a 
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coded test chamber number, representing the specific test, the concentration, and the 
replicate number. 
 
6.2.2 Reference Toxicant Test 
 
A reference toxicant test will be conducted on each batch of test organisms either 
concurrently with project samples or monthly, depending upon QA requirements. The 
reference toxicant test will consist of a 20-minute exposure to at least five 
concentrations of a reference substance (known toxicant) used to assess the health and 
sensitivity of the test organisms.  Dilutions will be selected to bracket laboratory 
historical EC50.  The EC50 results will be compared with historical data from definitive 
bioassays with the reference substance.  The results of the fertilization test, determined 
during this study, will be reported and used in combination with control mortality to 
characterize the health and sensitivity of the test organisms. 
 
6.2.3 Spawning 
 
Adult urchins will be selected from the holding area and rinsed with filtered seawater at 
target test temperature (12 ± 1°C). Inject 0.5 to 1.0 mL of 0.5 M KCl into the perivisceral 
cavity through the perisotomal membrane (oral side) or the anal opening (ventral).  
Females will release reddish to purple eggs.  Males will release cream-colored semen.   
 
Allow spawning to proceed for approximately 15 minutes.  For females, collect gametes 
by inverting the spawning female on top of a 50 or 100-mL beaker filled with dilution 
water. Semen should be collected ‘dry” by collecting with an automatic or pastuer pipet 
and pooled into a micro-centrifuge tube. The tube of sperm is kept on ice.   
 
6.2.4 Preparation of Sperm 
 
Prepare sperm (diluted with seawater) three times using identical procedures:  the first 
for sperm counting, the second for use in the trial fertilization, and the third for use in the 
test. The sperm suspensions used for trial fertilization and for the definitive test are 
made up immediately prior to initiating the trial or test. 
 
A minimum of 100µl of pooled semen should be collected for testing. Subsamples of 
semen for density calculations and test initiation are withdrawn with an automatic pipet 
(10-100µl capacity) with a tip cut wide. Prior to extraction, the centrifuge vial containing 
the semen is mixed with a vortexer.  
 
Place 180 ml of filtered seawater in 250mL beaker. Bring volume up to 200mL with 10% 
acetic acid. Using a fresh tip with the end cut off; take a 25µl sample of the pooled, 
vortexed semen. Wipe the outside of the pipet tip with a Kim Wipe ™ and add the 25µl 
of semen to the beaker. Rinse the tip by repeatedly withdrawing and dispensing with the 
pitettor. Mix thoroughly with a glass rod. Withdraw a subsample with a Pasteur pitet and 
load both sides of a hemocytometer with a cover slip.  
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Count the sperm cells using a microscope at 400X. Count all the sperm in 80 of the 
small squares (fig 1.), on both sides of the hemocytometer.  
Figure 1. Hemocytometer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If the counts are within 20% of one another, calculate the mean value; if not, refill the 
hemocytometer and reattempt.  
 
See Section 6.2.7 below for the procedure to determine the appropriate sperm to egg 
ratio for testing. An alternative method is to target a sperm to egg ratio of 500:1 
(560,000 sperm cells per vial) without conducting the trial fertilization described below. 
 
Based upon the sperm density determined from the semen vial, calculate the amount of 
dilution water to dissolve 25µl of semen to achieve the desired sperm to egg ratio.  
 
Amount of dilution water (mL) = 0.025mL ÷ (5.6 x 106 / Actual Sperm Density) 
 
Deliver 0.100mL of adjusted sperm stock per vial.  
 
6.2.5 Preparation of Eggs 
 
Check quality of eggs released from each female. The eggs should be round, of 
average size, not clumped, and not fertilized. Eggs from multiple acceptable batched 
may be pooled into a 600-1000mL beaker with dilutions water. Let the mixture settle 
and decant or siphon off the supernatant.  Repeat twice to completely wash eggs. 
 
Subsamples of the egg stock are then taken for determining egg density.  Place 9 mL of 
dilution water in each of two 30 mL shell vials.  Label A and B.  Place 1 mL of well-
mixed egg stock into vial A.  Mix well.  (The remaining egg stock is covered with 
parafilm and stored at 20°C.) Transfer 1 mL of egg suspension from vial A to vial B.  Mix 
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contents of vial B and transfer 1 mL of egg suspension B into a Sedgewick-Rafter 
counting chamber.  Count eggs under a compound microscope.  If count is <30, count a 
1 mL sample from vial A. 
 
Prepare 100 mL of adjusted egg stock in dilution water at the final target concentration 
of 2,240 eggs/mL (1,120 eggs in 0.500 mL).  If the egg stock is >2,240 eggs/mL (A 
>224 or B >22 eggs/mL), dilute the egg stock by transferring: 
 
2,240 eggs /    D      eggs/mL = _______mL 
 
of well-mixed egg stock to a 100 mL graduated cylinder and bring the total volume to 
100 mL with dilution water where: 
 
  D = (Count A) x 10 or (Count B) x 100. 
 
If the egg stock is <2,240 eggs/mL (A <224 eggs/mL), concentrate the eggs by allowing 
them to settle and then decant enough water to retain the following percent of the 
original volume: 
 
  (    D      eggs/mL / 2,240) x 100 = % volume. 
 
Check the adjusted egg stock density.  Place 9 mL of dilution water into a 30 mL shell 
vial; add 1 mL of the final egg stock.  Mix well and transfer 1 mL into a Sedgewick-
Rafter counting chamber.  The egg count should be between 360 and 440.  Adjust egg 
stock volume and recheck counts if necessary to obtain counts within this range.  
Because some eggs (especially sand dollar eggs) may be sensitive to handling, it is 
advisable to separately prepare egg stocks for the fertilization trial and the definitive test 
(but use the same pooled batch of eggs).  Calculations may be facilitated using an 
Excel spread sheet. 
 
Carry out the dilution (or concentration) and keep at 20 ± 1°C in the water bath or 
environmental chamber. 
 
0.5mL of adjusted egg stock is delivered to each test vial for a final egg concentration of 
1,120 eggs/vial. 
 
6.2.7 Trial Fertilization 
 
Following quantitation of sperm and eggs, calculate the volumes of diluted sperm stock 
necessary to achieve the different sperm-to-egg ratios.  Because approximately 1,120 
eggs are used in the test, the sperm numbers will be a function of this number.  Use 
between 100 and 2,000 sperm per egg. Never exceed 6,000 sperm per egg.  
 
Sperm to egg ratios of 100, 200, 400, 600, 800, 1200, and 1600 per egg are prepared 
(see attached Excel spreadsheet. Fig 1.). The 1600:1 dilution is prepared by activating 
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0.025 mL of dry vortexed semen in the amount of seawater calculated from the initial 
sperm density counts. The remaining sperm to egg concentrations are prepared by 
diluting the 1600:1 concentration with the appropriate amount of seawater (total of 
10mL).  
 
 
For each sperm to egg ration to be tested, place 5 mL of dilution water into a single 
replicate, 20 mL scintillation vial and equilibrate at 12 ± 1°C. Add exactly 0.100 mL of 
the respective sperm dilution as specified above and incubate for 20 minutes at 12 ± 
1°C. After 20 minutes, add exactly 0.5 mL of the adjusted egg stock suspension. Return 
to the water bath or environmental chamber for an additional 20 minutes. 
 
Terminate the reaction by adding, while swirling, 0.5 mL of 10% formalin.  Disperse the 
preserved eggs with a Pasteur pipet and observe at least 100 eggs using a Sedgwick-
Rafter cell and a compound microscope at 10X - 50X magnification.  Score the eggs as 
fertilized (raised fertilization membrane; partial lift-off of the fertilization membrane will 
be counted as fertilized) or unfertilized (no fertilization membrane).  Enter the data on 
the data sheet, calculating the percent fertilization for each sperm-to-egg ratio.  Choose 
the lowest ratio yielding ~ 90 percent fertilization and conduct the toxicity test using that 
sperm concentration. The selected sperm concentration will be prepared fresh from the 
dry semen for conducting the definitive test. The adjusted sperm stock will be prepared 
by activating 0.025 mL of dry vortexed semen into the appropriate amount of seawater 
to obtain the desired concentration.   
 
6.2.8 Conducting the Test 
 
Add 0.100mL of adjusted sperm stock to test vials and incubate for 20 minutes at test 
temperature. After the 20 minute period, 0.500mL of adjusted egg stock is added to 
each vial and allowed to incubate for 20 minutes.  
 
Three vials containing dilution water should be included in the test that are not stocked 
with sperm at the beginning of the testing period, but are stocked with eggs only at the 
20 minute time point and terminated with the rest of the test. These vials are the “egg 
blanks” and serve to verify that fertilization did not occur (or become expressed) in the 
egg stock.  
 
Confirm sperm density in two sacrificial vials. These vials should contain 9 mL of 
adjusted sperm stock and 1 mL of formalin. 
 
6.2.9 Terminating and Counting the Test 
 
Terminate the reaction by adding, while swirling, 0.5 mL of 10% buffered formalin.  
Disperse the preserved eggs with a Pasteur pipet and observe at least 100 eggs using 
a Sedgwick-Rafter cell and a compound microscope at 40X - 100X magnification.  
Score the eggs as fertilized (raised fertilization membrane; partial lift-off of the 
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fertilization membrane will be counted as fertilized) or unfertilized (no fertilization 
membrane).   
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Figure 1.  Spreadsheet to calculate sperm and egg density for echinoderm fertilization test. 
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6.2.8 Test Measurements 
 
Data are recorded on data sheets. 
 
Water Quality.  All probes will be cleaned thoroughly before initial use.  The probes will 
be rinsed with deionized water between each measurement.  DO, temperature, salinity, 
and pH will be measured in one surrogate test chamber per concentration and in the 
control.   
 
Biological.  At the end of the test, the numbers of fertilized and unfertilized eggs are 
enumerated for each replicate. 
 
6.3 Post-task 
 
6.3.2 Data Analysis 
 
Results Needed: 


• Fertilization in controls 
• Fertilization in test concentrations 
• IC50 value and 95% confidence limits (effects on fertilization) 
• Tables showing biological, chemical, and physical data 


 
Concentration-Response Relationship:  The concentration-response relationship must 
be reviewed to ensure that the calculated test results are interpreted appropriately.  See 
Environ’s Port Gamble Laboratory Protocol LAB061 for guidance in evaluating the WET 
test variability and concentration response relationship. 
 
Evaluation of Chronic Test PMSDs:  The PMSD limits for both the compliance test and 
the reference toxicant test must be evaluated to determine whether they fall within the 
upper and lower bound limits specified in EPA/821/B-00/004. These limits are included 
in Environ’s Port Gamble Laboratory Protocol LAB061 which also contains guidelines 
for determining the proper course of action in the event the PMSD exceeds the upper 
bounds of the specified limits. 
 
6.3.3 Method 
 
The endpoint of this toxicity test using echinoderms is based on the adverse effects on 
fertilization. The LC50, the IC25, and the IC50 are calculated using point estimation 
techniques, LOEC and NOEC values, for survival and growth, are obtained using a 
hypothesis testing approach such as Dunnett’s Procedure or Steel’s Many-one Rank 
Test. Separate analyses are performed for the estimation of the LOEC and NOEC 
endpoints and for the estimation of the LC50, IC25, and IC50. Concentrations at which 
there is no fertilization in any of the test chambers are excluded from the statistical 
analysis of the NOEC and LOEC for survival and growth but included in the estimation 
of the LC50, IC25, and IC50. 
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LC50 values and 95% confidence limits will be determined using a computer approach 
published by Norberg-King (1988) of the U.S. EPA and a commercial statistic software 
program.  The Inhibition Concentration percentage, or ICp, approach to calculating point 
estimates of toxicity (i.e., LC50) is based upon a monotonic smoothing technique of 
biological response versus concentration. Bootstrapped estimates of mean response at 
each concentration allow for distribution-free estimates of standard error and confidence 
intervals.  The result is a non-parametric statistical test that requires no assumptions of 
normality or homogeneous variance and is robust enough to accommodate a wide 
variety of biological responses. 
 
6.3.4 Waste Management 
 
Upon completion of analysis, any remaining sample material is stored until the holding 
time has expired.  At that point, samples are either returned to the clients at their 
request or disposed.  Date of disposal is recorded in the sample receipt log.  Samples 
are disposed of by putting them down the drain. 
 
6.3.5 Pollution Prevention 
 
For labware cleaning, acid baths are used to minimize quantities of acid that reach the 
drain. Known quantities of reference toxicant (aqueous metals) are collected for 
hazardous waste disposal. 
 
7.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Laboratory personnel will practice good personal sanitation and health practices, 
consistent with the objectives of this protocol. 
 
Any health-related problem or other condition of laboratory personnel that may be 
considered to affect the study adversely will be reported to the Client. 
 
Any injury to laboratory personnel obtained during this study, which may be considered 
related to the test material, will be reported to the Client. 
 
Every reasonable precaution will be taken to minimize exposure of personnel, the 
laboratory, and the environment to the test substance. 
 
8.0 PERSONNEL 
 
Any technician trained in these procedures may perform them. 
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9.0 QUALITY ASSURANCE REQUIREMENTS (ACCEPTANCE 


CRITERIA) 
 
This study will be conducted according to the Standard Operating Procedures of 
Environ’s Port Gamble Laboratory which are in effect during the time the study is being 
performed.  In the case where there is a conflict between the other SOPs and this 
protocol, the protocol will be the definitive procedure. 
 
9.1 Test Acceptability 
 


Test is acceptable only if all these criteria are met: 
• At least 70% fertilization in controls 
• Fertilization did not occur with the effluent/egg blanks (no sperm) controls. 
• Minimum significant difference (MSD) is <25% 
• Final sperm stock concentration must be ≤ 33,600,000 sperm/mL AND 


one of the following conditions: 
 


1) Trial fertilization used 
a. Final sperm stock must not exceed double the target density selected that 


would provide 80 – 100% fertilization without oversperming 
2) Sperm / egg ratio kept at ≤ 500:1 (without trial fertilization) and confirmation of 


sperm stock ≤ 5,600,000 sperm/mL 
3) Use any reasonable sperm stock density and run two extra sets of controls (high 


and low density). The high density control (0.200 mL of sperm stock) must have 
at least 5% higher fertilization than the low density control (0.050 mL of sperm 
stock) 


 
9.2 Count Check Acceptability 
  
To demonstrate consistency among staff members’ counting methods, a QA check 
should be performed on each test by having another staff member perform a second 
(side-by-side) count on 10 percent of the test samples, randomly chosen.  These QA 
counts must be recorded on the data sheet. To be acceptable, the mean of the QA 
counts must be within 5 percent of the mean of the original counts.  If the mean of the 
QA counts exceeds the 5 percent acceptability, a second series of QA counts will be 
performed.  In the event the second series of QA counts fails to pass the acceptability 
criterion, the entire test must be recounted, with the QA procedure again being 
performed until the QA check is acceptable.  In the event recounting of a test becomes 
necessary, documentation in the form of a Corrective Action Report should be filed by 
the Laboratory Manager. It shall be the responsibility of the Laboratory Manager or their 
assignee, to evaluate where the discrepancy is occurring and, with concurrence of the 
QA Officer, decide on a course of action, which may include retraining of one or more 
staff members to improve consistency. 
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9.2 Corrective Action / Contingencies for Out-of-Control Data 
 
Equipment malfunctions, failure of internal QA/QC checks, failure of follow-up on audit 
findings, noncompliance with QA requirements, or other problems may result in an out-
of-control event and the need for corrective action.  Please refer to the QA Manual 
(Section 13) for criteria used for determination of an out-of-control event, appropriate 
corrective action, contingencies for handling out-of-control data, and responsible 
parties. 
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Appendix B 


Field Standard Operating Procedures (EMP) 


   







Field Standard Operating Procedures (EMP) 


SOP Number SOP Title 
Field 


FWS SOP-01 Field Documentation 


FWS SOP-02 Sample Custody 


FWS SOP-03 Sample Packaging and Shipping 


FWS SOP-04 Decontamination of Equipment – Sediments 


FWS SOP-05 Preparation of Field Quality Control Samples 


FWS SOP-06 Surface Sediment Sampling Using a Modified van Veen Grab Sampler 


FWS SOP-07 Decontamination of Sampling Equipment 


FWS SOP-08 Preparation of Field Quality Control Samples – Tissues 


FWS SOP-12 Benthic tissue sampling for chemical analysis using a dredge/rake 


FWS SOP-13 Amphipod sampling for chemical analysis using a modified minnow trap 


SAM044.01 Sediment Profile Imaging and Plan View Photography Collection 


SOP 5-275 At-Sea Collection of Hydrographic Data Using CTD and Rosette System 


SOP 5-342 Collecting Sediment Cores with a Piston Push/Hammer Corer 


SAM043.01 Benthic Sample Collection and Processing 


FIT-0001 Field Collection of Seawater Samples for Dissolved Trace Metals 


FIT-6001 Filter Preparation for Suspended Matter Collection and Trace Metal Analysis 


FIT-6002 Collection and Digestion of Particulate Samples for Trace Metal Analysis 


 







                                                                                                                             Revision No. 0 
                                                                                                                                                                  June 25, 2013 


1 
 


SOP	–	01	
Field	Documentation	


The integrity of each sample collected in the field from the time of collection to the point of data 


reporting must be maintained throughout the study. Proper record keeping will be implemented in the 


field to allow samples to be traced from collection to final disposition. All information relevant to field 


operations must be properly documented to ensure that activities are accounted for and can be 


reconstructed from written records. Several types of field documents and sample tracking information 


will be used for this purpose and should be consistently used by field personnel.  


FIELD LOGBOOKS 


During field sampling events, field logbooks are used to record all daily activities. The purpose of the 


field logbook is to document events that occur and to record data measured in the field to the extent 


that someone not present at the site can reconstruct the activity without relying on the memory of the 


field crew.  


A bound, waterproof field logbook with consecutively numbered pages will be completed using indelible 


ink for each sampling event. All daily field activities will be documented in indelible ink in this logbook 


and no erasures will be made. All corrections should consist of a single line‐out deletion, followed by the 


sampler’s initials and the date. The sampler will initial and date each page of the field logbook. The 


sampler will sign and date the last page at the end of each day, and a line will be drawn through the 


remainder of each page. These requirements meet standard Good Laboratory Practices (GLP).  


The project name, site name, and location, project contract number, and the dates of sampling activity 


should be written on the cover of the field logbook. If more than one logbook is used during a single 


sampling event, then the upper right hand corner of the logbook will be annotated (e.g., 1 of 2, 2 of 2) to 


indicate the number of logbooks used during the field event.  


Field logbooks will be stored in a secure manner when not in use in the field. At a minimum, the sampler 


will record the following information in the field logbook: 


 Project name, location, and number 


 Purpose and description of field task 


 Project start date and end date 


 Date and time of entry (24‐hr clock) 


 Time and duration of daily sampling activities 


 Weather conditions at the beginning of the field work and any changes that occur throughout 


the day, including the approximate time of the change (e.g., wind speed and direction, wave 
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action, current, tide, vessel traffic, air and water temperature, ice thickness, any other relevant 


data) 


 Name of field scientist making entries and other field personnel and their duties, including the 


times that they are present 


 Level of personal protection being used 


 Onsite visitors, if any, including the times they are present 


 The name, agency, and telephone number of any field contacts 


 Notation of the system used to determine the station location information 


 The sample identifier and analysis code for each sample to be submitted for laboratory analysis 


 All field measurements made (or reference to specific field data sheets used for this purpose), 


including the time that the measurement was collected and the date of calibration, if 


appropriate 


 The sampling location name, date, gear, water depth (if applicable), and sampling location 


coordinates 


 The type of vessel used (e.g., size, power, type of engine) – for aquatic or offshore sampling 


 The location and description of the work area, including sketches and map references, if 


appropriate 


 Specific information on each type of sampling activity 


 The sample type (e.g., groundwater, soil, benthic sediment (surface or vertical depth)), sample 


number, and sample tag number 


 Preservatives used, if any 


 Sample storage methods 


 Cross‐references of numbers for duplicate samples 


 A description of the sample (Source and appearance, such as soil or sediment type, color, 


texture, consistency, presence of biota or debris, presence of oily sheen, changes in sample 


characteristics with depth, presence/location/thickness of the redox potential discontinuity 


(RPD) layer, and odor) and penetration depth 


 Estimate of length and appearance of recovered sediment cores (if applicable) 


 Photographs (uniquely identified) taken at the sampling location 


 Variations, if any, from specified sampling protocols and reasons for deviation 


 Details pertaining to unusual events which might have occurred during sample collection (e.g., 


possible sources of sample contamination, equipment failure, unusual appearance of sample 


integrity, control of vertical descent of the sampling equipment) 


 References to other logbooks used to record information (E.g., field data sheets, health and 


safety log) 


 The signature of the person making the entry. 


Upon completion of the field sampling event, the field team leader will be responsible for submitting all 


field logbooks to be copied and retained for records.  
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FIELD DATA FORMS 


Field data forms, in conjunction with the field lab notes, are an integral component of field work. 


Examples include station and/or sample logs and sediment core profile forms. Any relevant sample 


information collected during a sampling event should be recorded on the applicable field data form. 


Specific instructions relevant to a particular project are included in the project‐specific field sampling 


plan (also sometimes called the Sampling and Analysis Plan (SAP)). Upon completion of the field 


sampling event, the field team leader will be responsible for submitting all field data forms to be copied 


and retained for records.  


PHOTOGRAPHS 


Photographs may often be an integral component of the field documentation process. Photographs 


allow for documentation of collected samples (visual image for later use) and for documentation of field 


sampling activities. Photographs should include a measured scale in the picture, when practical. 


Telephoto or wide‐angle shots will not be used because they cannot be used in enforcement 


proceedings. The following items should be recorded in the field logbook for each photograph taken: 


 The photographer’s name, the date, the time of the photograph, the general direction 


faced, and the latitude/longitude (location) relevant to the image in the photo (e.g., 


sample location for photograph of particular sample collected) 


 A brief description of the subject and the field work portrayed in the picture 


 The sequential number of the photograph (filename for digital)  


Upon completion of the field sampling event, the team leader will be responsible for submitting all 


photographic materials to be developed (slides, prints) or to be copied (Disks) as appropriate. The 


appropriate photographic materials will be retained for records, including any photo logs and/or 


additional supporting documentation from the field logbooks or field forms.  


SAMPLE LABELS 


Sample labels used in field documentation will provide a unique identification for each sample container 


that is collected during a sampling event. Field crews will be provided with pre‐printed sample labels, 


which must be placed on each sample container used. The labels should be filled out when the samples 


are collected and should include the following information: 


 Sample number (e.g., indication of sample station, study, year, etc…) 


 Site name or project number 


 Date and time of sample collection 


 Field sampler(s) initials 


 Identification of any preservation method used (e.g., acidified, frozen) 
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 A unique number (i.e., tag number) that is pre‐printed on the label consisting of six digits. This is 


used to identify the individual containers and is included on the chain‐of‐custody form along 


with the sample number 


SAMPLE TAGS 


In some cases, sample tags are required in addition to sample labels. Sample tags are designed to be 


attached to each container used for a sample. Sample tags are required for environmental samples 


collected in U.S. Environmental Protection Agency (EPA) Region 5 and Region 10 (EPA 2003). Sample 


tags must be attached to each individual sample container with a rubber band or wire through a 


reinforced hole in the tag. All sample tag entries will be made with indelible ink. The tags should be filled 


out at the time the samples are collected and should consist of the following information: 


 Sample number 


 Site name or project ID (or project number) 


 Date and time sample is collected 


 Sampler(s) initials 


 Preservation type (e.g., acidification, frozen) 


 Type of analysis 


There will also be a space for the laboratory sample number, which will be provided by the laboratory at 


log‐in (Contract Laboratory Program, CLP), on the sample tag. 


CHAIN‐OF‐CUSTORY/SAMPLE ANALYSIS REQUEST FORMS 


A combined chain‐of‐custody (COC) and sample analysis request (SAR) form will be used to document 


the type and number of samples collected, as well as information regarding the particular type of 


analysis requested for the laboratory. The sample number and the unique number on each sample label 


will be recorded on the COC/SAR form. The COC/SAR form will also include the sample collection date 


and time, the type of sample, the project, and the field team leader. In addition, the COC/SAR form 


provides information on the type of sample preservation (if applicable) and/or other sample 


pretreatment applied in the field, and the analyses to be conducted on each sample. The SAR references 


a list of specific analyses (e.g., by method (EPA 8270) or by list) or the statement of work for the 


laboratory. A COC/SAR form is sent to the laboratory in conjunction with the samples.  


Each COC/SAR form is completed in triplicate (either white sheet (remains with the samples), yellow 


sheet (remains with the samples), and a pink sheet (retained by the field personnel prior to shipping the 


samples to the laboratory, OR, computer generated forms may be used in triplicate: the original and a 


copy included with the samples sent to the laboratory and a copy retained by the field personnel). The 


two copies included with the samples and sent to the laboratory are to be secured in a plastic, sealable 


bag and taped to the inside top of each sample cooler. The pink (3rd) sheet will be retained by the field 


personnel for filing after returning from the field.  
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Upon completion of daily field activities and prior to shipping or storage, COC entries will be completed 


for all samples. Information on each sample label will be verified against the information logged in the 


field notebooks and field forms. Upon completion of the field sampling event(s), the field team lead is 


responsible for submitting at COC/SAR forms for copying and filing after returning from the field. 


CUSTODY SEALS 


It is imperative (particularly for any projects that may be involved in litigation) that sample integrity be 


demonstrated and documented from the time of collection to the time of receipt in the laboratory. As 


security against unauthorized handling of the samples during shipping, two custody seals will be affixed 


to each sample cooler. The custody seals will be placed across the opening of the cooler (front right and 


back left) prior to shipping. The seals must be signed and dated and properly attached to the cooler such 


that they cannot be removed (intentionally or accidentally) during shipping. It is recommended that 


additional tape be used to ensure the custody seals are attached to the cooler(s).  


SHIPPING AIRBILLS 


When samples are shipped from the field to the laboratory via a commercial carrier (e.g., FedEx, UPS) 


and airbill or receipt is provided by the shipper. Upon completion of the field sampling even, the field 


team lead will be responsible for submitting the sender’s copy of all shipping airbills to be copied. The 


airbill number (i.e., tracking number) should be noted on the applicable COC/SAR forms (if possible) or 


alternatively the applicable COC/SAR form number should be noted on the airbill to enable the tracking 


of samples if a cooler is lost.  


ACKNOWLEDGEMENT OF SAMPLE RECEIPT FORMS 


In most cases, when samples are sent to an analytical laboratory, and an Acknowledgement of Sample 


Receipt form is faxed to the company and/or the lead scientist on the project. This typically would occur 


upon receipt of the samples at the laboratory. It is the responsibility of the person receiving the 


Acknowledgement of Sample Receipt form to review the form and make sure that all the sample that 


were sent to the laboratory were received by the laboratory and that the correct analyses were 


requested. If an error is found, the laboratory must be called immediately. Decisions made during the 


telephone conversation with the laboratory should be documented in writing on the Acknowledgement 


of Sample Receipt form. In addition, corrections should be made to the COC/SAR form and the corrected 


version of the COC/SAR form should be faxed to the laboratory and retained for documentation. 


FORM COPIES/SCANS FOR DOCUMENT RETENTION 


Upon returning from the field, all field notes, field logs, photographs, and COC/SAR forms should be 


copied and scanned into electronic form. The files should be stored under project folders and backed up 


on the Fairweather Science server. Once samples have been received at the laboratory, the fully‐


executed COC/SAR forms should also be scanned and retained on the electronic server. All documents 


should be retained until otherwise notified by the client and/or the project’s principle investigator (PI).  
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SOP	–	02	
Sample	Custody	


A stringent, established program of sample chain‐of‐custody will be followed during sample storage and 


shipping activities to account for each sample. The procedure outlined here will be used with SOP – 01, 


Field Documentation, and SOP‐03, Sample Packaging and Shipping. Chain‐of‐custody record/sample 


analysis request (COC/SAR) forms ensure that samples are traceable from the time of collection through 


processing and analysis until final disposition. A sample is considered to be in a person’s custody if any 


of the following criteria are met: 


 The sample is in the person’s possession 


 The samples is in the person’s view after being in possession 


 The sample is in the person’s possession and is being transferred to a designated secure area 


 The sample has been locked up to prevent tampering after it was in the person’s possession 


At no time is it acceptable for samples to be outside of the field leader’s custody unless the samples 


have been transferred to a secure area (e.g., a locked freezer). If the samples cannot be placed in a 


secure area, then the field team lead (or designate) must physically remain with the samples at all times.  


PROCEDURE 


The COC portion of the COC/SAR form is the most critical component because it documents sample 


possession through the life‐cycle of the sample. The SAR component of the form provides information to 


the technical laboratory regarding what analyses are to be performed on the samples that are shipped.  


The COC/SAR form will be completed after each field collection activity and before the samples are 


shipped to the laboratory. Sampling personnel are responsible for the care and custody of the samples 


until they are shipped. When transferring possession of the samples, the individuals relinquishing and 


receiving the samples must sign the COC/SAR form(s), indicating the time and date that the transfer 


occurs. Copies of the forms will be made and kept by the company (e.g., Fairweather Science) or the 


lead PI, and the originals will be included with the samples in the sample cooler(s). The following 


guidelines will be followed to ensure consistent shipping procedures and to maintain the integrity of the 


samples: 


 Each COC/SAR form must be appropriately signed by the sampling personnel. The person who 


relinquishes custody of the samples must also sign this form.  


 The COC/SAR form should not be signed until the information has been checked for inaccuracies 


by the field team leader. All changes should be made by drawing a single line through the 


incorrect entry and initially and dating it‐ as per Good Laboratory Practices (GLP). Revised 


entries should be made in the space below the entries. Any blank lines remaining on the 
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COC/SAR form after corrections are made should be marked out with single lines. This 


procedure will preclude any unauthorized additions. 


 At the bottom of each COC/SAR form is a space for the signatures of the persons relinquishing 


and receiving the samples and the time and date that the transfer occurred. The time that the 


samples were relinquished should match exactly the time they were received by another party. 


Under no circumstances should there be any time when custody of the samples is 


undocumented.  


 If samples are sent by a commercial carrier not affiliated with the laboratory, such as via FedEx 


or UPS, the name of the carrier should be entered in the “received by” block. Any tracking 


numbers supplied by the carrier should also be entered in the “Received by” block. The time of 


transfer should be as close to the actual drop‐off time as possible. After the COC/SAR forms are 


signed and copied, they should be sealed inside the transfer container. 


 If errors are found after the shipment has left the custody of the field personnel, a corrected 


version of the forms must be made and sent to all relevant parties. Minor errors can be rectified 


by making a change on a copy of the original with a brief explanation and signature. Errors in the 


signature block may require a follow‐up letter of explanation.  
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SOP	–	03	
Sample	Packaging	and	Shipping	


Specific requirements for sample packaging and shipping must be followed to ensure the proper transfer 


and documentation of environmental samples collected during field operations. Procedures for the 


careful and consistent transfer of samples from the field to the laboratory are outlined in this Standard 


Operating Procedure (SOP).  


EQUIPMENT REQUIRED 


Specific equipment or supplies necessary to properly pack and ship environmental samples include the 


following: 


 Gel packs, frozen Blue Ice, or dry ice (Depending on project and individual sample requirements) 


 Sealable airtight bags (Assorted sizes) 


 Large, plastic garbage bags 


 Paper towels 


 Coolers 


 Bubble wrap 


 Fiber reinforced packing tape 


 Duct tape 


 Clear plastic packing tape 


 Scissors 


 Chain‐of‐custody seals 


 Specialized labels (e.g., “Fragile”, “This end up”, or “Handle with care”) 


 Mailing/Airbill labels 


 Airbills for overnight shipment 


 Chain‐of‐custody record/Sample analysis request (COC/SAR) forms 


PROCEDURE  


The logistics for sample packaging and shipping should be specifically tailored to each study. In some 


cases, samples may be transferred from the field to a local storage facility where they can be either 


frozen or refrigerated. Depending on the logistics of the operation, field personnel may transport 


samples to the laboratory themselves or utilize an overnight courier service. If a courier service is used, 


then field personnel need to be aware of any potentially limiting factors to timely shipping (e.g., 


availability of overnight service and weekend deliveries to specific areas of the country, shipping 


regulations “restricted articles”, such as dry ice and formalin) prior to shipping the samples.  
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The following steps should be followed to ensure the proper transfer of samples from the field to the 


laboratories: 


In the Field (Sample Collection Site): 


1. Appropriately document all samples using a logbook, the required sample container 


identification (i.e., sample labels and sample tags) and a COC/SAR form. Fill out the COC/SAR 


form as per SOP‐ 02, Sample Custody. 


2. Make sure all applicable laboratory quality control sample designations have been made on the 


COC/SAR form. Samples that will be archived for future possible analysis should be clearly 


identified on the COC/SAR form by noting the following: “Do Not Analyze: Hold and Archive for 


Possible Future Analysis”, because some laboratories interpret “Archive” to mean continue 


holding the residual sample (e.g., extract) after analysis.  


3. Clean the gross contamination from the outside of all dirty sample containers to remove any 


residual material that may lead to cross‐contamination.  


4. Store each sample container in an individual sealable plastic bag that allows the sample label to 


be read. Volatile organic analyte (VOA) vials for a single sample must be encased in bubble wrap 


before being sealed in bags.  


5. If the samples have a required storage temperature, place a sufficient amount of frozen gel 


packs (or similar) in the sample cooler to maintain the temperature inside the cooler (e.g., 4° C) 


throughout the sampling day.  


In the Field (Sample Processing): 


1. If the samples have a required storage temperature, then the samples should be cooled to and 


maintained at that temperature prior to shipping. For example, a sufficient amount of frozen gel 


packs (or similar) must be present in each sample cooler to maintain the temperature inside the 


cooler at 4° C until processing begins to ship the samples to the testing laboratory. 


2. Be aware of any holding time requirements for project‐specific analytes and arrange the sample 


shipping schedule accordingly. For example, some water samples for organics analysis have 


limited holding time periods of 7‐days.  


3. Samples will be placed in secure storage or remain in the field personnel’s possession until they 


are shipped to maintain sample integrity and COC requirements. 


4. Samples should be stored in the dark (e.g., cooler tops shut and/or inside a dark freezer or 


refrigerator).  


In the Field (Immediately Prior to Shipping): 


1. Check sample containers against the COC/SAR form(s) to ensure all samples intended for 


shipment are accounted for (and that sample label information is correctly entered into 


COC/SAR form).  
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2. Choose the appropriate size cooler(s) and make sure that the outside of the cooler is clean of 


gross contamination. If the cooler has a drain on the outside at the bottom of the cooler, the 


drain should be capped and thoroughly taped shut with duct tape to prevent leakage.  


3. The cooler should be lined with bubble wrap and a large plastic bag should be opened and 


placed inside the cooler. (Typically commercial carriers will not transport leaking coolers). 


4. Individually wrap each glass container (which at the sample collection site had already been 


placed in an individual sealable plastic bag) in bubble wrap. Place the wrapped samples into the 


large plastic bag in the cooler; leaving sufficient room for ice to keep the samples cold (e.g., 4°C).  


5. If the samples have a required storage temperatures, add enough frozen gel packs (or similar) to 


keep the samples refrigerated during overnight shipping. Always over‐estimate the amount of 


frozen gel packs that you think will be required. Avoid separating the samples from the gel packs 


with excess bubble wrap because it will insulate the containers from the ice. After all samples 


and ice have been added to the cooler, use bubble wrap to fill any empty space to keep the 


samples from shifting during transport. 


6. If possible, consolidate all VOA samples in a single cooler (where applicable) and ship them with 


a trip blank (or blanks) if the quality assurance project plan (QAPP)_ calls for one.  


7. If temperature blanks have been provided by the testing laboratory, include one temperature 


blank in each sample cooler.  


8. Sign, date, and include any tracking numbers provided by the shipper on the COC/SAR form. 


Remove the back copy of the original COC/SAR form (or the 3rd triplicate copy‐ if electronically 


generated) and retain this copy for the project records.  


9. Place the rest of the signed COC/SAR form(s) in a sealable bag and tape the bag containing the 


form to the inside of the cooler lid. Each cooler should contain an individual COC/SAR form(s) for 


the samples contained in each respective cooler. If time constraints impact sample shipping and 


it becomes necessary to combine all of the samples into a single set of COC/SAR form(s) and the 


shipment contains multiple coolers, indicate on the outside of the respective cooler “Chain of 


Custody Inside”.  


10. After the cooler is sufficiently packed to prevent shifting of the containers, close the lid and seal 
it shut with fiber‐reinforced packing tape. The cooler should be taped shut around the opening 


between the lid and the bottom of the cooler and around the circumference of the cooler at 


both hinges.  


11. As security against unauthorized handling of the samples, apply two chain‐of‐custody seals 


across the opening of the cooler lid. Once seal should be placed on the front of the cooler and 


one seal should be placed on the side of the cooler opposite the first seal. Be sure the seals are 


properly affixed to the cooler so they are not removed during shipment. Additional tape across 


the seal may be necessary if the outside of the cooler is wet.  


12. Use a mailing label and label the cooler with destination and return address, and add other 


appropriate stickers, such as “This End Up”, “Fragile”, and “Handle with Care”. If the shipment 


contains multiple coolers, indicate on the mailing label the number of coolers that the testing 


laboratory should expect to receive (e.g., 1 of 2, 2 of 2). Place clear tape over the mailing label to 
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firmly affix it to the outside of the cooler and to protect it from the weather. This is a secondary 


label in case the airbill is lost during shipment. 


13. If an overnight courier is used, fill out the airbill as required and fasten it to either the top of the 
cooler or to handle tags as provided by the shipper. In addition to the adhesive backing on many 


airbills, the airbill and/or mailing label should also be taped to the lid, because tracking 


problems can occur if a sticker is removed during shipment. 


14. If samples need to be frozen (e.g., ‐20°C) during shipping, then dry ice will need to be placed in 


the sample cooler. Be aware of any additional shipping, handling, and special labeling 


requirements that may be required by the shipper for these samples.  


15. Benthic infauna samples will need to be preserved with formalin in the field prior to shipping. Be 


aware of any additional shipping, handling, and special labeling requirements that may be 


required by the shipper for these samples.  


16. If samples are shipped that contain “restricted articles” (e.g., dry ice, formalin), a 24‐hour 


emergency contact number must be provided to the shipper by the field personnel.  


17. Notify the laboratory contact that the samples will be shipped and the estimated arrival date 


and time. All environmental samples that are shipped at either 4°C or at ‐20°C will be shipped 


overnight for next morning delivery.  
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SOP	–	04	
Decontamination	of	Equipment	–	


Sediments		
 To prevent potential cross contamination of samples, all reusable sediment sampling and processing 


equipment will be decontaminated prior to the start of sampling each day, and before each use of the 


sampling equipment. At the sample collection site, a decontamination area will be established in a clean 


location, upwind of actual sampling locations, if possible. This is where all sediment sampling and 


processing equipment will be cleaned. Decontaminated equipment will be stored away from areas that 


may cause recontamination, and rinsate blanks will be collected during field activities. When handling 


decontamination chemicals, field personnel will follow all relevant procedures and will wear protective 


clothing as stipulated in the site‐specific health and safety plan.  


This Standard Operating Procedure (SOP) describes procedures for decontaminating sampling and 


processing equipment contaminated by either inorganic or organic materials. Sampling equipment (e.g., 


van Veen grab, Ekman grab, Ponar grab, core tubes) used for both analyte groups follow the 


decontamination order of a detergent wash, site water rinse, organic solvent rinses, and final site water 


rinse. Sample processing equipment, such as scoops and spoons, should have a final distilled/deionized 


water rinse instead of a site water rinse. If the surface of stainless steel equipment appears to be rusting 


(possibly due to prolonged contact with organic‐rich sediment), it should be given an acid and site water 


rinse at the end of each sampling day to minimize corrosion. If site water contamination is an issue (e.g., 


visible oil film), the solvent rinse as the final decontamination rinse may be necessary. This decision 


should be made by the chief field scientist. 


REQUIRED EQUIPMENT 


Equipment required for decontamination includes the following: 


 Polyethylene or polypropylene tub (to collect solvent rinsate) 


 Plastic bucket(s), such as 5‐gal buckets 


 Tap water or site water 


 Stainless steel pump (e.g., for on‐vessel site water) 


 Carboy, distilled/deionized water (Analyte‐free; received from testing laboratory of other 


reliable source) 


 Properly labeled squirt bottles 


 Funnels 


 Alconox®, Liquinox®, or other equivalent industrial detergent 


 Pesticide‐grade ethanol and heptane (depending on project‐specific field sampling plan (FSP) or 


sampling and analysis plan (SAP), because the solvents may vary by EPA region or state) 
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 10 percent (v/v) nitric acid (Reagent grade) for inorganic contaminants 


 Baking soda 


 Long handled, hard‐bristle brushes 


 Extension arm for cleaning core liners 


 Plastic sheeting, garbage bags, and aluminum foil (except for sampling for trace metals 


contamination) 


 Core liner caps or plastic wrap and rubber bands 


 Personal protective equipment as specified in the health and safety plan 


DECONTAMINATION PROCEDURES FOR FULL SUITE ANALYSIS (ORGANIC, METAL, AND CONVENTIONAL 


ANLYTES) 


Two organic solvents are used in this procedure. The first is miscible with water (e.g., ethanol) and is 


intended to scavenge water from the surface of the sampling equipment and allow the equipment to 


dry quickly. This allows the second solvent to fully contact the surface of the sampler. Make sure that 


the solvent ordered is anhydrous or has a very low water content (i.e., <%). If ethanol is used, make sure 


that the denaturing agent in the alcohol is not an analyte of interest in the samples. The second organic 


solvent is hydrophobic (e.g., heptane) and is intended to dissolve any organic chemicals that are on the 


surface of the equipment.  


The exact solvents used for a given project may vary by EPA region or state (see project‐ specific Field 


Sampling Plan (FSP) or Sampling and Analysis Plan (SAP)). Typically ethanol and heptane are preferred 


solvents for equipment decontamination. If specified in the FSP or SAP, isopropanol and acetone can be 


substituted for ethanol, and hexane and methanol can be substituted for heptane in the 


decontamination sequence. The choice of solvents is also dependent on the kind of material from witch 


the equipment is made (e.g., acetone cannot be used on polycarbonate) and the ambient temperature 


(e.g., acetone and hexane are quite volatile and may not be appropriate in hot climates). In addition, 


although methanol and hexane are sometimes slightly more effective than other solvents, their use is 


discouraged due to toxicity to sampling personnel. 


The specific procedures for decontaminating sediment sampling equipment and sediment compositing 


equipment are as follows: 


1. Rinse the equipment thoroughly with tap or site water to remove visible sediment. This step 


should be performed onsite for all equipment, including sediment core liners that will not be 


used again until the next day of sampling. After removing visible solids, sampling equipment that 


does not need to be used again that day may be set aside and thoroughly cleaned in the field 


laboratory at the end of the day.  


2. Pour a small amount of concentrated laboratory detergent into a bucket (i.e., about 1‐2 


tablespoons per 5‐gallon bucket) and fit it halfway with tap or site water. If the detergent is in 


crystal form, all crystals should be completely dissolved prior to use.  
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3. Scrub the equipment in the detergent solution using a long‐handled brush with rigid bristles. For 


the polycarbonate core liners, use a round brush attached to an extension arm to reach the 


entire inside of the liners, scrubbing with a back‐and‐forth motion. Be sure to clean the outside 


of core liners, bowls, and other pieces that may be covered with sediment.  


4. Double rinse the equipment with tap or site water and set right‐side‐up (where applicable) on a 


stable surface to drain. The more completely the equipment drains, the less solvent will be 


needed in the next step. Do not allow any surface that will come in contact with the sample to 


touch any contaminated surface.  


5. If the surface of stainless steel equipment appears to be rusting (This will occur during 


prolonged use in anoxic marine sediments), the surface requires passivation. Otherwise, skip to 


the next step. Using a 10% (v/v) nitric acid solution (ultra‐high purity grade), rinse using a squirt 


bottle, or wipe all surfaces using a saturated paper towel. Areas showing rust may require some 


rubbing with the paper towel. If using a squirt bottle, let the excess acid drain into the waste 


container (which may need to be equipped with a funnel). Double‐rinse equipment with tap or 


site water and set it right‐side‐up (where applicable) on a stable surface to drain thoroughly.  


6. Carefully rinse the equipment with ethanol from a squirt bottle and let the excess solvent drain 


into a waste container (which may need to be equipped with a funnel). These solvents act 


primarily as a drying agent by scavenging water from the equipment surface and carrying it 


away, but they also work as a solvent for some organic contamination. Sediment core liners 


must be held over the waste container and turned slowly so the stream of solvent contacts all of 


the surface. The sample apparatus (e.g., grab sampler) may be turned on its side (if small 


enough) and opened to be washed more effectively. In the event that a larger sampling unit 


(e.g., double van veen grab sampler) is used, it may be necessary to open and close the jaws 


multiple times and direct site water through a hose from underneath the openings to remove 


debris entrained in the corners of the unit. The equipment should be allowed to air dry in a 


clean location (whenever possible). Use only enough solvent to scavenge all of the water and 


flow off the surface of the equipment (i.e., establish sheet flow) into the waste container. Allow 


equipment to drain as much as possible. Ideally, the equipment will be dry. The more 


thoroughly it drains, the less solvent will be required in the following step.  


7. Carefully rinse the drained or air‐dried equipment with heptane from a squirt bottle, and let the 


excess solvent drain into the waste container (which may need to be equipped with a funnel). 


The opening of the squirt bottle may need to be widened to allow enough solvent to run 


through the sediment core liners without evaporating. Heptane primarily acts to clean the 


equipment from organic contamination (as opposed to a drying solvent). Ethanol is soluble in 


heptane, but water is not. If water beading occurs, it means that the equipment was not 


thoroughly rinsed with ethanol or that the ethanol that was purchased was not free of water. 


When the equipment has been rinsed with heptane, set it in a clean location and allow the 


heptane to evaporate before using the equipment for sampling. Use only enough solvent to 


scavenge all of the ethanol and flow off the surface of the equipment (i.e., establish sheet flow) 


into the waste container.  
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8. Under certain sampling conditions (e.g., remote, off‐shore field sampling from a vessel), use of 


large equipment would require excessive use of solvent(s) for the decontamination procedure. 


In these instances, the solvent rinse process can be replaced by the use of acetone (or similar 


solvent) wipes. However, in the event that gross contamination (e.g., oiled equipment) is 


observed, solvent rinsing is imperative.  


9. The final rinse is with site water for the sampling equipment (e.g., van veen grab, Ekman grab) 


and distilled/deionized water for processing equipment (e.g., compositing bowls and spoons). 


Equipment does not need to be dried before use.  


10. If the decontaminated sampling equipment is not to be used immediately, wrap small stainless‐


steel items in aluminum foil (dull side facing the cleaned area). Seal the polycarbonate core 


liners at both ends with either core caps or cellophane plastic and rubber bands. Close the jaws 


of the grab samplers.  


11. If the sample collection, processing equipment, or sample jar containers are 


cleaned/decontaminated prior to the field (or certified by the vendor, e.g., pre‐cleaned sample 


jars), they should be stored covered and protected from field contamination prior to use.  


12. Rinse or wipe with a wetted paper towel all stainless‐steel equipment at the end of each 


sampling day with 10% (v/v) nitric acid solution. Follow with a freshwater rinse (site water is fine 


as long as it is not brackish or salt water).  


After decontamination of the sampling equipment, the disposable gloves and used foil will be placed in 


garbage bags and disposed of in a solid waste landfill. When not in use, keep the waste solvent 


container closed and store in a secure area. The waste solvent should be transferred to empty solvent 


bottles and disposed of at a licensed facility per the procedures listed in the FSP or SAP. When not in 


use, keep the waste acid container closed and store in a secure area. The acid waste should be 


neutralized with baking soda and disposed of per the procedures listed in the FSP or SAP. 


DECONTAMINATION PROCEDURES FOR METAL AND CONVENTIONAL ANALYTES ONLY 


The specific procedures for decontaminating sediment sampling equipment and sediment processing 


equipment are as follows: 


1. Rinse the equipment thoroughly with tap or site water to remove the visible sediment. This 


step should be performed onsite for all equipment including core liners that will not be used 


again until the next day of sampling. Pieces that do not need to be used again that day may 


be set aside and thoroughly cleaned in the field laboratory at the end of the day.  


2. Pour a small amount of concentrated laboratory detergent into a bucket (i.e., pour about 1‐


2 tablespoons per 5‐gallon bucket) and fill it halfway with tap or site water. If the detergent 


is in crystal form, all crystals should be completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a long‐handled brush with rigid bristles. 


For the polycarbonate core liners, use a round brush attached to an extension arm to reach 


the entire inside of the liners, scrubbing with a back‐and‐forth motion. Be sure to clean the 


outside of core liners, bowls, and other pieces that may be covered with sediment.  
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4. Double rinse the equipment with tap or site water and set right‐side‐up (where applicable) 


on a stable surface to drain. The more completely the equipment drains, the less solvent will 


be needed in the next step. Do not allow any surface that will come in contact with the 


sample to touch any contaminated surface.  


5. If the surface of stainless steel equipment appears to be rusting (This will occur during 


prolonged use in anoxic marine sediments), the surface requires passivation. Otherwise, skip 


to the next step. Using a 10% (v/v) nitric acid solution (ultra‐high purity grade), rinse using a 


squirt bottle, or wipe all surfaces using a saturated paper towel. Areas showing rust may 


require some rubbing with the paper towel. If using a squirt bottle, let the excess acid drain 


into the waste container (which may need to be equipped with a funnel). Double‐rinse 


equipment with tap or site water and set it right‐side‐up (where applicable) on a stable 


surface to drain thoroughly. Double rinse processing equipment with distilled/deionized 


water and allow to drain.  


6. Sample processing equipment used for trace metals analysis should be Teflon or Kynar 


coated (not metal) and should be stored in plastic bags following decontamination (if not 


used immediately). Similar to the procedures for organics decontamination, the jaws of the 


grab(s) should be stored closed prior to decontamination.  


7. If the sample collection, processing equipment, or sample jar containers are 


cleaned/decontaminated prior to the field (or certified by the vendor, e.g., pre‐cleaned 


sample jars), they should be stored covered and protected from field contamination prior to 


use. 


After decontamination of the sampling equipment, the disposable gloves and used foil will be placed in 


garbage bags and disposed of in a solid waste landfill. When not in use, keep the waste acid container 


closed and stored in a secure area. The acid waste should be neutralized with baking soda and disposed 


of per the procedures listed in the project‐specific FSP or SAP. 
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SOP	–	05	Preparation	of	Field	Quality	
Control	Samples	–	Sediment		 	 	
This SOP describes the purpose, preparation, and collection frequency of field duplicate samples, field 


replicate samples, matrix spike/matrix spike duplicates, equipment rinsate blanks, bottle blanks, trip 


blanks, temperature blanks, environmental blanks, and reference materials (i.e., a standard reference 


material, a certified reference material, or other reference material (SRM acronym applied to all three 


reference material types) for sediment samples. Not all of the field quality control (QC) samples 


discussed in this SOP may be required for a given project. The specific field quality control samples will 


be identified in the project‐specific field sampling plan (FSP) or sampling and analysis plan (SAP) and 


quality assurance project plan (QAPP). For most projects, the recommended field QC samples are: an 


equipment rinsate blank, a field duplicate, and trip blanks if volatile organic compounds (VOCs) are to be 


analyzed. Definitions of all potential QC samples are described below.  


As part of the quality assurance/quality control (QA/QC) program, all field QC samples will be sent to the 


laboratories blind. To accomplish this, field QC samples will be prepared and labeled in the same 


manner as regular samples, with each QC sample being assigned a unique sample number that is 


consistent with the numbering for regular samples. All of the containers with preservatives that are 


required to complete the field QC sample for the applicable analyte list shall be labeled with the same 


sample number.  The sample ID for field quality control samples should allow data management and 


data validation staff to identify them as such and should only be recorded in the field logbook. Under no 


circumstances should the laboratory be allowed to use FIELD reference materials, rinsate blanks or trip 


blanks for LABORATORY QC analysis (i.e., lab duplicates, matrix spikes/matrix spike duplicates). To 


prevent this from happening, regular samples should be selected and marked on the chain‐of‐


custody/sampling analysis request (COC/SAR) form or the laboratory should be instructed to contact the 


project QA/QC coordinator to select appropriate samples for each sample group. 


All field quality control samples will be packaged and shipped with other samples in accordance with the 


procedures outlined in SOP – 03, Sample Packaging and Shipping. Sample custody will be maintained in 


accordance with the procedures outlines in SOP – 02 Sample Custody. 


Field quality control samples will be prepared at least once per sampling event and certain types will be 


prepared more often at predetermined frequencies. If the number of samples taken does not equal an 


integer multiple of the intervals specified in this SOP, the number of field quality control samples is 


specified by the next higher multiple. For example, if a frequency of 1 quality control sample per 20 is 


indicated and 28 samples are collected, 2 quality control samples will be prepared. The text below 


describes the preparation and frequency of field quality control samples required for sediment sampling 


activities, and shall be followed unless different frequency requirements are listed in the FSP/SAP and 


QAPP. 
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The following table (Table 1) lists the quality control sample types and suggested frequencies for 


sediment sampling programs. Because sediment quality control sampling may require assessment of site 


cross‐contamination, additional blanks may be required. A detailed explanation of each quality control 


sample type with the required preparation follows this table. 


Table 1. Field quality control (QC) sample requirements for sediment sampling. 


    Preparation 


Quality Control 
Sample Name 


Abbreviation 
Location  Method  Frequency1 


Duplicate  DUP  Sampling Site  Additional natural 
sample 


One per 20 samples. 
May not be 
applicable if REP is 
being collected. 


Replicate  REP  Sampling Site  Additional natural 
sample 


One replicate per 20 
samples. May not be 
applicable if DUP is 
being collected. 


Matrix 
Spike/Matrix Spike 
Duplicate 


MS/MSD  Sampling Site  Additional sample 
bottles filled for 
laboratory quality 
control 
requirements 


One per 20 samples. 


Equipment Rinsate 
Blank 


ER  Sampling Site  Deionized water 
collected after 
pouring through 
and over 
decontaminated 
equipment 


Minimum of one per 
sampling equipment 
used and then 1:20 
thereafter. 


Bottle Blank  BB  Field  Unopened bottle  One per sample 
episode or one per 
bottle type. 


Trip Blank  TB  Laboratory  Deionized water 
with preservative 


One pair per each 
VOC sample cooler 
shipment. 


Temperature 
Blank 


TMB  Laboratory  Deionized water  One per sample 
cooler. 


Environmental 
Blank 


EB  Field  Bottle filled at 
sample site with 
DI water 


One per 20 samples. 


Standard 
Reference 
Material 


SRM  Field, Laboratory, 
or Sampling Site 


SRM ampules or 
other container 
for each analyte 
group 


One set per 50 
samples or one per 
episode. 


1. Frequencies provided in this table are general recommendations; project‐specific frequencies 


are provided in the project‐specific FSP/SAP and QAPP. 
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FIELD DUPLICATE SAMPLES 


Field duplicate (or split) samples are collected to assess the homogeneity of the samples collected in the 


field and the precision of the sampling process. Field duplicates will be prepared by collecting two 


aliquots for the sample and submitting them for analysis as separate samples. Field duplicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. The actual number of field duplicate samples collected during a sampling event will be 


determined on a case‐by‐case basis by the project QA/QC coordinator and/or Field Team Lead (consult 


the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


FIELD REPLICATE SAMPLES 


Field replicate samples are co‐located samples collected in an identical manner over a minimum period 


of time to provide a measure of the field and laboratory variance, including variance resulting from 


sample heterogeneity. Field replicates will be prepared by collecting two completely separate samples 


from the same station and submitting them for analysis as separate samples. Field replicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. If field duplicate samples are collected, then it is unlikely that field replicate samples will also 


be collected during the field sampling event. The actual number of field replicate samples collected will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


MATRIX SPIKE/MATRIX SPIKE DUPLICATES 


The matrix spike/matrix spike duplicate (MS/MSD) analyses provide information about the effect of the 


sample matrix on the design and measurement methodology used by the laboratory. To account for the 


additional volume needed by the laboratory to perform the analyses, extra sample volumes may be 


required to be collected from designated sediment stations. MS/MSDs may be collected at a minimum 


frequency of 1 per 20 samples or once per sampling event, whichever is more frequent. The actual 


number of field replicate samples collected will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by analyte group. 


EQUIPMENT RINSATE BLANKS 


Equipment rinsate blanks will be used to help identify possible contamination from the sampling 


environment and/or from decontaminated sampling equipment. Equipment rinsate blanks will be 


prepared by pouring laboratory distilled/deionized water through, over, and into the decontaminated 


sample collection equipment, then transferring the water to the appropriate sample containers and 


adding any necessary preservatives. Equipment rinsate blanks will be prepared for all inorganic, organic, 


and conventional analytes at least once per sampling event per type of sampling equipment used. The 


actual number of equipment rinsate blanks prepared during an event will be determined on a case‐by‐
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case basis by the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific 


FSP/SAP and QAPP). These requirements may vary by EPA region or state. 


BOTTLE BLANKS 


The bottle blank is an unopened sample bottle. Bottle blanks are submitted along with sediment 


samples to ensure that contaminants are not originating from the bottles themselves because of 


improper preparation, handling, or cleaning techniques. If required, one bottle blank per lot of prepared 


bottles will be submitted for analysis. If more than one type of bottle will be used in the sampling (e.g., 


HDPE and glass), then a bottle blank should be submitted for each type of bottle and preservative. The 


actual number of bottle blanks analyzed during a project will be determined on a case‐by‐case basis by 


the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and 


QAPP). These requirements may vary by EPA region or state. 


TRIP BLANKS 


Trip blanks will be used to help identify whether contaminants may have been introduced during the 


shipment of the sediment samples from the field to the laboratory for VOC analyses only. Trip blanks are 


prepared at the testing laboratory by pouring distilled/deionized water into two 40‐mL VOC vials and 


tightly closing the lids. Each vial will be inverted and tapped lightly to ensure no air bubbles exist.  


The trip blanks will be transported unopened to and from the field in the cooler with the VOC samples. A 


trip blank shall be labeled and placed inside the cooler that contains newly collected VOC samples and it 


shall remain in the cooler at all times. A trip blank must accompany samples at all times in the field. One 


trip blank (consisting of a pair of VOC vials) will be sent with each cooler of samples shipped to the 


testing laboratory for VOC analysis. 


TEMPERATURE BLANKS 


Temperature blanks will be used by the laboratory to verify the temperature of the samples upon 


receipt at the testing laboratory. Temperature blanks will be prepared at the testing laboratory by 


pouring distilled/deionized water into a vial and tightly closing the lid. The blanks will be transported 


unopened to and from the field in the cooler with the sample containers. A temperature blank shall be 


included with each sample cooler shipped to the testing laboratory.  


FIELD BLANKS 


The field blank is prepared in the field to evaluate potential background concentrations present in the 


air and in the distilled/deionized water used for the final decontamination rinse. If unpreserved bottles 


are to be used, then the appropriate preservative (i.e., for metals samples use a 10% nitric acid solution 


to bring sample pH to 2 or less) must be added, as required. Field blanks should be collected at a 


minimum frequency of 1 in 20 samples. The actual number of field blanks analyzed during a project will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state. 
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To prepare a field blank in the field, open the laboratory‐prepared sample bottle while at a sample 


collection site, fill the sample bottle with distilled/deionized water and then seal. Assign the field blank a 


unique sample number, label the bottle, and then send the bottle to the laboratory with the field 


samples according to SOP – 03, Sample Packaging and Shipping. 


REFERENCE MATERIALS 


Reference materials are samples containing known analytes at known concentrations that have been 


prepared by and obtained from EPA‐approved sources. The SRMs have undergone multi‐laboratory 


analysis using a standard method which provides certified concentrations. When available for a specific 


analyte, SRM samples provide a measure of analytical performance and/or analytical method bias (i.e., 


accuracy) of the laboratory. Several SRMs may be required to cover all analytical parameters. For all 


analytes where available, one SRM will be analyzed at a frequency of 1 per 50 samples. The actual 


number of SRMs analyzed during a project will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by EPA region or state. 
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SOP	–	06	Surface	Sediment	Sampling	
Using	a	Modified	van	Veen	Grab	Sampler	 	
This SOP describes the procedures used to collect surface sediment with a modified van Veen grab 


sampler. For the purposes of this SOP, surface sediment is defined as the upper 10cm of the sediment 


column, but may vary given the sampling interval specified in the study design (project specific field 


sampling plan (FSP) or sampling and analysis plan (SAP)). Surface sediment is typically analyzed for 


various physical and chemical variables so the sampling equipment and sampling procedures must be 


compatible with all analyses.  


A modified stainless‐steel van Veen grab sampler is capable of collecting acceptable samples from a 


variety of substrates such as mud, sand, gravel, and pebbles (APHA 1989, U.S. EPA 2001). The modified 


van Veen grab sampler incorporates several design improvements over the traditional van Veen grab 


sampler, which improves the quality of the sediment samples. The modified grab sampler has two doors 


on top to allow easy access to the sample for visual characterization and subsampling of undisturbed 


surface sediments. The interiors of the doors are made of screens to minimize the bow wake and the 


resulting disturbance of the sediment surface when the grab sampler is lowered to the bottom. Rubber 


flaps cover each screen as the grab sampler is retrieved to prevent disturbing the sediment sample as it 


is raised through the water column. The arms of the modified grab sampler are lengthened and arced to 


provide a stronger seal when the grab sampler is closed, thereby minimizing sample leakage when the 


grab sample is retrieved. Finally, the modified grab sampler has four detachable, epoxy‐coated lead 


weights that allow the weight and penetration of the grab sampler to be optimized with respect to the 


kind of sediment being sampled. The procedures for collecting surface sediment samples using the 


modified van Veen grab sampler are described below.  


EQUIPMENT AND SUPPLIES REQUIRED   


Equipment required for sediment sampling using the van Veen grab sampler includes the following: 


 Stainless‐steel van Veen grab sampler (typically 0.06m2 or 0.1m2) and spare parts (also 


applicable to this SOP would include a double van Veen grab sampler) 


 Winch and hydrowire (With load capacities ≥ 3 times the weight of a full sampler) 


 Sample collection table 


 Teflon® or polyethylene siphon (inner diameter = 1.27cm, length = 60‐90cm) 


 Stainless‐steel ruler 


 Stainless‐steel spoons/spatulas (or Kynar® coated) 


 Stainless‐steel mixing bowl or pot (or Teflon® coated) 


 Socket and crescent wrenches (for adding or removing the detachable weights of the grab 


sampler) 
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 Water pump and hose (for rinsing the grab sampler, sampling utensils, and sample collection 


table 


DECONTAMINATION   


To prevent potential cross‐contamination of samples, all reusable sediment sampling equipment must 


be decontaminated. Before each station is sampled, decontaminate the inner surfaces of the grab 


sampler and all stainless‐steel sample compositing equipment. Details on correct decontamination 


procedures can be found in SOP – 04; Decontamination of Equipment – Sediment. The project‐specific 


FSP or SAP should also be consulted to determine and project‐specific decontamination procedures. The 


personnel performing the decontamination procedures will wear protective clothing as specified in the 


site‐specific health and safety plan (HSP).  


All solvent rinsates (if applicable) will be collected into a bucket or tub and allowed to evaporate over 


the course of the day. Any rinsate that has not been evaporated by the end of the sampling even will be 


containerized and disposed of in accordance with applicable regulations. 


GRAB SAMPLER DEPLOYMENT  


[Note: On some vessels, the deployment of the grab sampler will be conducted by marine technicians 


provided by the vessel operators] 


1. Attach the grab sampler to the hydrowire with a swivel. The swivel minimized the twisting 


forces on the sampler during deployment and ensures that proper contact is made with the 


bottom. For safety, the hydrowire, swivel, and all shackles should have a load capacity at least 3 


times the weight of a full sampler.  


2. Place the decontaminated grab sampler on a clean surface (i.e., the sample collection table) and 


open it. 


3. Ensure that the two release chains and the two retrieval chains are hanging free and are not 


wrapped around the arms of the sampler.  


4. Ensure that all doors are firmly latched shut. 


5. Attach the ring of the release chains to the release mechanism and insert the safety pin to 


prevent the mechanism from being activated prematurely.  


6. Start the winch, raise the release mechanism and the sampler and swing it outboard.  


7. Remove the safety pin from the trigger, and lower the sampler through the water column at a 


slow and steady speed (e.g., 30cm/second). 


8. Allow the grab sampler to contact the bottom gently, with only its weight being used to force it 


into the sediments. The sampler should never be allowed to “free fall” to the bottom because 


this may result in premature triggering, and excessive bow wake, or improper orientation upon 


contact with the bottom.  


9. Allow approximately 60 cm of slack in the hydrowire after contact with the bottom to ensure 


that the release mechanism is activated.  
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GRAB RETREIVAL 


1. After the grab sampler has rested on the bottom for approximately 5 seconds, begin retrieving it 


at a slow and steady rate (e.g., 30cm/second). Note: the amount of time that the grab sampler 


rests on the bottom is dependent on the kind of substrate (e.g., sediment with a high moisture 


content will required less time on the bottom to avoid over‐penetration).  


2. Ensure that the sampling vessel is not headed into any waves before the sampler breaks the 


water surface to minimize vessel rolling and potential sample disturbance. 


3. Care must be taken to avoid loss of fine‐grained surface sediments, mixing or sediment layers 


upon impact, lack of sediment penetration, and loss of sediment from tilting or washout upon 


ascent.  


4. After the grab sampler breaks the water surface and is raised above the height of the sample 


collection table, swing the grab sampler inboard, keep the sampler in an upright position and 


gently lower it onto the table, maintaining the tension of the hydrowire to prevent the grab 


sampler from rolling when it contacts the table. Avoid quick movements of the sampler, 


especially rotation, as this could disrupt the interface.  


5. When the grab sampler contacts the table, insert wedges under both jaws to that the grab 


sampler will be help in an upright position when tension on the hydrowire is relaxed.  


6. Relax the tension on the hydrowire, and remove the release and retrieval chains from the 


surface of the grab sampler.  


7. As soon as the grab sampler is secured, open the doors on the top of the grab sampler, and 


inspect the sample for acceptability. The following acceptability criteria should be satisfied: 


a. The sampler is not overfilled with sample to the point that the sediment surface presses 


against the top of the sampler or is extruded through the top of the sampler 


b. Overlying water is present (indicating minimal leakage) 


c. The overlying water is not excessively turbid (indicating minimal disturbance of the 


interface or winnowing) 


d. The sediment surface is relatively undisturbed; the sediment‐water interface is intact 


and relatively flat with no sign of channeling or simple washout 


e. The desired penetration depth is achieved 


f. There is no sign of sediment loss (incomplete closure of the sampler, penetration at an 


angle, or tilting upon retrieval). 


If a sample fails to meet the above criteria, it will be rejected and discarded away from the 


station. The locations of consecutive attempts and replicate samples (if any) should be as close 


to the first sample as possible, and if sampling on a river or stream, consecutive attempts should 


be located upstream of previous samples. Rejected sediment samples should be discarded in a 


manner that will not affect subsequent samples at that station or other possible sampling 


stations. 
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Penetration depth should be determined with a decontaminated stainless‐steel ruler by 


measuring the distance from the top of the sampler to the sediment interface and subtracting 


this from the inside depth of the sampler. If the sample is fairly level inside the sampler, this 


measurement can be made at one edge. If the sample is uneven but has an intact interface, then 


measurements should be made on opposite edges of the sample and the average value is used. 


This observation (i.e., that the sediment surface is slanted) and subsequent calculation of the 


average penetration depth should be recorded in the field logbook. If penetration depth is 


inadequate, add auxiliary weights. 


SAMPLE REMOVAL AND PROCESSING 


1. For acceptable samples, remove the overlying water by slowly siphoning it off near one or 


more sides of the grab sampler. Ensure that the siphon does not contact the sediments or 


that fine‐grained suspended sediment is not siphoned off. If sediment is suspended in the 


overlying water, do not proceed with siphoning until the sediment is allowed sufficient time 


to settle. 


2. After the overlying water is removed, characterize the sample as specified in the study 


design (FSP or SAP). Characteristics that are often recorded in the field logbook include: 


a. Sediment type (e.g., silt, sand) 


b. Texture (e.g., fine‐grain, coarse, poorly sorted sand) 


c. Color 


d. Presence/location/thickness of the redox potential boundaries (a visual indication of 


black is often adequate for documenting anoxia) 


e. Approximate percentage of water 


f. Presence of biological structures (e.g., amphipods, tubes, macrophytes) 


g. Approximate percentage of biological structures 


h. Presence of debris (e.g., twigs, leaves, drill cuttings) 


i. Approximate percentage of organic debris 


j. Presence of shells 


k. Approximate percentage of shells 


l. Stratification, if applicable 


m. Presence of a sheen 
n. Odor (e.g., hydrogen sulfide, oil, creosote) 


3. After the sample is characterized, remove the top 10cm using a stainless‐steel spatula or 


spoon (or a Kynar® coated scoop, or equivalent). Unrepresentative material (e.g., large 


shells, stones) should be carefully removed without touching the sediment sample, under 


the supervision of the field team leader. This removal should be noted in the field logbook. 


4. Remove subsamples for analysis of unstable constituents (e.g., volatile organic compounds, 


acid‐volatile sulfides), and place them directly into sample containers without 


homogenization. Sediment must be placed in these containers with no headspace and no 


entrapped bubbles (i.e., completely fill the sample container).  
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5. Transfer the remaining surface sediment to a stainless‐steel mixing bowl or equivalent 


(based on FSP or SAP) for homogenization. Additional grab samples may be required to 


collect the volume of sediment specified in the FAP/SAP. If it is necessary to collect 


additional grab samples to meet the project‐specific volume requirements, the mixing bowl 


should be covered with aluminum foil (Dull side down), or clean plastic (depending on 


analytes of interest) to prevent sample contamination (e.g., from precipitation, splashing 


water) and placed out of the sun and away from heat.  


6. After the surface sediment for a sample has been collected from the grab sampler, move the 


sampling vessel away from the station, open the jaws of the grab sample, attach the ring of 


the deployment chains to the release mechanism, insert the safety pin, start the winch, raise 


the grab sampler, and allow the remainder of the sediment sample to fall onto the sample 


collection table or into waste sediment collection buckets/tubs. Discard this material away 


from the station, and rinse away any sediment adhering to the inside of the grab sampler. 


The grab sampler is now ready for additional sampling at the same station or 


decontamination before sampling at a new station. 


7. After a sufficient volume of sediment is transferred to the mixing bowl, homogenize the 


contents of the bowl using stainless‐steel or Kynar® coated spoons until the texture and 


color of the sediment appears to be uniform. 


8. After the sample is homogenized, distribute subsamples to the various containers specified 


in the FSP/SAP and preserve the samples as also specified in the FSP/SAP. The sediment in 


the mixing bowl should be briefly stirred in between the transfer of sediment to each 


sample container.  


9. After all sediment for testing has been placed in the sample containers, if it is suspected that 


there is a clay component to the sediment, a “ribbon test” Should be performed on the 


sediment to confirm this suspicion. In this “texture‐by‐feel” test, a small piece of suspected 


clay is rolled between the fingers while wearing protective gloves. If the piece easily rolls 


into a ribbon, it is clay; it if breaks apart, it is silt. This information should be noted in the 


field logbook. 


FIELD QUALITY CONTROL SAMPLES 


Details on collection of field quality control samples and preparation of the certified reference materials, 


where relevant, are described in the project‐specific FSP/SAP and QAPP documents.  


FIELD MEASUREMENTS 


A water depth measurement must be collected at every sampling location. For sites where tides affect 


water depth, the time of collection and depth measurement must be recorded simultaneously. 


Depending on the specific project objectives, it may be necessary to perform field measurements of the 


in situ environment. Possible field measurements include temperature and pH of the sediment at the 


sediment‐water interface and concentration of dissolved oxygen, salinity, or conductivity in the 







                                                                                                                             Revision No. 0 
                                                                                                                                                                  June 25, 2013 


6 
 


overlying water. Required field measurements are project‐specific and will be specified in the relevant 


FSP/SAP documents. 


STATION LOCATION COORDINATES 


Station locations will be determined in accordance with the project‐specific FSP/SAP. Generally, station 


locations for all field sampling will be determined using a differential global positioning system (DGPS), 


which is capable of provided latitude and longitude coordinates with an accuracy of approximately 2m. 


The DGPS consists of two satellite receivers linked to each other by a VHF telemetry radio system. The 


GPS receiver will be on the sampling vessel and positioned above where the grab sampler is deployed, 


or, alternatively an off‐set specific to the location of deployment on the vessel will be used.  


REFERENCES AND OTHER SOURCES 


APHA. 1989. Standard methods for the examination of water and waste water. Seventeenth edition. 


Prepared and published by American Public Health Association, the American Water Works Association, 


and the Water Pollutant Control Federation. 


U.S. EPA. 2001. Methods for collection, storage, and manipulation of sediments for chemical and 


toxicological analyses. Technical Manual. EPA‐823‐B‐01‐002. U.S. Environmental Protection Agency, 


Office of Water, Office of Science and Technology, Washington, D.C. 
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SOP	‐07	Decontamination	of	Tissue	
Sampling	Equipment	 	
Whenever possible, it is best to have the analytical laboratory process the tissue sample under clean 


laboratory conditions to limit possible contamination from field processing. If, however, the tissue 


sample must be processed in the field, then the following decontamination procedures should be 


followed (see Sampling and Analysis Plan (SAP) and/or Field Sampling Plan (FSP) to determine if field 


processing is requires).  


To prevent possible cross contamination of samples, all reusable field filleting and tissue processing 


equipment (e.g., knives, tweezers, spoons) will be decontaminated before each use (i.e., before 


processing begins and between each sample). The cutting board will be decontaminated before 


processing begins and a piece of clean, unused aluminum foil (except in the case of sampling for metals 


analysis) will be wrapped on top of the cutting board (dull side up) for each sample (i.e., the foil will be 


replaced after each sample has been processed). At the sample collection site, a decontamination area 


will be established in a clean location, upwind of the actual sampling processing location, if possible. This 


is where all field filleting and tissue processing equipment will be cleaned. Decontaminated equipment 


will be stored away from areas that may cause recontamination. Rinsate blanks will be collected 


according to SOP – 08 Preparation of Field Quality Control Samples – Tissue. When handling 


decontamination chemicals, field personnel will follow all relevant procedures and will wear protective 


clothing as stipulated in the site‐specific health and safety plan (HSP).  


This SOP describes procedures for decontaminating field filleting and tissue processing equipment 


contaminated by either inorganic or organic materials. Sampling equipment used for both can combine 


these procedures, following the order of a detergent wash, site water rinse, organic solvent rinses, and 


final distilled/deionized water rinse with an acid rinse of all stainless‐steel equipment at the end of teach 


tissue processing field day.  


EQUIPMENT REQUIRED 


Equipment required for decontamination include the following: 


 Plastic tub (to collect solvent rinsate) 


 Plastic bucket(s) 


 Tap water or site water 


 Carboy, distilled/deionized water (Analyte‐free; received from testing laboratory or oter 


reliable source) 


 Properly labeled spray bottles 


 Funnels 


 Alconox®, Liquinox®, or equivalent detergent 
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 Pesticide‐grade ethanol and heptane (consult the project specific SAP/FSP because the 


solvents may vary by EPA region or State) 


 10% (v/v) normal nitric acid (Trace metal grade) for inorganic contaminants 


 Baking soda 


 Hard‐bristle scrub brush 


 Plastic sheeting, garbage bags, and aluminum foil 


 Core liner caps or plastic wrap and rubber bands 


 Personal protective equipment as specified in the HSP 


DECONTAMINATION PROCEDURES FOR FULL SUITE ANALYSIS (ORGANIC AND INORGANIC ANALYTES) 


The specific procedures for decontaminating field filleting and tissue processing equipment are as 


follows: 


1. Rinse the field filleting and tissue processing equipment thoroughly with tap or site water to 


remove most of the remaining gross solids. Pieces that do not need to be used again that 


day may be set aside and thoroughly cleaned in the field laboratory at the end of the day.  


2. Pour a small amount (i.e., 0.5 teaspoons) of concentrated industrial detergent into a bucket 


and fill it with tap or site water. If the detergent is in crystal form, all crystals should be 


completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a brush with rigid bristles. Be sure to 


scrub with a back‐and‐forth motion.  


4. Double rinse the equipment with tap or site water and set right‐side‐up on a stable surface 


to drain. Do not allow any surface that will come in contact with the tissue to touch any 


contaminated surface.  


5. Carefully rinse the field filleting and tissue processing equipment with ethanol from a squirt 


bottle, and let the excess solvent drain into a waste container (Which may need to be 


equipped with a funnel). Ethanol acts primarily as a drying agent, but it also works as a 


solvent for some organic contamination. Set the equipment in a clean location and allow it 


to air dry. Use the ethanol sparingly and allow the ethanol to cascade down the surface of 


the equipment (i.e., the ethanol will “Sheet” over the equipment surface).  


6. Carefully rinse the air‐dried field filleting and tissue processing equipment with heptane 


from a squirt bottle, and let the excess solvent drain into the waste container (Which may 


need to be equipped with a funnel). The opening of the squirt bottle may need to be 


widened to allow enough solvent to run through the core liners without evaporating. 


Heptane acts as the primary organic solvent, but it is insoluble with water. If water beading 


occurs, it may mean that the equipment was not thoroughly rinsed with ethanol. When the 


equipment has been rinsed with heptane, set it in a clean location and allow the heptane to 


evaporate before using the equipment for tissue processing. Use the heptane sparingly and 


allow the heptane to cascade down the surface of the equipment (i.e., the heptane will 


“Sheet” over the equipment surface).  
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7. Rinse the field filleting and tissue processing sampling collection with a final 


distilled/deionized water rinse. 


8. If the field filleting and tissue processing equipment is not to be used immediately, wrap 


them in aluminum foil (dull side facing the cleaned area), except in the case of analysis for 


metals (wrap in clean Ziploc® or equivalent plastic bags. 


9. If the field filleting and tissue processing equipment are cleaned at the field laboratory and 


transported to the site, then the decontaminated equipment will be wrapped in aluminum 


foil (dull side facing the cleaned area) except in the case of metals (use plastic bags) and 


stored and transported in clean plastic bags until ready for use, unless alternative 


procedures are listed in the SAP/FSP.  


10. Rinse all stainless‐steel equipment at the end of each sampling day with 10% (v/v) normal 


nitric acid solution. 


After decontamination of all of the field filleting and tissue processing equipment, the disposable gloves 


and used foil will be placed in garbage bags and disposed of in a solid waste landfill. When not in use, 


keep the waste solvent container closed and store in a secure area. The waste should be transferred to 


empty solvent bottles and disposed of at a licensed facility per the procedures listed in the project‐


specific SAP/FSP. When not in use, keep the waste acid container closed and store in a secure area. The 


acid waste should be neutralized with baking soda and disposed of as per the procedures listed in the 


project‐specific SAP/FSP. 


DECONTAMINATION PROCEDURES FOR INORGANIC ANALYTES ONLY 


The specific procedures for decontaminating field filleting and tissue processing equipment are as 


follows: 


1. Rinse the field filleting and tissue processing equipment thoroughly with tap or site water to 


remove most of the remaining (i.e., gross) solids. Pieces that do not need to be used again 


that day may be set aside and thoroughly cleaned in the field laboratory at the end of the 


day.  


2. Pour a small amount (i.e., 0.5 teaspoons) of concentrated industrial detergent into a bucket 


and fill it with tap or site water. If the detergent is in crystal form, all crystals should be 


completely dissolved prior to use.  


3. Scrub the equipment in the detergent solution using a brush with rigid bristles. Be sure to 


scrub with a back‐and‐forth motion.  


4. Double rinse the equipment with tap or site water and set right‐side‐up on a stable surface 


to drain. Do not allow any surface that will come in contact with the tissue to touch any 


contaminated surface.  


5. Carefully rinse the field filleting and tissue processing equipment with a 10% (v/v) normal 


nitric acid solution from a squirt bottle, and let the excess solvent drain into a waste 


container (Which may need to be equipped with a funnel). Use the acid sparingly and allow 
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the acid to cascade down the surface of the equipment (i.e., the acid will “Sheet” over the 


equipment surface).  


6. Rinse the field filleting and tissue processing sampling collection with a final 


distilled/deionized water rinse. 


7. If the field filleting and tissue processing equipment is not to be used immediately, wrap 


them in clean Ziploc® or equivalent plastic bags. 


8. If the field filleting and tissue processing equipment are cleaned at the field laboratory and 


transported to the site, then the decontaminated equipment will be wrapped in plastic bags 


and stored and transported in additional clean plastic bags until ready for use, unless 


alternative procedures are listed in the SAP/FSP.  


After decontaminating all of the field filleting and tissue processing equipment, the disposable gloves 


and used foil will be placed in garbage bags and disposed of in a solid waste landfill. When not in use, 


keep the waste acid container closed and store in a secure area. The acid waste should be neutralized 


with baking soda and disposed of per the procedures listed in the project‐specific SAP/FSP. 
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SOP	–	08	Preparation	of	Field	Quality	
Control	Samples	–	Tissue		 	
This SOP describes the purpose, preparation, and collection frequency of field replicate samples, matrix 


spike/matrix spike duplicates, equipment rinsate blanks, trip blanks, temperature blanks, and reference 


materials (i.e., a standard reference material, a certified reference material, or other reference material; 


for the purposes of this document the acronym SRM will be used for all types of reference materials) for 


tissue samples. Not all of the field quality control (QC) samples discussed in this SOP may be required for 


a given project. The specific field quality control samples will be identified in the project‐specific field 


sampling plan (FSP) or sampling and analysis plan (SAP) and quality assurance project plan (QAPP). For 


most projects, the recommended field QC samples are: an equipment rinsate blank, a field duplicate, 


and trip blanks if volatile organic compounds (VOCs) are to be analyzed. Definitions of all potential QC 


samples are described below.  


As part of the quality assurance/quality control (QA/QC) program, all field QC samples will be sent to the 


laboratories blind. To accomplish this, field QC samples will be prepared and labeled in the same 


manner as regular samples, with each QC sample being assigned a unique sample number that is 


consistent with the numbering for regular samples. All of the containers with preservatives that are 


required to complete the field QC sample for the applicable analyte list shall be labeled with the same 


sample number.  The sample ID for field quality control samples should allow data management and 


data validation staff to identify them as such and should only be recorded in the field logbook. Under no 


circumstances should the laboratory be allowed to use FIELD reference materials, rinsate blanks or trip 


blanks for LABORATORY QC analysis (i.e., lab duplicates, matrix spikes/matrix spike duplicates). To 


prevent this from happening, regular samples should be selected and marked on the chain‐of‐


custody/sampling analysis request (COC/SAR) form or the laboratory should be instructed to contact the 


project QA/QC coordinator to select appropriate samples for each sample group. 


All field quality control samples will be packaged and shipped with other samples in accordance with the 


procedures outlined in SOP – 03, Sample Packaging and Shipping. Sample custody will be maintained in 


accordance with the procedures outlines in SOP – 02 Sample Custody. 


Field quality control samples will be prepared at least once per sampling event and certain types will be 


prepared more often at predetermined frequencies. If the number of samples taken does not equal an 


integer multiple of the intervals specified in this SOP, the number of field quality control samples is 


specified by the next higher multiple. For example, if a frequency of 1 quality control sample per 20 is 


indicated and 28 samples are collected, 2 quality control samples will be prepared. The text below 


describes the preparation and frequency of field quality control samples required for tissue sampling 


activities, and shall be followed unless different frequency requirements are listed in the FSP/SAP and 


QAPP. 
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The following table (Table 1) lists the quality control sample types and suggested frequencies for tissue 


sampling programs. Because tissue quality control sampling may require assessment of site cross‐


contamination, additional blanks may be required. A detailed explanation of each quality control sample 


type with the required preparation follows this table. 


Table 1. Field quality control (QC) sample requirements for tissue sampling. 


    Preparation 


Quality Control 
Sample Name 


Abbreviation 
Location  Method  Frequency1 


Duplicate  DUP  Sampling Site  Additional natural 
sample 


One per 20 samples. 
May not be 
applicable if REP is 
being collected. 


Replicate  REP  Sampling Site  Additional natural 
sample 


One replicate per 20 
samples. May not be 
applicable if DUP is 
being collected. 


Matrix 
Spike/Matrix Spike 
Duplicate 


MS/MSD  Sampling Site  Additional sample 
bottles filled for 
laboratory quality 
control 
requirements 


One per 20 samples. 


Equipment Rinsate 
Blank 


ER  Sampling Site  Deionized water 
collected after 
pouring through 
and over 
decontaminated 
equipment 


Minimum of one per 
sampling equipment 
used and then 1:20 
thereafter. 


Bottle Blank  BB  Field  Unopened bottle  One per sample 
episode or one per 
bottle type. 


Trip Blank  TB  Laboratory  Deionized water 
with preservative 


One pair per each 
VOC sample cooler 
shipment. 


Temperature 
Blank 


TMB  Laboratory  Deionized water  One per sample 
cooler. 


Environmental 
Blank 


EB  Field  Bottle filled at 
sample site with 
DI water 


One per 20 samples. 


Standard 
Reference 
Material 


SRM  Field, Laboratory, 
or Sampling Site 


SRM ampules or 
other container 
for each analyte 
group 


One set per 50 
samples or one per 
episode. 


1. Frequencies provided in this table are general recommendations; project‐specific frequencies 


are provided in the project‐specific FSP/SAP and QAPP. 
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FIELD DUPLICATE SAMPLES 


Field duplicate (or split) samples are collected to assess the homogeneity of the samples collected in the 


field and the precision of the sampling process. Field duplicates will be prepared by collecting two 


aliquots for the sample and submitting them for analysis as separate samples. Field duplicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. The actual number of field duplicate samples collected during a sampling event will be 


determined on a case‐by‐case basis by the project QA/QC coordinator and/or Field Team Lead (consult 


the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


FIELD REPLICATE SAMPLES 


Field replicate samples are co‐located samples collected in an identical manner over a minimum period 


of time to provide a measure of the field and laboratory variance, including variance resulting from 


sample heterogeneity. Field replicates will be prepared by collecting two completely separate samples 


from the same station and submitting them for analysis as separate samples. Field replicates will be 


collected at a minimum frequency of 1 per 20 samples or once per sampling event, whichever is more 


frequent. If field duplicate samples are collected, then it is unlikely that field replicate samples will also 


be collected during the field sampling event. The actual number of field replicate samples collected will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state.  


MATRIX SPIKE/MATRIX SPIKE DUPLICATES 


The matrix spike/matrix spike duplicate (MS/MSD) analyses provide information about the effect of the 


sample matrix on the design and measurement methodology used by the laboratory. To account for the 


additional volume needed by the laboratory to perform the analyses, extra sample volumes may be 


required to be collected from designated tissue stations. MS/MSDs may be collected at a minimum 


frequency of 1 per 20 samples or once per sampling event, whichever is more frequent. The actual 


number of field replicate samples collected will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by analyte group. 


EQUIPMENT RINSATE BLANKS 


Equipment rinsate blanks will be used to help identify possible contamination from the sampling 


environment and/or from decontaminated sampling equipment. Equipment rinsate blanks will be 


prepared by pouring laboratory distilled/deionized water through, over, and into the decontaminated 


sample collection equipment, then transferring the water to the appropriate sample containers and 


adding any necessary preservatives. Equipment rinsate blanks will be prepared for all inorganic, organic, 


and conventional analytes at least once per sampling event per type of sampling equipment used. The 


actual number of equipment rinsate blanks prepared during an event will be determined on a case‐by‐
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case basis by the project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific 


FSP/SAP and QAPP). These requirements may vary by EPA region or state. 


BOTTLE BLANKS 


The bottle blank is an unopened sample bottle. Bottle blanks are submitted along with tissue samples to 


ensure that contaminants are not originating from the bottles themselves because of improper 


preparation, handling, or cleaning techniques. If required, one bottle blank per lot of prepared bottles 


will be submitted for analysis. If more than one type of bottle will be used in the sampling (e.g., HDPE 


and glass), then a bottle blank should be submitted for each type of bottle and preservative. The actual 


number of bottle blanks analyzed during a project will be determined on a case‐by‐case basis by the 


project QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). 


These requirements may vary by EPA region or state. 


TRIP BLANKS 


Trip blanks will be used to help identify whether contaminants may have been introduced during the 


shipment of the tissue samples from the field to the laboratory for VOC analyses only. Trip blanks are 


prepared at the testing laboratory by pouring distilled/deionized water into two 40‐mL VOC vials and 


tightly closing the lids. Each vial will be inverted and tapped lightly to ensure no air bubbles exist.  


The trip blanks will be transported unopened to and from the field in the cooler with the VOC samples. A 


trip blank shall be labeled and placed inside the cooler that contains newly collected VOC samples and it 


shall remain in the cooler at all times. A trip blank must accompany samples at all times in the field. One 


trip blank (consisting of a pair of VOC vials) will be sent with each cooler of samples shipped to the 


testing laboratory for VOC analysis. 


TEMPERATURE BLANKS 


Temperature blanks will be used by the laboratory to verify the temperature of the samples upon 


receipt at the testing laboratory. Temperature blanks will be prepared at the testing laboratory by 


pouring distilled/deionized water into a vial and tightly closing the lid. The blanks will be transported 


unopened to and from the field in the cooler with the sample containers. A temperature blank shall be 


included with each sample cooler shipped to the testing laboratory.  


FIELD BLANKS 


The field blank is prepared in the field to evaluate potential background concentrations present in the 


air and in the distilled/deionized water used for the final decontamination rinse. If unpreserved bottles 


are to be used, then the appropriate preservative (i.e., for metals samples use a 10% nitric acid solution 


to bring sample pH to 2 or less) must be added, as required. Field blanks should be collected at a 


minimum frequency of 1 in 20 samples. The actual number of field blanks analyzed during a project will 


be determined on a case‐by‐case basis by the project QA/QC coordinator and/or the Field Team Lead 


(consult the project‐specific FSP/SAP and QAPP). These requirements may vary by EPA region or state. 
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To prepare a field blank in the field, open the laboratory‐prepared sample bottle while at a sample 


collection site, fill the sample bottle with distilled/deionized water and then seal. Assign the field blank a 


unique sample number, label the bottle, and then send the bottle to the laboratory with the field 


samples according to SOP – 03, Sample Packaging and Shipping. 


REFERENCE MATERIALS 


Reference materials are samples containing known analytes at known concentrations that have been 


prepared by and obtained from EPA‐approved sources. The SRMs have undergone multi‐laboratory 


analysis using a standard method which provides certified concentrations. When available for a specific 


analyte, SRM samples provide a measure of analytical performance and/or analytical method bias (i.e., 


accuracy) of the laboratory. Several SRMs may be required to cover all analytical parameters. For all 


analytes where available, one SRM will be analyzed at a frequency of 1 per 50 samples. The actual 


number of SRMs analyzed during a project will be determined on a case‐by‐case basis by the project 


QA/QC coordinator and/or the Field Team Lead (consult the project‐specific FSP/SAP and QAPP). These 


requirements may vary by EPA region or state. 
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Go-Flo Bottle Field Decontamination 
Written by Amanda Royal & Michelle Briscoe, Brooks Rand Labs 


Revision 3 (3/13/15) 


The following procedure is to provide field decontamination steps for 10-L Go-Flo Bottles after use and 


before re-use for collection of low-level metals seawater samples. 


Materials Required 


• Liquid detergent low in metals, such as Formula 409 


• Ultra-pure reagent water (e.g., MilliQ) pre-tested sufficiently low in analytes of interest 


• Cleaning brushes, non-metallic  


• Plastic tub or tray (secondary containment for acidic waste) 


• 50% (v/v) HNO3 


• 50% (v/v) HCl 


• 500-mL pre-cleaned squeeze bottle for preparing solution of 0.5% HNO3 + 1% HCl 


• Bench-liners  


• 4-L plastic beaker 


• Acid-resistant nitrile gloves  


• Clean-room vinyl gloves  


• Plastic bags large enough to contain Go-Flo bottles, and associated zip-ties 


• Safety glasses and goggles 


• Lab coats 


 


Procedure to use if sampling equipment has been used only for clean, low-particulate samples (e.g., 


outside of a plume) 


 


Clean-room vinyl gloves must be worn at all times when cleaning and handling equipment! 


1. Prior to cleaning, inspect each bottle for obvious defects to the bottle or the opening/closing 


mechanism, and remove any debris. 


2. Thoroughly rinse the Go Flo bottles with reagent water. 


3. In a large non-metallic sink, spray all exposed surfaces of the bottles with 409 detergent. Using a 


metal-free brush, scrub all areas of the equipment.  


4. Drain some of the soapy water out through the spigot. 


5. Rinse off detergent with copious amounts of reagent water and drain one liter of reagent water 


through spigot. 


6. Place bottles on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours 


is desired, but a shorter time is acceptable). ). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


7. If not using immediately, double-bag for next use, close bag with a zip-tie, and label with date of 


cleaning. 
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Procedure to use if sampling equipment has been used inside of a plume or if heavy metals or 


petroleum contamination is suspected 


 


Clean-room vinyl gloves over acid-resistant nitrile gloves must be worn at all times when cleaning and 


handling equipment! 


1. Prior to cleaning, inspect each bottle for obvious defects to the bottle or the opening/closing 


mechanism, and remove any debris. 


2. Remove the mechanisms of the ball valves and O-rings, and soak in a dilute solution of 


detergent in a 4-L plastic beaker. Agitate periodically to facilitate cleaning. Wearing clean-room 


gloves, remove parts from beaker and rinse well with copious amounts of reagent water. Place 


parts on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours is 


desired, but a shorter time is acceptable). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


3. Thoroughly rinse the Go Flo bottles with reagent water. 


4. In a large non-metallic sink, spray all exposed surfaces of the bottles with detergent. Using a 


metal-free brush, scrub all areas of the equipment.  


5. Drain some of the soapy water out through the spigot. 


6. Rinse off detergent with copious amounts of reagent water and drain one liter of reagent water 


through spigot. 


7. Prepare solution of 0.5% (v/v) HNO3 + 1% HCl. 


8. Reassemble bottles, move to fume hood, and fill each bottle 1/3 full with a solution of 0.5% 


(v/v) HNO3 + 1% HCl. 


9. Close the ball valves, spigot, and vent. Working over a plastic tub or tray (secondary 


containment for acidic waste), carefully rotate the bottles for a minute or so to coat all internal 


surfaces with the dilute acid. 


10. Drain one liter of the dilute acid through the spigot into the secondary containment tub or tray. 


Open the end of the ball valve and drain remaining acid in the secondary containment tub for 


neutralizing and/or disposal. 


11. Rinse each bottle with copious amounts of reagent water, opening and closing the ball valves 


and drain water through spigot to ensure complete rinsing of all parts. 


12. Place bottles on bench liners in a laminar flow HEPA-filter clean hood and allow to dry (24 hours 


is desired, but a shorter time is acceptable). ). [Note: drying step is not necessary if equipment is 


used immediately following cleaning.] 


13. If not using immediately, double-bag for next use, close bag with a zip-tie, and label with date of 


cleaning. 
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1.0   SCOPE 
 


To define the processes to be followed in collecting, composting, and processing 
chemical and biological samples using grab and core samplers. This SOP is intended to be 
in conformance with the Puget Sound Estuary Program guidelines to ensure data quality 
that is consistent with other Puget Sound programs and the past programs for the CSESP 
studies in the Chukchi and Beaufort lease areas. 


 
 


2.1 BACKGROUND 
 
Sediments are collected for a variety of analyses, which may include chemical analyses, 
toxicity testing, benthic infaunal analyses, or other purposes as specified by program 
needs. Sediment cores within a benthic grab sampler must be collected with a sampling 
device, which minimally disturbs the surface sediments and prevents mixing of the 
vertical stratification, does not contaminate the sample for chemical parameters of 
interest (e.g., trace metals and organics), and provides adequate sediment volumes for 
subsampling for these parameters and grain size from the surface and subsurface layers 
of the core. A double van Veen grab sampler will be used to collect sediment from each 
station. This sampler is constructed entirely of stainless steel and is appropriate for 
collecting sediment samples for both biological and chemical analyses. The top of the 
sampler is hinged to allow for the removal of the top layer (s) of sediment for chemical 
and toxicity analyses. This gear is relatively easy to operate and requires little 
specialized training. 


 


2.2 Equipment Required 


• Double van Veen grab sampler 
• Winch 
• Ball bearing swivel 
• Decontaminated stainless steel sampling spoons and mixing bowls 
• Core or 2 cm deep sediment collecting tool 
• Filtered seawater washing system 
• Solvents, distilled water, and Alconox for cleaning sampling equipment and tools 
• Whirl-Pak Bags 
• Ice chests 
• Field notebooks/sampling logs 
• Navigation system 
• Tubing for siphoning 
• Gloves (nitrile) 
• Borax buffered formalin solution mixed with filtered seawater 
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3.1 PROCEDURE 


The following instructions separate the procedure into collection and processing 
functions. 


3.2 Sediment Collection 
 


1. Prior to commencing sampling for a project, thoroughly clean the sampler with a 
non-phosphate laboratory detergent (e.g., Alconox®) to remove any sediment, 
debris, rust, or grease that might otherwise contaminate the sample. Rinse the 
inner surfaces first with seawater or tap water to remove sediment from 
sampler, and then with distilled water. Field equipment used to collect 
samples for chemical analysis will be cleaned at the start of each sampling shift 
and prior to use at each station. The decontamination procedure involves 
removing any visible gross contamination, such as sediment adhered to the 
double van Veen grab from a prior station, scrubbing the equipment with a hard- 
bristled brush using a Liquinox-detergent and water mixture, rinsing with clean 
filtered site water, rinsing with distilled water, wiping with acetone wipes, and 
rinsing again with distilled water. The specific process is described in the SOP for 
equipment decontamination and in the project-specific QAPP.  Once the survey 
vessel is on station, prepare to deploy the sampler. Secure all vessel discharges 
and ensure that all exhaust fumes are directed away from the sample collection 
area (rear deck) until the sample has been collected. 


 
2. Attach the sampler to the end of the winch cable with a ball bearing swivel and 


shackles, tighten the pin, and wire the clevis pin to the clevis of the shackle. An 
auxiliary link may be also installed to provide added assurance against loss of the 
equipment. 


 
3. If necessary, attach one set of weights to the sampler. These can be removed, or 


additional weights added depending on the sediment type. The grab is then 
cocked. 


 
4. Lower the grab sampler through the water column such that travel through the 


water column is slow enough that the increasing length of cable does not descend 
faster than the sampling device. During the last 5 meters the lowering rate 
should be no faster than 1 m/sec. This slower speed minimizes the effects of 
bow wake disturbance of surface sediments. Record the time and location of 
sample collection when the core/grab hits bottom. 


 
5. Close the sampling device slowly to allow the sampler to completed close within 


the sediment. The length of that retrieval is consistent with the distance 
between the depth of the closed and open arms of the sampler. 


 
6. Retrieve the sampler and lower it into its stand on-board and make certain it is 


secure. Open the hinged top and determine whether the sample is acceptable or 
not. An acceptable grab is one having relatively level, intact sediment over the 
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entire area of the grab, and generally a sediment depth at the center in excess 
of the depth required to sample >90% of species and individuals that would be 
captured to 20 cm of sediment depth. This depth of penetration varies by 
sediment coarseness but is generally at least 7 centimeters. Grabs containing no 
sediment, partially filled grabs, grabs with grossly slumped surfaces, or which 
leak are unacceptable. Grabs completely filled to the top, where the sediment is 
in direct contact with the hinged top, may also be unacceptable. It may take 
several attempts using different amounts of weight to obtain the first acceptable 
sample. The more weight that is added, the deeper the bite of the grab will be 
into the sediment. In very soft mud, pads may be needed to prevent the sampler 
from sinking in the mud. If pads are used, the rate of descent near the bottom 
should be slowed even further to reduce the bow wake. 
 


7. Open and tie back the vent flaps of the sampler and carefully siphon off any 
overlying water into an appropriate sieve. 


 
8. Visually inspect the sample for acceptability (an undisturbed surface layer is 


evident, the overlying water is not excessively turbid, adequate penetration was 
achieved, and no external leakage from the grab); if the sample is not 
acceptable, it should be discarded and another sample should be collected. 
Record whether the sample was retained or rejected. 


 
9. If the sample is acceptable, note the time of collection, the condition of the 


surface, penetration depth, and any other notable information in the field log 
notebook and sample log sheets. The time and location of collection of all 
grabs/cores, and whether they were acceptable or rejected should be recorded. 
This gives a general record of the level of difficulty in obtaining a sample at a 
particular location, should the site be sampled again during another survey. 


 


3.3 Field Processing of Samples for Benthic Community Assessment 


Grab samples to be used in the assessment of macrobenthic communities are processed 
in the following manner: 


 
1. Assign a sample number to the sample, and label the Whirl-Pak bags using 


indelible ink with the following information: project, date, time of sample 
collection, station, replicate number, sieve size, preservative, and sample 
collectors. Whirl-Pak bags are made of polythene and are designed for specimen 
collection; they form an air tight seal when closed. An internal label containing 
the same information should be placed inside the sample pak. This internal label 
should be made of 100 percent waterproof rag paper, and should be filled out 
using a pencil. 


 
2. Measure the penetration depth of the sediment and record the value in the 


field or sample log. The depth should be 4-5 cm for medium-coarse sand, 6-7 
cm for fine sand, and ≥10 cm for muddy sediment. Record descriptive 
information about the core/grab, such as the presence or absence of a 
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surface floc, color and odor of surface sediments, sediment texture, presence of 
debris (wood chips, wood fibers, human artifacts), presence of oily sheen, 
vertical changes in sediment characteristics, presence of any redox potential 
discontinuity layer, and visible fauna or biological structures. The descriptions 
are recorded on a sample log sheet for each replicate sample at each location 
(Attachment 2). Photographs of each grab may be collected to retain physical 
evidence of each grab collected. This information will form a basis for providing 
a direct comparison to the SPI plan view photographs. 
 


3. Process the grab for benthic community analyses. The whole grab, not an 
aliquot of the sampler is processed. Sediments to be sieved are placed in 
increments into a 1.0 mm (0.5mm or stacked 1.0 and 0.5 mm may also be used) 
mesh sieve at a rate to prevent the sieve from clogging and overflowing. The 
sieve will also be placed on a table, and a gentle flow of water washed over 
t h e  sample. Extreme care must be taken to assure that no sample is lost over 
the side of the sieve while agitating or washing the sample. Water used for 
sieving is filtered seawater supplied at a rate to process the sediment without 
damage to the infaunal organisms. 


 
4. Drain the water from the sieve box and gently rinse the contents of the tray to 


one edge. Using a spoon, GENTLY scoop up the bulk of the sample and place it in 
the labeled Whirl-Pak (which should be placed in the sieve or a bucket in case 
some of the sample spills over. Rinse the outside of the pak into the sieve, then 
rinse the contents into the Whirl-Pak using a squirt bottle or gentle hose 
(optional: a funnel may be used to facilitate this process). No more than half to 
two thirds of the Whirl-Pak should be filled with sieved ‘grunge’ material. If the 
quantity of sample exceeds this volume, place the remainder of the sample in a 
second, labeled pak. Note on the sample labels that the sample consists of more 
than one container. This must also be recorded in the log and on chain-of-custody 
forms. 


 
5. Carefully inspect the sieve to ensure that all organisms are removed using fine 


forceps (if necessary) to transfer fauna from the sieve to the container with the 
proper sample number. 


 
6. A ten percent solution of buffered formalin mixed with seawater is used to fix and 


preserve samples. A buffered formalin solution is generally prepared prior to field 
sampling by adding borax to a 35% formalin solution. The borax is added until the 
formalin is saturated with the buffer (approximately 4 heaping tablespoons of 
borax). When fixing the sample, seawater collected from the sample station is 
added to the jar until it is 2/3 to 3/4 full, and the 35% buffered formalin solution 
is then added to the sample pak to approximately 90% full. This creates a 10-15% 
buffered formalin and seawater solution. Store the sample in a box or cooler. A 
Rose Bengal or other vital stain may either be added to the samples at the 
laboratory performing the taxonomic identifications, or may be added to the 
formalin prior to field sampling. If added prior to sampling, approximately 1/8 
teaspoon should be added to each gallon of 35% formalin. This may be 
accomplished while buffering the solution.  The closure wires for the Whirl-Pak 
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should be taped to ensure that the sample containers will not be punctured by the 
closure wires. 


 
7. Prior to sieving the next sample, use copious amounts of forceful water and a stiff 


brush to clean the sieve, thereby minimizing cross-contamination of samples. 
 


8. Five replicate samples will be collected per sampling station. In addition, if 
sediment contaminant and conventional chemistry analyses are not to be 
performed on samples collected at a benthic infaunal station, a separate grab 
should be collected and subsampled for grain size analysis and total organic 
carbon (depending on project requirements). Approximately 500 ml should be 
collected for this analysis. 


 
9. Within ~ 2 weeks of fixing the samples, the samples should be transferred to 70% 


ethanol for preservation. Each sample and internal label is poured into an 
appropriately sized sieve (preferably one with a smaller sieve size) place over a 
bowl or pan to collect the formalin. The formalin is then disposed into a 
hazardous waste drum. The sample is gently washed with tap or distilled water, 
as is the sample container. Care should be taken not to splash the sample. Once 
the rinse water has drained from the sieve, the sample should be gently rinsed 
with 70% ethanol from a squirt bottle, and returned to the sample pak. The sieve 
should be checked to ensure that the entire sample has been returned to the jar, 
including the internal label. The Whirl-Pak should then be filled to ~90% of its 
volume with 70% ethanol, and the container should be sealed and gently shaken 
and inverted to ensure proper mixing. For long-term storage of crustaceans (so 
that the exoskeleton remains supple), it is recommended that glycerine be added 
to the 70% ethanol solution. The alcohol-glycerine solution would consist of 70% 
ethanol, 25% distilled water, and 5% glycerine. The glycerine would be added to 
the solution prior to filling the sample jars. The closure wires for the Whirl-Pak 
should be re-taped to ensure that the sample containers will not be punctured by 
the closure wires. 


 


4.0   SAFETY CONSIDERATIONS 


Sediment grab samplers are potentially dangerous pieces of equipment. All personnel 
should wear hard hats and steel-toed boots when working with the samplers. Once the 
device is cocked, it could accidentally trip at any time. The operators must be careful 
not to place hands or fingers in a position where they could be injured in the event that 
the device trips prematurely. 


 
The sampler is a heavy piece of equipment (especially when full). The operators must 
take care when deploying or retrieving this gear under adverse weather conditions. A 
grab sampler swinging wildly at the end of a boom can be very dangerous. Safety limes 
are recommended during adverse weather conditions. 
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All field personnel must read and comply with the site specific health and safety plan 
prepared for the sampling program. Appropriate levels of personal protection and 
decontamination procedures must be followed. 


 
5.1 Sorting and Identification of Benthic Infaunal Samples. 
Upon arrival at the laboratory samples are logged into the inventory system and the 
sample numbers are verified with the Chain of Custody form. Any discrepancies are 
resolved at this point 


Alcohol is rinsed from the samples of benthic ‘grunge’ and from the retained animals 
prior to removal and sorting of each individual in the sample. The removal and 
sorting is performed under a dissecting microscope using ~10-20X amplification and 
small quantities of ‘grunge’ material (~5 mL). The organisms removed from the 
sample are sorted into major taxonomic categories (e.g., molluscs, arthropods, 
annelids, echinoderms, ophiuroids, and miscellaneous phyla); the sorted ‘grunge’ is 
retained in labeled containers. Organisms and residual ‘grunge’ material are 
preserved in 70% ethyl alcohol (EtOH) with 5% glycerin added for longer term storage. 


 
The sorting efficiency is documented to be at least 95% efficient by performing a 
resort of 20% of the sorted ‘grunge’ material from each sample by a different analyst. 
Any samples falling below that rate are re-sorted and a second outside QA performed. 


 
The percent sorting efficiency is calculated as: 


 
% Sorting Efficiency = [1 – (# in QA re-sort/(# sorted originally + # in QC re-sort)]*100 


 
With the client’s agreement, once the sorted sediment has passed sorting QA, the 
sediment is disposed. 


 
Organisms will be identified to Lowest Practicable Taxonomic Level (LPTL), generally 
species level by qualified taxonomists with specialized expertise on each of the major 
taxonomic categories. Most of these identifications will be made by Columbia 
Sciences with additional help by taxonomists with key specialties for specific groups 
of species. Two forms of QA will occur. A reference collection for the project is 
proposed and would be added to specimens verified by Columbia Sciences and other 
outside taxonomists from BC, Alaska, Washington, Oregon, and California. Secondly, 
to maintain internal consistency with historical data sets, the data sets will be 
updated to provide a consistent name for each species among the various groups of 
taxonomists used during different sampling efforts. 
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All of the identified individuals, their abundance and biomass will be provided to the 
ecological analysts in an excel data base. Prior to analyses and interpretation of the 
data an addition QA step will be performed to highlight those species and individuals 
that represent pelagic species that were captured from unscreened water used for 
sieving during the past surveys. 


 
All identified organisms from a discrete sample are held in labeled glass vials 
containing 70% EtOH and 5% glycerine for long-term storage. Polyfilm often is used to 
seal the larger vials in addition to the caps. These are held for 5 years and are not 
disposed without written permission from the client. They can also be transferred to 
museums or other collections as desired by the client. 
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1.0 SCOPE 
 
Sediment Profile Imaging (SPI) provides a cross-section photograph of surface and near-
surface sediment.  Plan view (PV) imaging provides a snapshot of the seafloor surface.  
This SOP defines the methods and procedures to be followed to collect SPI/PV images as 
well as the hazards associated with SPI/PV camera deployment and operation. 
 
2.0 SPI & PLAN VIEW CAMERA OPERATION 
 
 2.1   Sediment Profile Camera (SPI) 
 
SPI provides a 20 cm high by 14 cm wide “profile” images of surface and near-surface 
sediment captured digitally by a Nikon D80 or D7200 SLR camera equipped with a 35mm 
lens.  SPI images can provide information describing sediment grain-size, sedimentary 
fabric, benthic infauna, and physical and biological processes.  SPI technology has been 
used to map the extent of sediment caps and deposits, conduct sediment quality surveys, 
sedimentation monitoring, and perform impact assessments due to confined aquatic 
disposal (CAD) sites, aquaculture, and oil platforms. 
 
The Ocean Imaging Systems model 3731 sediment profile camera, equipped with a digital 
camera, consists of a wedge shaped prism with a Plexiglass face plate and a back mirror 
mounted at a 45 degree angle.  Light is provided by an internal strobe.  The mirror 
reflects the image of the profile of the sediment-water interface up to a 35 mm camera 
that is mounted horizontally on top of the prism.  The prism is filled with distilled water 
(or 45% alcohol solution under freezing conditions) which allows clear interpretable 
images to be captured regardless of turbidity in the water column. 
 
The camera prism is mounted on an assembly that can be moved up and down within a 
stainless steel frame by allowing tension or slack on the winch wire.  As the camera is 
lowered, tension on the winch wire keeps the prism in the up position.  Once the camera 
frame touches the bottom, slack on the winch wire allows the prism to lower and 
vertically intersect the sediment.  The rate of fall of the prism (6 cm/second) is 
controlled by an adjustable passive hydraulic piston, which minimizes the disturbance of 
the sediment-water interface. 
 
A trigger is tripped on impact with the bottom, activating a 13 second time-delay on the 
shutter release; this allows time for the prism to obtain maximum penetration before an 
image is collected.  After an image is collected, the camera is raised from the bottom, a 
wiper blade automatically cleans off any sediment adhering to the prism faceplate, and 
the strobes are recharged.  The boat is repositioned slightly then the camera is lowered 
to collect another replicate image. 
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 2.2   Plan View Camera (PV) 
 
Plan view images are captured using a downward facing underwater 1Cam or Chimaera 
camera system and external flash manufactured by SubC Control, Newfoundland, Canada. 
 The plan view camera and external flash are mounted on the frame of the SPI camera in 
a downward-looking orientation.  Images are taken just before the SPI camera makes 
contact with the seafloor, using a lead ball and cable attached to a bounce trigger. When 
the SPI camera is raised from the bottom, the bounce trigger is reset rendering the plan 
view camera ready to take another image.  The 1Cam is equipped with dual lasers 
located 64mm apart allowing for accurate scale to be applied to each image.  Three 
replicate plan view images will be taken at each location. 
 
 
3.0 Equipment Required 
 


 Ocean Imaging Systems Model 3731 Sediment Profile Camera Frame 
 Ocean Imaging Systems Camera Head 
 Nikon D80 or D7200 Digital SLR Camera 
 1Cam or Chimaera Digital plan view camera 
 1Cam or Chimaera Battery pack w/ stainless housing 
 1Cam or Chimaera external strobe 
 12 v Nicad rechargeable battery packs 
 Benthos pinger (for deep water tracking) 
 25 lb lead weights (10 sets) 
 “Mud” doors 
 Distilled water or 45% alcohol solution (for freezing environments) 
 Winch and winch line 
 Swivel & shackles 
 Navigation system 
 A vessel with winch and winch wire having a minimum lifting capacity of 150 kilos 


 
 
3.1 PROCEDURE 
 
The following procedures will be followed when deploying and recovering the SPI camera 
and collecting SPI images. 
 
 
 
3.1 SPI & Plan View Camera Deployment 
 
1.  Prior to survey mobilization, the SPI camera head and plan view systems will be 


"bench-tested" to ensure that the cameras are focused, firing properly, and the 
strobes are operational. A spare Nikon D80 or D7200 digital camera, fully-charged 
battery packs, and SD storage cards will be carried in the field to ensure 
uninterrupted sample acquisition. 
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2.  A thorough check of all cables connecting the battery pack, external strobe and 


plan view camera housing will then be conducted.  The plan view camera will be 
fired on deck by pulling and releasing the bounce trigger to confirm that it is fully 
functional.   


 
2.  At the beginning of each survey day, the time on the digital cameras (both the SPI 


and PV) will be synchronized with the navigation system clock.  Each SPI/PV 
station replicate is identified by the time recorded in the digital image file and 
the corresponding time and position recorded by the navigation system.  
Redundant sample logs will be kept by the field crew.  Test shots will be fired on 
deck periodically to verify all internal electronic systems are working according 
to specifications. 


 
3.  The SPI camera system is attached to the winch wire.  As the camera is lowered 


to the seafloor, tension on the wire keeps the prism in the 'up' position.  Once the 
camera frame contacts the bottom, slack on the wire will allow the prism to 
vertically cut the seafloor.  The optical prism descends at approximately 6 
cm/second. 


 
4.  The prism is driven by the weight of the assembly several centimeters into the 


bottom sediments.  The camera trigger is tripped by the impact with the bottom, 
activating a 13-second time delay on the shutter release, which gives the prism a 
chance to obtain maximum penetration before a photo is taken. 


 
5.  As the camera is raised off the bottom, a wiper blade automatically cleans any 


sediment off of the prism faceplate.  The strobes are recharged, and the camera 
can be lowered for another replicate image. 


 
6.  When the camera is brought to the surface, the frame count will be verified and 


the camera prism penetration will be estimated from a penetration indicator that 
measures the distance the prism fell relative to the camera base.  If penetration 
is inadequate, two weight packs, each capable of holding 125 lbs of lead (in 25 lb 
increments) will be loaded to increase penetration.  If penetration is too great, 
adjustable stops which control the distance the prism can descend will be 
lowered.  In addition, "mud" doors can be attached to each side of the frame to 
increase the surface bearing of the entire unit. 


 
6.  Three replicate images will be taken at each SPI station.  The images are 


downloaded to a laptop computer via the USB port on the Ocean Imaging Systems’ 
camera head at the end of each survey day or more frequently if required to 
meet real-time sampling objectives. 


 
4.0 SAFETY CONSIDERATIONS 
 
The SPI camera is a heavy piece of sampling equipment.  The operator must use caution 
when deploying and retrieving this gear, especially under adverse weather conditions.  
Proper safety equipment (hard hat, safety vest, steel-toed boots/shoes) will be worn by 
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all personnel operating the camera.  Under adverse weather conditions, tag lines will be 
used to secure the camera during deployment and recovery. 
 
 







SOP No. 5-342-01
Effective Date: 46V. , OO


Page 1 of6


Battelle Duxhury Operations
Standard Operating Procedure


for


COLLECTING SEDIMENT CORES WITH A PISTON PUSH/HAMMER CORER


1.0 OBJECTIVE


The Piston Corer is designed to collect minimally disturbed sediment cores, including the sediment-water
interface if deployed with that purpose. The corer is constructed with five primary pieces: 1) Poles of
various lengths constructed from materials such as aluminum, stainless steel, composite; 2) Stainless steel
pole/core attachment head; 3) Double sealed piston with line attached (the line needs to be good quality,
low stretch line (e.g. VectraTM, polyester, Kevlar®), stainless steel cable); 4) Core tubing (typically
cellulose acetate butyrate (CAB) or polycarbonate) used most often has an outer diameter (OD) of 2Y4", a
wall thickness of 1/16" resulting in an inner diameter (ID) of 2%"; and 5) slide hammer weight(s). Tubing
length is determined by the sample plan, the sediment consistency, and the ability to recover the material.
The piston seals prevent air and water from passing by the tube wall. When the tubing is pushed into the
sediment, the piston is held in position at the sediment surface by a line fixed to the vessel or land. The
immobile piston creates suction during insertion of the core tube minimizing core plugging and the
pushing sediment away from the tube. The piston suction also limits the ability of the sediment to fall out
of the tube during extraction and recovery. By avoiding a one-way check valve, cutter head, and core
catcher hardware, the system is less complicated, less likely to cross contaminate, and has the ability to
collect minimally disturbed samples including very short (6 in) cores. The sampler can recover
sediments from very light to harder, stiffer clay consistency.


2.0 PREPARATION


Determine the depth of water and the appropriate sediment core target length (target core length is
provided in the project Quality Assurance Project Plan and/or the Sampling and Analysis Plan
(QAPP/SAP)). Assemble the amount of push rod needed for the water depth, finishing with the 'T'
handle on top. Prepare a tube of the necessary length. Account for the length of the piston and any
interference from the core head by adding these lengths to your target core tube length. It is a good
practice to add some additional length to the core tube as a buffer. Cut the tube with a clean saw or knife
if necessary. Clean the tube, the piston, and the core head as described in the QAPP/SAP. When all the
equipment is clean, assemble the core system as follows:


1) Loosen the pressure on the piston seals by partially unscrewing the eye bolt that passes through the
piston.


2) Make sure the line attached to the piston is routed through a hole in the inside of the core head.


3) Pass line with carabineer through core tube.


4) Attach carabineer to the loosened eyebolt on the piston. Tighten eyebolt so the piston seals snugly
inside the tube yet still allows it to move without creating excessive drag while collecting the core.
Friction from the seal will hold the piston in place for deployment.


5) Insert the tightened piston into bottom of core tube and push the piston into the tube until the piston
is flush or 1/8 deeper than the bottom of the core tube (to allow for capture of loose fines on
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sediment surface to be captured) This creates friction in the tube preventing easy travel of the
piston within the tube during deployment.


6) Loosen the clamp screws and slide the core tube into the core head, feeding the piston line through
at the same time (do not allow the line to bunch up in the core tube).


7) Ensure that the core tube is pushed in as far as possible into the core head,


8) When certain the core tube is completely inserted, secure the core tube by tightening the clamp
screws.


9) Attach a measuring tape to the core head if using one. Either measure and record the offset from 0
(e.g., water surface) to the tip of the core head, or, extend the tape to the tip of the core so 0 on the
tape measure equals the tip and tie the tape off at the head. Secure any loose tape.


10) Before deployment, check the clamp screws for tightness, preventing the loss of the core barrel.
Confirm that the water depth has been measured and the calculated insertion depth is known.


3.0 PROCEDURE


3.1 Pre-Deployment Calculations


Critical to core collection is knowing when the tip of the core tube hits the sediment, or is just above the
sediment water interface, and knowing when the target depth has been achieved. Transferring the
calculated measurements to the core system can be accomplished by either pre-measuring the core and
pole system and then marking the pole (marking options include electrical tape and a SharpieTM Marker)
or attaching a fiberglass measuring tape to the core head (often the best alternative in deep water). Good
practice is to make the calculations prior to deployment, and have at least one other staff review the
calculation assumptions and the results.


3.2 Deployment of the Piston Corer


Proper deployment can be accomplished several ways. Experience and site specific conditions should be
factored in to adjust the methods as necessary to meet the project goals specified in the Quality Assurance
Project Plan (QAPP) or Sampling and Analysis Plan (SAP).


The corer has three means of driving the barrel into the sediments: pushing by the operator(s), a slide
hammer that fits over the top of the pipe assembly or a donut weight(s) that is lifted and uses gravity to
hammer the core in, or. The weight(s), if used, need to be slid onto the first section of the pole prior to
deployment with a line attached. Several cores may be rejected while determining the most effective
driving technique, depending on the particular bottom sediment condition.


Lower the piston core to the target depth (one method is to lower the core until you can feel the bottom),
confirm the water depth, re-affirm or adjust the calculations, then move the core away from the area
previously disturbed and continue deployment. Hold the lines attached to the piston and the slide hammer
(if used) gently but firm enough to remove any slack. When the core is ready to be collected, tie the line
attached to the piston to a secure place on the vessel, or to a secure location in wetlands (e.g. tripod,
board, shoulder). fri deep water, you may want to deploy the core overboard without all of the sections
attached, and as the corer is deployed, attach additional sections as needed. The lines attached to the
piston and the slide hammer (if used) need to be maintained with care. Do not allow a large amount of
extra line to get in the water, potentially tangling and disturbing operations, and do not hold the lines too
taut, which can raise the piston or prematurely lift the slide hammer (if used). The line attached to the
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slide hammer weight should be in good condition and not so small in diameter that it can cut into and
injure the hand of the operator. In soft sediments or for short cores, the sampler is usually driven using the
"T" handle.


If pushing is not adequate to reach the target depth, the slide hammer or donut weight can be used to gain
additional penetration. Two staff are required to collect a core with the slide hammer or donut weight.
One person is responsible for holding the core pole plumb and observing the depth of the corer
penetration. With the slide hammer, the second person is responsible for sliding the slide hammer over
the top of the pole assembly and striking repetitively the top of the assembly by lifting and hammering
down. Alternatively, with the donut weight, the second person is responsible for lifting up with the line
the weight and releasing the line freely. This allows the donut weight to drop down striking the core head.
This process should continue until the core tube is driven into the sediment to the target depth or refusal.


Smooth corer retrieval is important. The deeper the core penetration the more force will be required to
pull the corer from the sediments. The material is retained in the core barrel by means of the vacuum
provided by the piston seals. To maintain the vacuum, the line attached to the piston must not be allowed
to go slack, especially during extraction. Either secure the piston line to the 'T' handle, or have one staff
pull equally hard on the piston line as the other staff is pulling on the pole. Prior to putting the core on the
vessel, the bottom of the core barrel must manually be capped BEFORE it breaks the air-water interface.
Use polyethylene caps or a core plug to seal the core tip. Failure to do this may result in loss of sample.
Some materials are cohesive enough, especially with longer cores into firm fine material, that the cap can
be placed on the core after retrieval to the vessel. Once on board, the core tube is removed from the core
head and capped. Further processing of the core, if necessary, and core holding and shipping conditions,
are described in the QAPP/SAP.


4.0 CALCULATIONS


Determining the core penetrationlrecovery amount begins with the corer deployed with the tip just
touching the bottom. Extra care needs to be taken in soft sediments. Reference the air-water interface by
either marking the core pole or recording the depth from the attached measuring tape. After penetration is
completed, the final air-water interface position on the core pole is marked or the depth is recorded from
the attached measuring tape. Depth of penetration is determined by either measuring the length between
the two marks on the pole or subtracting the final depth measurement from the pre-penetration depth.
When coring without overlying water, the final penetration depth can be marked on the core tube. After
recovery, measure from the core tube end (leading edge) to the mark on the core tube to determine
penetration depth. The final core penetration and recovery depths and related calculations must be
recorded in the field logs.


5.0 QUALITY CONTROL


Careful attention to the procedures described in this SOP by trained personnel will ensure the quality of
the samples collected, The need for field quality control samples, (equipment, blanks or field duplicates),
is defined in the project QAPP/SAP.


6.0 TRAINING


A technician training in these methods must first read this SOP in its entirety. The trainee will then
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.
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A qualified sample processor must train individuals performing core sampling. A qualified sample
processor is considered to be an individual who has performed the processing in the past (within 2 years),
and for whom a training certificate or equivalent documentation of experience exists. The methods
explained in 10 are used as training standards. The trainee is considered to be qualified once proficiency
is demonstrated and a certificate of training (Attachment 1) is completed and submitted to the quality
assurance office.


7.0 SAFETY


During training, the qualified operator should explicitly point out the hazards associated with the handling
of the equipment and working on the boat (if used).


ATTACHMENTS


1. Battelle Duxbury Operations Certificate Of Training
2. SOP revision history


APPROVALS


Author


Technical Reviewer


Quality Systems Manager


Field Operations Manager
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Attachment 1
Battelle Duxbury Operations


CERTIFICATE OF TRAINING


FOR


SOP NO. 5-342-01


TITLE: Collecting Sediment Cores With a Piston PushlHammer Corer


TRAINEE:


Date SOP 5-342-01 read


Date demonstration conducted by experienced operator


Date operation demonstrated by trainee


APPROVED: ______________________ _____


Name Date
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ATTACHMENT 2


Revision History


Version Summary of Changes
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Battelle 


Standard Operating Procedure 


 


for 


 


COLLECTING BENTHIC AND EPIBENTHIC INVERTEBRATES WITH A TOWED CLAM 


RAKE 


 
 


1.0 OBJECTIVE 


This SOP describes the at-sea collection and processing of benthic and epibenthic invertebrate samples 
with a towed clam rake. 
 


2.0 PREPARATION 


2.1 SUPPLIES AND EQUIPMENT 


 
 Clam Rake: Battelle or similar traditional clam/oyster rake (aka clam or oyster dredge) for 


collecting bivalves (e.g. clams and oysters) 
 Net for collecting organisms the rake dislodges from the sediment 


o Typically from 0.25in to 1in mesh size 
 Tubs for biota screening and cleaning 
 Weight(s) for winch wire to keep head rope at proper tow angle  
 Sieving system such as a box sieve 
 Hoses and fittings for the sieving process 
 Water pump for wash down process 
 Smaller sieves for final cleaning and sorting with mesh sizes from 2mm to 10mm 


o Mesh size depends on target organisms, sieve availability and specifications 
provided in the project QAPP/SAP 


 Sample containers: As specified in the project specific QAPP/SAP. Containers typically 
consist of glass wide-mouth jars with Teflon® lined lids in various sizes for biota of interest.  


 Squirt bottles for rinsing organisms with site water, distilled water, and/or solvent for rinsing 
and decon, as specified by the project specific QAPP/SAP 


 Funnels for transferring organisms from sieve to jars 
 Nitrile gloves 
 Writing tools e.g. ink pens, permanent markers, and pencils 
 Scales or electronic balance for estimating biota mass 
 Bristle brushes for cleaning rake, net, screens, and buckets between stations (several sizes are 


helpful for different sediment consistency and different areas of the gear) 
 Non-phosphate detergent for cleaning rake between stations if required (e.g. Alconox® or 


Liquinox®). 
 Common equipment and supplies that are not always required: forceps, disposable spoons 


 
 


2.2 SOLVENTS (FOR CLEANING EQUIPMENT BETWEEN STATIONS) 
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Solvents and the decontamination process are specified in the QAPP/SAP. Solvents may consist 
of one or more of the following  
 Acetone 
 DCM (Dichloromethane) 
 Alcohol (e.g. methanol, ethanol) 
 Hexane 


 


3.0   PROCEDURE 


3.1 DEPLOYMENT OPERATIONS 


 
The QAPP/SAP will specify the target organisms and required tissue mass. 
 


1. Review operations below with deck crew, vessel captain, and mates prior to performing the 
sampling operations 


o Go over tow speed (as slow as possible to maintain safe vessel operations), trawl 
course/heading, and trawl duration 


o Trawl duration varies based on sediment accumulation in the net 


 Use any knowledge you have from the site (e.g. associated grab sampling) for 
initial trawl duration 


 Easier to increase trawl duration than repair a damaged net 


o Establish the station or order of stations to be sampled 


 Confirm first station and direct captain and mate to proceed to that station 


2. Place the sieve table or other sample process systems in a convenient location on deck, influenced 
as minimally as possible by stack emissions, and secure equipment to the vessel as needed for 
safe operations (e.g. to cleats, rails, deck).   


3. If sample sieving is performed, if possible position the outlet stream from the sieving apparatus 
through a scupper or over the side of the vessel so most sieved sediment runs overboard and not 
onto the vessel deck. 


4. If filtered water is required in the QAPP/SAP, set up the water filter system by inserting a clean 
filter, connecting the supply and discharge water hoses, and securing it to the vessel and/or 
sample processing system.  


5. Attach the winch cable termination to a lead rope, strap, or chain with a shackle.  


o Add weight, from 50-200 lbs., where the winch cable meets the lead rope to keep the 
clam rake towing at the correct angle 


o Length of the lead rope depends on ship’s crew judgment, typical range is 5-10m.  


6. Attach the rake to the lead rope with a shackle.  


7. Seize all shackles to secure shackle pins from unscrewing using cable ties, seizing wire, or other 
suitable method.  


o Use an appropriate swivel with the shackle(s) at the rake when performing operations in 
water depths >10m, or in >10m depth if available and workable on the winch system. 


8. Communicate with the captain/mate that the gear is ready for deployment 
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o Confirm with captain/mate station location 


o Communicate to captain/mate/crew the expected trawl duration and direction 


9. Fill out station log form provided in the QAPP/SAP 


o See Attachment 2 for an example of a biota field collection log 


10. Set the clam rake up on the deck of the ship under the sheave for the cable (place as directly 
below the sheave pick-up point as possible to minimize swinging when the rake is lifted) 


o Confirm with captain/mate it is ok to launch equipment 


o Confirm with captain/mate vessel is at trawl speed or ready to proceed to trawl speed 


11. Lift the clam rake over the stern/side of vessel and lower to the water surface 


o Communicate to captain/mate the gear is in the water 


o Let the rake and net fill with water and set on the surface with the rake tines pointed 
down 


o Let winch cable out slowly until tow cable length is 3-5 times the water depth (e.g., if the 
water depth is 20m, the cable should be out 60-100m 


o Tow for planned duration (start with short duration such as 3-5 minutes, extend if net is 
not over-filled with mud and more organisms are needed 


o Communicate to captain/mate trawl is over 


o Winch in cable until rake and net are visible on the water surface 


o Allow rake and net to wash mud out at surface if a large volume of mud is present and it 
easily sieves out of the net 


o Recover net to ship by lifting over rail/stern with winch 


 See Attachment 1 for a photo of clam rake being retrieved 


o Notify captain/mate the gear is safely on board the vessel 


 Confirm next station if appropriate 


12. Place catch in tub or screened tub to clean and sort for target organism(s) 


13. Handle and preserve target organisms as described in the project specific QAPP/SAP 


14. Complete recording of station log 


15. Decontamination procedures are described in Section 3.2. 


 
3.2 DECONTAMINATION CLEANING PROCEDURES 


 
A new net is best to use prior to each survey, unless repeating short surveys close in time at the same site 
are being performed. Bivalve and other potential benthic/epibenthic organisms are not highly exposed to 
the rake and net, thus thoroughly rinsing the gear with site water is the primary decontamination method 
between stations. Sampling apparatus will be decontaminated with soap and solvents in the field only if 
there are gross to levels of contamination (e.g. visible oil on the rake and/or net) between sampling 
stations.  If the net is heavily oiled, it is best to replace the net. While performing the decontamination 
procedure, “phthalate-free gloves,” such as nitrile or butyl rubber, will be used to protect the field staff as 
well as preventing contamination of the sampling equipment or the samples. 
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If further decontamination is required 
 


1. Rinse equipment with tap water or site water 
2. Scrub equipment with 1% non-phosphate soap (e.g. Alconox®) using a stiff brush  
3. Rinse with tap or site water, then Milli-Q water 
4. Rinse with appropriate solvent (as described in QAPP/SAP). In general, solvent will not be used 


unless an oily sheen is noted. Typical solvent rinse procedures are as follows: 
 


a. Begin with a solvent rinse of acetone and then DCM if oily contamination is apparent and 
will only be used on metal/stainless steel surfaces 


b. Let air-dry if solvent is used. 
 
Note: All waste solvents must be captured and disposed of in labeled liquid waste containers.  All 
equipment that comes into contact with the sample (i.e. syringe, ruler, collection buckets) must be cleaned 
using the same general procedures as the grab. 
 
3.3 SAMPLE PROCESSING 


 
Follow project specific QAPP/SAP requirements for sample processing. In general: 


1. Empty the catch into a clean tub, preferably one with plastic or stainless steel screen at the 
bottom.  


2. Wash sediment off of all organisms in the trawl using site water.  
3. Remove target organism by hands covered with clean nitrile or other gloves as specified in the 


QAPP/SAP.  
4. Place target organisms in a secondary sieve.  
5. After collecting all the target organisms from the trawl, release unwanted organisms back into the 


water.  
6. Carefully rinse and clean the target organisms in the secondary sieve.  
7. Perform final rinses as required in the QAPP/SAP, such as a final deionized water rinse.  
8. Place the jars into the appropriate pre-labeled container, as described in the QAPP/SAP. 
9. Store the jars in conditions described in the QAPP/SAP 


 
 


4.0 CALCULATIONS 


There are no calculations necessary for this procedure. It is valuable to count the numbers of bivalves 
placed in each jar and record the percent of the jar filled for assistance in choosing samples to analyze. 
 


5.0 QUALITY CONTROL 


Field replicates and equipment blanks for chemical analyses will be collected according to the 
QAPP/SAP.  Any deviations from this SOP must be documented on the station log in the survey logbook.  
Careful attention to the procedures described in this SOP by trained, qualified personnel will ensure the 
quality of the samples collected. 
 


6.0 TRAINING 


A technician training in these methods must first read this SOP in its entirety.  The trainee will then 
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.  
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A qualified sample processor must train individuals performing clam rake sampling.  A qualified sample 
processor is considered to be an individual who has performed the processing in the past (within 2 years), 
and for whom documentation of training and/or experience exists.  The methods explained in 3.0 are used 
as training standards.  Once the procedures described in this SOP are understood and have been 
demonstrated by the staff member, training is documented in Battelle University.  When registering the 
training as complete, the comment section should be used to indicate the name of the trainer and the date 
of training.      
 


7.0 SAFETY 


All personnel should wear protective clothing, safety glasses, and gloves when handling sample 
containers or reagent bottles containing solvents.  All collectors should wear life vests, steel toed boots, 
and hard hats when handling the equipment on the vessel. 
 
During training, the qualified sampler should explicitly point out hazards associated with the reagents and 
or equipment.  The trainee should review the material safety data sheets for Ethyl and Methyl Alcohol. 


Gloves, safety glasses (with side shields) and protective clothing such as rain gear that protects from 
chemical exposure must be worn when handling any of the above chemicals.  Open containers must 
remain in a fume hood or used on deck at sea. If the analyst is exposed to any of the above chemicals the 
following procedures should be followed: 
 
Skin contact.  Remove contaminated clothing immediately, directing a stream of water under clothing 
while it is being removed, if possible.  Wash affected area 15-20 min and ensure no evidence of chemical 
remains.   
 
Eye contact.  Wash eyes immediately with large amounts of water while lifting upper and lower lids for 
at least 15-20 min.  Get medical attention immediately. 
 


Ingestion.  If victim is conscious, give large quantities of water immediately.  DO NOT INDUCE 


VOMITING.  Milk or activated charcoal may also be administered by trained medical personnel.  Get 
medical attention immediately.  Contact Poison Control Center and adhere to their advice. 
 
Inhalation.  Remove from exposure area to fresh air immediately. If not breathing, give artificial 
respiration.  If breathing is difficult, oxygen is required. If near shore, an ambulance should meet the boat 
at the nearest dock. Otherwise, the coast guard should be called.  
 
Analysts using this procedure must read the material safety data sheets (MSDS) associated with these 
materials thoroughly.  MSDS are located in the laboratory and on the boat.  In the event of an emergency, 
the MSDS should be submitted to the appropriate medical personnel. 
 
ATTACHMENTS 


 
Attachment 1.  Photo of Clam Rake Being Retrieved 
Attachment 1.  Example of Biota Field Collection Log 
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Attachment 1.   


Photo of Clam Rake Being Retrieved 
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Attachment 2.   


Example of Biota Field Collection Log 


(Includes Clam Rake Trawl and Amphipod Trap Field Collections)  
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Battelle  


Applied Coastal and Environmental Services 


Standard Operating Procedure 


 


for the 


 


Sea-Bird Electronics SBE 25plus Sealogger and SBE 32 Carousel Water Sampler System 


 


1.0 APPLICATION 


 
The Sea-Bird Electronics (SBE) 25plus Sealogger System and the SBE 32 Carousel Water Sampler 
System are used to provide real-time acquisition of high-resolution water column profiles and collect 
discrete samples of water for physical, chemical, and biological analyses. 
 
The SBE 25plus Sealogger System is composed of the SBE 25plus main electronics unit, three primary 
sensors (a SBE 3F Temperature Sensor, a SBE 4C Conductivity Sensor, and the 25P.122 strain gauge 
Pressure Sensor) and a Sea-Bird Model 5P pump.  The pump is required for the conductivity and 
temperature sensors, as well as optional sensors requiring water flow e.g. dissolved oxygen sensors.  The 
CTD System described in this SOP is designed for use at up to 600 meters (m), however, the originally 
installed strain gauge limits the system range to 100m for accurate depth data. Deploying the system 
below 100m may physically damage the strain gauge resulting in seawater leaking into the electronics 
chamber and damaging the system beyond repair at sea.  This SOP is intended to augment the 
manufacturers’ manuals and software programs. The SBE manuals and software are the primary source 
of information for operations and maintenance of the various facets of the system. 
 
The SBE 25plus can interface with up to ten auxiliary sensors (eight voltage output sensors and two RS-
232 serial output sensors).  The list of originally installed sensors is shown below. Sensor configurations 
can change. Therefore, inspect the system prior to use and confirm you have documentation and training 
on all of the installed sensors. 
 


 Sea-Bird Model 43 Dissolved Oxygen Sensor (SOP No. 3-180) 
 Sea-Bird Model 18 pH Sensor 
 WET Labs ECO Triplet (Fluorescence, Turbidity, CDOM (Colored Dissolved Organic Matter) 
 WET Labs C-Star Transmissometer (SOP No. 3-174) 
 Seapoint Turbidity Meter (SOP No. 3-162)  
 Valeport VA-500, Altimeter 


 
These instruments require specific cable assemblies to interface to the main electronics unit.  Cables are 
provided by SBE or outside vendors (e.g. Impulse Cables).  Battelle may also fabricate specialty cables.  
For a list of cables and their cross-references, refer to Attachment 1. 
 
The main function of the electronics unit is to provide power to the modular sensors, and to collect and 
multiplex their data, then send a single coherent data stream to the surface via a waterproof cable system. 
 
The SBE 25plus is typically interfaced to a PC via the Sea-Bird SBE 32 Carousel and the SBE 33 Deck 
Unit (see diagram in Section 3.1).  In certain circumstances, it is possible to gather data directly from the 
SBE 25plus using only a PC and the appropriate power supply and hookups (see Section 3.2.).  The SBE 
25plus may also run autonomously, via internal batteries.  However, that is beyond the scope of this SOP. 
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Detailed information on the systems, such as wiring diagrams and specifications are provided in the 
manufacturer equipment manuals. A list of all equipment and sensor manual files is provided in 
Attachment 1. These files are necessary to have on the field computer as well as a back-up computer or 
media drive/device prior to beginning a survey. 
 
 


Note1 


This SOP must be used in conjunction with the SBE 25plus, SBE 32, and SBE 33 Instrument Manuals, 
along with the appropriate modular sensor manuals, and Application Notes as appropriate.  Refer to 
Attachment 1 for a list of files that pertain to the Sea-Bird instrumentation. 
 


 
 


2.0 CALIBRATION 


 


The modular sensors interfaced to the SBE 25plus system (i.e., Temperature, Pressure, Conductivity and 
other auxiliary modular Sensors) are calibrated annually by SBE or by the sensor manufacturer.  The 
calibration coefficients determined during this calibration by SBE or the sensor manufacturer are entered 
into the SBE software prior to use on a survey. 
 
In certain cases, the coefficients for the Sea-Bird Model 43 Dissolved Oxygen Sensor and the Sea-Bird 
Model 18 pH Sensor may be determined in the field, but factory calibration is preferred and 
recommended. The suite of sensors may be calibrated post-survey if the specific project requires that 
process or the data collected during a survey is not within the expected range of values. 
 
 
 


3.0 OPERATION 


3.1. TYPICAL SETUP 


The most common setup situation for the SBE 
25plus CTD System is via a SBE 33 Deck Unit 
and the SBE 32 Carousel. 
 
The SBE 33 Deck Unit provides 250 VDC 
power to the SBE 32 Carousel, which in turn 
provides 15VDC to the SBE 25plus CTD 
System.   
 
The Deck Unit also controls firing of the 
sample bottles on the SBE 32 Carousel, and 
receives and filters the CTD data stream to 
eliminate external noise, then routes the data to 
a field computer.  
 


                                                      
1 Notes and Cautions are inserted at the end of each section. 
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The SBE 33 may be pre-programmed to trigger sampling bottles. 
 
 


3.2. OPTIONAL SETUP 


When sampling bottles are not required, such as when trying to operate the SBE 25plus from a small boat 
where only minimum equipment (and no bottle sampling) is required, an optional setup may be used.  
The SBE 25plus may be powered directly from the surface via an external power supply providing 14-
16VDC at 2A or greater or water column profile data can be stored internally without a power connection 
using internal batteries ((12) D cell batteries).  Power and data hookup would be via a cable assembly 
such as EBOS613 or equivalent.  
 
When operating at less than 14VDC, the SBE 25plus will default to, and consume, its own internal 
alkaline battery pack.  See Caution 1 below. 


 


3.3. OPERATIONAL PARAMETERS 


The Shell SBE 25plus CTD system, as a whole, is limited to 100M deployment depth.  This is to avoid 
damage to the mechanical strain-gage pressure transducer for this system (e.g., 0-100M range). Lowering 
the system to >100m depth can cause damage to the strain gauge such that water can penetrate the sealed 
system and damage the electronics.  See Caution 2 and 3 below. 
 
The system is also limited by the crush depth of the various instrument housings.  As supplied, the 
limiting factor for the SBE 25plus CTD system is 600M.  This can be extended by purchasing a stronger-
rated housing from Sea-Bird for the SBE 25plus main unit, and alternative sensors.  
 
The SBE25plus pumps water past several sensors. If this water freezes, the sensors can be damaged. 
Maintain the system >2deg C if at all possible. If this is not possible, blow the water out of the pump and 
tube system with dry air.  
 
Depth ratings for various units of the SBE 25plus system are given below.  Consult sensor specific 
operating manuals for their operating limitations. 


3.4. INITIALIZING ACTIVITIES 


The SBE 33 requires 120 or 240VAC at 50/60 Hz (selectable) for operation.   
 


3.4.1 Zeroing the Depth 


 


Allow the SBE 25plus to equilibrate (with power on) in a reasonably constant temperature environment 
for at least 5 hours before starting. Pressure sensors exhibit a transient change in their output in response 
to changes in their environmental temperature. Sea-Bird instruments are constructed to minimize this by 
thermally decoupling the sensor from the body of the instrument. However, there is still some residual 
effect; allowing the SBE 25plus to equilibrate before starting will provide the most accurate calibration 
correction. 
 


1. Place the 25plus in the orientation it will have when deployed. 
2. In Seasave, in the .xml con file, set the pressure offset to 0.0. 
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3. Acquire data, and display the 25plus pressure sensor output in decibars. 
4. Compare the 25plus output to the reading from a barometer at the same elevation as the 25plus’ 


pressure sensor. Calculate offset = barometer reading – 25plus reading 
5. Enter calculated offset (positive or negative) in the .xml con file. 


 


Due to the sensitivity of these instruments, the readings will vary by some small amount inherent in the 
signal.  For depth, an on-deck reading of 0.2m is acceptable.  If values begin falling outside that range, 
re-zeroing is recommended.   
 


3.5. POWER 


 
The electrical power for the system can electrocute a person. Use extreme caution when handling 
the electric conductor winch cable and the CTD/Carousel system, especially when the power is 
energized (see Caution 4 below). 


3.5.1 Switch 


The SBE 25plus main unit has an external magnetic slide switch controlling an internal switch.  
This external switch must be in the ‘ON’ position to enable the SBE 25plus main unit to power 
the modular sensors and to transmit data to the surface. 


3.5.2 Power Sources 


When the SBE 33 deck box is energized, the SBE 33 Deck Unit provides the required power and 
the alkaline batteries in the SBE 25plus are bypassed.  If the SBE 33 Deck Unit is switched off 
but the SBE 25plus switch is allowed to remain in the ‘ON’ position, the batteries will continue 
to energize the SBE 25plus and will become depleted over time. 
 
When the SBE 25plus is powered directly from the internal batteries, when the switch is in the 
‘ON’ position, the batteries will be depleted if left on.  Ensure that the SBE 25plus switch is in 
the ‘OFF’ position whenever using internal power but not collecting data. 


3.5.3 Memory Backup batteries 


The SBE 25plus also has two internal lithium batteries for memory backup (6VDC nominal).  If 
the alkaline battery pack is allowed to deplete below the voltage level of the lithium batteries, the 
lithium memory batteries will take over function of the CTD and will be depleted rapidly.  
Memory settings will be lost and the CTD will have to be reinitialized.  See Caution 7 below. 
 


 
Note 


 


CAUTION! 
1. If the internal battery pack becomes depleted, fresh batteries should be installed immediately.  


Depletion of the internal battery pack could cause the batteries to leak after a period of time and 
corrode the internal circuitry of the SBE 25plus. 


 
2. The SBE 25plus system should not be used in depths greater than 100M, in accordance with the 


rating on the strain-gage (pressure sensor) system.  Use of the system below these depths will 
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result in serious damage to the SBE 29 Pressure Sensor. 
 


3. If the CTD system is to be used at depths greater than 100M, the existing depth sensor must be 
replaced to withstand the new depth, with a current, or a new depth sensor purchased. 
 


4. Do not mate or un-mate any connectors while the SBE 25plus system is powered on. 
 


5. Do not expose the SBE 25plus modular sensors to air temperatures below -2o C when the 
instrument and sensors are wet.  The freezing of water in the SBE 4 Conductivity Sensor, SBE 43 
Dissolved Oxygen Sensor, or WETLabs WETStar flow-through fluorometer probe will damage 
the cell. 
 


6. If temperatures below -2o C are to be encountered, remove any water from the conductivity cell 
and other plumbed sensors with dry air.  Protect all sensors from temperature extremes 
whenever possible. 


 
7. If the slide switch is left on with the SBE 33 Deck Unit off, the SBE 25plus main unit will 


continue to remain powered, and provide power to the modular sensors as well.  This will 
deplete the internal batteries and could cause damage to the unit.  It is imperative to turn off the 
SBE 25plus slide switch (or the externa1 4-16VDC power supply) when the SBE 33 is off. 


 


3.6. Deployment and Retrieval 


1. Confirm ship as at the correct sampling location 


a. Confirm station code is correctly entered on project specific log form 


2. Check all sample bottles for correct triggering position 


3. Remove protective sensor covers 


4. Turn AC system on 


5. Turn battery power on 


6. Gently lift system over the ship rail or stern and gently lower into the water 


7. Lower system to a depth of ~3 meters 


a. Allow bubbles to escape the system tubing and sensors to equilibrate (~1-2 minutes) 


b. Check data on all sensor channels on field laptop 


8. Raise system so top of system is just under water (sensors should be at ~1m water depth) 


9. Lower system to target depth of ~2 meters above the seafloor at a winch speed of ~30 m min-1 


a. Use Valeport altimeter unless data are questionable 


b. If altimeter is not appearing accurate, use winch wire counter or marked cable 


c. Review downcast data and determine five target depths for discrete water sample 
collection based on turbidity and transmissometer data 


d. Either 


i. a) Program system to trigger bottles to collect water at the designated depths 







SOP No. 5-367-01  
Page 6 of 14 


 


 


or 


ii. b) Prepare to manually fire the bottles for water sample collection 


e. Communicate plan to winch operator and deck hands 


10. Raise system to lowest of five depths 


a. Stop system 


b. Either  


i. a) winch up slow to allow automatic triggering of bottle 


1. or 


ii. b) manually trigger collection of sample 


11. Raise system to second depth up from the seafloor 


12. Repeat steps 10a and 10b and 11 until all five depths are sampled 


13. Communicate to winch operator and deck hands that the cast is complete 


14. Turn the AC system power off 


15. Lift the system over the ship rail/stern and set on the deck gently 


16. Secure system to deck 


17. Turn battery power off 


18. Collect water samples into appropriately pre-labeled containers 


19. Review electronic cast data for acceptability 


a. Record cast number and electronic file information on project specific log form 


20. Communicate to back deck ship crew or bridge the next sampling station 


21. Cover any sensors as needed 


22. Set water bottle triggering systems for next deployment  


 
4.0 MAINTENANCE 


4.1. ROUTINE MAINTENANCE 


When mating connectors to the SBE 25plus CTD, the mating surfaces of the connectors should be 
cleaned and lubricated using a silicone based lubricant (such as DOW-Corning #4).  The use of Barium-
soap based lubricants is not recommended.  Lubricant should be used sparingly.  Care should be taken 
when handling any instrument sensors after using the silicone since transferring silicone to a sensor 
probe could contaminate the probe, causing it to provide erroneous measurements. 
 
When the instrument is not to be used for extended periods of time (as in, long transits between stations) 
the system may be powered down if desired. Additionally, rinsing the carousel and instruments with 
freshwater is recommended.  
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4.2. FIELD INSPECTION, DISASSEMBLY AND REPLACEMENT 


O-rings should be inspected any time that the SBE 25plus is disassembled.  Check thoroughly for cracks, 
splits, nicks, geometry (i.e., loss of its circular cross section due to compression) or any other defect.  
When in doubt, always replace an O-ring as they are critical to preventing catastrophic damage to the 
electronics. 
 
Make note of any issues with the system and relay the issues to the field leader so corrective and/or 
preventative actions can be taken after the survey. 
  


5.0 TRAINING 


 
A qualified technician must train individuals to perform the procedures described in this SOP.  A 
qualified technician is considered to be an individual who has been trained in this process and has 
performed it in the past (within two years) and for whom a training certificate or equivalent document of 
experience exists. 
 
The trainee should begin by reading this SOP in its entirety; all questions should be directed to a 
qualified technician.  A qualified technician must then perform the procedures in Section 3.0 in their 
entirety with the trainee.  The trainee must then perform the procedures in their entirety, including 
completion of documentation, while the qualified technician observes. 
 
Once the procedures described in this SOP are understood and have been demonstrated by the staff 
member, training is documented in Battelle University.  When registering the training as complete, the 
comment section should be used to indicate the name of the trainer and the date of training. 
 
Users of this instrument are required to read this SOP, as well as be familiar with the SBE 25plus 
Sealogger CTD User Manual, the SBE 32 Carousel Water Sampler User Manual, and the SBE 33 
Carousel Deck Unit User Manual, and be familiar with the individual sensors calibration documentation 
sheets. 
 


6.0 SAFETY 


 
The operation of the Sea-Bird SBE 25plus SBE 32 Carousel system requires working on the water and 
with electricity, causing routine field operations risks. All personnel should be aware of the hazards listed 
below and take necessary precautions to minimize risk. When working with electrofishing equipment, 
personnel must wear rubber boots and gloves.  
 
• Drowning - When working on or near water, there is always a risk of drowning. Life jackets must be 
worn during the system deployment and retrieval operations, as well as specific vessel and project safety 
requirements.  


• Fire – It is highly unlikely, but a power shortage could cause a fire. As always working on a vessel, 
make sure you know where the fire extinguishers are located and what the emergency notification 
procedures are for the specific vessel. 


• Tripping and falling - Cables and ropes must be kept clear of machinery and should be routed so as to 
avoid tripping deck hands, scientific support staff, and any other people on the vessel.  


• Injuring others - Operators working where space is restricted should take care not to injure others when 
deploying and retrieving equipment. 
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• Electrical hazards – When working with electrically charged equipment, electric shocks may cause 
serious injury or death, or may cause indirect injuries by making a worker recoil so that he endangers 
himself and others by sudden movement. Direct effects include electrical burns, heart failure, or 
interference with breathing. The main sources of potential risk of electric shock during the SBE 
25plus/SBE 32 Carousel/SBE 33 Deck Unit operations are:  
 
• Bodily contact with energized wires.  
• Bodily contact with isolated water being energized by an electrical short.  
• Shocks from damaged, inadequately constructed, or poorly insulated equipment.  


 


Warning! 


 In the event of actual or suspected instrument flooding, disassembly of the instrument should only be 
performed by qualified personnel.  Pressure buildup inside any flooded instrument housings could 
result in parts becoming lethal projectiles as internal pressure is released. 


 
 The internal circuitry of the SBE 32 CTD Deck Unit contains high AC and DC voltage 


sources.  This voltage could be harmful or possibly fatal if the box is open while power is 
applied.  Ensure that the power to the unit has been turned off and disconnected before 
opening the box.  In addition, 250VDC will be present at the ‘wet’ end of the sea cable when 
the box is energized. 


 Capacitors in the power supply circuitry may still be holding a severe or lethal charge for an 
unspecified time even with the power cord disconnected.  Inspection and repairs should only 
be undertaken by a qualified technician. 
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 Attachment 1 


User Manuals 


 


Equipment User Manual File Name 


SBE 25plus Sealogger CTD 25plus_004.pdf 


SBE 32 Carousel 32_022.pdf 


SBE 33 Deck Unit 33_014.pdf 


SBE Model 43 Dissolved Oxygen Sensor (SOP No. 3-180) Appnote64-2Jun12.pdf 
67326Q.pdf 


SBE Model 18 pH Sensor appnote18-2Sep14.pdf 
WET Labs ECO Triplet (Fluorescence, Turbidity, CDOM 
(Colored Dissolved Organic Matter) WETLabs-ECOMaster=3en.pdf 


WET Labs C-Star Transmissometer (SOP No. 3-174) C-Star-Rev-V-Manual.pdf 


Seapoint Turbidity Meter (SOP No. 3-162)  Seapoint Turbidity Meter stm_um.pdf 


Valeport VA-500, Altimeter Valeport 0430831e_VA500_Altimeter_Manual.pdf 
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Battelle 


Standard Operating Procedure 


 


for 


 


COLLECTING AMPHIPODS FOR CHEMICAL ANALYSIS USING BAITED TRAPS  


 
 


1.0 OBJECTIVE 


This SOP describes the at-sea collection and processing of amphipods collected with baited traps. 
 


2.0 PREPARATION 


2.1 SUPPLIES AND EQUIPMENT 


 
 One anchor per set of traps 


o Size weight dependent on sea conditions and vessel 
o Typically a 15-20 lb Danforth type anchor is effective 


 Chain for connecting to anchor and float line 
o ~3/8” chain, 5-10ft long 


 Line from anchor to surface floats 
o Typically 3/8-5/8” Poly/Dacron line or similar is preferred 
o Allow adequate length so the floats will not submerge during high tide and the floats will 


not put undo lifting force on the anchors 
 Two bullet floats (the type routinely used for crab and lobster pots) 
 Short lines for attaching traps, smaller diameter e.g. ¼” is acceptable. 
 Plastic minnow traps 


o Traps get lined with nylon or similar mesh, mesh size ~1mm 
 Sardines for bait 


o Sardines packed in oil are preferred 
o Ancient Arctic myth says mustard soaked sardines are most successful 
o Bait needs to be placed into nylon (e.g. Nytex®) or similar plastic bags made from mesh 
o Bait bag mesh should be ~0.5mm mesh size 


 Weight (e.g. rocks) for keeping traps on the seafloor 
o ~1-2lbs is fine, does not need to be very much weight (~1-3 rocks, each ~½ of a fist size) 


 Cable ties (assume ≥10 per deployment) 
 Plastic sieves for collecting and rinsing amphipods 


o Sieves are typically ~30cm diameter with 0.5-1.0mm mesh 
 Funnels screened and unscreened for transferring amphipods to sample jars 
 Hoses and fittings for the rinsing process 
 Water pump for rinsing process 
 Sample containers: As specified in the project specific QAPP/SAP. Containers typically consist 


of glass wide-mouth jars with Teflon® lined lids; typically 125ml, 250ml, and 500ml sizes 
 Squirt bottles for rinsing organisms with site water, distilled water, and/or solvent for rinsing and 


decon, as specified by the project specific QAPP/SAP 
 Nitrile gloves 
 Writing tools e.g. ink pens, permanent markers, and pencils 







SOP No. 5-169-03 
Page 2 of 10 


 
 


 Bristle brushes for cleaning traps and mesh liner 
 Non-phosphate detergent for cleaning traps between stations if required (e.g. Alconox® or 


Liquinox®). 
o Detergent is also useful for oil contamination (e.g. Joy® dish detergent) 


 Common equipment and supplies that are not always required: forceps, disposable spoons 
 


 


2.2 SOLVENTS (FOR CLEANING EQUIPMENT BETWEEN STATIONS) 


 
Solvents and the decontamination process are specified in the QAPP/SAP. Solvents may consist 
of one or more of the following  
 Alcohol (e.g. methanol, ethanol) 
 Hexane 


 


3.0   PROCEDURE 


3.1 DEPLOYMENT OPERATIONS 


 
The QAPP/SAP will specify the target organisms and required tissue mass. 
 


1. Review operations below with deck crew, vessel captain, and mates prior to performing the 
sampling operations 


o Go over deployment needs such as the vessel needs to stay on station without dragging 
float line and floats into the propellers or side thrusters during deployment 


o Establish target deployment duration 


 Duration varies based on several factors, including but not limited to: 


 Project logistics 


 Success at collecting organisms 


 Local vessel traffic (can run over and cut floats) 


 Ice (can pass over trap lines and move/destroy traps 


 Typically a 12-24 hour set is adequate, but often less time is sufficient if 
cruise logistics dictate moving away from the area 


o Establish the station or order of stations to be sampled 


 Confirm first station and direct captain and mate to proceed to that station 


2. Organize location to wash and process samples at a convenient location on deck, influenced as 
minimally as possible by stack emissions, and secure equipment to the vessel as needed for safe 
operations 


3. If filtered water is required in the QAPP/SAP, set up the water filter system by inserting a clean 
filter, connecting the supply and discharge water hoses, and securing it to the vessel and/or 
sample processing system.  


4. Assemble the anchor-trap-float system 


o See Attachment 1 for a schematic of trap system 
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o Attach chain to the anchor with a shackle 


o Attach chain to the float line with a shackle 


o Seize all shackles to secure shackle pins from unscrewing using cable ties, seizing wire, 
or other suitable method.  


o Attach two floats to float line, leaving 3-5m of line between floats 


 The two floats allows a floating section of line for the deck crew to hook onto 
with a grapnel hook for retrieval 


o Place bait in two bait bags (one for each of two traps) and seal ends of bags with cable 
ties or other low contamination mechanism 


 ~1 typical can of sardines per bag per trap 


o Place bait bags and rock(s) into each of the two traps 


o Connect two sides of the minnow traps together with cable ties 


 Do not use clips supplied with some minnow traps to connect the two sides 


o Attach two minnow traps to anchor chain or float line 


 Use 2-3m lengths of float line, or smaller line (~1/4” diameter) 


 Secure knots with cable ties or electrical tape 


5. Deploy traps one of several ways: 


o By hand 


o Using a fisherman ‘pot puller’ style winch 


o Using ships’ normal winch with a pelican hook or other release system 


6. Communicate with the captain/mate that the gear is ready for deployment 


o Confirm with captain/mate station location 


7. Fill out station log form provided in the QAPP/SAP as much as possible 


o See Attachment 3 for an example of a field log form 


8. Set the anchor and chain on the deck of the ship where it needs to be for deployment 


o Confirm with captain/mate it is ok to launch equipment (e.g. vessel is at location and in 
position to hold steady during deployment) 


9. Deployment: 


o Lift the amphipod trap system over the stern/side of vessel and lower to the water surface 


o Communicate to captain/mate the gear is in the water 


o Let the anchor and traps descend under a controlled rate of speed (not a free fall) 


o Communicate to captain/mate when anchor and traps are on the bottom and the floats are 
clear of the vessel 


o Recover net to ship by lifting over rail/stern with winch 


o Notify captain/mate the gear is safely on board the vessel 


o Confirm next station if appropriate 
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10. Recovery: 


o See Attachment 2 for a photo of trap recovery 


o Prepare grapnel hook and line system 


o Confirm with captain/mate what station you need to recover 


o Have captain/mate navigate to location 


 Keep watch for floats on surface 


 Communicate to captain/mate when visual siting is made (or conversely, the 
captain/mate will communicate to deck crew they have the floats in visual range) 


o When approaching floats, confirm with captain/mate it is ok to throw grapnel hook 


o When in range, throw the grapnel hook 


 Repeat as many times as it takes to capture line between the floats 


 This may require the vessel to move away and return 


o When the grapnel hook was captured the float line, pull the float line to the vessel 


o Once upper part of float line is on vessel, use the pot puller, other winch system, or 
manual labor to retrieve the traps, chain, and anchor  


o Notify captain/mate when gear is safely onboard 


o Confirm next station or alternative operation with captain/mate 


11. Untie traps from lines attaching to float line 


12. While wearing clean nitrile or similar gloves: 


o Place traps in mesh sieve 


o Cut cable ties 


o Separate two halves of minnow trap 


o Remove bait bag and rocks 


 Rinse amphipods off of rocks into sieve 


o Pour/rinse amphipods into sieve 


o Rinse amphipods with site water 


o Remove any non-target species animals (e.g. shrimp, crabs) 


o Transfer amphipods to funnel screen 


o Rinse amphipods with de-ionized water 


o Transfer amphipods to pre-labeled sample jars 


o Repeat steps in #12 for second trap 


13. Handle and preserve target organisms as described in the project specific QAPP/SAP 


14. Complete recording of station log 


15. Decontamination procedures are described in Section 3.2. 
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3.2 DECONTAMINATION CLEANING PROCEDURES 


 
All minnow traps, mesh liners, and bait bags should be cleaned with a non-phosphate detergent such as 
Alconox® or Liquinox® prior to the survey, and as necessary between stations. Traps and mesh can be 
reused if carefully decontaminated prior to each survey. Amphiods do not highly interact (e.g. feed) on 
the traps, thus thoroughly rinsing the gear with site water is the primary decontamination method between 
stations. Sampling apparatus will be decontaminated with soap and solvents in the field only if there are 
gross to levels of contamination (e.g. visible oil on the traps or line) between sampling stations.  If the 
float line is heavily contaminated, it is best to replace the line. While performing the decontamination 
procedure, “phthalate-free gloves,” such as nitrile or butyl rubber, are used to protect the field staff as 
well as preventing contamination of the sampling equipment or the samples. 
 
If further decontamination is required 
 


1. Rinse equipment with tap water or site water 
2. Scrub equipment with 1% non-phosphate soap (e.g. Alconox®) using a stiff brush  
3. Rinse with tap or site water, then Milli-Q water 
4. Rinse with appropriate solvent (as described in QAPP/SAP). In general, solvent will not be used 


unless an oily sheen is noted. Typical solvent rinse procedures are as follows: 
 


a. Begin with a solvent rinse of acetone and then DCM if oily contamination is apparent and 
will only be used on metal/stainless steel surfaces 


b. Let air-dry if solvent is used. 
 
Note: All waste solvents must be captured and disposed of in labeled liquid waste containers.  All 
equipment that comes into contact with the sample (i.e. syringe, ruler, collection buckets) must be cleaned 
using the same general procedures as the grab. 
 
3.3 SAMPLE PROCESSING 


 
Follow project specific QAPP/SAP requirements for sample processing. In general: 


1. Empty the catch into a clean plastic or other non-metallic material sieve 
2. Wash any sediment or other material off of all organisms using site water.  
3. Remove non-target organism by hands covered with clean nitrile or other gloves as specified in 


the QAPP/SAP.  
a. Release unwanted organisms back into the water 


4. Rinse organisms with de-ionized water 
5. Transfer organisms to pre-labeled sample jars either by: 


a. Within the larger sieve 
i. Perform final rinses as required in the QAPP/SAP, such as a final deionized 


water rinse 
b. Transfer the organisms to a funnel sieve 


i. Perform final rinses as required in the QAPP/SAP, such as a final deionized 
water rinse 


6. Store the jars in conditions described in the QAPP/SAP. 
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4.0 CALCULATIONS 


There are no calculations necessary for this procedure. However, it is useful to estimate volume of tissue 
sample by using the percentage filled of the known volume jar. 
 


5.0 QUALITY CONTROL 


Field replicates and equipment blanks for chemical analyses will be collected according to the 
QAPP/SAP.  Any deviations from this SOP must be documented on the station log in the survey logbook.  
Careful attention to the procedures described in this SOP by trained, qualified personnel will ensure the 
quality of the samples collected.  
 


6.0 TRAINING 


A technician training in these methods must first read this SOP in its entirety.  The trainee will then 
practice the procedures in the field under the watch of the instructor until proficiency is demonstrated.  
 
A qualified sample processor must train individuals performing clam rake sampling.  A qualified sample 
processor is considered to be an individual who has performed the processing in the past (within 2 years), 
and for whom documentation of training and/or experience exists.  The methods explained in 3.0 are used 
as training standards.  Once the procedures described in this SOP are understood and have been 
demonstrated by the staff member, training is documented in Battelle University.  When registering the 
training as complete, the comment section should be used to indicate the name of the trainer and the date 
of training.      
 


7.0 SAFETY 


All personnel should wear protective clothing, safety glasses, and gloves when handling sample 
containers or reagent bottles containing solvents.  All collectors should wear life vests, steel toed boots, 
and hard hats when handling the equipment on the vessel. 
 
During training, the qualified sampler should explicitly point out hazards associated with the reagents and 
or equipment.  The trainee should review the material safety data sheets for Ethyl and Methyl Alcohol. 


Gloves, safety glasses (with side shields) and protective clothing such as rain gear that protects from 
chemical exposure must be worn when handling any of the above chemicals.  Open containers must 
remain in a fume hood or used on deck at sea. If the analyst is exposed to any of the above chemicals the 
following procedures should be followed: 
 
Skin contact.  Remove contaminated clothing immediately, directing a stream of water under clothing 
while it is being removed, if possible.  Wash affected area 15-20 min and ensure no evidence of chemical 
remains.   
 
Eye contact.  Wash eyes immediately with large amounts of water while lifting upper and lower lids for 
at least 15-20 min.  Get medical attention immediately. 
 


Ingestion.  If victim is conscious, give large quantities of water immediately.  DO NOT INDUCE 


VOMITING.  Milk or activated charcoal may also be administered by trained medical personnel.  Get 
medical attention immediately.  Contact Poison Control Center and adhere to their advice. 
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Inhalation.  Remove from exposure area to fresh air immediately. If not breathing, give artificial 
respiration.  If breathing is difficult, oxygen is required. If near shore, an ambulance should meet the boat 
at the nearest dock. Otherwise, the coast guard should be called.  
 
Analysts using this procedure must read the material safety data sheets (MSDS) associated with these 
materials thoroughly.  MSDS are located in the laboratory and on the boat.  In the event of an emergency, 
the MSDS should be submitted to the appropriate medical personnel. 
 
ATTACHMENTS 


 
Attachment 1.  Schematic of Amphipod Traps 
Attachment 2.  Photo of Amphipod Traps Being Recovered 
Attachment 3.  Example of Biota Field Collection Log Form 
 
APPROVALS 


 


 
Author              
 
 
Technical Reviewer            
 
 
Quality Systems Manager           
 
 
Resource Manager            
    Name      Date 
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Attachment 1.   


Schematic of Amphipod Traps 
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Attachment 2.   


Photo of Amphipod Traps Being Recovered 


(note amphipods in bottom of trap) 
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Attachment 2.   


Example of Biota Field Collection Log Form 


(Includes Amphipod Trap and Clam Rake Trawl Field Collections)  
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FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 
METALS 
 
1.0  Purpose 
 
This standard operating procedure (SOP) presents the techniques used to collect seawater 
samples for dissolved trace metal analysis if not received from a collection agency.  Several 
options are described to fit a variety of sampling requirements and conditions. 
 
2.0  Application 
 
This SOP applies to the collection of seawater samples containing dissolved trace metals in the 
ng/L (part per trillion) to mg/L (par per million) range.  In summary, seawater is collected and 
filtered to remove particulate matter.  It is then acidified to preserve the metals in solution. 
 
3.0  References 
 
Patterson, C.C. and Settle, D.M. 1976. The reduction of orders of magnitude errors in lead  analyses of bio


Special Publication 422, Accuracy in Trace Analysis: Sampling, Sample Handling, 
Analysis. Vol. 1., P.D. LaFleur (Ed.), pages 321-351. 


 
4.0  Associated SOPs 
 
None 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
 
The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
 
» Tevek protective clothing 
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» 30 mL, 500 mL and/or 1 L low density polyethylene and Teflon bottles 
 
» 1 mL Eppendorf pipet and tips (or equivalent) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» All-glass filtration glassware (Millipore XX15-047-00 or equivalent) 
 
» Vacuum tubing (" inner diameter) 
 
» Oil-free vacuum pump (Gast 1HAB25BM100X or equivalent) 
 
» Teflon wash bottle 
 
» GO-FLO Niskin water samplers (General Oceanics) 
 
» In-line filter holders, 47 mm diameter (Millipore XX43-047-00 or equivalent). 
 
» High flow-rate peristaltic pump and tubing (Cole-Parmer) 
 
» Polypropylene tubing (" inner diameter) 
 
» Kevlar hydrowire (¼" to " diameter) 
 
» Teflon messengers (General Oceanics) 
 
» pH meter (Orion Ionalyzer Model 501 or equivalent) and pH buffers 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
5.2  Acids, Gases and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 


or greater. 
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» Nitric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
 
» Hydrochloric acid: Trace metal grade (J.T. Baker) 
 
» Pressure filtration gas: High purity nitrogen 
 
6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
All low-density polyethylene and Teflon bottles are cleaned by filling with hot (~70C), 
concentrated nitric acid for 24 hours.  Three successive rinses, of at least 6 hour duration, with 
reagent water then follow to remove residual acid and recondition the bottles (Patterson and 
Settle, 1976).  The bottles are air-dried in a cleanroom facility and then sealed in plastic bags 
until use.  Filtration glassware is washed in ~70C 8 N nitric acid and rinsed with reagent water.  
Filters are washed in freshly prepared 5 N nitric acid for 24 hours and rinsed with reagent water 
as with the bottles.  Niskin samplers are rinsed with 2 N hydrochloric acid followed by rinses 
with reagent water and ambient seawater. 
 
6.2  Safety 
 
When handling acids, reagents or samples, wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Sample Collection 
 
7.1.1  Surface Waters.  (1)  Collect surface seawater samples directly in acid-washed low 
density polyethylene or Teflon bottles from the bow of a small boat while wearing plastic gloves 
and moving slowly against the current.  The bottles should not be opened until at least 10 cm 
below the sea surface and they should be rinsed with the ambient water on site immediately 
before collecting the final sample.  (2)  Use an acid-washed GO-FLO Niskin sampler lowered on 
a Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally on the line and lower from a boom extended as far from the ship as practical.  (3)  
Use a peristaltic pump with polypropylene tubing and a weight that is sealed in plastic and 
mounted on a boom.  The pump should be located in a clean area and the polypropylene line 
flushed for several minutes with ambient seawater before collecting the sample. 
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7.1.2  Subsurface Waters.  (1)  Use an acid-washed GO-FLO Niskin sampler lowered on a 
Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally  
on the line and lower from a boom extended as far from the ship as practical.  (2)  Use a 
peristaltic pump with polypropylene tubing and a weight sealed in plastic and mounted on a 
boom.  The pump should be located in a clean area and the polypropylene line flushed for several 
minutes with ambient water before collecting the sample.  (3)  A SCUBA diver may collect the 
samples at depths of less than 33 m using 1 L low density polyethylene bottles or a small hand-
held Niskin water sampler. 
 
7.2  Sample Filtration. 
 
7.2.1  Vacuum Filtration.  Transfer the collection bottles to a clean area, preferably a laminar-
flow hood isolated from ship operations, exhaust gases and general traffic.  All subsequent 
handling of the samples should be with plastic gloves and Tevek protective clothing.  Filter the 
samples through acid-washed 47 mm diameter, 0.4 μm pore size, polycarbonate filters mounted 
on acid-washed glassware in a laminar-flow hood.  Use an oil-free vacuum pump.  Transfer the 
filtrate to acid-washed low density polyethylene or Teflon bottles (rinse the bottle with a small 
aliquot of filtrate first). 
 
7.2.2  Pressure Filtration.  If large volume Niskin sample bottles are used, pressure filtration in 
a clean and isolated environment with filtered N2 gas is acceptable.  Use 47 mm, acid-washed, 
in-line polypropylene or Teflon filter holders containing acid-washed, 0.4 μm pore size filters to 
remove particulates.  The first few hundred mL of filtrate should be used as a collection bottle 
rinse and discarded. 
 
7.3  Sample Preservation 
 
Acidify the seawater filtrate to ~pH 2 with 1 mL of Ultrex II nitric acid/L if the samples are to be 
stored and not concentrated or analyzed immediately.  The pH of the sample should be checked 
by transferring a few mL of sample to a small container to prevent contamination from the pH 
probe.  If the pH is >2, add an additional 0.5 mL of nitric acid to the sample and re-measure the 
pH.  Continue the 0.5 mL additions of nitric acid until a pH <2 is achieved. 
 
7.4  Sample Storage 
 
Acidified samples for dissolved trace metals are to be stored in sealed plastic bags and protected 
from high temperatures. 
 
8.0  Calculations 
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There are no calculations involved with this SOP. 
 
9.0  Quality Assurance/Quality Control 
 
9.1  Quality Control Samples 
 
Process quality control samples in the same manner as actual samples. 
 
9.1.1  Equipment Blank.  A minimum of one equipment blank should be prepared with each set 
of seawater samples.  This blank consists of reagent water run through the same sample 
collection and filtration equipment used with the experimental samples.  Separate blanks of 
sample collection and filtration apparatus are preferred.  If the equipment blank is not less than 5 
times the Method Detection Limit (MDL) for the required analyses, the source of contamination 
must be determined, corrected and documented before proceeding. 
 
9.1.2  Travel Blank.  A minimum of one travel blank should be prepared with each group of 
seawater samples.  This blank consists of reagent water placed in a sample container under field 
conditions, acidified, and shipped with the experimental samples.  If the travel blank is not less 
than 5 times the MDL for the required analyses, the source of contamination must be determined, 
corrected and documented before proceeding. 
 
9.1.3  Reagent Water Blank.  If reagent water is produced in the field, a minimum of three 
reagent water blanks should be placed in sample containers and acidified during the field 
collection process for analysis along with the experimental samples.  If the reagent water blank is 
not less than 5 times the MDL for the required analyses, the source of reagent water should not 
be used until purity is restored and documented. 
 
9.1.4  Duplicate Samples.  Duplicate samples will be collected at a frequency of 5% or 1 per set 
of samples to establish collection reproducibility.  If the relative percent difference is not within 
20%, the sampling strategy should be reevaluated in terms of the project goals and (if necessary) 
corrective action taken and documented. 
 
9.2  Interferences 
 
Interferences which may result in sample contamination are a function of sampling location, field  
equipment/work area, and trace elements of interest.  In general, the more isolated the sample 
collection and filtration process is from other activities, the easier the prevention or correction of  
contamination will be. 
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9.3  Documentation 
 
The field identification will be maintained in all sample labeling, chain-of-custody and shipping 
documentation.  Signed copies of all chain-of-custody forms will be retained by the collection 
and recipient agencies. 
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FILTER PREPARATION FOR SUSPENDED MATTER COLLECTION AND TRACE 
METAL ANALYSIS                                                      
1.0  Purpose 
 
This standard operating procedure (SOP) presents the technique used to prepare filters for the 
collection of particulate matter from water samples for subsequent trace metal analysis, if not 
received from another agency. 
 
2.0  Application 
 
This SOP applies to the preparation of polycarbonate filters from 10 to 90 mm in diameter for 
the collection of suspended matter samples which will be digested and analyzed for trace metals 
analysis.  In summary, filters are acid-washed, dried and weighed under cleanroom conditions. 
 
3.0  References 
 
Trefry, J.H. and Trocine, R.P. 1991.  Collection and analysis of marine particles for trace 


elements. In Marine Particles: Analysis and Characterization,  Chapter 5, Geophysical 
Monograph 63, D.C. Hurd and D.W. Spencer (Eds.) American Geophysical Union, 
Washington, DC., pages 311-316. 


 
4.0  Associated SOPs 
 
FIT-0001 FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 


METALS 
 
FIT-5001 FIELD COLLECTION OF FRESHWATER SAMPLES FOR DISSOLVED 


TRACE METALS 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
 
The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
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» Tevek protective clothing 
 
» 20-dram plastic vials with caps (or equivalent) 
 
» Plastic drying basket (located in cleanroom or equivalent) 
 
» Digital temperature and relative humidity monitor 
 
» Polonium antistatic ionizing units (StaticMaster) 
 
» Solid glass rod (4 inches long) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» Plastic petri dishes (Gelman) 
 
» Teflon wash bottle 
 
» Plastic bags (Ziplock, quart size) 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
» Lint-free laboratory towels 
 
» Electronic balance (6-place minimum) and calibration weights 
 
» Marking pens, felt-tip, fine-point, black 
 
5.2  Acids and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 
or 


greater. 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
SOP No.: FIT-6001 
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6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
Plastic petri dishes and vials are washed by immersion in, hot (~70C), 4 N nitric acid for 24 
hours.  Three successive rinses, of at least 6 hour duration, with reagent water then follow to 
remove residual acid and recondition the dishes.  All Teflon materials are cleaned by filling with, 
or immersion in, hot (~70C), concentrated nitric acid for 24 hours, followed by three reagent 
waters rinses as above. The plastic and Teflon materials are air-dried in a cleanroom facility and 
then sealed in plastic bags until use. 
 
6.2  Safety 
 
When handling acids wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Filter Washing 
 
1. Fill acid-washed 20-dram vials  full (~20 ml) with concentrated trace metal grade nitric 


acid.  With a Teflon wash bottle, add reagent water to the vials until almost full.  Use a 
glass rod to immerse ten filters in each vial (discard the blue filter separators), then fill 
the remainder of the vial with reagent water and seal.  Swirl vials gently to mix the acid-
wash.  Seal the vials in plastic bag and let sit for 24 hours at room temperature. 


 
2. After the acid-washing is complete, pour off the acid and begin three successive, 12 hour, 


reagent water rinses.  Completely fill the plastic vial with water, cap, swirl and store in a 
plastic bag each time. 


 
3. At the end of the final reagent water rinse, use Teflon forceps to transfer the filters to 


acid-washed plastic petri dishes (in the laminar-flow hood).  Place the filters, with the 
dishes cracked open, in a plastic drying basket, cover the basket with a plastic sheet and 
place the basket on the cleanroom drying rack. 


 
4. After 24 hours of drying time at 21-23C and 50% relative humidity, flip the filters in 


their petri dishes and return them to the drying rack for another 24 hours.  At this point 
either seal the petri dishes and store the filters in plastic bags, or begin weighing the 
filters (Section 7.2).  If the filters have been store for some time, crack open the petri 
dishes and let the filters equilibrate to cleanroom conditions on the drying rack for at least 
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12 hours before weighing. 
 
7.2  Filter Weighing Before Sampling 
 
1. Turn on the 6-place balance 12 hours prior to weighing the filters (go to Standby Mode) 


so it will be at thermal equilibrium and put two polonium antistatic units in the weighing 
chamber of the 6-place balance. 


 
2. Just prior to weighing the filters, calibrate the scale using its internal electronic 
calibration 


and then follow up with external calibration weights.  Record the calibration results and 
the temperature and relative humidity of the cleanroom. 


 
3. Mark the lid of each petri dish with a unique, sequential number using a black marking 


pen.  Weigh each filter (in random order) three times and record the weights.  Calculate 
and record each filter's mean weight and standard deviation. 


 
4. Reseal the petri dishes, group in lots of 20-24 filters, and store double-bagged in plastic. 
 
7.3  Filter Weighing After Sampling 
 
1. Return the filters to the cleanroom, crack open the petri dishes and let the filters dry to 


cleanroom conditions for 24 hours on the drying rack. 
 
2. After 24 hours, use Teflon forceps to break loose the filters from the bottom of the petri 


dishes (but do not flip them in the dishes) and let dry for another 24 hours before 
weighing the filters as describes in Section 7.2 (numbers 1 to 3). 


 
3. Reseal the petri dishes and store bagged in plastic, in the cleanroom, for trace metal 


analysis. 
 
 
8.0  Calculations 
 
Mean filter weights (MFW) are determined using the equation: 
 
 MFW = (filterweight #1 + filterweight #2 + filterweight #3) / 3 
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The standard deviation (SD) of the mean filter weight is calculated using the equation: 
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COLLECTION AND DIGESTION OF PARTICULATE SAMPLES FOR TRACE 
METAL ANALYSIS 
                                                              
1.0  Purpose 
 
This standard operating procedure (SOP) presents the techniques used to collect and digest 
particulate samples for trace metal analysis if not received from a collection agency.  Several 
options are described to fit a variety of sampling requirements and conditions. 
 
2.0  Application 
 
This SOP applies to the collection and digestion of particulates for trace metal analysis from 
saline and freshwater samples containing suspended solids in the μg/L (part per billion) to mg/L 
(par per million) range.  In summary, particulate matter is deposited on acid-washed filters, 
rinsed of residual salts and digested by refluxing in concentrated nitric, hydrofluoric and 
hydrochloric acids. 
 
3.0  References 
 
Patterson, C.C. and Settle, D.M. 1976. The reduction of orders of magnitude errors in lead 


analyses of biological materials and natural waters by evaluating and controlling the 
extent and sources of industrial lead contamination introduced during sample collection, 
handling, and analysis. In National Bureau of Standards Special Publication 422, 
Accuracy in Trace Analysis: Sampling, Sample Handling, Analysis. Vol. 1., P.D. LaFleur 
(Ed.), pages 321-351. 


 
4.0  Associated SOPs 
 
FIT-0001 FIELD COLLECTION OF SEAWATER SAMPLES FOR DISSOLVED TRACE 


METALS 
 
FIT-5001 FIELD COLLECTION OF FRESHWATER SAMPLES FOR DISSOLVED 


TRACE METALS 
 
FIT-6001 FILTER PREPARATION FOR SUSPENDED MATTER COLLECTION AND 


TRACE METAL ANALYSIS 
 
5.0  Preparation 
 
5.1  Supplies and Equipment 
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The following labware and equipment may be needed to perform the sample collection: 
 
» Class 100 laminar-flow hood 
 
» Powder-free polyvinyl gloves 
 
» Tevek protective clothing 
 
» 15-mL, 500-mL and/or 1-L low density polyethylene and Teflon bottles 
 
» Assorted Eppendorf pipets and tips (or equivalent) 
 
» Polycarbonate filters, 47 mm diameter, 0.4 μm pore size (Poretics or Nuclepore) 
 
» Solid Teflon filter forceps (Bel-Art) 
 
» Stoppered Teflon test tubes, round and conical bottomed (Berghof/America) 
 
» Plastic test tube racks 
 
» All-glass filtration glassware (Millipore XX15-047-00 or equivalent) 
 
» Plastic petri dishes (Gelman) 
 
» Vacuum tubing (" inner diameter) 
 
» Oil-free vacuum pump (Gast 1HAB25BM100X or equivalent) 
 
» Teflon wash bottle 
 
» Hotplate or heated water bath 
 
» GO-FLO Niskin water samplers (General Oceanics) 
 
» In-line filter holders, 47 mm diameter (Millipore XX43-047-00 or equivalent). 
 
» High flow-rate peristaltic pump and tubing (Cole-Parmer) 
» Polypropylene tubing (" inner diameter) 
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» Kevlar hydrowire (¼" to " diameter) 
 
» Teflon messengers (General Oceanics) 
 
» pH meter (Orion Ionalyzer Model 501 or equivalent) and pH buffers 
 
» Non-contaminating acid resistant gloves 
 
» Safety glasses or goggles 
 
» Rubber wading apparel 
 
» Plastic coated weight 
 
» Lint-free laboratory towels 
 
» Electronic balance (4-place minimum) and calibration weights 
 
» Thermometer (0 to 110C) 
 
5.2  Acids, Gases and Reagents 
 
» Reagent water: Distilled/deionized water with an electrical resistance of 18 megohm/cm 
or 


greater. 
 
» Nitric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Nitric acid: Trace metal grade (J.T. Baker) 
 
» Hydrochloric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Hydrochloric acid: Trace metal grade (J.T. Baker) 
 
» Hydrofluoric acid: Ultrex II ultrapure reagent grade (J.T. Baker) 
 
» Ammonium hydroxide: Ultrex ultrapure reagent grade (J.T. Baker) 
 
» Pressure filtration gas: High purity nitrogen 
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6.0  Cleaning and Safety 
 
6.1  Cleaning 
 
All low-density polyethylene and Teflon materials are cleaned by filling with, or immersion in, 
hot (~70C), concentrated nitric acid for 24 hours.  Three successive rinses, of at least 6 hour 
duration, with reagent water then follow to remove residual acid and recondition the bottles 
(Patterson and Settle, 1976).  The bottles are air-dried in a cleanroom facility and then sealed in 
plastic bags until use.  Filtration glassware is washed in ~70C 8 N nitric acid and rinsed with 
reagent water.  Filters are washed in freshly prepared 5 N nitric acid for 24 hours and rinsed with 
reagent water as with the bottles.  Niskin samplers are rinsed with 2 N hydrochloric acid 
followed by rinses with reagent water and ambient freshwater. 
 
6.2  Safety 
 
When handling acids, reagents or samples, wear protective clothing, gloves and eye protection. 
 
7.0  Procedure 
 
7.1  Sample Collection 
 
7.1.1  Surface Waters. (1)  Collect surface freshwater samples directly in acid-washed low 
density polyethylene or Teflon bottles from the bow of a small boat while wearing plastic gloves 
and moving slowly against the current.  The sample bottles should not be opened until at least 10 
cm below the water's surface and they should be rinsed with the ambient water on site 
immediately before collecting the final sample.  (2)  Wear wading apparel to move into the water 
body, allow several minutes for resuspended material to dissipate before collecting the sample.  
(3) Use an acid-washed GO-FLO Niskin sampler lowered on a Kevlar hydrowire and tripped 
with a Teflon messenger.  If possible, mount the bottle horizontally on the line.  (4)  Use a 
peristaltic pump with polypropylene tubing.  If a weight is used, it should be plastic coated.  The 
pump should be located in a clean area and the polypropylene line flushed for several minutes 
with ambient freshwater before collecting the sample. 
 
7.1.2  Subsurface Waters.  (1)  Use an acid-washed GO-FLO Niskin sampler lowered on a 
Kevlar hydrowire and tripped with a Teflon messenger.  If possible, mount the bottle 
horizontally on the line.  (2)  Use a peristaltic pump with polypropylene tubing and a weight 
sealed in plastic.  The pump should be located in a clean area and the polypropylene line flushed 
for several minutes with ambient water before collecting the sample.  (3)  A SCUBA diver May 
collect the samples at depths of less than 33 m using 1 L low density polyethylene bottles or a 
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water sampler. 
 
7.2  Sample Filtration. 
 
7.2.1  Vacuum Filtration.  Transfer the collection bottles to a clean area, preferably a laminar-
flow hood isolated from other operations, exhaust gases and general traffic.  All subsequent 
handling of the samples should be with plastic gloves and Tevek protective clothing.  Filter the 
samples through acid-washed 47 mm diameter, 0.4 μm pore size, polycarbonate filters mounted 
using Teflon forceps on acid-washed glassware in a laminar-flow hood.  Record the volume 
filtered and use an oil-free pump as the vacuum source.  If the samples are saline, residual salts 
are removed by repeated rinsing with pH 8 reagent water.  The filters are then transferred to acid-
washed petri dishes and sealed for return to the laboratory. 
 
7.2.2  Pressure Filtration.  If large volume Niskin sample bottles are used, pressure filtration in 
a clean and isolated environment with filtered N2 gas is acceptable.  In a laminar-flow hood, 
acid-washed, 47 mm diameter 0.4 μm pore size, polycarbonate filters are loaded with Teflon 
forceps into acid-washed, in-line polypropylene or Teflon filter holders which are attached to the 
lower port of the Niskin sample bottles.  Once the filtration is complete, record the volume 
filtered and return the filter holders to the laminar-flow.  Carefully open the filter holders, apply 
a vacuum and rinse the filters of residual salts with pH 8 reagent water (if saline).  Transfer the 
filters to acid-washed petri dishes and seal for return to the laboratory. 
 
7.3  Sample Storage 
 
Filters bearing suspended matter and digested suspended samples are to be stored in sealed 
plastic bags at a temperature above freezing but <25C. 
 
7.4  Sample Digestion 
 
1. Dry and re-weigh the filters (FIT-6001) in the cleanroom to determine the amount of 


suspended matter to be digested.  Calculate the total suspended solid (TSS) 
concentrations of the water samples. 


 
2. Weigh milligram quantities of selected standard reference materials (SRMs) into round- 


bottomed Teflon test tubes.  Use Teflon forceps to placed the suspended matter samples 
and filter blanks into conical Teflon test tubes.  Reagent blanks are not tube specific. 


 
3. Add 1 ml of Ultrex II nitric acid and 0.1 ml of Ultrex II hydrofluoric acid to each of the 


tubes in such a way that the filters are wetted with the acids.  Use the Teflon stoppers to 
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seal the digestion tubes and then place them in a 1-liter beaker and fill it with reagent 
water up to the top of their conical section.  


 
4. Seal the top of the beaker with a plastic bag.  Poke a hole in the bag for a thermometer.  


Place the beaker on a hotplate and heat slowly to a temperature of 70-75C.  Remove the 
beaker from the hotplate and let the tubes cool slowly. 


 
5. In the laminar-flow hood, use a lint-free laboratory towel to wipe reagent water 


condensation of the cooled tubes, tap the tubes in the hood to bring all the acid to the 
bottom and them swirl the tubes gently to help wash the suspended matter off the filters.  
Put the tubes back in the 1-liter beaker, add more reagent water if necessary, seal the 
beaker, reheat slowly to 70-75C and then let the tubes slowly cool again. 


 
6. Repeat Step 5, but stop after swirling the tubes.  Tap the tubes in the laminar-flow hood 


again and place them in a plastic test tube rack.  Gently remove the Teflon stoppers and 
add 0.2 ml of Ultrex II hydrochloric acid.  Reseal the tubes, swirl gently and place them 
back in the rack (no heating).  Pressure will build slowly in the tubes, forcing the stoppers 
to the top.  At this point carefully remove the stopper to release the pressure and decant 
the digestion into a tarred 15 ml low-density polyethylene bottle.  Add several small 
reagent water rinses of the digestion tube to the digestion (discard the filter), record the 
final weight of the solution, label the bottle and store for trace metal analysis. 


 
8.0  Calculations 
 
Total suspended solids (TSS) for the water samples are determined using the equation: 
 


TSSmg/L = (particulate weightmg / volume filteredliters) 
 
The Digestion Dilution Factors (DDF) for the suspended matter samples are determined using 
the equation: 


DDFsample = (digest solutiongrams / particulate weight digestedmg X 1000) 
 
9.0  Quality Assurance/Quality Control 
 
9.1  Quality Control Samples 
 
Process quality control samples in the same manner as actual samples. 
 
9.1.1  Filter Blanks.  A minimum of two filter blanks should be prepared with each set of SOP 
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particulate samples.  These blanks consist of acid-washed filters from the lot used with the 
experimental samples and are digested with each group of samples.  If the filter blanks are not 
less than 5 times the Method Detection Limit (MDL) for the required analyses, the source of 
contamination must be determined, corrected and documented before proceeding. 
 
9.1.2  Travel Blank.  A minimum of one travel blank should be prepared with each group of 
particulate samples.  This blank consists of an acid-washed filter placed in a sealed petri dish 
which accompanies the experimental filters to the field and back and is then digested.  If the 
travel blank is not less than 5 times the MDL for the required analyses, the source of 
contamination must be determined, corrected and documented before proceeding. 
 
9.1.3  Reagent Blanks.  A minimum of two reagent blanks should be prepared with each set of 
particulate samples.  These blanks consist of the digestion acids used to dissolve the particulates 
and are carried through the digestion process in the same manner as the experimental samples.  If 
the reagent blanks are not less than 5 times the Method Detection Limit (MDL) for the required 
analyses, the source of contamination must be determined, corrected and documented before 
proceeding. 
 
9.1.4  Duplicate Samples.  Duplicate samples will be collected at a frequency of 5% or 1 per set 
of samples to establish collection reproducibility.  If the relative percent difference is not within 
20%, the sampling strategy should be reevaluated in terms of the project goals and (if necessary) 
corrective action taken and documented. 
 
9.1.5  Method Accuracy Check.  Milligram quantities of a sediment SRM provided by the 
National Institute of Standards and Technology or National Research Council of Canada are 
digested and analyzed at a frequency of 5% or 2 per batch of samples to verify method accuracy.  
If the experimental value of the SRM is not within the certified confidence interval, the source of 
error must be determined, corrected and documented. 
 
9.2  Interferences 
 
Interferences which may result in sample contamination are a function of sampling location, field  
equipment/work area, and trace elements of interest.  In general, the more isolated the sample 
collection and filtration process is from other activities, the easier the prevention or correction of  
contamination will be. 
 
9.3  Documentation 
 
The field identification will be maintained in all sample labeling, chain-of-custody and shipping 
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documentation.  Signed copies of all chain-of-custody forms will be retained by the collection 
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Michael J. Lidgard (MS: OXX-191) 
NPDES Unit Manager 
Office of Water and Watersheds 
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue, Suite 900 
Seattle, Washington 98101-3140 
 
April 17, 2015 
 
Re:  Response to EPA Review if Notice of Intent Applications for Discharge Under 


National Pollutant Discharge Elimination System (NPDES) General Permit for Oil 
and Gas Exploration Facilities on the Outer Continental Shelf in the Chukchi Sea (No. 
AKG-28-8100), dated 24 March 2015. 


 
Dear Mr. Lidgard:  


Thank you for your review and response to our submission of the Notice of Intent Application (NOI) for 
Discharge under the National Pollutant Elimination System (NPDES) General Permit for Oil and Gas 
Exploration Facilities on the Outer Continental Shelf in the Chukchi Sea, offshore Alaska. Shell Gulf of 
Mexico, Inc. (Shell) would like to take this opportunity to address EPA’s review comments, summarized 
in your letter of March 24, 2015, on the NOI Application under NPDES General Permit AKG-28-8100.  


Enclosed with this letter is a Comment Summary RFAI Table listing EPA’s review comments and 
summarizing Shell’s responses. Please note some additional minor changes have been incorporated into 
the attached documents, which are also summarized in the RFAI table. These changes include revisions to 
Section 4 of the BMP around the local work instruction (LWI); this appendix has been removed from the 
previous version of the BMP as the LWIs are living documents that were deemed not necessary as part of 
the BMP. 


Also enclosed are the NOI resubmittal packets for each of the Burger sites (F, J, S, and V). Modifications 
contained in the resubmittal packets include revised projected waste volumes per well, revised treatment 
process/disposal practice tables, updated sections of the EMP Plan of Study, and updated versions of the 
BMPs and QAPPs for both drilling units. Additionally, the outfall locations and drilling unit flow 
diagrams have been incorporated into Appendix A of the BMP for each drilling unit. 


Shell appreciates this opportunity to provide this additional information and clarity to EPA’s questions 
and comments. Please contact me at your earliest convenience should you require any additional 
information. Please feel free to contact me at (907) 646-7112 if you have questions regarding this 
transmittal. 


Thank you, 
 
 
 
Susan Childs 
Alaska Venture Support Integrator, Manager 
Shell Gulf of Mexico, Inc. 
 
  


Shell 
3601 C Street, Suite 1000 


Anchorage, AK 99503 
Tel. (907) 646-7112  


Email Susan.Childs@Shell.com 
Internet http://www.Shell.com/ 



mailto:Susan.Childs@Shell.com

http://www.shell.com/
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Enclosure (s):  
• Comment Summary RFAI Table 
• Burger F – NOI Resubmittal Packet 
• Burger J – NOI Resubmittal Packet 
• Burger S – NOI Resubmittal Packet 
• Burger V – NOI Resubmittal Packet 
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EPA RFAIs 
NPDES NOIs for Burger F, Burger J, Burger S, and Burger V 


RFAI EPA RFAI Shell Response 
1 LINE DRAWING AND FLOW BALANCE.  


The NOI requires submission of a "line drawing that shows the flow, 
including rates/volumes of each discharged waste streams through 
facility. The line drawing must contain a flow balance showing 
average and maximum flow rates between intakes, operations, 
treatment units and outfalls." This requirement has not been fulfilled. 
The line drawings that have been submitted only identify the outfalls 
associated with each Discharge Number for each drill rig. 


Included in Appendix A of the revised Best Management 
Practices Plan are individual piping diagrams for each 
specific waste stream that depicts the generalized effluent 
flow from the source, the location of discharge outfall by 
Discharge Number, and flow rates.  Additionally, a 
summary table of discharges for each drilling unit is 
included in the NOI submittal. This Summary Table 
tabulates specific discharge daily flow rates, hourly 
maximum flow rates and total flow rates for the 120 day 
season. 


2 DISCHARGE RATE/VOLUMES:  
The NOI requires a table summarizing the discharge rates (e.g. 
volumes per day or per hour) for the requested waste streams per 
well and total volumes per well. Although Shell's NOI package 
included a Discharge Rates/Volumes Table, EPA requests the 
following additional clarification: 


The Summary Table of Discharges is included in Appendix 
A of the BMP. 


2(a) DISCHARGE 001 (D001) DISCHARGE RATE.  
Shell indicates in all the NOIs that the D001 discharge rates are 72 
(Burger J), 80 (Burger F), 82 (Burger S) and 88 (Burger V) bbl per 
hour for both the Discoverer and the Polar Pioneer. There is no 
discussion as to why the discharge rates would vary based on 
drilling location. Similarly, we assume that each exploratory facility 
would drill at a different rate; as such, the projected rate of 
discharge would presumably be different for each facility. 


Current discharge rates provided for each well are correct 
estimates. Please note, although the pumps are sized and 
rated the same, pump rates will vary depending on 
formation pressure and depth of well. Thus different pump 
rates will affect the discharge rates and volumes at each 
well location. 
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EPA RFAIs 
NPDES NOIs for Burger F, Burger J, Burger S, and Burger V 


RFAI EPA RFAI Shell Response 
2(b) DISCHARGE 001 PROJECTED VOLUME PER WELL.  


Shell provided a projected total discharge volume for D001 per 
season and indicated via footnote 1 that the assumed season is 
approximately 120 days. This information does not meet the NOI 
requirements of reporting discharge rate/volume per well. EPA also 
cannot reconcile the estimated volumes per well with the volumes 
identified Shell's Chukchi Sea Exploration Plan (Revision 2 August 
2014). 


The Summary Table of Discharges for each drilling unit has 
been revised to better reconcile the estimated discharge 
volumes per well in order to meet the intent of the NOI 
requirements. 
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EPA RFAIs 
NPDES NOIs for Burger F, Burger J, Burger S, and Burger V 


RFAI EPA RFAI Shell Response 
2(c) DISCHARGE 004 ESTIMATED VOLUMES:  


Shell stated within the Best Management Plan (BMPs) that domestic 
waste will not be metered, but volumes are estimated based on the 
number of people on-board each exploratory facility. Table 4-1 in 
the BMPs for both facilities indicates that the discharge rate is 100 
gallons per person per day (Discoverer) and 75 gallons per person 
per day (Polar Pioneer). Please provide clarification in BMP Section 
4.4. as to how these rates were developed for each exploratory 
facility and why they are not more similar. 


Discharge 004: Domestic Waste 
The Noble Discoverer domestic wastewater system utilizes 
fresh water. The estimated discharge volumes will be based 
on daily soundings of freshwater tanks to maintain a daily 
running calculation of consumption and use. The amount of 
freshwater consumed is directly calculated by the daily 
addition of fresh water produced each day (24 hours) by 
the drilling unit water makers to the initial tank sounding. 
Total daily domestic waste discharge will be this amount 
minus remaining tank volumes taken 24 hours later. 
The Polar Pioneer domestic wastewater system is a high-
efficiency, low flow system that utilizes fresh water. The 
current system has been made more efficient by the 
installation of low flow shower heads and flow pressure 
reducers to limit use. The system includes a low flush 
vacuum sanitary system that feeds the bio-digester 
treatment process of the MSD. The estimated discharge 
volume will be calculated based on 75 gallons per person 
per day. 
Discharge 003: Sanitary Waste 
The sanitary discharge rate for the Noble Discoverer has 
been revised to 10 gallons per person per day. The 
sanitary system on the Noble Discoverer utilizes saltwater 
only, is a gravity flow system and the installed Marine 
Sanitation Device (MSD) that oxidizes the sewage utilizing 
the chlorine found naturally in saltwater. 
The Polar Pioneer sanitary system is a high efficiency, low 
flush, vacuum assisted system that is connected to a MSD 
that is a bio-digester treatment process. The MSD includes 
a flow meter installed on the discharge effluent. 
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EPA RFAIs 
NPDES NOIs for Burger F, Burger J, Burger S, and Burger V 


RFAI EPA RFAI Shell Response 
2(d) DEPTH OF DISCHARGE:  


The last column of the table titled, "Treatment Process/Disposal 
Practice" does not fulfill the NOI requirements to submit "a detailed 
description of the disposal mechanism of the facility, the treatment 
processes, and disposal practices (e.g., backhauled, reinjected, 
discharged)." The information in the last column appears to only 
present the depths of discharge, which is also a requirement of the 
NOI. EPA found the relevant treatment processes and disposal 
practices information located within Sections 4 and 7 of the BMPs. 
EPA recommends retitling the column to say, "Depth of Discharge" 
and suggests referencing the applicable BMP sections that discuss the 
treatment process/disposal practices. 


Table 4-1 (Waste Discharges by Type, Equipment, Method 
and Locations) has been revised to include depth of 
discharge. The column has been re-titled to “Discharge 
Location (Depth)”.  A citation on the NOI form was added 
to reference Section 4 of the BMPs. 


2(e) DEPTH DISCHARGE (POLAR PIONEER):  
The Discharge Rates/Volume table specifies that the Polar Pioneer 
will discharge D001 approximately 20 feet below the waterline, 
however, the Polar Pioneer BMP states that this discharge will occur 
35 feet below the water surface (Shell Polar Pioneer BMP, pg 43). 
Please clarify which is the accurate depth of discharge. 


The D001 depth of discharge for the Polar Pioneer has 
been corrected to be approximately 28 feet (8.5 meters) 
below the seawater surface. Both the Discharge 
Rates/Volume Table and the BMP for the Polar Pioneer 
have been revised to accurately reflect this depth. 


3 ENVIRONMENTAL MONITORING PROGRAM PLAN OF STUDY:  
Shell did not adequately address Issue #1 raised by EPA in the email 
dated 9/12/13. EPA requested that Shell specify how Phase I pre-
existing data would be used to evaluate the potential effects from 
drilling discharges based on data collected during Phases III and IV. 
Shell has added language to Section 5.4 of the EMP Plan of Study; 
however, the discussion is deficient in detail and approach. Please 
revise this discussion consistent with the conversation during the 
Shell-EPA meeting on March 18, 2015. 


Section 5.4 of the EMP Plan of Study has been revised as 
requested. 


4 BEST MANAGEMENT PRACTICES (BMP) PLAN:  
The referenced Appendices to the BMPs have not been submitted. 


BMPs have been revised. Included in Appendix A are the 
diagrams of the drilling units, outfall locations on the hulls, 
discharge line and flow diagrams. 
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EPA RFAIs 
NPDES NOIs for Burger F, Burger J, Burger S, and Burger V 


RFAI EPA RFAI Shell Response 
5 MLC ROV MODELING REPORTS:  


The NOI applications included modeling reports for the ROV-MLC 
technology. It is EPA's understanding that Shell intends to utilize the 
traditional drill bit technology to construct the mudline cellar in 2015. 
To avoid confusion, please remove all documents associated with the 
ROV-MLC from the NOI application package. 


All ROV-MLC reports have been removed from the NOI 
application package. 
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Summary of Document Changes: Environmental Monitoring Plan (EMP) 
Reference Description of Change 
Section 5.4 Language revised to enhance discussion of EMP reports. 


 


Summary of Document Changes: Best Management Practices (BMP) 
Reference Description of Change 
Noble Discoverer 
Section 4 Added pertinent information from the LWIs to Section 4 of the BMP.  
Transocean Polar Pioneer 
Section 4 Added pertinent information from the LWIs to Section 4 of the BMP. 


 


Summary of Document Changes: Quality Assurance Project Plan (QAPP) 
Reference Description of Change 
Noble Discoverer 
Section 2 Table revisions to reflect changes in SOP numbers, monitoring requirements (WET Testing), laboratory information, and testing 


materials and quantities.  
 Text revisions related to test failures and testing volumes, SOP numbers, sample temperatures, and language clarifications. 
Section 3 Revisions to table headers and figure titles.  
 Table revisions to reflect changes in preservation requirements, equipment types and accuracies, and analysis methods and SOPs. 
 Text revisions to update SOP references and to clarify language relating to sampling and analysis methods. 
Transocean Polar Pioneer 
Section 2 Table revisions to reflect changes in SOP numbers, monitoring requirements (WET Testing), laboratory information, and testing 


materials and quantities.  
 Text revisions related to test failures and testing volumes, SOP numbers, sample temperatures, and language clarifications. 
Section 3 Revisions to table headers and figure titles.  
 Table revisions to reflect changes in preservation requirements, equipment types and accuracies, and analysis methods and SOPs. 
 Text revisions to update SOP references and to clarify language relating to sampling and analysis methods. 


 








 Permit No. 
 AKG-28-8100 


ATTACHMENT 1 


 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


 
APPLICANT (Owner/Operator) 
Owner Name: Shell Gulf of Mexico Inc.  


Operator Mailing 
Address: 


3601 C Street 
Telephone Number: 1-907-770-3700 Suite 1000 
Operator Name: Shell Gulf of Mexico Inc. Anchorage, AK 99503 
Telephone Number: 1-907-770-3700       
FACILITY  
Facility Name: Noble Discoverer Facility Mailing 


Address: 


3601 C Street 
Contact Name: Susan Childs Suite 1000 
Telephone Number: 1-907-770-3700 Anchorage, AK 99503 
Beginning Date of 
Operation: 


on or about July 4, 2015  
Stationary 
Facilities 


Latitude:       


Expected Duration of 
Operation: 


30 – 90 days Longitude:       


 
Facility Type  
(check applicable type) 


 Jackup  
 
Mobile Facilities 


Initial 
Latitude: 


71° 10' 24.03"N  
 Drill Ship 
 Semisubmersible 
 Other (specify): Initial 


Longitude: 
163° 28' 18.52"W 


 
RECEIVING WATER  


 Chukchi Sea  Other (specify):  


LOCATION OF DISCHARGE  
BOEM Lease Number OCS-Y-2321 


Block Number Posey Area Block 6912 
Range of water depths below mean lower 
low water (MLLW) in the lease block: From: 144 ft To: 144 ft 
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 Permit No. 
 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


 
Discharges (check all that apply) 


 001 Water-Based Drilling Fluids and Drill Cuttings Depth of Discharge: See Discharge Table 


 002 Deck Drainage Depth of Discharge: See Discharge Table 
 003 Sanitary Waste Depth of Discharge: See Discharge Table 
 004 Domestic Waste Depth of Discharge: See Discharge Table 
 005 Desalination Unit Waste Depth of Discharge: See Discharge Table 
 006 Blowout Preventer Fluid Depth of Discharge: See Discharge Table 
 007 Boiler Blowdown Depth of Discharge: See Discharge Table 
 008 Fire Control System Test Water Depth of Discharge: See Discharge Table 
 009 Non-Contact Cooling Water Depth of Discharge: See Discharge Table 
 010 Uncontaminated Ballast Water Depth of Discharge: See Discharge Table 
 011 Bilge Water Depth of Discharge: See Discharge Table 
 012 Excess Cement Slurry Depth of Discharge: See Discharge Table 
 013 Mud, Cuttings, Cement at the Seafloor Depth of Discharge: See Discharge Table 


Well Information  
Well Name: Burger Latitude: 71° 10' 24.03"N 
Well Number: J Longitude: 163° 28' 18.52"W 
Beginning Drill Date: on or about 4 July 2015 Estimated Drilling Depth: Proprietary 
Number of Planned 
Sidetrack Wells: 


None 


Drilling Fluids to be used in Well Drilling 
 
Category  
(check all that apply) 
 


 Water-based  
 
Group  
(check all that apply) 


 Lignosulfonate 
 Oil-based  Lime 
 Synthetic-based  Gyp 
 Other (specify):       Sea-water 


 Saltwater 
Provide a description of the disposal practice of oil-
based, synthetic-based, or other drilling fluids proposed 
to be used in well drilling. 


 Saturated Saltwater 
 Nondispersed 


(Viscosifier/Polymer) PH/PA 
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 Permit No. 


 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


The applicant must submit the following information with the Notice of Intent. 


Site Map  Included Submit a site map showing the exact location of the facility and 
discharges associated with the project. Mobile facilities must 
indicate the intended areas of operation, a description of 
operations within those areas, and the initial latitude and longitude 
of the facility.  


Initial Site Survey  Included 
[See EMP 
App A] 


Submit an initial site survey; if available at NOI submittal date, 
document the drill site is not located in a sensitive biological area 
or habitat. 


Treatment Process/Disposal 
Practice 


 Included Submit a detailed description of the disposal mechanism of the 
facility, the treatment processes, and disposal practices (e.g., 
backhauled, reinjected, discharged). 


Line Drawing and Flow 
Balance 


 Included 
[See BMP 
App A] 


Submit a line drawing that shows the flow, including 
rates/volumes of each discharged waste streams through facility. 
The line drawing must contain a flow balance showing average 
and maximum flow rates between intakes, operations, treatment 
units, and outfalls. Submit a list identifying all outfalls associated 
with each Discharge Number and the outfalls’ locations. The line 
drawing must include all outfalls for each Discharge Number.  


Discharge Rate/Volume  Included Submit a table summarizing the discharge rates (e.g., volumes per 
day or per hour) for the requested waste streams per well and total 
volumes per well. 


Environmental Monitoring 
Program (EMP) Plan of 
Study 


 Included  Submit an EMP Plan of Study (Section II.A.13.d.). 


Environmental Reports and 
Related Plans 


 Included  Provide copies of any exploration plans, biological surveys, and 
environmental reports required by other federal agencies (e.g., 
BOEM, BSEE, USFWS, and NMFS). 


Drilling Fluid Plan  Included  Submit a plan for the formulation and control of drilling 
fluid/chemical additive systems for each well. 


Best Management Practices 
(BMP) Plan 


 Included  Submit the BMP Plan that incorporates practices to achieve the 
objectives and specific requirements of the permit. 


Quality Assurance Project 
Plan (QAPP) 


 Included  Submit a quality assurance project plan (QAPP) for all monitoring 
required by this general permit. 


Chemical Selection  Included  List chemicals to be used during the drilling process and identify 
those that meet Norway’s “green” classification. 


Cooling Water Intake 
Structure Requirements 


 Yes  Track I 
              Track II 


 No 


Indicate whether the facility meets the applicability criteria, and if 
so, the applicant’s intent to comply with either Track I or Track II 
requirements. 
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           Permit No. 
 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


Certification 
I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified personnel properly gather and evaluate the information  
submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly responsible  
for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine  
and imprisonment for knowing violations.  
Signature:  Date: 4/17/2015 


Printed Name: Susan Childs Title: Venture Support Integrator, Manager 


Mail Completed NOI to EPA at the following address: 
US EPA 
1200 6th Avenue, Suite 900, M/S OWW-130 
Seattle, WA 98101 
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		ATTACHMENT 1

		APPLICANT (Owner/Operator)

		3601 C Street

		Shell Gulf of Mexico Inc.

		Owner Name:

		Operator Mailing Address:

		Suite 1000

		1-907-770-3700

		Telephone Number:

		Anchorage, AK 99503

		Shell Gulf of Mexico Inc.

		Operator Name:

		     

		1-907-770-3700

		Telephone Number:

		FACILITY 

		3601 C Street

		Noble Discoverer

		Facility Name:

		Facility Mailing Address:

		Suite 1000

		Susan Childs

		Contact Name:

		Anchorage, AK 99503

		1-907-770-3700

		Telephone Number:

		     

		Latitude:

		on or about July 4, 2015

		Beginning Date of Operation:

		Stationary Facilities

		     

		Longitude:

		30 – 90 days

		Expected Duration of Operation:

		71° 10' 24.03"N 

		Initial Latitude:

		Jackup

		Drill Ship

		Facility Type (check applicable type)

		Mobile Facilities

		Semisubmersible

		163° 28' 18.52"W

		Initial Longitude:

		Other (specify):

		RECEIVING WATER 

		Other (specify): 

		Chukchi Sea

		LOCATION OF DISCHARGE 

		OCS-Y-2321

		Lease Number

		BOEM

		Posey Area Block 6912

		Block Number

		Range of water depths below mean lower low water (MLLW) in the lease block:

		144 ft

		To:

		144 ft

		From:

		Page 1 of 4

		Discharges (check all that apply)

		See Discharge Table

		Depth of Discharge:

		001 Water-Based Drilling Fluids and Drill Cuttings

		Depth of Discharge:

		002 Deck Drainage

		See Discharge Table

		See Discharge Table

		Depth of Discharge:

		003 Sanitary Waste

		See Discharge Table

		Depth of Discharge:

		004 Domestic Waste

		See Discharge Table

		Depth of Discharge:

		005 Desalination Unit Waste

		See Discharge Table

		Depth of Discharge:

		006 Blowout Preventer Fluid

		See Discharge Table

		Depth of Discharge:

		007 Boiler Blowdown

		See Discharge Table

		Depth of Discharge:

		008 Fire Control System Test Water

		Depth of Discharge:

		009 Non-Contact Cooling Water

		See Discharge Table

		See Discharge Table

		Depth of Discharge:

		010 Uncontaminated Ballast Water

		See Discharge Table

		Depth of Discharge:

		011 Bilge Water

		See Discharge Table

		Depth of Discharge:

		012 Excess Cement Slurry

		See Discharge Table

		Depth of Discharge:

		013 Mud, Cuttings, Cement at the Seafloor

		Well Information 

		71° 10' 24.03"N

		Latitude:

		Burger

		Well Name:

		163° 28' 18.52"W

		Longitude:

		J

		Well Number:

		Proprietary

		Estimated Drilling Depth:

		on or about 4 July 2015

		Beginning Drill Date:

		None

		Number of Planned Sidetrack Wells:

		Drilling Fluids to be used in Well Drilling

		Page 2 of 4

		Submit a site map showing the exact location of the facility and discharges associated with the project. Mobile facilities must indicate the intended areas of operation, a description of operations within those areas, and the initial latitude and longitude of the facility. 

		Included

		Site Map

		Submit an initial site survey; if available at NOI submittal date, document the drill site is not located in a sensitive biological area or habitat.

		Initial Site Survey

		[See EMP App A]

		Submit a detailed description of the disposal mechanism of the facility, the treatment processes, and disposal practices (e.g., backhauled, reinjected, discharged).

		Included

		Treatment Process/Disposal Practice

		Submit a line drawing that shows the flow, including rates/volumes of each discharged waste streams through facility. The line drawing must contain a flow balance showing average and maximum flow rates between intakes, operations, treatment units, and outfalls. Submit a list identifying all outfalls associated with each Discharge Number and the outfalls’ locations. The line drawing must include all outfalls for each Discharge Number. 

		Line Drawing and Flow Balance

		[See BMP App A]

		Submit a table summarizing the discharge rates (e.g., volumes per day or per hour) for the requested waste streams per well and total volumes per well.

		Included

		Discharge Rate/Volume

		Submit an EMP Plan of Study (Section II.A.13.d.).

		Included 

		Environmental Monitoring Program (EMP) Plan of Study

		Provide copies of any exploration plans, biological surveys, and environmental reports required by other federal agencies (e.g., BOEM, BSEE, USFWS, and NMFS).

		Included 

		Environmental Reports and Related Plans

		Submit a plan for the formulation and control of drilling fluid/chemical additive systems for each well.

		Included 

		Drilling Fluid Plan

		Submit the BMP Plan that incorporates practices to achieve the objectives and specific requirements of the permit.

		Included 

		Best Management Practices (BMP) Plan

		Submit a quality assurance project plan (QAPP) for all monitoring required by this general permit.

		Included 

		Quality Assurance Project Plan (QAPP)

		List chemicals to be used during the drilling process and identify those that meet Norway’s “green” classification.

		Included 

		Chemical Selection

		Indicate whether the facility meets the applicability criteria, and if so, the applicant’s intent to comply with either Track I or Track II requirements.

		 Yes  Track I

		Cooling Water Intake Structure Requirements

		Page 3 of 4

		Certification

		I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine and imprisonment for knowing violations. 

		4/17/2015

		Date:

		Signature:

		Venture Support Integrator, Manager

		Title:

		Susan Childs

		Printed Name:

		Mail Completed NOI to EPA at the following address:

		US EPA
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 Permit No. 
 AKG-28-8100 


ATTACHMENT 1 


 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


 
APPLICANT (Owner/Operator) 
Owner Name: Shell Gulf of Mexico Inc.  


Operator Mailing 
Address: 


3601 C Street 
Telephone Number: 1-907-770-3700 Suite 1000 
Operator Name: Shell Gulf of Mexico Inc. Anchorage, AK 99503 
Telephone Number: 1-907-770-3700       
FACILITY  
Facility Name: Polar Pioneer Facility Mailing 


Address: 


3601 C Street 
Contact Name: Susan Childs Suite 1000 
Telephone Number: 1-907-770-3700 Anchorage, AK 99503 
Beginning Date of 
Operation: 


on or about July 4, 2015  
Stationary 
Facilities 


Latitude:       


Expected Duration of 
Operation: 


30 – 90 days Longitude:       


 
Facility Type  
(check applicable type) 


 Jackup  
 
Mobile Facilities 


Initial 
Latitude: 


71° 10' 24.03"N 
 Drill Ship 
 Semisubmersible 
 Other (specify): Initial 


Longitude: 
163° 28' 18.52"W 


 
RECEIVING WATER  


 Chukchi Sea  Other (specify):  


LOCATION OF DISCHARGE  
BOEM Lease Number OCS-Y-2321 


Block Number Posey Area Block 6912 
Range of water depths below mean lower 
low water (MLLW) in the lease block: From: 144 ft To: 144 ft 
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 Permit No. 
 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


 
Discharges (check all that apply) 


 001 Water-Based Drilling Fluids and Drill Cuttings Depth of Discharge: See Discharge Table 


 002 Deck Drainage Depth of Discharge: See Discharge Table 
 003 Sanitary Waste Depth of Discharge: See Discharge Table 
 004 Domestic Waste Depth of Discharge: See Discharge Table 
 005 Desalination Unit Waste Depth of Discharge: See Discharge Table 
 006 Blowout Preventer Fluid Depth of Discharge: See Discharge Table 
 007 Boiler Blowdown Depth of Discharge: See Discharge Table 
 008 Fire Control System Test Water Depth of Discharge: See Discharge Table 
 009 Non-Contact Cooling Water Depth of Discharge: See Discharge Table 
 010 Uncontaminated Ballast Water Depth of Discharge: See Discharge Table 
 011 Bilge Water Depth of Discharge: See Discharge Table 
 012 Excess Cement Slurry Depth of Discharge: See Discharge Table 
 013 Mud, Cuttings, Cement at the Seafloor Depth of Discharge: See Discharge Table 


Well Information  
Well Name: Burger Latitude: 71° 10' 24.03"N 
Well Number: J Longitude: 163° 28' 18.52"W 
Beginning Drill Date: on or about 4 July 2015 Estimated Drilling Depth: Proprietary 
Number of Planned 
Sidetrack Wells: 


None 


Drilling Fluids to be used in Well Drilling 
 
Category  
(check all that apply) 
 


 Water-based  
 
Group  
(check all that apply) 


 Lignosulfonate 
 Oil-based  Lime 
 Synthetic-based  Gyp 
 Other (specify):       Sea-water 


 Saltwater 
Provide a description of the disposal practice of oil-
based, synthetic-based, or other drilling fluids proposed 
to be used in well drilling. 


 Saturated Saltwater 
 Nondispersed 


(Viscosifier/Polymer) PH/PA 
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 Permit No. 


 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


The applicant must submit the following information with the Notice of Intent. 


Site Map  Included Submit a site map showing the exact location of the facility and 
discharges associated with the project. Mobile facilities must 
indicate the intended areas of operation, a description of 
operations within those areas, and the initial latitude and longitude 
of the facility.  


Initial Site Survey  Included 
[See EMP 
App A] 


Submit an initial site survey; if available at NOI submittal date, 
document the drill site is not located in a sensitive biological area 
or habitat. 


Treatment Process/Disposal 
Practice 


 Included Submit a detailed description of the disposal mechanism of the 
facility, the treatment processes, and disposal practices (e.g., 
backhauled, reinjected, discharged). 


Line Drawing and Flow 
Balance 


 Included 
[See BMP 
App A] 


Submit a line drawing that shows the flow, including 
rates/volumes of each discharged waste streams through facility. 
The line drawing must contain a flow balance showing average 
and maximum flow rates between intakes, operations, treatment 
units, and outfalls. Submit a list identifying all outfalls associated 
with each Discharge Number and the outfalls’ locations. The line 
drawing must include all outfalls for each Discharge Number.  


Discharge Rate/Volume  Included Submit a table summarizing the discharge rates (e.g., volumes per 
day or per hour) for the requested waste streams per well and total 
volumes per well. 


Environmental Monitoring 
Program (EMP) Plan of 
Study 


 Included  Submit an EMP Plan of Study (Section II.A.13.d.). 


Environmental Reports and 
Related Plans 


 Included  Provide copies of any exploration plans, biological surveys, and 
environmental reports required by other federal agencies (e.g., 
BOEM, BSEE, USFWS, and NMFS). 


Drilling Fluid Plan  Included  Submit a plan for the formulation and control of drilling 
fluid/chemical additive systems for each well. 


Best Management Practices 
(BMP) Plan 


 Included  Submit the BMP Plan that incorporates practices to achieve the 
objectives and specific requirements of the permit. 


Quality Assurance Project 
Plan (QAPP) 


 Included  Submit a quality assurance project plan (QAPP) for all monitoring 
required by this general permit. 


Chemical Selection  Included  List chemicals to be used during the drilling process and identify 
those that meet Norway’s “green” classification. 


Cooling Water Intake 
Structure Requirements 


 Yes  Track I 
              Track II 


 No 


Indicate whether the facility meets the applicability criteria, and if 
so, the applicant’s intent to comply with either Track I or Track II 
requirements. 
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           Permit No. 
 AKG-28-8100 


NOTICE OF INTENT (NOI) INFORMATION SHEET 
NPDES GENERAL PERMIT FOR OIL AND GAS EXPLORATION FACILITIES 


ON THE OUTER CONTINENTAL SHELF IN THE CHUKCHI SEA 
 (Permit Number AKG-28-8100) 


Certification 
I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified personnel properly gather and evaluate the information  
submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly responsible  
for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine  
and imprisonment for knowing violations.  
Signature:  Date: 4/17/2015 


Printed Name: Susan Childs Title: Venture Support Integrator, Manager 


Mail Completed NOI to EPA at the following address: 
US EPA 
1200 6th Avenue, Suite 900, M/S OWW-130 
Seattle, WA 98101 
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		ATTACHMENT 1

		APPLICANT (Owner/Operator)

		3601 C Street

		Shell Gulf of Mexico Inc.

		Owner Name:

		Operator Mailing Address:

		Suite 1000

		1-907-770-3700

		Telephone Number:

		Anchorage, AK 99503

		Shell Gulf of Mexico Inc.

		Operator Name:

		     

		1-907-770-3700

		Telephone Number:

		FACILITY 

		3601 C Street

		Polar Pioneer

		Facility Name:

		Facility Mailing Address:

		Suite 1000

		Susan Childs

		Contact Name:

		Anchorage, AK 99503

		1-907-770-3700

		Telephone Number:

		     

		Latitude:

		on or about July 4, 2015

		Beginning Date of Operation:

		Stationary Facilities

		     

		Longitude:

		30 – 90 days

		Expected Duration of Operation:

		71° 10' 24.03"N

		Initial Latitude:

		Jackup

		Drill Ship

		Facility Type (check applicable type)

		Mobile Facilities

		Semisubmersible

		163° 28' 18.52"W

		Initial Longitude:

		Other (specify):

		RECEIVING WATER 

		Other (specify): 

		Chukchi Sea

		LOCATION OF DISCHARGE 

		OCS-Y-2321

		Lease Number

		BOEM

		Posey Area Block 6912

		Block Number

		Range of water depths below mean lower low water (MLLW) in the lease block:

		144 ft

		To:

		144 ft

		From:

		Page 1 of 4

		Discharges (check all that apply)

		See Discharge Table

		Depth of Discharge:

		001 Water-Based Drilling Fluids and Drill Cuttings

		Depth of Discharge:

		002 Deck Drainage

		See Discharge Table

		See Discharge Table

		Depth of Discharge:

		003 Sanitary Waste

		See Discharge Table

		Depth of Discharge:

		004 Domestic Waste

		See Discharge Table

		Depth of Discharge:

		005 Desalination Unit Waste

		See Discharge Table

		Depth of Discharge:

		006 Blowout Preventer Fluid

		See Discharge Table

		Depth of Discharge:

		007 Boiler Blowdown

		See Discharge Table

		Depth of Discharge:

		008 Fire Control System Test Water

		Depth of Discharge:

		009 Non-Contact Cooling Water

		See Discharge Table

		See Discharge Table

		Depth of Discharge:

		010 Uncontaminated Ballast Water

		See Discharge Table

		Depth of Discharge:

		011 Bilge Water

		See Discharge Table

		Depth of Discharge:

		012 Excess Cement Slurry

		See Discharge Table

		Depth of Discharge:

		013 Mud, Cuttings, Cement at the Seafloor

		Well Information 

		71° 10' 24.03"N

		Latitude:

		Burger

		Well Name:

		163° 28' 18.52"W

		Longitude:

		J

		Well Number:

		Proprietary

		Estimated Drilling Depth:

		on or about 4 July 2015

		Beginning Drill Date:

		None

		Number of Planned Sidetrack Wells:

		Drilling Fluids to be used in Well Drilling

		Page 2 of 4

		Submit a site map showing the exact location of the facility and discharges associated with the project. Mobile facilities must indicate the intended areas of operation, a description of operations within those areas, and the initial latitude and longitude of the facility. 

		Included

		Site Map

		Submit an initial site survey; if available at NOI submittal date, document the drill site is not located in a sensitive biological area or habitat.

		Initial Site Survey

		[See EMP App A]

		Submit a detailed description of the disposal mechanism of the facility, the treatment processes, and disposal practices (e.g., backhauled, reinjected, discharged).

		Included

		Treatment Process/Disposal Practice
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1. INTRODUCTION 


This document presents the environmental monitoring program plan of study (EMP) to be 
conducted at the discharge monitoring area within the Shell Gulf of Mexico Inc. (Shell) Burger 
prospect lease blocks in the Outer Continental Shelf (OCS) of the Chukchi Sea, Alaska, during 
and following exploratory drilling operations (Figure 1).  This EMP is designed to cover all wells 
and drill rigs selected by Shell.  The EMP presented in this document follows the effluent 
limitations, monitoring requirements, and other conditions set forth in the Authorization to 
Discharge under the National Pollutant Discharge Elimination System (NPDES) for Oil and Gas 
Exploration Facilities on the Outer Continental Shelf (OCS) in the Chukchi Sea, permit number 
AKG-28-8100 (hereafter referred to as Permit No.: AKG-28-8100) issued by the U.S. 
Environmental Protection Agency (EPA) in compliance with the Clean Water Act. 


1.1. EMP Plan of Study Goal and Objectives 


The goals of the EMP as stated in Permit No. AKG-28-8100 are: 
1. Assess the authorized discharges to evaluate potential impacts on water, sediment and 


biological quality [Permit Section II.A.13.a.1]; 
2. Implement the EMP through four phases to assess the impacts of oil and gas exploration 


discharges to the marine environment through time [Permit Section II.A.13.a.2]; 
3. Protect the marine environment and [Permit Section II.A.13.a.3]; 
4. Collect data during this permit term for use in future permit refinement. [Permit Section 


II.A.13.a.4] 
This EMP plan of study outlines the sampling rationale and approach needed to collect high 
quality environmental data during four assessment Phases, and to validate the USEPA 
determination that impacts from authorized Arctic offshore exploration drilling discharges will 
not result in an unreasonable degradation of the marine environment.  The sampling design and 
data analysis are developed to enable comparison to biological and physical data collected in 
many previous studies as described in Appendix A.  The number of sampling stations along with 
the timing of sampling during periods of maximum discharge should enable the collection of an 
appropriate data set to be used to assess impacts and provide valuable information for future 
permit development.  However, strict adherence to the number of samples and sampling stations 
should not be considered an absolute minimum for success in meeting the EMP goals.  The 
amount of data needed will be, to a large extent, determined by the natural biological and 
physical variability in the study area as well as the extent to which discharges might create a 
detectible change in baseline conditions.  The amount of data collected could be, as well, 
affected by such factors as weather, sea state, site operations, etc.   


 


The objectives of the EMP, consistent with Permit No.: AKG-28-8100, are: 
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1. Complete an initial site assessment, including a physical sea bottom survey, to ensure the 
exploratory facility is not located or anchored in a sensitive biological area or habitat 
[Permit Section II.A.13.b.1]; 


2. Evaluate water quality characteristics of the receiving water and potential effects of the 
specified discharges [Permit Section II.A.13.b.2]; 


3. Evaluate sediment characteristics of the seafloor and potential effects of the discharges on 
the sediment characteristics [Permit Section II.A.13.b.3]; 


4. Evaluate potential effects to the benthic community structure due to deposition of 
Discharge 001 (water-based drilling fluids and drill-cuttings) and Discharge 013 (muds, 
cuttings and cement at the seafloor), which includes both spatial and temporal changes in 
community diversity and abundance [Permit Section II.A.13.b.4]; and 


5. Evaluate the suspended particulate and dissolved constituent plume(s) in the vicinity of 
the discharges [Permit Section II.A.13.b.5]. 
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Figure 1: Chukchi Sea Burger prospect. 
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1.2. Authorized Discharges 


Thirteen waste streams are authorized under Permit No.: AKG-28-8100 as shown below  


in Table 1. 


Table 1: Summary of authorized discharges by number and description.1 


Discharge Number Description 
001 Water-based Drilling Fluids and Drill-Cuttings 
002 Deck Drainage 
003 Sanitary Wastes 
004 Domestic Wastes 
005 Desalination Unit Wastes 
006 Blowout Preventer Fluid 
007 Boiler Blowdown 
008 Fire Control System Test Water 
009 Non-contact Cooling Water 
010 Uncontaminated Ballast Water 
011 Bilge Water 
012 Excess Cement Slurry 
013 Muds, Cuttings and Cement at the Seafloor 


1In the event that a particular discharge does not occur, the requirements associated 
solely with that discharge will not be conducted. 


The permitted discharges result from normal drilling activities, such as sanitary and domestic 
wastes and desalination unit wastewaters (e.g., released from generation of drinking water), and 
discharges specific to drilling activities, specifically drilling fluids/muds, drill-cuttings, and 
cement. 
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2. BACKGROUND 


Shell plans to drill exploratory wells on the Chukchi Sea OCS in accordance with exploration 
plans submitted to and permits received from the U.S. Department of Interior.  


2.1. Chukchi Sea Site Description 


The OCS area of the Chukchi Sea is north of the Bering Sea and west of the Beaufort Sea and 
contains approximately 11,000 square kilometers of active leases for oil and gas exploration and 
development. The portion of the Chukchi Sea where exploration drilling is planned is north of 
70°N latitude (Figure 1). Both the Chukchi and Beaufort Seas were explored in the late 1980s 
and early 1990s for potential oil and gas development and have been further characterized 
following lease sales in 2005, 2007 and 2008. The location of the Chukchi Sea north of the 
Arctic Circle requires that field work and data collection be carefully planned, due to its 
remoteness, cold temperatures, and presence of sea ice for most of the year. 


OCS Lease Sale 193 was held in February 2008 and Shell was subsequently awarded 275 lease 
blocks through a competitive bidding process. The locations of the lease blocks in the Burger 
Prospect and the drill sites addressed in this EMP are indicated in Figure 2. Water depth in this 
part of the OCS is shallow, ranging from 40 to 50 meters (m) deep. Predominant wind direction 
is from the northeast. Tides are negligible. Shell measured current velocity at the Burger prospect 
continuously through the use of a seabed mounted acoustic Doppler current profiler (ADCP) 
from October 2008 through mid-August 2012.  Data collected and analyzed over this time period 
indicates that directionally, currents in the earlier part of the open water season tend to flow 
towards the north to east.  Later in the season, the current direction becomes more variable, with 
currents moving in the west to southwest direction. This effect can influence the entire water 
column and not just the surface currents. The exploration drilling and monitoring activities are 
anticipated to occur during the open-water season. 


  







Environmental Monitoring Program 
Plan of Study 


6 


2.2. Chukchi Sea Drilling Operations 


Currently, Shell plans to drill up to six wells in the Burger prospect using two drill vessels. The 
drill vessels will be attended by a group of support vessels, including support for ice 
management, anchor handling, refueling, resupply and oil spill response. Table 2 lists the 
coordinates of the possible drill site locations. 


Table 2: Possible drill site locations in the Burger prospect. 


Prospect Well Area Block Lease 
Number 


Coordinates (m) 
Latitude Longitude 


X Y 
Burger A Posey 6764 OCS-Y-2280 563945.26 7912759.34 N71°18’30.92” W163°12’43.17” 
Burger F Posey 6714 OCS-Y-2267 564063.30 7915956.94 N71°20’13.96” W163°12’21.75” 
Burger J Posey 6912 OCS-Y-2321 555036.01 7897424.42 N71°10’24.03” W163°28’18.52” 
Burger R Posey 6812 OCS-Y-2294 553365.47 7907998.91 N71°16’06.57” W163°30’39.44” 
Burger S Posey 6762 OCS-Y-2278 554390.64 7914198.48 N71°19’25.79” W163°28’40.84” 
Burger V Posey 6915 OCS-Y-2324 569401.40 7898124.84 N71°10’33.39” W163°04’21.23” 
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Figure 2: Burger prospect exploration drilling program. 
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2.2.1. Drilling Operations 


Well drilling operations begin with the creation of a tophole. A tophole consists of the hole 
section(s) drilled prior to installing a blowout preventer (BOP) stack. The design also includes a 
slim pilot hole to evaluate the site for shallow hazards and a self-supporting mudline cellar 
(MLC). The MLC is drilled in such a manner as to create a subsurface space that is 
approximately 20 feet in diameter and 40 feet deep. This space is used to house the wellhead, 
casing, and BOP stack to protect them from possible damage during ice gouge events. The 
tophole/MLC may be drilled by either a drill rig or MLC remotely operated vehicle (ROV) 
system. The precise configuration of hole sizes and depths will depend on how the well is 
designed. 


During the drilling of the tophole, muds and cuttings (D013) will be discharged and deposited at 
the seafloor. During cementing of casing strings, muds and cement (D013) from the tophole 
portion will be deposited on the seafloor and/or on the bottom of the MLC.  


After the tophole is completed, drilling is advanced through the BOP stack and marine riser (a 
pipe that provides a temporary extension of the well to the drill rig). Water-based drilling fluids 
and drill-cuttings are transported up the riser to the drilling unit. There the drill-cuttings are 
separated from the water-based drilling fluids by solids control equipment. The separated solids 
(drill-cuttings) are discharged into the sea and the reclaimed water-based drilling fluid is used to 
continue the drilling process.  


After prolonged drilling, the water-based drilling fluid properties degrade through exposure to 
temperatures and pressures in the well and by dilution with water and clay-sized cuttings 
particles. At that point, a portion of the water-based drilling fluid may be discharged to allow for 
water-based drilling fluid reformulation. At the end of the drilling operations, water-based 
drilling fluids may be discharged in bulk. 


2.2.2. Drilling Fluid/Mud Formulation 


Shell plans to use water-based drilling fluids. Due to the very limited environmental impact of 
water-based drilling fluids, which have low toxicity characteristics (Neff 2010, Petroleum 
Environmental Research Forum [PERF] 2005), they are an authorized discharge (D001, defined 
as “Water-based drilling fluids” and D013, defined as “Muds”) under Permit No.: AKG-28-8100 
(EPA 2012a). 


The primary purposes of drilling fluids are to cool and lubricate the drill bit, remove cuttings, 
and maintain pressure and formation stability (Neff 2010). The drilling fluid is formulated to suit 
the nature of the formation being drilled, plus factors such as depth, temperature and pressure. As 
the hole is advanced to its proposed total depth (PTD), progressively more complex mud 
formulations may be used to control the properties of the drilling fluid, which is continually 
reconditioned and recirculated back down the drill string. Various additives are used to improve 
the properties of the drilling fluid such as density enhancers, fluid loss reducers, viscosity agents, 
lubricants, dispersants and shale reactivity inhibitors. Other additives may include biocides, 
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oxygen scavengers and corrosion inhibitors. All additives are pre-tested to ensure their toxicity 
does not exceed required limits. Specific details on the drilling fluids to be used for the 
exploratory drilling in the Burger prospect can be found in the drilling fluids plan included in the 
Notice of Intent (NOI). 


The primary ingredients of a typical water-based drilling fluid include brine, fresh water, barite 
(barium sulfate [BaSO4]), inhibitors and biopolymers. Agents such as barite are added to 
increase mud weight to counterbalance pressures at depth in the well. Small volumes of mud are 
periodically discharged in bulk and replaced with seawater to control the flow properties of the 
fluid.  Because barite is used as a weighting agent in drilling fluids, barium (Ba) can typically be 
found in concentrations that are elevated above background in the immediate vicinity of drilling 
operations and in the areas where the discharge plume is deposited.  


Heavy metals such as copper (Cu), lead (Pb) and zinc (Zn) may be found in trace concentrations 
in drilling fluids and drill-cuttings; however, these elements do not readily bioaccumulate (Neff 
2010). Although the spent water-based drilling fluids could potentially contain various other 
additives, these materials represent only a small fraction of the overall drilling fluid volume 
(Neff 2008, Neff 2010). Most water-based drilling fluid additives are not bioavailable, are non-
toxic, and/or are used in such small amounts that they are not present at high enough 
concentrations to contribute significantly to toxicity (Trefry and Smith 2003, Neff 2008). 
Cadmium (Cd) and mercury (Hg) limitations are specified by Permit No.: AKG-81-2800 and 
limit the stock barite concentrations to 3.0 and 1.0 mg/kg (ppm), respectively.  


The entire water-based drilling fluid formulation goes through extensive toxicity testing and is 
verified to not exceed EPA’s toxicity requirements (EPA 1993, EPA 2000, EPA 2006, EPA 
2012a, b) prior to use. The results of these toxicity tests are provided in the drilling fluids plan.  


The manner in which the drill rig is operated and the nature of the geological formation being 
drilled may contribute chemical constituents to the water-based drilling fluid as the hole is 
advanced through the natural stratigraphic sequence. As such, naturally occurring oil, 
condensate, and/or gaseous hydrocarbons may become entrained in the fluid.  Both metals and 
hydrocarbons generally are bound to clays or humates which limits their bioavailability (Neff 
2010).  


2.2.3. Discharge Streams 


Anticipated drilling discharge streams from the drill rig are listed in the NOI. Water-based 
drilling fluids, drill-cuttings, and cement discharges are typically discharged intermittently 
during drilling operations. 


During drilling, there may be one or more bulk water-based drilling fluid discharges that occur 
over varying time periods. These brief water-based drilling fluid discharges and the more 
frequent, lower-rate discharges of drill-cuttings will be released below the sea surface. 
Depending on prevailing oceanographic conditions, these discharges may or may not be visible 
from the rig or any vessels in the vicinity. The water-based drilling fluid and drill-cuttings 
plumes will dilute to background levels mainly through the settling of the solids onto the sea 
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floor (Neff 2010). Modeling efforts conducted specific to the Shell exploratory drilling program 
also demonstrate rapid dilution of discharges to background levels.  


The largest drilling discharge by volume will be drill-cuttings. When discharged to the ocean, 
water-based drilling fluids and drill-cuttings, which are slurries of particles of different sizes and 
densities in water containing dissolved inorganic salts and low levels of organic chemicals, form 
a plume that dilutes rapidly as it drifts away from the discharge point with the prevailing water 
currents (Figure 3). 


The water-based drilling fluids and drill-cuttings discharge undergoes dispersion, dilution, 
dissolution, flocculation and settling in the water column. Most dissolved components, such as 
sodium chloride, exiting the system continue to dilute rapidly by turbulent mixing (eddy 
diffusion) of the receiving waters (Neff 2010). The water-based drilling fluids and drill-cuttings 
plumes are expected to partition into two phases: (1) a dense, rapidly-settling particulate solids 
phase (~90% of total mass of mud and cuttings solids), and (2) an upper-water-column, slowly-
settling phase containing fine-grained (clay-size) particles and dissolved ingredients of the 
discharge (~10% of total mass; Neff 2010). Because of the shallow water depth at the drill sites 
and the distance between the bottom of the disposal system and the seafloor, the two plumes will 
be co-mingled, with the larger, denser particles settling to the sea floor nearer to the rig than the 
fine particles. Fine-grained particles (clays) in the upper plume will remain suspended at or 
below the discharge depth (the plume water will have a salinity and density similar to or higher 
than that of the ambient seawater) or settle slowly and be carried away in the direction of the 
mid-depth currents.  
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Figure 3: Dispersion and fates of water-based drilling fluids and drill-cuttings following discharge to the 
ocean (Modified from Neff 2010). The water-based drilling fluid often forms two plumes, an upper plume 
containing fine-grained unflocculated solids and dissolved components of the fluid, and a lower, rapidly-
settling plume containing dense, larger-grained particles, including cuttings, and flocculated clay/barite 
particles. The call out circle in the figure demonstrates that drilling fluids (termed “muds” in the figure) 
coat the cuttings particles. The rectangular call out in the figure depicts the reduction in oxygen 
concentration if sediments become anoxic as a result of discharge deposition. 


The denser particles in the settling plume will sink quickly as they drift away from the discharge 
site, with the rate of sinking depending on particle size and density relative to seawater density at 
different depths in the water-column. The density of seawater increases with increasing depth 
(pressure) and salinity and with decreasing temperature. The continuous phase of both the gel 
water-based drilling fluid that will be used to drill the upper (wider) hole and the inhibitive 
polymer water-based drilling fluid that will be used to drill the deeper (narrower) sections of the 
well is a sodium chloride brine that will be denser than seawater; thus, the water-based drilling 
fluid plume will sink. Water-based drilling fluid and drill-cuttings particles may accumulate at a 
water depth where the density of the water and particles is the same. 
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2.2.4. Modeling Results 


2.2.4.1. Dispersion and Deposition Modeling for Discharge 001 and Discharge 013 


Understanding the extent to which drilling fluids and drill-cuttings, when discharged, will affect 
the water column and sea floor has been extensively studied by the use of predictive dispersion 
models (Neff 2010). The Offshore Operators Committee (OOC), a consortium of companies 
operating in the waters of the Gulf of Mexico, sponsored the development of a model to predict 
the fate of drilling fluids discharged into the offshore environment (Brandsma and Smith 1999, 
Alam and Brandsma 2013). The OOC model predicts the fate of drilling fluids, drill-cuttings, or 
produced water discharged from a single discharge point. Particulates may be solids or droplets. 
The model predicts the concentrations of particles and liquids in the water column and the 
deposition of solid particles onto the sea floor. There are no restrictions on the nature of the 
receiving environment simulated by the OOC model. Thus it is appropriate for use in the 
Chukchi Sea. The model provides for the ambient bathymetry to be variable or a constant depth. 
Currents and hydrography may be input to simulate both spatial and temporal changes. Sea state 
may also be modeled to change temporally. 


A series of modeling exercises was conducted in order to understand the range of discharge 
conditions expected for the 2015 drilling season. These conditions include the discharge 
characteristics of the drillship Noble Discoverer and the drill rig Transocean Polar Pioneer that 
will be used for drilling in the Burger Prospect (e.g. flow rate, discharge pipe diameter, location 
of discharge points below water surface), the well design, and the expected range of conditions 
for water temperature, wind speeds, currents, and salinity.  Generally, the majority of water-
based drilling fluids and drill-cuttings are expected to settle within 500 meters of the discharge 
location, and total suspended solids (TSS) will create a gradient of decreasing concentration as 
the plume of material is carried away from the discharge point by the prevailing currents. 
Concentrations are modeled to be highest at the source, decreasing to background levels at 
approximately 1000 meters from the discharge location. 


Table 3 (sediment thickness) and Table 4 (TSS) below summarize the site-specific modeling 
analyses for the deposition of solids greater than 1 cm at the sea floor, and the distance from the 
discharge point where concentrations of TSS are predicted to fall below 15 mg/l for the drilling 
intervals planned for sampling in Phase II of this EMP.  The summary data is shown for the 
mean current (7 cm/s) and maximum current (25 cm/s) model conditions.  Discharge of total 
cuttings for model purposes includes a 50 % washout factor.  That is, cutting volume is estimated 
to be 50 percent greater than what is expected from the design of the well to account for 
localized bore-hole erosion during the drilling process. 


This information was then used to help guide the technical approach and sample design for both 
plume monitoring and sea floor sampling as described in Sections 3.2.4.2 and 3.3.1 of this EMP.  
The modeling reports for each scenario (Fluid Dynamix, 2014a-h) are also provided as Appendix 
B to the EMP. 
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Table 3: Estimates of depositional area of solids in hectares from OOC modeling of discharges from the 
Burger Prospect by drillship Noble Discoverer and drill rig Transocean Polar Pioneer 


The OOC Model Predictions of depositional area greater than 1 cm thickness  
at the Mean and the Maximum Currents Speed  


Well 
ID 


Total 
Durations 


of 
Discharge 


Discharge of 
the Total 
Cuttings 
including 


50% Washout 


Total Area (in hectares) 
Drill Rig Discoverer 


Total Area (in hectares) 
Drill Rig Transocean Polar 


Pioneer 


Hours bbls At Mean 
Currents 


At Maximum 
Currents 


At Mean 
Currents 


At 
Maximum 
Currents 


Burger 
F 195.1 6,049 0.52 1.07 0.51 1.05 


Burger 
J 195.1 6,930 0.56 1.06 0.51 0.99 


Burger 
S 195.1 6,080 0.52 1.07 0.51 1.05 


Burger 
V 195.1 6,243 0.57 1.13 0.52 1.07 


 
Table 4: Estimates of total suspended solid (TSS) in mg/L from OOC modeling of discharges from the 
Burger Prospect by drillship Noble Discoverer and drill rig Transocean Polar Pioneer. 


The OOC Model Predictions of Distance in meters from the Source at which TSS is 15 mg 
 


Well 
ID 


Drillship Noble 
Discoverer 


During Maximum 
discharge from 


Interval 4 


Drill Rig Transocean 
Polar Pioneer 


During Maximum 
discharge  from 


Interval 4 


Drillship Noble 
Discoverer 


during Maximum 
discharge from the 


surface pits 


Drill Rig Transocean 
Polar Pioneer 


during Maximum 
discharge from the 


surface pits 


At Mean 
Currents 


At 
Maximum 
Currents 


At Mean 
Currents 


At 
Maximum 
Currents 


At Mean 
Currents 


At 
Maximum 
Currents 


At Mean 
Currents 


At 
Maximum 
Currents 


Burger 
F 140 265 140 245 665 1,630 670 1,570 


Burger 
J 103 220 101 210 670 1,630 670 1,575 


Burger 
S 145 265 140 215 670 1,630 670 1,575 


Burger 
V 150 285 150 225 670 1,630 670 1,565 
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2.2.4.2. Temperature Associated with Non-contact Cooling Water (Discharge 009) 


Numeric modeling for the thermal dispersion was conducted using the US EPA Dilution Models 
for Effluent Discharges – Visual Plumes (4th Edition) to characterize the impact on ambient sea 
water temperature associated with the non-contact cooling water discharges (Permit No.: AKG-
28-8100, Discharge 009).  The modeling was performed for both a mean current (7 cm/sec) and a 
maximum current condition (25 cm/sec).  The drillship Noble Discoverer will discharge 
approximately 107,300 barrels per day (bbl/day) of the non-contact cooling water from six (6) 
different outlets located on this drillship. The drill rig Transocean Polar Pioneer will discharge 
approximately 21,385 bbl/day of the non-contact cooling water from a single outlet located on 
this drill rig. 


The thermal dispersion simulations were performed using the effluent and ambient data for the 
planned drilling period.  The planned drilling period is within the open water season of July 
through October.  The direction of the discharge was assumed to be aligned with the prevailing 
current direction for the modeling purpose since the current bends the plume in the direction of 
flow (Frick 2003).  The modeling assessment evaluated the volume of sea water that would be 
elevated 0.05 °C above the ambient sea water temperature. Discharged non-contact cooling water 
temperatures that were modeled ranged from approximately 4 to 16 °C. The duration of the 
discharges was input to be 24 hours per day during the drilling operational period. Sea water 
temperature varies in the model from 4 °C at the surface to - 0.5 °C at the sea floor.  


For the drillship Noble Discoverer, the Visual Plumes model predicted that the maximum plume 
depth would be 5 m with a maximum plume width at 54 m, and the maximum distance from the 
drill rig to be 218 m.  The total area affected by the discharge was estimated at 1.34 hectares 
(ha). For the Transocean Polar Pioneer drill rig, the Visual Plumes model predicted that the 
maximum plume depth would be 2 m with a maximum plume width at 68 m, and the maximum 
distance from the drill rig to be 355 m.  The total area affected by the discharge was estimated at 
1.4 hectares (ha).   These estimates indicate low impacts on the ambient water quality from the 
temperature associated with the Discharge 009 (non-contact cooling water) from the six (6) 
different outlets located on the drillship Noble Discoverer or the single outlet on the Transocean 
Polar Pioneer drill rig. 


Similar to the modeling output for drill fluids/cuttings, this information was used to help guide 
the technical approach and sample design for both plume monitoring as described in Sections 
3.2.4.2 of this EMP. The modeling reports for each scenario (Fluid Dynamix, 2014i,j) are 
provided in Appendix C to the EMP. 
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3. OVERALL TECHNICAL APPROACH AND SCOPE 


The EMP technical approach and scope described below has been developed to achieve the 
objectives required by the four assessment Phases (I, II, III, and IV) as described in Permit No.: 
AKG-28-8100 and shown in Table 5. The technical approach and scope presented apply to any 
wells drilled in the Burger prospect utilizing any drill rig. 


Table 5: Summary of four EMP Phases required by Permit No.: AKG-28-8100. [Permit Section 
II.A.13.c] 


Phase Component 
I Baseline site characterization  
II During active drilling 
III Post-drilling  
IV No later than 15-months after drilling operations cease at a drilling site 


 


The Phase I assessment requires a physical site characterization which includes: 


1. An initial site physical sea bottom survey to ensure the drilling site is not located in or 
near a sensitive biological area or habitat. [Permit Section II.A.13.f.1] 


2. Physical characteristics: surface wind speed and direction, current speed and direction 
throughout the water column, water temperature, salinity, depth, and turbidity. [Permit 
Section II.A.13.f.2] 


3. Receiving water chemistry and characteristics to include dissolved metals, pH, 
turbidity, total suspended solids, total aqueous hydrocarbons, and total aromatic 
hydrocarbons. [Permit Section II.A.13.f.3] 


4. Benthic community structure; infaunal and epifaunal invertebrates, bivalves, and 
crustaceans. [Permit Section II.A.13.f.4] 


The Phase II assessment will be conducted during drilling activities and includes: 


1. Effluent toxicity characterization; rapid automated toxicity testing system as an initial 
screening method; whole effluent toxicity if initial screening method shows potential 
toxicity: or once per well if the discharges exceed 10,000 gallons during any 24-hour 
period and if chemicals are added to the system. [Permit Section II.A.13.g.1] 


2. Water-based drilling fluids/drill-cuttings (Discharge 001) plume monitoring and 
observations for potential marine mammal deflection during periods of discharge 
[Permit Section II.A.13.j.4] and Non-contact cooling-water (Discharge 009) plume 
observations for potential marine-mammal deflection during periods of discharge 
[Permit Section II.A.13.g.2] 


3. Water-based drilling fluids /drill-cuttings metals analysis. [Permit Section II.A.13.j.1] 







Environmental Monitoring Program 
Plan of Study 


16 


4. Plume monitoring and observations: sample and assess metals, organics, turbidity, and 
total suspended solids. [Permit Section II.A.13.j.4] 


Phase III and IV assessments are conducted following the completion of drilling activities at a 
drilling site. Phase III components will be conducted as soon as practicable immediately after 
drilling [Permit Section II.A.13.h.2] and include: 


1. Physical sea bottom survey; areal extent and depth/thickness of solids deposition 
caused by Discharges 001 and 013. [Permit Section II.A.13.h.1] 


2. Sediment characteristics and discharge effects: chemistry, grain size, pollutant 
concentrations. [Permit Section II.A.13.j.2] 


3. Benthic community bioaccumulation monitoring. [Permit Section II.A.13.j.3] 


Phase IV assessments will be conducted no later than 15 months after drilling operations cease at 
a drilling site [Permit Section II.A.13.c] and include all components from the Phase III 
assessment with the addition of evaluation of the benthic community structure. [Permit Section 
II.A.13.i.2] 


3.1. Phase I Assessment; Use of Data from Previous Studies 


Permit No.: AKG-28-8100 requires a baseline site characterization to be conducted as part of the 
Phase I assessment; however, Permit No.: AKG-28-8100 allows for data collected under other 
agency requirements or by industry lead efforts within the most recent 5-year period, at or in the 
vicinity of the drill site location, to be submitted for consideration of meeting this requirement.  
This section, in conjunction with Appendix A, demonstrates that sufficient data exist throughout 
the northeast Chukchi Sea to serve as a replacement for the baseline characterization assessment 
required for Phase I sampling at drilling locations within the Burger study area.  


A substantial amount of baseline science and site characterization data exists for the Chukchi Sea 
OCS as a result of extensive, multidisciplinary research programs (both industry and 
government) that have been conducted. Data collected over the past five to six years exist for the 
Chukchi Sea from two large, comprehensive multi-year baseline study programs. 


The Chukchi Sea Offshore Monitoring in Drilling Area: Chemical and Benthos (COMIDA CAB), 
a Bureau of Ocean Energy Management funded study, collected chemical and benthic-ecology 
data for two years in 2009 and 2010.  An extension of COMIDA CAB—Hanna Shoal Ecosystem 
Study, a 2-year program begun in 2012, collected chemical and benthic-ecology data in 2012 and 
2013. The COMIDA CAB sampling stations in the northeastern Chukchi Sea are shown in 
Figure 4. 


The Chukchi Sea Environmental Studies Program (CSESP), http://www.chukchiscience.com, a 
joint industry-funded study begun in 2008, has collected a diverse and multi-disciplinary dataset 
since its inception.  CSESP studies pertinent to Phase I include environmental chemistry and 
benthic ecology, as well as physical oceanography, and marine mammal surveys. CSESP data 
were collected at three 30x30 nautical mile blocks that assured coverage of the Shell, 
ConocoPhillips, and Statoil lease blocks. Only the Burger study area stations (along with some 



http://www.chukchiscience.com/
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contemporaneous stations in the immediate vicinity of the Burger study area) are included in the 
proposed Phase I dataset (see Figure 4) and presented in Appendix A to this document. 


In addition, a discharge monitoring program (DMP) was conducted by Shell, in 2012, in which 
Phase I assessment-equivalent data were collected at 18 stations around the Burger A drill site. 
The DMP stations represent spatially-intensive sampling points and are shown in Figure 4 
(insets). These programs (i.e., COMIDA CAB, CSESP, and DMP) are a unique combination of 
government-funded and industry-funded studies that provide a comprehensive data set specific to 
the northeastern Chukchi Sea region, the Burger prospect area, as well as the specific drill site at 
Burger A. 


Information generated from these programs, representing different geographical parts of the 
Chukchi Sea, was compiled and synthesized and is presented in Appendix A. Data analyses were 
conducted to determine variability within and among data sets from the same region and to 
establish that historical data from this large geographical area is predictive of current baseline 
data at site-specific locations.  The Appendix A summary clearly demonstrates that existing 
information and data are sufficient to characterize baseline conditions as required in Permit No.: 
AKG-28-8100. The data comparison also indicates that the spatially intensive sampling 
conducted at the Burger A drill site in 2012 (Shell DMP) are similar to the data from the larger 
Burger prospect (i.e., data from CSESP and COMIDA-CAB). This indicates homogeneity in the 
Burger region and demonstrates that additional Phase I drill site specific information does not 
need to be collected. Moreover, there have been no sensitive biological areas or habitats 
identified in the Burger prospect. Appendix A also provides additional baseline data, sediment 
characteristics and benthic community bioaccumulation monitoring, to compare to future data 
collected as part of the Phase III and IV assessment of the EMP. 


All Phase I components are addressed in Appendix A with the exception of a subset of the full 
suite of dissolved metals (Permit Section II.A.13.f.3.Table A) and hydrocarbons for the receiving 
water characterization. Some of the metals have not been analyzed prior to the release of Permit 
No.: AKG-28-8100 because metals such as titanium are not generally included in these types of 
analyses due to their limited environmental significance. Therefore, to comply with the full 
extent of the receiving water requirements in Permit No.: AKG-28-8100, remaining Phase I data 
(i.e., water samples) will be collected immediately prior to or during the Phase II sampling 
activities. Samples will be collected at reference stations located outside the expected/modeled 
deposition from the drilling operations. 
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Figure 4: CSESP, DMP and COMIDA CAB stations in the vicinity of Burger prospect, Chukchi Sea, 
2008-2012. 







Environmental Monitoring Program 
Plan of Study 


19 


3.2. Phase II Assessment 


The objective of the Phase II assessment is to characterize, to the extent possible, the physical 
and chemical concentrations throughout the discharge-affected water column and discharge 
plume.  The Phase II assessment will be conducted during drilling activities and includes: 


1. Effluent toxicity characterization [Permit Section II.A.13.g.1]; 


2. Water-based drilling fluids/drill-cuttings (Discharge 001) plume monitoring and 
observations for potential marine mammal deflection during periods of discharge [Permit 
Section II.A.13.j.4] and Non-contact cooling-water (Discharge 009) plume observations 
for potential marine-mammal deflection during periods of discharge [Permit Section 
II.A.13.g.2]; 


3. Water-based drilling fluids/drill-cuttings metals and hydrocarbon analysis [Permit Section 
II.A.13.j.1]; and 


4. Plume monitoring and observations [Permit Section II.A.13.j.4]. 


Of these four required components, effluent toxicity characterization and plume monitoring and 
observations (e.g., sensor and visual) require the most intensive sampling and analysis. The 
metals and hydrocarbon analysis of the water-based drilling fluids/drill-cuttings will provide 
information on chemicals that might be associated with the discharge which will help inform the 
analysis of samples collected during the plume monitoring component. The results from each of 
these four required components, taken together, will be used to evaluate any potential water-
column impacts from the exploratory drilling activities. The following sections describe the 
scientific approach for each component. 


3.2.1. Effluent Toxicity Characterization 


Development of the initial toxicity screening method is critical to effluent toxicity 
characterization because this will dictate whether whole effluent toxicity (WET) testing is 
triggered for certain discharges. Thirteen different discharge streams are defined in Permit No.: 
AKG-28-8100, six of which require toxicity characterization as part of permit compliance. The 
six discharges are deck drainage (002), desalination (D005), boiler blow-down (D007), fire 
control test water (D008), non-contact cooling water (D009) and bilge (D011). If there are 
multiple discharge points for a single discharge stream, a sample will be collected for each. 


Toxicity characterization will consist of an initial toxicity screening process using 100 percent 
effluent at four different time periods in accordance with Permit No.: AKG-28-8100 section 
II.A.13.g.1.i. If effluent samples fail the initial toxicity screen, as defined by the toxicity testing 
threshold limits established for this program and described in the project-specific quality 
assurance project plan (QAPP), then WET will be conducted using three different species of 
organisms, including the topsmelt, Atherinops affinis (or M. beryllina, depending on 
availability), the mysid shrimp, Americamysis bahia, and the purple sea urchin, 
Strongylocentrotus purpuratus. The methods for WET testing are provided in established EPA 
procedures outlined in Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
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Receiving Waters to Marine Organisms (EPA-821-R-02-014 Fourth Ed.) and the Short Term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to West Coast 
Marine and Estuarine Organisms (EPA/600/R-95-136).  


Upon receipt of the toxicity samples at the laboratory, water quality characteristics will be 
measured, depending on the particular requirements as laid out in the standard operating 
procedures (SOPs). For example, temperature, salinity, pH, and dissolved oxygen will be 
measured. These data can then be used to assess whether physical/chemical conditions were 
similar between the initial toxicity screening test and (in the event that a positive initial toxicity 
screening result is obtained) the WET test. A split of the effluent samples will be collected for 
chemical analysis at the time of sampling. This sample will be submitted to the selected 
analytical laboratory for analysis and is not a part of the biological testing program.  


Water quality conditions for initial toxicity screening and WET testing samples (including 
temperature, salinity, pH and dissolved oxygen) of each discharge type will be measured to 
confirm optimal testing conditions are created prior to the addition of test organisms. The 
process for adjusting effluent solutions to testing conditions is described in the technical 
laboratory methods section of this document. This process is required in the EPA-approved 
methods in order to adjust sample conditions to match the optimal conditions for each test 
organism. A brief description of each discharge type is provided below with considerations for 
the required toxicity testing. If any discharge systems draw their water source from the natural 
seawater, it is possible that organisms may be present in those samples. If natural seawater is part 
of the discharge stream, those samples will be inspected and, if necessary, screened prior to 
testing. 


Discharge 002: Deck Drainage – Deck drainage is the wastewater associated with washing 
platforms, decks, and equipment, and runoff from curbs, gutters, pans and wash areas from the 
deck of the drillship or drilling rig. Permit No.: AKG-28-8100 requires deck drainage systems to 
separate drains associated with oil and grease wastewater from wastewater not in contact with 
surfaces containing any oil or grease. The wastewater associated with oil and grease drains is 
processed through an oil-water separator prior to discharge into the Chukchi Sea. The effluent 
discharged through the oil-water separator will be tested four times during the drilling of the well 
using the initial toxicity testing screening method described in the QAPP. The salinity of the 
discharge will be measured and, if necessary, adjusted with brine solutions or artificial sea salts 
to testing conditions suitable for marine organisms. 


Discharge 005: Desalination – Effluent discharges associated with the creation of fresh water 
from seawater are likely to be high concentration brines similar to seawater in chemical 
composition but with higher concentrations of anions and cations. The potential high saline 
conditions of this discharge type may require a reduction of salinity to conditions that are 
conducive to the tolerant range of test organisms for both initial toxicity testing screen and the 
WET test. 


Discharge 007: Boiler Blowdown – The materials inside the boiler drums, including water and 
solids, are discharged periodically to minimize solids buildup in the boiler units. It is likely this 
discharge will be fresh water and contain some amount of solid materials. If necessary, the fresh 







Environmental Monitoring Program 
Plan of Study 


21 


water will be adjusted with brine solutions or artificial sea salts to salinity conditions conducive 
to test organism survival using the guidance provided in the EPA-approved methods for both 
initial toxicity testing screen and the WET test.  


Discharge 008: Fire Control System Test Water – This discharge is created from seawater 
released during fire training exercises, and testing and maintenance of fire protection equipment. 
If necessary, the salinity of the fire control system test water will be adjusted to within testing 
parameters prior to the addition of test organisms. 


Discharge 009: Non-contact Cooling Water – Non contact cooling water is uncontaminated, 
heated seawater created when cold seawater is used to cool machinery on the drill rig.  It 
represents the highest volume of discharge authorized under Permit No.: AKG-28-8100. If 
necessary, the salinity of the non-contact cooling water will be adjusted to within testing 
parameters prior to the addition of test organisms.   


Discharge 011: Bilge Water – Bilge water drains into the drilling vessel hull and is processed 
through an oil-water separator. Aquatic organisms may exist in the bilge water discharge. 
Samples will be visually inspected using a light table to determine if organisms are present in the 
effluent. If organisms are observed, the effluent will be passed through a Nytex™ screen large 
enough to capture the organisms prior to the start of any testing. 


3.2.1.1. Rapid Screening Test 


The rapid screening toxicity testing process is designed to separate effluent discharge samples 
requiring further toxicity testing from those that do not. Rapidity and sensitivity are two 
important features of the rapid screening test in order to be a useful tool in achieving water 
quality goals. There are a number of biological methods that have been developed over the years, 
with exposure times ranging from less than 1 hour up to 96 hours. The most preferable screening 
tools for this effluent testing program are those that can be accomplished rapidly (<1hr), such 
that the sample water, for a WET test if triggered, will still be within the required holding time. 
This criterion reduces the potential marine screening tools to the Microtox™ test and the 
echinoderm fertilization test. Table 6 provides general descriptions of potential screening tools, 
exposure period and method citation. 


  







Environmental Monitoring Program 
Plan of Study 


22 


Table 6: Summary of example rapid screening tools with exposure times of <24hr. 


Test Name Description of Test Duration 
(hours) Method Reference 


Microtox™ - water assay Bioluminescent bacteria used to 
detect toxins. Amount of light 
emitted during exposure provides 
indication of toxicity compared to 
control. 


0.25/0.50 


(marine or 
freshwater) 


Microbics 
Corporation 1992 Microtox™ sediment 


assay 0.25/0.50 


Echinoderm Fertilization-
water assay 


Echinoderm eggs and sperm are 
combined and the percent of 
fertilized eggs is an indication of 
toxicity compared to control. 


0.40 EPA, 2002 - 
1008.0 (marine) 


Lee et al. 1999 


Artotox 
Brine shrimp exposed to effluent. 
Toxicity indicated by percent 
survival compared to control. 


24 EBPI procedure 
(marine) 


QwikSed (dinoflagellate)- 
sediment assay 


Bioluminescent dinoflagellates 
used to detect toxins. Reduction or 
inhibition in light used to indicate 
toxicity. 


24 SeaLife 
Instruments, 
Florida (marine) 


NFESC TDS-
2077-Env, Feb 
2000 QwikLite (dinoflagellate) 


- water assay 24 


Toxi-ChromoPad – 
sediment assay 


Bacterium E. coli grown in solid 
material. If sample is toxic no color 
will develop. If sample is toxic a 
blue color develops. 


1.5 


EBPI procedure 
(freshwater) 


Lee et al. 1999 
Thamnocephalus 
platyurus- water or 
sediment 


Freshwater crustacean exposed to 
effluent. Toxicity indicated by 
percent survival compared to 
control. 


0.5 to 1 


Rototox – water or 
sediment 


Rotifers exposed to effluent. 
Toxicity indicated by percent 
survival compared to control. 


24 ASTM, 1991 E 
1440-91 


 
MicrotoxTM was initially considered as the preferred rapid screen method. Based on further 
review, as described below, Shell has determined that the echinoderm fertilization water assay is 
a more suitable and reliable method. A comparison of the Microtox™ test and the echinoderm 
fertilization test was conducted by Environment Canada (Buday 2001). The relationship between 
Microtox™ responses and the echinoderm percent fertilization success were not well correlated. 
The data from this study was graphically compared and is illustrated in Figure 5. Overall 
conclusions from the review indicate: 


• Microtox™ responses in water exposures had no measureable responses for any of the 
samples tested. 


• Microtox™ responses for the solid-phase test had significant reductions in light that occurred 
over a broad range from an inhibitory concentration that affects 50% of a test population 
(IC50) of 526.9 to 13,080 mg/L (~25-fold). 


o Solid-phase Microtox™ responses occurred in samples that showed no significant 
response using the echinoderm test. 
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o Acceptable echinoderm fertilization occurred over the entire solid-phase Microtox™ 
response range (526.9 to 13,080 mg/L) as shown by the blue shaded box in Figure 5. 


o Conversely, negative responses from the echinoderm fertilization test showed a range 
of responses for the Microtox™ test with IC50 values occurring at <4,000 mg/L but 
not for all Microtox™ samples with these same response levels. 


• There was no negative response for Microtox™ for the water exposure (this result was 
assumed to invalidate the test as an acceptable candidate for this environmental monitoring 
program). 


 
Figure 5: Graphical illustration showing inhibitory concentration that affects 50% of a test population 
(Microtox™) vs. percent fertilization in echinoderm fertilization test. 


In addition to the observations by Buday (2001), a number of studies reported the interference of 
other environmental parameters, for example elemental sulfur and surfactants, on the 
interpretation of the Microtox™ solid phase results (Jacobs et al. 1992, Pardos et al. 1999, 
Sherrard et al. 1996). Microtox™ responses in treated and untreated effluents were found to 
show similar results (Dorn et al. 1989). Literature reviews of the apparent toxicity as measured 
by Microtox™ exhibit wide ranges. For example, Toussant (1995) found that metal toxicity 
measured by light output using Microtox™ (IC50) varied by orders of magnitude (e.g., Zn 0.44 to 
476 mg/L; Cu 0.076 to 25 mg/L; Cd 11.6 to 416 mg/L), with a small difference for unionized 
ammonia ranging from 1.49 to 2 mg/L. Similarly, NewFields (2009) conducted experiments to 
determine the influence of holding times on the amount of light output and found that the longer 
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a sample was held within acceptable holding times and under acceptable temperatures, the higher 
the incidence of effect on light output; these results appeared to be associated with sulfides and 
ammonia. Based on the comparison results provided above, the echinoderm fertilization test will 
be used as the rapid screening tool for this EMP. 


Three echinoderm species will be included in the testing guidelines for Permit No.: AKG-28-
8100 in order to meet windows of reproductively appropriate time frames. The species would 
likely include the sand dollar (Dendraster excentricus) and the sea urchins (Strongylocentrotus 
purpuratus and Lytechinus anamesus). Other species may be used if these species are not 
available at the time when testing takes place.  The echinoderm fertilization test is an EPA-
approved method (EPA/600/R-95/136). 


If the initial toxicity screening test indicates the effluent response is above the toxicity threshold 
or if discharges exceed 10,000 gallons in a 24-hour period and chemicals are added to the 
system, additional WET will be conducted following established EPA methods as described in 
section 3.2.1 of this document. The methods for WET testing, which include seven-day Topsmelt 
larval and survival growth test, seven-day Mysid shrimp survival, growth, and fecundity test, and 
a 72-hour Purple sea urchin larval survival and development test, are well established (EPA-821-
R-02-013 and EPA/600/R-95-136). Additionally, EPA SOPs already exist for each test. Thus the 
toxicity thresholds associated with all of the WET testing components are already defined by 
these existing, validated methodologies. Additional information and detail on WET testing can 
be found in the project-specific QAPP. 


Due to the potential logistical challenges associated with transporting the required sample 
volumes for a WET test, the following general procedure will be followed.  Additional details 
can be found in the project-specific QAPP and associated SOPs.   


• Collect the full volume of effluent required to conduct an entire WET test (with renewal 
water) and transport to the laboratory.   


• Collect the subsequent renewal water samples in accordance with the test method, and 
attempt to transport this to the laboratory at the required frequency as described in the test 
method.  If the attempt is not successful, the initial sample volume will be used to refresh 
the test and the following information will be recorded:   


1. Conditions preventing sample delivery 
2. Conditions of the sample once received at the laboratory 
3. Any additional information regarding toxicity, persistence, and rationale for 


sampling adequacy.    
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3.2.2. Water-based Drilling Fluids and Drill-Cuttings (Discharge 001) and Non-contact 
Cooling Water (Discharge 009) – Marine Mammal Deflections 


3.2.2.1. Marine Mammal Monitoring Program Overview  


Shell operates an extensive integrated marine mammal monitoring program in compliance with 
the Marine Mammal Protection Act (MMPA) during all exploration activities1. In accordance 
with the MMPA, applicants for an Incidental Harassment Authorization (IHA) or Letter of 
Authorization (LOA) from the trustee agencies, the National Marine Fisheries Service and U.S. 
Fish and Wildlife Service, are required to develop and implement a monitoring and mitigation 
plan. The agencies evaluate these plans through a process of independent peer review and public 
review prior to authorizing proposed activities. Although the IHA and LOA that will cover 
proposed 2015 drilling operations along with the associated monitoring program is not yet 
available, it is anticipated that the monitoring program will be effectively the same as that 
implemented in 2012.  


A full description of this program and results from 2012 can be found at 
http://www.nmfs.noaa.gov/pr/pdfs/permits/shell_90dayreport_draft2012.pdf. 


In summary, the Shell monitoring and mitigation program includes three integrated components: 


1. A vessel-based observer program under which protected species observers (PSOs) on all 
vessels maintains watch for marine mammals. The PSOs have dual duties to implement 
any needed avoidance or mitigation measures and to record data on observations, 
including species type, location, behavioral activity, and orientation toward drilling 
activities. 


2. An aerial based program under which digital imagery is collected over the area of drilling 
activities to assess the distribution of marine mammals during different operational 
periods; and 


3. An acoustic program under which industry sounds and marine mammal calls are recorded 
and can be analyzed for distribution and reaction to drilling related activities. 


This integrated program, particularly the aerial and vessel-based components, provides a good 
understanding of the relative distribution of marine mammals in proximity to drilling related 
activities, and the portion of the population of each species that could potentially be within a 
range of exposure to drilling related discharges. Correlation of the marine mammal distribution 
data with records of discharge timing and location should allow for assessment of whether 


                                                 
1The primary regulation of activities related to marine mammals is the responsibility of the National Marine 
Fisheries Service (NMFS) and the Fish and Wildlife Service (FWS). Shell’s marine mammal monitoring program as 
outlined herein, or referenced in other locations, is being supplied as part of the requirement for an Environmental 
Monitoring Program, specifically sections II.13.g.2 and j.4 associated with non-contact cooling water, drilling fluids 
and drilling muds as outlined in General Permit AKG-28-8100. The submittal of this program is in order to meet the 
requirements associated with those permit sections, specifically having to do with marine mammal observations 
during those times of discharge only. Program submittal, nor any reporting provided to EPA as a result of the 
program, does not act to confer on, or subject the program to, EPA jurisdiction outside of those specific areas, and/or 
in conflict with any jurisdiction by NMFS or FWS. 



http://www.nmfs.noaa.gov/pr/pdfs/permits/shell_90dayreport_draft2012.pdf
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changes in marine mammal behavior related to drilling related discharges can be detected. It 
should be recognized, however, that discharge of drilling fluids/cuttings (D001) and non-contact 
cooling water (D009) is only one of several factors (e.g. sound, proximity of other vessels, and 
non-anthropogenic variables) that may contribute to, or independently cause, such perceived 
reactions. Additionally, the area affected by the discharges will be smaller than those from 
several of the other drilling related factors that might influence behavior. In particular, the 
propagation of underwater sound from the drilling and related activities has been shown to cause 
behavioral reactions in marine mammals, including avoidance (Richardson et al. 1995). 


Some species of marine mammals, whales in particular, are known to avoid or deflect around 
anthropogenic disturbances in some instances. The extent to which avoidance occurs, or the size 
of the effect zone associated with the activity, typically depends on a combination of factors 
rather than a single, isolated variable (LGL et al. 2014). Marine mammal behavioral reactions to 
anthropogenic activities can be influenced by factors including underwater sound levels, distance 
to the sound source or activity, behavioral state of the individual when it encounters the activity, 
life history stage, and proximity to a food source. Shell’s marine mammal monitoring and 
mitigation program is designed to investigate how marine mammals react to drilling related 
activities; however, despite the most rigorous of monitoring methods, reactions may not always 
be attributable to a single cause. 


As noted above, the size of the area in which marine mammals may encounter drilling-related 
discharges is relatively small in comparison to other potential effect zones, including the area of 
increased underwater sound levels from drilling activities. For example, discharge modeling 
(Fluid Dynamix, 2014c) estimated the concentration of total suspended solids (TSS) discharge 
associated with drill fluids/cuttings (D001) from the Noble Discoverer would reach 
concentrations of less than 15 mg/l within approximately 1,000 meters from the discharge point. 
Similarly, modeled (Fluid Dynamix, 2014i) estimates of the thermal plume from non-contact 
cooling water discharge (D013) reaches ambient water temperature within approximately 200 
meters from the discharge point.  


By comparison, bowhead whales have been known to avoid numerous offshore Arctic drilling 
operations at distances of 10 to 20 kilometers. These documented avoidances of active drilling 
rigs in the Beaufort Sea were largely believed to be in response to underwater sound (Richardson 
et al. 1985; LGL and Greeneridge 1987; NMFS 2008). Therefore, the potential effect zones from 
drilling related sounds are considerably larger compared to those from discharged muds/cuttings 
or thermal plumes, and may actually preclude the potential for marine mammals to encounter a 
discharge plume and exhibit an avoidance reaction to it. Nonetheless, Shell will collect several 
data streams, described below, that will be useful for assessing whether drilling related 
discharges can be correlated with any such deflection behavior. 


3.2.2.2. Vessel-Based Monitoring 


The visual monitoring methods that are employed during vessel based monitoring are similar to 
those used during geophysical marine surveys in 2006-2013 and to those employed during 
drilling related monitoring in 2012. PSOs are typically stationed on the bridge or from a position 
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on the vessel that allows safety and effects zones (also referred to as disturbance zones) to be 
monitored for marine mammals. PSOs are on active watch during nearly all daylight periods and 
during the night if required. Depending on the vessel, watches are conducted with the unaided 
eye and/or specialized monitoring equipment. For each marine mammal sighting, specific 
information (e.g. species, behavior, heading, reaction,) is recorded. All marine mammal sightings 
are recorded by PSOs, regardless of vessel activity or status of the drilling operation. 
Environmental effort data (ship’s position, sea state, ice cover, visibility) is also collected. Effort 
data are recorded at the start and end of each observation watch, every 30 minutes during a 
watch, and whenever there is a change in any of those variables. Figure 6, which illustrates the 
distribution and relative amount of vessel-based PSO monitoring effort from Shell’s 2012 
Chukchi Sea drilling program, shows intensive monitoring effort at and directly adjacent to the 
drill site. PSOs on the EMP vessel(s), as part of their duties, will record the presence and 
behavior of any encountered marine mammals in the vicinity of the drill rig. 


Vessel-based PSO data will be analyzed following the end of the drilling season to isolate 
periods that correspond with discharge activities. The analysis will involve a comparison of 
marine mammal distribution data from periods with and without discharges to look for potential 
avoidance/deflection during times of discharge.  Data collected by PSOs aboard the dedicated 
EMP vessel in the vicinity of the discharge plume will be valuable for comparing marine 
mammal distribution between periods of discharge and no discharge, particularly for seals as 
they are observed frequently near vessels and drill rigs. 


 
Figure 6: Distribution and amount (in hours) of vessel-based PSO monitoring during Shell’s 2012 
Chukchi Sea exploratory drilling program. Areas of intensive monitoring included the drill site and 
discharge location, transit routes, and a standby location between the drill site and Wainwright. 
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3.2.2.3. Aerial-Based Monitoring 


Aerial surveys of marine mammals in the Chukchi and Beaufort seas were conducted in 2006–
2008, 2010 and 2012 in support of the exploration programs. The aerial survey component is 
designed to provide a systematic assessment of the distribution of marine mammals in areas 
within and adjacent to drilling operations. Of particular interest is an assessment of bowhead 
whales during their annual fall migration through the Beaufort Sea and Chukchi Sea, and also 
beluga whale and Pacific walrus distributions throughout the survey area. The specific objectives 
are to: 


• Collect and report data on the distribution, number, movement and behavior of marine 
mammals near the exploration operations with special emphasis on migrating bowhead 
whales; 


• Support regulatory reporting requirements related to the estimation of impacts of 
exploration activities on marine mammals; and 


• Investigate potential deflection of bowhead whales during migration by documenting 
how far from exploration activities a potential deflection may occur, and where and when 
whales return to normal migration patterns. 


High-definition digital still and video cameras are installed aboard survey aircraft for use during 
flights. Aerial photographic surveys using these cameras and high-definition video are flown by 
a pilot and co-pilot over the Burger prospect area in the Chukchi Sea. The incorporation of 
marine mammal sightings data from digital imagery is part of ongoing efforts to develop and 
validate technology for use in unmanned aerial systems in future years.  


The offshore survey grid is designed to cover a circular area with a radius of 45 km (28 mi) 
around the exploratory drill site as shown in Figure 7. Transect spacing is stratified to maximize 
coverage in potential effect zones, including areas where drilling related discharges will occur. 
Intensive sampling over a potential effect zone increases the likelihood of being able to detect 
such an effect if one exists or occurs. The spacing of the outer survey lines is 10 km (6.2 mi) and 
the spacing between the intensive lines is 5 km (3.1 mi; Figure 7). Total length of the 
photographic survey transects is approximately 1000 km (621 mi) and the exact length depends 
on the location of a randomly selected start point. Still cameras on each side of the aircraft take a 
photograph once every three seconds, which results in a total of approximately 12,000 images 
per survey. 


Aerial photographic data will be filtered and analyzed in much the same fashion as vessel-based 
PSO data described above to assess the potential for avoidance/deflection of drilling related 
discharges by marine mammals. Plume discharge may be detectable in the photographic images. 
Such images will be pooled with those taken in surrounding areas and also with vessel-based 
PSO observations from the same time periods. A comparison of the marine mammal 
distributions during periods with and without discharge plumes present in the images will 
contribute to assessing whether drilling related plumes correlate with localized avoidance 
associated with drilling operations. 
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Figure 7: Offshore aerial photographic survey transect locations and general survey pattern for the 
eastern Chukchi Sea. Stratified sampling with intensive survey effort over the well sites is designed to 
investigate potential impacts (effect zones) to marine mammals from activities at or near drilling 
locations, including discharge plumes. 


3.2.2.4. Acoustic Monitoring 


The large-scale acoustics program in the Chukchi Sea employs autonomous acoustic recording 
systems deployed on the seabed for extended periods over large areas of the northeastern 
Chukchi Sea. An acoustic “net” array, used since 2006, is designed to accomplish two main 
objectives: 


1. Collect information on the occurrence and distribution of marine mammals (including 
beluga whale, bowhead whale, and walrus) that may be available to subsistence hunters 
near villages located on the Chukchi Sea coast and to document their relative abundance, 
habitat use, and migratory patterns; and 


2. Measure the ambient sound levels throughout the northeastern Chukchi Sea and to record 
levels of sounds from industry and other activities further offshore in the Chukchi Sea. 


The recorders operate at a sampling frequency of 16 kilohertz to capture vocalizations from 
bowhead, beluga, gray, fin, humpback, and killer whales, as well as walruses, seals, and most 
other marine mammals known to be present in the Chukchi Sea. Over-winter recorders have 
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been deployed in the Chukchi Sea since 2008 at five sites to monitor late fall, winter and spring 
distributions of marine mammals. 


During the 2012 drill season, acoustic data were acquired with 31 Autonomous Multichannel 
Acoustic Recorders (AMARs) deployed from early August through mid-October throughout the 
northeastern Chukchi Sea. Twenty-two AMARs were deployed in a regional array along four 
lines extending offshore from Cape Lisburne, Point Lay, Wainwright and Barrow (Figure 8). The 
drill location was surrounded by seven AMARs. 


 
Figure 8: Deployment locations of hydrophones in acoustic arrays in the eastern Chukchi Sea, Alaska 
2012. 


The acquired acoustic data were then analyzed to quantify ambient sound levels, presence of 
anthropogenic activity (such as vessels and drilling sounds), and the acoustic presence of marine 
mammals. 


Analysis of acoustic data from arrays in the Chukchi Sea addresses the following questions: 


1. Determined when, where and what species of animals are acoustically detected on each 
recorder; 


2. Analyzed data as a whole to determine offshore distributions as a function of time; 


3. Quantified spatial and temporal variability in the ambient sound levels; and 


4. Measured sound levels of exploration activity events. 
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The detection data are used to develop spatial and temporal animal detection distributions as a 
function of different variables (e.g., time of day, season, environmental conditions, and ambient 
sound energy and vessel sound levels). The spatial resolution of acoustic data in the Chukchi Sea 
around Shell’s drilling program is not designed to detect potential small-scale changes in the 
distribution of vocalizing marine mammals around a discharge plume; however, these data are 
extremely important for interpreting the broad scale distribution patterns of marine mammals 
when integrated with aerial and vessel-based observations.  


3.2.3. Water-Based Drilling-fluids/Drill-Cuttings: Metals and Hydrocarbon Analysis 


Samples of water-based drilling fluids and drill-cuttings will be collected during the drilling 
operations at two intervals (discussed in Section 3.2.4) by a compliance engineer stationed on the 
drilling rig, and then transported to an analytical laboratory to be analyzed for metals and 
hydrocarbons.  


Although only metals analyses are required in Permit No.: AKG-28-8100, hydrocarbon analyses 
will also be conducted on water-based drilling fluids and drill-cuttings to understand source 
loading that will inform data analysis components in the post-drilling phases (Phases III and IV). 
Hydrocarbons are not typically present in water-based drilling fluids, but may become entrained 
in drilling fluids when drilling through a hydrocarbon zone occurs. 


In addition, Permit No.: AKG-28-8100 Section II.A.13.j.1 requires metals analysis of each 
drilling fluid system.  Different weight drilling systems are utilized in each drilling interval as 
described in the Drilling Fluids Plan.  A sample from each drilling interval beyond the top hole 
(as specified in the Drilling Fluids Plan, i.e., 17 ½”, 12 ¼”, and 8 ½” hole sizes) will be collected 
and analyzed for the metals identified in Table A of Permit No.: AKG-28-8100.   


 


3.2.4. Plume Monitoring and Observations 


3.2.4.1.  Primary Sampling Time Periods 


The objective of the plume-monitoring component is to measure metals, organics, turbidity and 
total suspended solids throughout the water column during periods of maximum discharge of 
water-based drilling fluid and drill-cuttings (D001). Additionally, the objective is to focus 
characterization efforts on areas of expected deposition of water-based drilling fluid and drill-
cuttings based on model predictions. Plume monitoring will also serve as a check/verification of 
modeled effluent behavior. 


Phase II plume monitoring will be conducted from a vessel configured to conduct environmental 
monitoring. Safety, operational and navigational issues could limit the ability to delineate 
plume(s) in the immediate vicinity of the drilling operations. Within these logistical constraints, 
efforts will be made to safely locate and sample the plume(s) during the drilling process. In order 
to assess potential maximum discharge of metals, hydrocarbons, turbidity, and total suspended 
solids, two primary time periods will be targeted. 







Environmental Monitoring Program 
Plan of Study 


32 


(1) Drilling of the largest casing interval after the BOP stack is set (identified as drilling 
interval four in the modeling reports); this time period represents the expected 
maximum discharge rate over the longest time interval of water-based drilling fluids 
and drill-cuttings during the drilling process.  


(2) During and/or immediately following bulk-drilling fluid discharge; this discharge 
represents a period when only water-based drilling fluid (with some finer entrained 
drill-cuttings) is discharged and total suspended solids could be higher due to the small 
particle size of the material (barite and bentonite). 


Every effort will be made to safely collect samples within the plume during the Phase II primary 
time periods specified above. In the event circumstances arise that would prevent sample 
collection, contingency options have been developed to replace the collection of any samples 
which are not possible to obtain during the primary time periods. In the event that sea state, 
weather, ice, a medical emergency, or other unforeseen factors are encountered, and to meet the 
objectives of Permit No.: AKG-28-8100; the following will be implemented as secondary 
options for the two primary time periods.  


(1) Drilling in the largest casing interval;  


a. If sampling during the largest casing interval is not possible or cannot be entirely 
conducted within this interval, the next lower casing interval will be sampled. If 
unforeseen circumstances prevent sample collection exclusively within this 
substitute interval, the next casing interval that can be sampled will be utilized.  
The details of the drilling volumes will be recorded throughout all drilling 
intervals so a comparison can be made.  


b. In the event that 1(a) cannot be achieved, source sampling and modeling will be 
used to verify compliance with the objectives specified in Permit No.: AKG-28-
8100. A source sample of the water-based drilling fluid and drill-cuttings prior to 
discharge from the rig will be collected. In conjunction with real time 
meteorological conditions (e.g., current direction and speed), modeling will then 
be performed to provide an estimate of the plume location and concentration of 
constituents in the water column. 


c. In the event that 1(a) or 1(b) cannot be achieved, data from any other similarly 
designed well(s) drilled at the Burger Prospect will be used to compare modeling 
results from that well. 


(2) During and/or immediately following bulk-drilling fluid discharge; 


a. In the event that sampling is unable to occur, a source sample of drilling fluid 
prior to discharge from the rig will be collected. In conjunction with real time 
meteorological conditions (e.g., current direction and speed), modeling will be 
performed to provide an estimate of the plume location and concentration of 
constituents in the water column. 
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b. In the event that 2(a) cannot be achieved, data from any other similarly designed 
well(s) drilled at the Burger Prospect will be used to perform modeling.  


The data collected during Phase II of the EMP will be used in conjunction with data that will be 
collected from samples taken on the drilling rigs, including analytical data from water-based 
drilling fluids and drill-cuttings samples as well as operational activity logs. These data, taken 
together, allow for a substantial dataset to inform the Phase II data analysis.  


3.2.4.2. Sample Locations and Plume Tracking 


An illustration of the Phase II plume sampling stations is provided in Figure 9. Note that the 
predominant current arrow indicated on the figure is to show that samples will be collected in the 
direction of current flow. Actual current direction and velocity will be measured in real time 
through the use of ship-mounted ADCP.  Up to seven sampling stations will be targeted for 
sample collection during the two periods of maximum discharge. One sampling station will serve 
as a reference station and be located at least 1,000 m away and perpendicular to the downstream 
plume transect. The other stations (up to six) will be located along three transects (two stations 
per transect) oriented in the direction of the predominant current. The three plume transects will 
be separated approximately 10-15 degrees, as conditions warrant, from the discharge source. All 
plume-transect sampling stations will be located near the drilling location, with the near-field 
stations being as close to the discharge as logistically possible, while maintaining a minimum 
500 m safety zone from the drill rig.  


The 500 m safety zone around the drill rig provides a safe working distance between the 
monitoring vessel and the drilling rig that allows the monitoring vessel to avoid potential hazards 
while still maintaining capability to collect samples.  The presence of this safety zone reduces the 
risk of potential interactions between the monitoring vessel (i.e. swing radius of large vessel 
required to conduct activities) and the drill rig due to extended sample collection time periods 
requiring continuous station keeping while in close proximity to the drill rig.  Further, the 
monitoring vessel requires the operational flexibility to sample in the discharge plume while 
avoiding potential contact with the drill rig mooring lines.  Although the model predicts the 
majority of the muds/cutting to have settled out before 500m, this sample design will be able to 
meet the permit objectives by 1) validating the model result that the majority falls out less than 
500m from the drill site and 2) the sampling methods will enable detection of low concentrations 
of metals and suspended solids beyond 500 meters from the discharge point if present.  
Discharge plume sampling includes analysis of particulate metals of a subset of Table A; coupled 
with the measurement of TSS at the MDL of 0.3 mg/L, the presence of the discharge plume can 
still be detected at a distance of 500 m from the source, even if a visible plume is not observed.  
These data will be used to assess the accuracy of the modeling efforts (described in Section 
2.2.4.1).    


The geometry of a discharge plume is directly influenced by the ambient meteorological and 
physical oceanographic conditions in the vicinity of the well site. Current speeds and turbulent 
mixing at different depths in the water-column can have a substantial effect on the dispersion and 
deposition rates of discharge-associated solids. Currents within the area of the drill rig should be 
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horizontally coherent, (i.e. same current velocity over linear distance, over distances of 10 to 20 
kilometers) (T. Weingartner, personal communication); therefore, the location of the water-based 
drilling fluid and drill-cuttings plumes will be tracked by using water column velocity data from 
an ADCP and a deployable water column profiler. An ADCP with real time or near-real time 
data-transfer capability will be located on, or in the vicinity of, the drill rig and on the monitoring 
vessel to provide information on currents. Water column velocity data from the ADCP will be 
used in near-real time to coordinate the deployment of a water column profiler, a Sea-Bird 
Electronics, Inc., SBE19 (or equivalent) conductivity, temperature, depth (CTD) unit equipped 
with a turbidity sensor (e.g., optical backscatter (OBS)) and a transmissometer. Data from the 
turbidity sensors, indicating potential discharge of suspended solids, will be used to obtain near-
real time multi-dimensional data on water column conditions. Weather data will be acquired in 
the field to further inform sampling activities. 
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Figure 9: Representative sampling stations for Phase II (water column sampling). Specific station 
locations will be based on actual site data and will be determined in the field. 
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3.2.4.3. Sample Collection 


The CTD unit includes a multiple bottle rosette to collect discrete water samples. Samples will 
be attempted for collection at five different depths in the water column. General target sample 
depths are approximately 1 m (near-surface), 10 m, 20 m and 30 m below the surface of the 
water, and 2 m above the bottom of the seafloor. The near-real time current data from the ADCP 
and the near-real time water column data from the CTD profiler will be used to optimize the 
location and depth for discrete water sample collection in order to capture the greatest particle 
concentration portion of the plume, when possible. Water samples will be collected for the 
following parameters: metals, total suspended solids (TSS) and organics (volatile organic 
compounds [VOC], total aromatic hydrocarbons [TAH] including xylenes, total petroleum 
hydrocarbons [TPH], polycyclic aromatic hydrocarbons [PAH], and saturated hydrocarbons 
[SHC]). Specific analytes and analytical methods are included in the project-specific QAPP. 
Turbidity measurements in the water-column will be collected with a turbidity sensor (e.g., OBS) 
and a transmissometer with the CTD attached to the water-sampling rosette.  


A summary of the Phase II sampling effort is provided in Table 7. Field observations and/or 
analytical data collected during the Phase II monitoring will be used to assess the location of the 
plume(s), to refine model inputs, and to help inform the Phase III and IV monitoring efforts, 
respectively. Data from Phase II efforts will also be compared to the chemical analysis results 
from source samples collected on the drilling rigs (such as drilling fluids and drill-cuttings), and 
if appropriate, may be used to augment the Phase II data collected.    
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Table 7: Summary of Phase II sampling. Total number of samples over all monitoring intervals is up to 
70 (35x2) for water sampling and up to 6 for water-based drilling fluid and drill-cuttings. 


Sampling Water 
Depth1 


Transect 
Type 


Number of Samples (Estimated) 
Phase – 
Largest 
Casing 


Interval 


Phase – Bulk 
Drilling Fluids2 


Other Phases4 Total Number 
of Samples 


1 m below surface 
Plume 6 6 --- 12 
Reference 1 1 --- 2 


10 m below surface 
Plume 6 6 --- 12 
Reference 1 1 --- 2 


20 m below surface 
Plume 6 6 --- 12 
Reference 1 1 --- 2 


30 m below surface 
Plume 6 6 --- 12 
Reference 1 1 --- 2 


2 m above bottom 
Plume 6 6 --- 12 
Reference 1 1 --- 2 


Drill-Cuttings Drilling Rig 2 03 2 4 
Drilling Fluid Drilling Rig 2 2 2 6 


Subtotal  Up to 39 Up to 37 Up to 4 Up to 80 
        1Sampling water depth may vary depending on in-field measurements of turbidity during plume monitoring,    
      weather conditions, or operational parameters 
        2If bulk discharge event occurs 
        3No separate drill-cuttings samples will be collected because they are not present at significant concentrations in the  
      bulk drilling fluids. 
        4Drill-cuttings and drilling fluids will be collected at each interval beyond the top hole as specified in the Drilling 


Fluids Plan. 
 


3.3. Phase III and Phase IV Assessment 


The objective of the Phase III assessment is to assess the drilling site seabed condition 
immediately after drilling is completed. This assessment is designed such that the information 
collected can be used to refine predictions of extent of coverage and thickness of water-based 
drilling fluid and drill-cuttings on the sea floor. This information will be compared with results 
from the subsequent Phase IV assessment. 


The purpose of the Phase IV assessment is to evaluate conditions of the benthic environment 
over time. The assessment will occur no later than 15 months after drilling operations cease at a 
drilling site and will follow the same sampling design (described below) used for the Phase III 
assessment. The same types of samples will be collected in Phase IV as in Phase III, at 
approximately the same locations, and collection of the same numbers of samples will be 
targeted. However, to measure any potential long-term impacts to the benthic community as a 
result of exploratory drilling operations, benthic sampling will be added as part of the Phase IV 
assessment. 
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3.3.1. Sampling Design (Phase III and IV) 


A four-transect sampling design (N, E, S and W) off-set 22.5 degrees in line with the annual 
mean current direction will be used unless indicated otherwise by field observations. This 
standardized environmental monitoring design, which is used for both oil and gas exploratory 
drilling activities and production operations, is a four by four transect/radii design in which the 
sampling stations are placed at increasing distances from the center (e.g. drill site) and one axis is 
located along the dominant annual mean current direction (Olsgard et al. 1995).  Sample stations 
along the transects will be located at four different radii of 100 m, 250 m, 500 m, and 1000 m 
from the drill site location (Figure 10). This sampling design results in a total of 17 stations, 16 
of which are determined from each intersection of the four transects with each of the four radii. 
The 17th sampling station will be in the vicinity of the actual drill site location. For purpose of 
this sampling design, these will be defined as sample-design near-field stations. 


The transect/radii sampling design proposed for Phase III and IV assessment has been used 
extensively in the Atlantic Ocean (e.g., Georges Bank region [Neff et al. 1989]), the North Sea 
(e.g., Norwegian oil exploration and production at Ecofisk, Eldfisk, and other Norwegian oil 
fields [Gray et al. 1990, Olsgard and Gray 1995, Gray et al. 1999, Iversen et al. 2011, The 
Research Council of Norway 2012]), and in the Gulf of Mexico (e.g., Gettleson et al. 1981). Ellis 
and Schneider (1997), building off the work done by others (e.g., Gray, Hurlbert, and 
Underwood), demonstrated that a gradient sampling design is more powerful than a randomized 
control/impact sampling design (e.g., analyzing randomly placed “impacted” areas vs. “control” 
areas). The gradient approach has been shown to allow for an improved distinction between 
natural variability and putative anthropogenic effects (Ellis and Schneider 1997). 


A review of the literature on environmental monitoring of exploratory drilling using water-based 
drilling fluid indicates the majority of impacts, including chemical, physical and biological, from 
wells drilled in water depths less than 200 m occur within 500 m from the drill site (Ellis and 
Schneider 1997, The Research Council of Norway 2012, Trefry et al. 2013). OOC Modeling 
conducted for the purpose of designing the EMP plan of study, as discussed in Section 2.2.4.1, 
indicates this should also be the case for the drilling operations at the Burger prospect. 
Consequently, 13 of the 17 (76%) near-field sampling stations are located within 500 m of the 
well location. By design, there is overlap of the plume-monitoring transect (Figure 9) for Phase 
II with that of the 112.5 degree transect line (Figure 10) for the Phase III and IV sampling 
design.  


Although the OOC Model results predict deposition from water-based drilling fluid and drill-
cuttings in the predominant current direction and within a bound of approximately 500 m from 
the drill site, it will not be solely relied upon for determining the Phase III and IV sampling 
locations. The OOC Model does not incorporate all discrete parameters over time that can 
influence discharge deposition. For example, the water currents in the Chukchi Sea can be 
variable and may frequently change direction (Weingartner et al. 2005, Weingartner et al. 2011). 
Similarly, due to the relatively shallow water depths in the Chukchi Sea, currents may be wind-
driven during storm events, which can also result in currents that are different from the statistical 
averages.  Changes in current directions and velocities, beyond the mean and max predominant 
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current modeled, may result in deposition(s) that are not homogeneous along the anticipated 
average current direction. Unlike the drilling monitoring as part of the Phase II assessment, 
which is reliant on real time water current directions and velocities, the post-drilling monitoring 
is dependent on factors such as sediment re-suspension and re-deposition, which can result in 
modified spatial and temporal depositional footprints.  


Sampling closer than 100 m from the drill site is challenging because the research monitoring 
vessel itself is likely to be more than 60 m long. Sampling biota in this small of an area is 
particularly challenging because the stations are no longer distinct (e.g., 2-4 minute clam rake 
tows are not representative of a single station at 25-50 m from the drill site). 
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Figure 10: Phases III and IV sampling design (seafloor sampling). 
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3.3.2. Initiation of Phase III Sampling 


Completion of well drilling will likely not conclude until late September or early October. 
Delays in beginning of the drilling season or other unforeseen circumstances may result in the 
drilling of only a portion of the well.  Phase III assessment will be initiated when End of Well is 
achieved. End of Well is defined, for purposes of sampling drilling fluid and drill-cuttings, at the 
location where the drill bit is at least 80% of the final well footage (Permit No.: AKG 28-8100, 
Section VII. Definitions, p. 74). Therefore, the Phase III assessment will not be initiated until 
after the well is drilled past 80% of PTD. In the event any other unforeseen circumstances occur 
preventing environmental sampling of data immediately after drilling, Shell will immediately 
notify EPA in accordance with Permit No.: AKG-28-8100 Section II.A.13.h.2, and the 
appropriate course of action will be determined. 


3.3.3. Assessment Components (Phase III and IV) 


Samples collected during Phase III will consist of sediment for chemical and physical analyses, 
clam tissues for chemical analysis, and digital SPI photographs of cross-sections of the sediment-
water interface (Table 8). Phase IV assessment will include benthic community sampling in 
addition to Phase III components. Sample methods for each component are described below. Far-
field stations will be determined based on Phase II data for plume deposition(s) to ensure 
reference stations are well outside any areas potentially impacted by deposition of drilling fluid 
and drill-cuttings. Where possible, some far-field stations will be intentionally located at stations 
previously sampled in prior studies (e.g., CSESP) to allow for long-term data collection at 
stations for which data exist since 2008. This allows for reference locations outside the potential 
impact area(s) (i.e., anthropogenic-specific monitoring) as well as data collection from stations 
outside the potential impact area(s) that have existing data for long-term monitoring (i.e., 
changes as a result of natural variability).  


Table 8: Summary of Near-Field1 and Far-Field Phase III and Phase IV samples slated for collection. 


Discipline 


Number of Sample 
Design Near-field 


stations 


Number of Far-
Field1 stations 


Number of samples 
Sediment Profile Imagery Up to 17  Up to 2-4 Up to 19-212 


Benthic ecology (Phase IV 
only) Up to 17 


Up to 2-4 Up to 57-63 (3 reps, 
possibly 5 reps, 


depending on field 
conditions and 


operational limitations) 


Chemistry—sediments Up to 17 Up to 2-4 Up to 19-21 


Chemistry—biota (clams)  Up to 4 Up to 1-2 Up to 5-6 
Chemistry—biota 


(amphipods)  Up to 4 Up to 1-2 Up to 5-6 


1 Far-field samples will be collected at 2-4 stations contemporaneous with the near-field stations. Far-field stations will be consistent 
with a subset of stations from the CSESP, where possible.  
2 Multiple photographs will be taken at each station (plan-view and cross-sectional) to ensure at least one high-quality photograph per 
station. 
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3.3.4. Physical Sea-bottom Survey (Phase III and IV) 


Plan-view digital photographs of the seabed and profile digital photographs of the sediment–
water interface will be obtained with SPI technology and/or other similar technology such as a 
camera-sled or ROV. In the event that a camera-sled or ROV is used to collect the images, they 
will be plan-view photographs only. Images will be assessed to characterize seabed conditions 
immediately (as soon as practicable) after completion of the drilling operations. SPI technology 
involves the use of submersible digital camera equipment to penetrate and acquire vertical-
profile photographs of the upper 10-20 cm of the seabed sediment that can be analyzed for a 
variety of physical, chemical and biological parameters. A secondary camera is used to obtain 
plan-view images of the seabed surface. ROV and camera-sled technologies use submersible 
cameras to obtain images of the seabed surface.  


Data from the plan-view photographs will be used to characterize the spatial extent and 
depth/thickness of solids deposition as a result of water-based drilling fluid and drill-cuttings 
discharges (D001), excess cement slurry (D012), and muds, cuttings, and cement at the seabed 
(D013). In the event that SPI is used, the addition of the profile photographs can facilitate in situ 
observations at and between benthic-sampling stations, thereby increasing the ability to 
characterize horizontal and vertical impacts on the benthic habitat. During the post-drill surveys, 
photographic data will be collected at up to 17 sample-design near-field stations.  


3.3.5. Sediment Characteristics and Discharge Effects (Phase III and IV) 


Sampling will be conducted at up to 17 near-field stations to evaluate chemical and physical 
sediment characteristics following drilling activities and to determine the lateral extent of 
deposition of water-based drilling fluid and drill-cuttings. The thickness of the depositions on the 
seafloor will also be measured via photographic evidence (Section 3.3.1) in conjunction with 
sediment sampling (e.g., van Veen grabs). Based on the knowledge of chemicals associated with 
drilling operations (and on Permit No.: AKG-28-8100 requirements), the focus for this study will 
include analysis of organics, metals, total organic carbon (TOC), and grain-size distributions. 


3.3.6. Sediment Chemistry Monitoring (Phase III and IV) 


Organic constituents for analysis will include PAH, TPH, SHC and petroleum biomarkers. These 
compounds are consistent with the list of organic chemicals analyzed in the 2008 
characterization study in the Chukchi Sea and the 2012 baseline monitoring at the Burger A drill 
site (see Appendix A) allowing for consistent comparison with the baseline sediment-chemistry 
data from previous studies. Metals and hydrocarbons for analysis in sediments are listed in the 
project-specific QAPP. Sediment chemical concentrations from Phase III will be compared with 
existing baseline data and with the source samples (drilling fluids and drill-cuttings collected 
during Phase II monitoring) for a comprehensive post-activity evaluation and analysis in the 
EMP Report #1. Following Phase IV monitoring, further data comparisons will be made and 
presented in the EMP Report #2.  
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3.3.7. Benthic Community Bioaccumulation Monitoring (Phase III and IV) 


Targeted biota for collection for chemical analysis includes clam tissues (benthic) and 
amphipods (epibenthic). Both clams and amphipods are important infauna and epibenthic 
invertebrate species, respectively, in the Arctic food web (Dunton et al. 2012a). In the Arctic (as 
well as elsewhere), clams are typically representative of lower (2-2.4) trophic levels (Dunton et 
al. 2012a) and are good indicator species for measuring bioaccumulation from benthic exposure 
because they are filter feeders, benthic omnivores, and/or deposit/subsurface feeders (depending 
on the particular species), relatively sessile, and do not typically possess the enzyme systems for 
metabolizing hydrocarbons (Neff 2010, Dunton et al 2012). Clams are an important food source 
for walrus and some seal species that feed in the benthic environment. Amphipods, which are 
primary food for grey whales depending on the particular species,  typically fall in a higher 
trophic level than benthic clams (e.g., trophic level 2.8-3.9 in the Alaskan Beaufort Sea), and 
inhabit the epibenthos (Dunton et al. 2012a). Methods of collection for both types of targeted 
biota will be similar to those used previously in CSESP (Neff 2002), other Arctic programs (Neff 
and Durell 2011) and COMIDA-CAB (Dunton et al. 2012b). 


3.3.7.1. Benthic Clams 


An attempt will be made to collect clam samples at four of the stations where sediment samples 
and samples for benthic community-structure evaluations (in Phase IV) are also sampled, 
initially targeting stations along the transect that represents the average current direction (e.g., 
stations 3,7,11, and 15 in Figure 10). Due to natural patchiness and variability in abundance of 
these larger infaunal organisms, it is particularly challenging to collect adequate sample biomass 
at a pre-determined station. Clam collection will be attempted using a combination of double van 
Veen grab and towed clam rake. The sediment remaining following sediment sample collection 
for chemical analysis using the double van Veen grab sampler, will be sieved through a coarse 
sieve (1” mesh) to gather clams. Previous work done in the CSESP program to collect clams for 
chemical analysis have demonstrated better success using a towed clam rake than using the van 
Veen grab. The clam rake consists of a stainless steel pronged rake with a Vexar-net attached to 
“catch” material as the rake is dragged through the sediment. The Vexar-net has approximately 
one quarter inch holes that allow for water to pass through while the solid materials (including 
biological materials) are retained in the net. The clam rake is deployed from the monitoring 
vessel using a crane or A-frame (or similar) and a winch/block system. When the rake reaches 
the sediment-water interface, it is towed at approximately 2 knots for a few minutes to cover a 
lineal distance of ~30 m per on-bottom time minute. Samples will be targeted at the specific 
defined stations, rather than towed along a transect. The rake is towed around a station in a circle 
or semi-circle (to the degree possible, depending on weather/sea state). This can present 
challenges for the stations in close proximity to the drill site. Typically the duration of the tow is 
determined in the field depending on the “haul” that is obtained following the first few tows. At 
the cessation of the tow, the rake is returned to the vessel via the winch/block system and the 
haul is collected into clean, plastic tubs for sorting. A typical area towed represents 
approximately 150-200 m2. 
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Ideally, samples will represent composited single clam species (not individuals; clams are 
typically not large enough in size in the Chukchi Sea to provide enough tissue mass for chemical 
analysis). When tissue mass is limited, multiple species of clams may be composited from a 
single station to ensure adequate tissue mass for chemical analysis. Previous studies, using 
nitrogen isotope ratio analysis for the clams to be potentially collected, indicate they are all very 
similar in trophic position (Dunton et al. 2012a). Higher level organisms such as crabs, 
polychaete worms, and fish will not be attempted for collection for tissue analysis because these 
organisms metabolize, and thus do not bioaccumulate, polycyclic aromatic hydrocarbons (e.g., 
Driscoll and McElroy 1996, Forbes et al. 2001).  


3.3.7.2. Epibenthic Amphipods  


An attempt will be made to collect amphipod samples at four of the stations where clams are also 
sampled, initially targeting the same stations along the transect that represents the average 
current direction (e.g., stations 3,7,11 and 15 in Figure 10). Due to natural patchiness and 
variability in abundance of organisms, it is particularly challenging to collect adequate sample 
sizes at pre-determined stations for some of the targeted species. 


Amphipods will be sampled using baited modified minnow-traps deployed at the target stations. 
Traps are lined with Nytex mesh (to minimize loss of any amphipods in the traps upon retrieval), 
baited, attached to a long-line and anchor weight and deployed off the monitoring vessel. Traps 
are soaked for 8-12 hours (approximate time dependent on monitoring vessel logistics and 
weather/sea state) and retrieved using a grappling hook. Upon retrieval, the amphipods are 
transferred from the traps to a clean, fine mesh sieve, and thoroughly rinsed. Ideally, samples 
will represent composited single amphipod species of hundreds of individuals. However, when 
tissue mass is limited, multiple species of amphipods may be composited from a single station to 
ensure adequate tissue mass for chemical analysis.  


3.3.8. Benthic Community Structure (Phase IV only) 


Benthic invertebrate communities are a key component in the Chukchi Sea food web, providing 
benthic–pelagic coupling of organic carbon from sediments to pelagic populations, including 
many species of marine fishes, birds and mammals. Benthic-feeding marine mammals in the 
Chukchi Sea include bearded and ringed seals, walruses, gray whales, and occasionally bowhead 
whales (Bluhm and Gradinger 2008). Walruses migrate through the Chukchi Sea and probably 
are the main mammalian predator on benthic bivalves and other large benthic invertebrates in the 
study area (Fay 1982).  


Invertebrates living in sediments (infauna) are excellent indicators of disturbance of benthic 
communities (Boesch and Rosenberg 1981). These sediment-dwelling organisms are either 
sessile or unable to move large distances (relative to the scale of disturbance events). They must 
adjust to environmental change or disappear from the altered environment. Assessments of 
disturbance events usually focus on change in the community composition of benthic animals 
due to the differential responses of the animals to stress at individual and community levels. 
Benthic invertebrates will be collected for community-composition analysis by methods similar 
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to those used in the CSESP (Blanchard et al. 2010, 2011, 2013). Photographic documentation 
(e.g., SPI) will provide a complementary data set to the evaluation of benthic community 
structure by providing the opportunity to document sediment habitat characteristics and changes 
in benthic faunal distributions within sediments via digital photography. 
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4. TECHNICAL METHODS 


The following includes a summary of the field and laboratory analytical approaches. Field and 
laboratory components include quality assurance and quality control aspects which are critical to 
the integrity of the data and ensure data quality. Each field method is described briefly as an 
overview for each approach. Similarly, each technical method is presented as an overall 
summary for each analysis type. Detailed information for both the field and analytical 
approaches can be found in the project-specific QAPP which contains detailed information on 
field SOPs as well as analytical chemistry parameters (e.g., method detection limits, 
instrumentation, corrective action approaches, if needed) and other analytical details.  Laboratory 
SOPs are available upon request.   


4.1. Field Methods 


A project-specific QAPP is presented in conjunction with this EMP document and will be used 
for the execution of the field program. The QAPP describes the field protocols in detail, 
including SOPs. 


4.1.1. Collection of Phase II Samples 


4.1.1.1. Effluent Samples for Toxicity Analysis 


Under the Phase II Assessment, effluent samples for toxicity analysis will be collected by grab 
sampling of the effluent from the six regulated discharges. The effluent samples will be collected 
from the discharge stream after the last treatment step on the drilling rig and before the discharge 
stream enters the ocean. A split of each sample will be collected for chemical and physical 
analysis as described in the project-specific QAPP. Effluent samples for toxicity analysis will be 
collected in pre-cleaned plastic jugs (Cubitainer® or equivalent) and kept on ice in coolers under 
proper chain-of-custody (CoC) procedures, as outlined in the project-specific QAPP associated 
with this program. 


4.1.1.2. Discrete Water Samples (Plume Monitoring) 


Plume tracking will be conducted by integrating water column velocity data to predict the plume 
direction and inform the location of water column profile and discrete sample collection. Water 
column profiles will be accomplished with a CTD system augmented with a transmissometer 
sensors for turbidity measurements. The CTD is connected to a rosette water sampler which 
collects discrete water samples at various depths. Sensor data and discrete water samples will be 
collected to provide information on water column chemical and physical characteristics within 
and outside of the plume(s). Discrete water samples will be collected for water-chemistry and 
water-quality measurements. 


Field SOPs and accuracy and precision for the instruments are included in the project-specific 
QAPP. 
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4.1.1.3. Water-Based Drilling Fluid and Drill-Cuttings 


Two samples of used water-based drilling fluid and two samples of drill-cuttings will be 
collected during each of the primary time periods of the drilling in Phase II that will include 
plume-monitoring, with the exception of drill-cuttings during the bulk drilling fluid discharge (if 
this event occurs) (see Table 7). Sample-collection methods, containers, storage requirements, 
and holding-time requirements are detailed in the project-specific QAPP. Water-based drilling 
fluid compositions and monitoring records will be obtained from the drill-rig supervisor as 
available. 


4.1.2. Collection of Phase III and Phase IV Samples 


4.1.2.1. Physical Sea-bottom Survey 


SPI and/or similar photography techniques will be used to monitor the physical and benthic-
infaunal characteristics in surface sediments (upper 10–20 cm) in the study area after exploratory 
drilling is completed (Phase III). If real time assessment of the images in the field suggests a 
steep gradient between sites with noticeable deposition and sites with no visual signs of 
disturbance, the system will be deployed between the predetermined locations based on best 
professional judgment in the field, in conjunction with logistical constraints and/or weather 
conditions. Field SOPs are included in the project-specific QAPP. 


4.1.2.2. Benthic Ecology Sampling 


Benthic invertebrates will be sampled with techniques and methods consistent with those used 
for the CSESP for community ecology (Blanchard et al. 2011). Infauna will be collected with a 
double van Veen grab and then sieved through a 1.0-mm-mesh screen (the standard for 
investigations in Alaska with fine sediments). Five replicate samples will be collected at each 
sampling location. Field SOPs are included in the project-specific QAPP. Sea water and fine 
sediments resulting from the grab surveys will be discharged overboard from the monitoring 
vessel in compliance with the International Convention for the Prevention of Pollution from 
Ships (MARPOL). The details of the washdown procedures are presented in Appendix D.  


4.1.2.3. Sediment Sampling 


Sediments will be sampled at up to 17 sample-design near-field stations as well as the far-field 
stations, as described in Section 3.3.3, with a double van Veen grab sampler. Sediment samples 
will be collected from the top 2 cm of sediments. Depending on sediment observations from van 
Veen grab collections, gravity-core samples also may be collected in the field to obtain truly 
undisturbed cross-sectional samples of the sediment layer and to provide information on area and 
depth/thickness of solids deposition. If collected, the sediment-core samples would be obtained 
most likely in the immediate vicinity of the drilling location and at the stations located within the 
100-m and 250-m concentric radii from the drill site in the direction of the prevailing current 
during activity. If evidence exists in the field beyond the 100-m radii of drilling fluid and drill-







Environmental Monitoring Program 
Plan of Study 


48 


cuttings thicker than expected based on model predictions, additional core samples may be taken. 
The decision concerning additional coring will be made at the discretion of the field team leads. 


During collection of sediment samples, extreme care will be taken to avoid contact with 
hydrocarbon sources and any possible metals contamination. For example, samples will be 
collected from the internal portion of the sampler, not from the sides that are touching the actual 
van Veen grab. Field SOPs are included in the project-specific QAPP. 


4.1.2.4. Biological Sampling for Bioaccumulation Monitoring 


Both clams (benthic) and amphipods (epibenthic) will be collected for bioaccumulation 
monitoring.  As discussed previously, bivalve (clam) samples will be collected using a 
combination of a clam rake and a double van Veen grab sampler at the same station. Previous 
efforts at collecting bivalves and other benthic organisms in the Chukchi Sea during the 2008 
CSESP and the 2012 DMP indicated that clams are not obtained with the double van Veen grab 
sampler in numbers adequate for the tissue volumes required for chemical analyses. However, 
use of a clam rake towed for a few minutes typically allows for collection of numerous bivalves. 
Because sample size is important for chemical analysis (i.e., having enough sample volume for 
all analyses), the use of the clam rake is warranted for bivalve collection. Target bivalve species 
include Astarte spp. and Macoma spp. Amphipod samples will also be attempted for collection at 
the same stations as those for clam sampling, using baited modified minnow-traps. The species 
of the bivalves and amphipods will be determined as best as possible in the field. However, 
species will be confirmed by taxonomic identification. Field SOPs are included in the project-
specific QAPP. 


4.2. Laboratory Methods 


A project-specific QAPP is presented in conjunction with this EMP and will be used for the 
execution of all laboratory-based analyses. The QAPP describes the analytical requirements in 
detail, including detailed method descriptions or references for sample preparation protocols, 
instrument calibration, and sample analysis specifications. Measurement-quality objectives 
(MQOs), such as method detection limits, quality assurance [QA]/quality control [QC] program 
and criteria, data reporting and qualifying scheme are also described in the QAPP. Additionally, 
the laboratory requirements for the benthic community structure analysis and digital 
photographic analysis are presented in the QAPP. 


4.2.1. Samples for Metals Analysis 


Samples of drill-cuttings, mud samples, water, sediments, and tissues will be analyzed for the 
suite of metals required by Permit No.: AKG-28-8100. The analyses will be conducted following 
protocols that have been developed specifically for reliable trace-level analysis of the target 
metals in complex marine environmental samples. The analytical protocols have been used 
extensively for baseline characterization and monitoring the potential impact of offshore oil and 
gas activities in Alaska, including in the CSESP, COMIDA CAB, Arctic Nearshore Impact 
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Monitoring In Development Area (ANIMIDA) and Continuing Arctic Nearshore Impact 
Monitoring In Development Area (cANIMIDA) programs. 


4.2.1.1. Water 


Water collected for dissolved metal samples during drilling activities (Phase II) will be analyzed 
for the suite of metals required by Permit No.: AKG-28-8100.  Water collected for particulate 
metal samples during the plume-monitoring component in Phase II will also be analyzed for the 
same suite of metals. Details can be found in the project-specific QAPP. 


4.2.1.2. Sediments 


Drilling fluid and drill-cuttings samples collected during Phase II and sediment samples collected 
during Phases III and IV will be analyzed for the suite of metals required by Permit No.: AKG-
28-8100. Details can be found in the project-specific QAPP. 


4.2.1.3. Tissue 


Tissue samples collected during Phases III and IV will be analyzed for the suite of metals 
required by Permit No.: AKG-28-8100. Details can be found in the project-specific QAPP. 


4.2.2. Samples for Hydrocarbon Analysis 


Samples of water, drilling mud, cuttings, sediment and tissues will be analyzed for a suite of 
VOCs (only in water and drilling fluid and drill-cuttings), PAH, petroleum biomarkers (not 
analyzed in water), TPH and SHC compounds. The analyses will be conducted following 
protocols that have been developed specifically for reliable trace-level analysis of the target 
parameters in complex marine environmental samples. The analytical protocols have been used 
extensively for baseline characterization and monitoring the potential impact of offshore oil and 
gas activities in Alaska, including in the CSESP, ANIMIDA, and cANIMIDA programs and are 
described in the project-specific QAPP. 


4.2.2.1. Water 


Water samples collected during Phase II will be extracted for VOC (TAH), PAH, SHC and TPH, 
following laboratory SOPs (see project-specific QAPP). Detailed analytical methods and 
additional information are described in the QAPP. 


4.2.2.2. Sediment 


Samples of water-based drilling fluid and drill-cuttings collected during Phase II and sediment 
samples collected during Phases III and IV will be analyzed for VOCs (drilling fluid and drill- 
cuttings only), PAH, SHC, TPH and petroleum biomarkers, following laboratory SOPs. 
Sediment grain size and TOC content of the sediments will also be determined. Detailed 
analytical methods and additional relevant information are described in the project-specific 
QAPP. 
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4.2.2.3. Tissue 


Samples of biological tissues collected during Phases III and IV will be analyzed for PAH, SHC 
and TPH, and petroleum biomarkers following laboratory SOPs. Detailed analytical methods and 
additional relevant information are described in the project-specific QAPP. 


4.2.3. Samples for Benthic Community Structure and Taxonomic Analysis 


Taxonomic analysis will be conducted on infaunal invertebrates to determine community 
composition. Resulting metrics include taxonomic identification, abundance (individuals m-2), 
and biomass (g m-2). SPI and/or similar technologies (e.g., ROV) and plan-view photography 
will be analyzed according to methods described by Blake et al. (2009), with results incorporated 
into the community analyses. QC methods for benthic taxonomic analysis will follow guidelines 
outlined in Blanchard et al. (2010) adapted from the EPA Environmental Monitoring and 
Assessment Program (www.epa.gov/emap/html/pubs/docs/groupdocs/estuary/field/labman.html). 
Detailed methods and additional relevant information are described in the project-specific QAPP. 


4.2.4. Analysis of Photographic Images 


For SPI digital photography (plan-view and profile), the range of summarized parameters 
assessed in the photographic images include: aerial (horizontal and vertical delineation) sediment 
grain size, prism penetration, surface relief, apparent color redox potential discontinuity layer, 
surface features, subsurface features, successional stage. In the event that an ROV or camera-sled 
is used instead of SPI, only plan-view images will be analyzed. This evaluation will include 
determining the aerial (horizontal) extent of drilling fluids and drill-cuttings. Detailed methods 
and additional relevant information are described in the project-specific QAPP. 


4.2.5. Samples for Toxicity Testing 


Test methods for conducting the initial toxicity screening test and the WET testing on specified 
waste streams are summarized below in Table 9.  Additional details can be found in the project-
specific QAPP. Upon receipt of the toxicity samples at the laboratory, water quality 
characteristics will be assessed, depending on the particular requirements as laid out in the SOPs. 
For example, salinity and dissolved oxygen will be measured. These data can then be used to 
assess whether physical/chemical conditions are similar between the initial toxicity screening test 
and (in the event that a positive initial toxicity screening result is obtained) the WET test. No 
chemical analysis on the initial toxicity screening samples is required by Permit No.: AKG-28-
8100. 
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Table 9: Summary of WET species. 


 


Marine Chronic Toxicity Tests Species Method 


Larval Fish Seven-Day Larval Survival and Growth 
Test 


Topsmelt 
(Atherinops affinis) 
or 
Inland Silverside1 
(Menidia beryllina) 


EPA/600/R-95/136 
EPA-821-R-02-014 


Mysid Shrimp Seven-Day Larval Survival, Growth, 
and Fecundity Test 


Americamysis bahia 
(Formerly Mysidopsis bahia) EPA-821-R-02-014 


Echinoderm Larval Survival and Development Test 


Purple Sea Urchin 
(Strongylocentrotus purpuratus) 
or 
Sand Dollar 
(Dendraster excentricus) 


EPA/600/R-95/136 


1Menidia beryllina may be used as a substitute for topsmelt 


4.2.6. Quality Control/Quality Assurance (QA/QC) 


The quality assurance and quality control component will ensure that the technical components 
of the project meet existing SOPs to confirm the accuracy, integrity and completeness of the 
data. Analytical staff members will be responsible for ensuring that sample tracking, sample 
preparation, and analytical instrument operation all meet QC criteria detailed in the applicable 
analytical SOPs. 


4.2.6.1. Field-Based QA/QC 


Standardized field documentation forms will be used to document all sample collection and 
handling activities, and to track electronically captured data. Field custody of electronic data will 
be the responsibility of the field survey’s chief scientist and/or other responsible party on the 
monitoring vessel. The field custody of the electronic data consists of creating backups of all 
electronic data generated each day. The label on the backup media will include a survey ID, date, 
and name of person creating the backup files. Calibration and maintenance procedures for the 
sensors that will be used are included in the project-specific QAPP. The QAPP also describes the 
preparation of field QC samples such as field blanks and field duplicates. 


4.2.6.2. Laboratory-Based QA/QC 


An integral part of laboratory activities, QC lays out methods for maximizing the quality of 
operations and analyses, provides analysts with metrics about method performance, and aids 
project managers in identifying and correcting systematic and random problems. A routine set of 
QC samples should accompany each set of samples analyzed at the laboratory. Details can be 
found in the project-specific QAPP. 


The MQOs for each QC parameter in this project are presented in the project-specific QAPP. 
Analytical results that do not meet the MQOs will be submitted to and/or reviewed with the 
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project manager/lead scientist for assessment of the potential impact of the results. Affected 
samples may be reanalyzed at the project manager's discretion. QC sample data that are accepted 
outside the MQOs will be indicated with the appropriate data qualifier, and the rationale for 
accepting the analysis will be documented. 


4.2.7. Sample Handling, Storage, Shipping and Custody 


All samples collected on the EMP monitoring vessel will be inventoried in a field log book or 
electronic data acquisition program maintained by the project’s chief scientist. All samples will 
be logged on CoC forms and will be stored in secure areas on the monitoring vessel(s) 
immediately after collection. Sample names will be cross-checked against the CoC logs prior to 
packaging samples in coolers for shipment to laboratories. 


Sample integrity and custody will be maintained at all times. Every effort will be made to deliver 
samples to the laboratories in a timely manner with CoC forms inside each cooler. Established 
procedures will be followed and maintained throughout collection, packaging and shipping. 
Fully-executed CoCs documenting the sample receipt will be maintained by the laboratories. 
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5. REPORTING 


5.1. First EMP Report 


The first EMP report will be submitted no later than June 1 of the year following drilling site 
operations (Permit section II.A.13.k.2). This EMP report will contain a preliminary analysis of 
site conditions during active drilling operations and an analysis of post-drilling conditions. 
Additionally, these data will be compared to existing baseline data. 


5.2. Second EMP Report 


The second EMP report will be submitted no later than June 1 of the year following completion 
of Phase IV (Permit section II.A.13.k.3). As per Permit No.: AKG-28-8100, this EMP report will 
contain: 


i. Summary of the results of all stages of environmental monitoring for each EMP Phase; 


ii. Discussion of how EMP goals and objectives were accomplished; 


iii. Analytical test methods used for data analysis; 


iv. Description of any impacts of the effluent on observed sediment pollutant concentration, 
sediment quality, water quality, benthic community, and marine mammal deflections; 


v. Description of the data, evaluations and determinations with regard to each EMP Phase; 
and 


vi. All relevant QA/QC information including, but not limited to, laboratory instrumentation, 
laboratory procedures, analytical methods detection limits, analytical method precision 
requirements and sample collection methodology. 


5.3.  Toxicity Testing Results Reporting 


Initial toxicity screening test results will be reported within the discharge monitoring report 
(DMR) for the month following sample collection.  The WET testing results (when WET is 
required to be performed due to initial toxicity screening failure or a volume that surpasses 
Permit No.:AKG-28-8100 flow rate requirements and includes chemical additions to the system) 
will be reported in the DMR that occurs at least two weeks after the completion of the WET 
testing.  
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5.4. Data Analysis and Interpretation  


In determining the potential environmental impact of drilling discharges, a systematic framework 
is needed to help organize the kinds of data, identify the type of analyses, and establish the 
process for reaching decisions that will serve the goal of meeting the objectives of the EMP.  
During the four phases of study a variety of data (e.g., chemical concentrations, toxicity testing, 
benthic community measures) will be assembled to address different types of evaluations 
required under the permit.  While the specifics of the framework are not fully set at this time, 
Shell envisions the use of a weight-of-evidence (WOE) approach. 
 
The WOE approach consists of a series of evaluations involving each data type.  During an 
evaluation, the strengths and possible uncertainties associated with the data, as well as with the 
types of analyses that are used on the data, are documented.  As the assessment proceeds, 
information (i.e., “findings”) provided by each evaluation is judged on its own merit and relative 
to the other data assembled.  The end product of the approach is a composite of all evidence 
provided by the evaluations performed on the data.  From there, the collective “weight” of the 
findings can then be used to support an appropriate decision.  
 
The WOE approach is well suited to this effort because it provides a systematic, transparent, and 
easily understood process to support decision making.  Importantly, the WOE approach also 
affords the opportunity for collaboration and consensus.  Shell envisions that the approach will 
be developed and performed through a collaborative process with EPA Region 10 in a series of 
meetings and workshops.  Work on further developing this approach will begin once the EMP is 
approved. 
 
Shell currently envisions that the WOE approach will be developed and performed through the 
creation of a Data Analysis and Synthesis Plan (DASP).  The DASP will serve as the guiding 
process document for evaluating and assembling the findings related to the large amount of 
chemical, physical, and biological data that will be collected under the EMP.  Shell expects that 
the DASP will establish a conceptual framework for analysis, as well as an approach for 
evaluation and synthesis of the data, that will meet the goals and objectives of the EMP [Permit 
Section II.A.13.a and II.A.13.b].    The DASP will be used to: 
   


• Synthesize data collected under the EMP to clearly and concisely demonstrate 
compliance with the conditions set forth in Permit No.: AKG-28-8100;  


• Document the methods and tools for analysis (e.g., statistical analyses) used in the 
assessment of potential impact or environmental change; 


• Provide the foundation for a baseline information management system that is accessible, 
and flexible to the goals and objectives of the EMP;  
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• Help inform decisions prior to, during, and following exploration drilling; 
• Serve as the basis for required regulatory submittals, permit applications and possible 


future public information advisories. 
 
Shell currently envisions the following distinct tasks for the DASP: 
   


• Baseline Information Review.   
An extensive amount of information related to baseline conditions in the Chukchi Sea has 
been collected through various research initiatives dating back to the late 1940's 
Recently, a number of studies have been conducted as part of the Chukchi Sea 
Environmental Studies Program (CSESP; https://www.chukchiscience.com) and the 
Chukchi Offshore Monitoring in Drilling Area (COMIDA) program 
(www.comidacab.org).  Other potentially useful data could reside in the BOEM and 
NOAA’s Synthesis of Arctic Data (SOAR) program 
(http://www.arctic.noaa.gov/soar/index.shtml) and the North Pacific Marine Research 
Institute’s Pacific Marine Arctic Regional Synthesis (PACMARS) program 
(http://pacmars.cbl.umces.edu). Shell intends to evaluate these data and other similar 
information for use in the DASP as it provides relevant and temporally valuable 
information for the purposes of establishing baseline conditions for the EMP phases.  
Shell expects the DASP will describe, consistent with the specific goals and objectives of 
the Permit, temporal, and if possible, spatial trends in baseline conditions.  This task will 
also assure that no biological, chemical, or physical data has been overlooked to include 
in the baseline review. 
   


• Statistical Evaluation and Plotting of EMP Elements.   
Under Task 2 the methods and tools for evaluating the EMP data will be identified and 
used. This work will include a description of the underlying rational for the selection of 
methods and tools, as well as a clear description of their attendant strengths and possible 
limitations.  It is presently envisioned that a variety of parametric and nonparametric 
statistics will be selected for use during Task 2, including multivariate analyses. The 
analyses will ultimately be selected based on consideration of the specific goals and 
objectives identified for the EMP and will account for the inherent variation of chemical, 
physical, and biological datasets for each EMP phase (where applicable). 
  


• Synthesis of EMP Elements. 
Under Task 4 a WOE framework will be developed and applied to synthesize the 
analyses performed under Task 2 to demonstrate that the overall objectives of the EMP 
are met. One possible framework that may be used is the “report card” framework which 
has been applied for a variety of regional water quality efforts requiring the compilation, 
evaluation and reporting of findings for multiple types of environmental data (e.g., Puget 



https://www.chukchiscience.com/

http://www.comidacab.org/

http://www.arctic.noaa.gov/soar/index.shtml

http://pacmars.cbl.umces.edu/
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Sound Vital Signs website - http://www.psp.wa.gov/vitalsigns/index.php).  Although the 
report card model is used here as an example, another WOE framework may be selected 
based on work completed in the prior Tasks. 
 


• Agency Collaboration.   
Shell believes that a strong collaboration with the EPA is necessary to confirm alignment 
on the overall data analysis and synthesis approach, not only at the synthesis step, but 
throughout the entire DASP process.  Frequency and nature of engagements with the 
Agency will be developed as the DASP progresses. 
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INTRODUCTION 


The environmental monitoring program plan of study (EMP) is designed to meet the goals, 
objectives, and other requirements of U.S. Environmental Protection Agency (EPA) 
Authorization to Discharge under the National Pollutant Discharge Elimination System 
(NPDES) for Oil and Gas Exploration Facilities on the Outer Continental Shelf (OCS) in the 
Chukchi Sea, permit number AKG-28-8100 (hereafter referred to as Permit No.: AKG-28-8100). 
The EMP is implemented using a four phased approach, however this document focuses on 
Phase I only. For information on the other phases, see the EMP. The purpose of Phase I is to 
establish a baseline site characterization for proposed drilling sites. This characterization is 
intended to address very specific data quality objectives organized into four elements: 


1. Conduct an initial site physical sea bottom survey (including both a physical and visual 
characterization) to ensure that the drilling site is not located in or near a sensitive 
biological area or habitat [see Permit Sections II.A.13.b.1, II.A.13.f.1, II.A.13.j.2]; 


2. Collect oceanographic information (e.g., surface winds, currents, sea water temperature, 
salinity, turbidity) in order to characterize the physical conditions of the drill site [see 
Permit Sections II.A.13.b.2, II.A.13.f.2]; 


3. Collect chemistry data on natural parameters (e.g., dissolved metals, pH, total suspended 
solids) and potential contaminant parameters (e.g., metal contaminants of concern, total 
aromatic hydrocarbons, total aqueous hydrocarbons) in order to characterize the receiving 
water chemistry [see Permit Sections II.A.13.b.3, II.A.13.f.3]; and 


4. Describe the composition of the drilling site’s benthic community, including infaunal and 
epifaunal invertebrates, bivalves, and crustaceans [see Permit Sections II.A.13.b.4, 
II.A.13.f.4].  


Since Shell is requesting authorization to discharge water-based drilling fluids and drill-cuttings 
(D001), there is an additional baseline data requirement in Phase I of certain sediment 
characteristics (e.g., chemistry, grain size, and contaminant concentrations) and bioaccumulation 
data (i.e., baseline concentrations of contaminants associated with Discharge 001 in benthic and 
epibenthic invertebrate tissue) as per Part II.A.13.j.2 and II.A.13.j.3, respectively, of Permit No.: 
AKG-28-8100. 
As provided for in Permit No.: AKG-28-8100, the Phase I baseline requirements may be fulfilled 
by submitting site characterization data collected recently and at or within the vicinity of the 
proposed drill site locations to EPA for consideration. 
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Permit No.: AKG-28-8100 Section II.A.13.f 
 
Phase I Assessment – Physical site characterization data, collected by the permittee 
pursuant to other agency requirements or as voluntary actions, if collected within the most 
recent five-year period at or in the vicinity of the drill site location, may be submitted to 
EPA for consideration of meeting the Phase I data collection requirements. The permittee 
must submit the existing data along with the EMP Plan of Study. 


 
The purpose of this document is to provide a summary and synthesis of the recent site 
characterization data available for the proposed lease block locations within the Burger Prospect 
and demonstrate that the Phase I data collection requirements have been achieved for the 
Prospect. This document summarizes the types of data collected and the number and location of 
stations. In addition, the results from multiple years and locations are synthesized so that the 
existing physical and benthic biological conditions, including spatial and temporal variation prior 
to drilling activities, are clearly described. 
Site characterization data in the past five years for the northeastern Chukchi Sea have been 
collected by two large, multi-year baseline studies programs and a smaller-scale, spatially 
intensive sampling effort conducted by Shell in 2012. Information about these programs is 
provided below. 


Chukchi Offshore Monitoring in Drilling Area – Chemistry and Benthos Program 


The Chukchi Offshore Monitoring in Drilling Area (COMIDA) (e.g., Trefry et al. 2012) program 
is a comprehensive program funded by the Bureau of Ocean Energy Management (BOEM) that 
is designed to establish an integrated knowledge of the Arctic marine ecosystem within the 
northeastern Chukchi Sea, and specifically, within the Planning Area designated for oil and gas 
exploration and development. The chemical and benthos (CAB) component addressed the 
benthic system with a particular emphasis on trophic structure, sediment chemical 
characteristics, inventories of anthropogenic chemicals (trace metals and organics), and 
inventories of benthic biota, both infaunal and epifaunal. The objectives included: 
• To establish baseline data set for benthic infauna and epifauna, organic carbon and sediment 


grain size, radioisotopes for down core dating, as well as measure trace metals in sediments, 
biota and suspended particles; and 


• To determine the sources, cycles and fate of carbon, selected trace metals and the role of 
trace metals on organic carbon dynamics and food web dynamics on the inner shelf of the 
Chukchi Sea 


In 2009 and 2010, COMIDA CAB investigators collected water column hydrography, sediment 
cores for various chemical analyses and physical properties; water samples for total suspended 
solids, particulate organic carbon (POC), nutrients, and selected trace metals; benthic infaunal 
samples; epibenthic trawl samples, and biota (tissue) samples for chemical analyses (organic 
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contaminants and metals) in the northeastern Chukchi Sea. The cruise reports, principal 
investigators’ presentations, seafloor video footage, data models, links to data archive sites, and 
the May 2012 Final Report are all included on the program’s website:  www.comidacab.org. 
Building from the success of the COMIDA CAB project, a new study began in 2012 with a focus 
on the Hanna Shoal region. The Hanna Shoal Ecosystem Study (Grebmeier et al. 2012) is a 
multi-disciplinary investigation to examine the biological, chemical and physical properties that 
define this ecosystem. The study extends the monitoring initiated under the COMIDA CAB 
program, in which over 70 stations were sampled in the northern Chukchi Sea. The Hanna Shoal 
study adds (1) a pelagic component to address standing stocks of phytoplankton and zooplankton 
and (2) a physical oceanographic study that addresses water mass movements through direct 
measurement of circulation, density fields, ice conditions and modeling (Grebmeier et al. 2012). 
In 2012, 73 distinct stations were occupied in the region. A similar number of stations were 
sampled in 2013. Once data have been collected, analyzed, and quality controlled, maps and 
other data products will be made publicly available on the project website indicated above. 


Chukchi Sea Environmental Studies Program 


The Chukchi Sea Environmental Studies Program (CSESP), begun in 2008, is a multi-year, 
multi-discipline marine science research program in the northeastern Chukchi Sea. The overall 
purpose of the program is to provide the industry partners the necessary baseline site 
characterization data that can be used to conduct realistic evaluations on the potential impacts of 
oil and gas activities. Importantly, it will also contribute to the overall knowledge of the 
northeastern Chukchi Sea marine ecosystem. The studies program has included various scientific 
disciplines over time including: physical oceanography, chemical oceanography, plankton 
ecology, benthic ecology (infaunal and epibenthic communities), seabird ecology, marine 
mammal ecology, pelagic and demersal fisheries, and bioacoustics. 
In 2008 and 2009, the program consisted of two prospect-specific Study Areas for 
ConocoPhillips and Shell, and in 2010, an additional prospect-specific Study Area was added for 
Statoil USA. The Study Areas, each consisting of a 900 square nautical mile area, are designated 
as Klondike, Burger and Statoil. The summary information and synthesis included in this 
document are primarily derived from work conducted within the Burger Study Area. In 2011, the 
studies program expanded to a larger area that encompassed the three prospect-specific Study 
Areas and Hanna Shoal to the north.. 
Details about the science and the investigators as well as maps, presentations, and final reports 
are available through the program website at: www.chukchiscience.com. A special issue of the 
journal Continental Shelf Research was published in September, 2013 entitled Seasonal and 
interannual dynamics of the northeastern Chukchi Sea Ecosystem (Continental Shelf Research 
67:1-166). The issue focuses on the ecology of the northeastern Chukchi Sea and synthesizes 
information across the first 3 years of the study program (2008 – 2010) for each discipline and 
for the broader-scale Chukchi Sea ecosystem. 



http://www.comidacab.org/

http://www.chukchiscience.com/
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Shell Discharge Monitoring Program 


In 2012, additional site characterization data were collected by Shell at 18 localized stations in 
the Burger Prospect as part of a voluntary discharge monitoring program (DMP) conducted by 
Shell prior to implementation of Permit No.: AKG-28-8100. Unlike other scientific programs 
conducted in the area, the DMP stations were distributed within a tight grid extending from 25 
meters (m) to 1500m from the Burger A drill site.  
All of the sampling locations within the Burger Prospect, from which sediment characteristic and 
benthic ecology data have been collected during these programs, are illustrated on Figure 1. 
Sample stations in the immediate vicinity of the Burger Study Area are also included. Not shown 
are the locations of cruise tracks from which physical oceanographic data were collected. 
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Figure 1: CSESP, DMP AND COMIDA CAB stations in the vicinity of Burger prospect, Chukchi Sea, 
2008-2012. 
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The remainder of this document is organized to specifically address the four elements of Phase I: 
• Section 1 summarizes the available digital videos, sediment-profile imaging (SPI) 


photographs, and other photographs and benthic ecology data that fulfills the requirements 
for an initial site physical sea-bottom survey; 


• Section 2 summarizes physical oceanographic and sediment characterization data collected 
over the past five years and synthesizes this information into a concise description of the 
oceanographic and seafloor conditions within the northeastern Chukchi Sea region and at the 
Burger Prospect location; 


• Section 3 summarizes available receiving water chemistry analytical results and specifically 
addresses the following parameters: dissolved metals, pH, total suspended solids and TAH 
and TAqH; and 


• Section 4 provides a synthesis of extensive site characterization data specific to benthic 
ecology at the Burger Prospect area and a discussion of several recent efforts to establish 
baseline bioaccumulation data in benthic marine organisms. 
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1. INITIAL SITE PHYSICAL SEA BOTTOM SURVEY 


Permit No.: AKG-28-8100 Section II.A.13.f.1 
 
Initial Site Physical Sea Bottom Survey. Conduct an assessment of the physical sea bottom 
before initiating discharges authorized by the general permit to ensure the drilling site is 
not located in or near a sensitive biological area or habitat. The survey should provide both 
a physical and visual characterization of the seafloor. If the proposed initial site is located 
in a sensitive biological area or habitat, the permittee must find another well location and 
report the information to the Director in accordance with Section II.A.13.k.1. 


 
The purpose of this section is to demonstrate that the proposed Burger Prospect drilling sites are 
not located in or near a sensitive biological area or habitat. Supporting information and available 
visible characterization data are presented. 
Numerous intensive and broad-scaled benthic surveys have been conducted throughout the 
northeastern Chukchi Sea from the 1960s to the present. At this time, the only areas in Arctic 
Alaska’s marine environment known to have sensitive biological habitat (i.e., particularly 
susceptible to impact or damage) are located where hard strata (boulders) predominate. These 
boulder patches are believed to have been deposited on the seafloor long ago (Dunton et al. 
2009) and provide the foundation for a unique Arctic kelp ecosystem (Martin and Galloway 
1994). For example, in Stefansson Sound (east of Prudhoe Bay) in the Beaufort Sea, patches of 
pebbles, cobbles, and boulders at cover densities of 10 to 25% have been intensively studied 
since the 1970s. In this area, known as the Boulder Patch, a variety of brown and red macroalgae 
have colonized the boulders forming one of the few known macroalgal beds along the Alaskan 
Arctic coast. Sessile fauna such as sponges, encrusting bryozoans, hydroids, soft corals, and tube 
worms thrive on the rocks and on macroalgal substrates (Dunton et al. 2009). This three-
dimensionally structured, epilithic community provides a very unique Arctic marine habitat for a 
number of associated macro-organisms, including more than 150 species of macroalgae, 
invertebrates and fishes (Martin and Galloway 1994, Dunton et al. 2009) compared to 20 to 30 
infaunal species (mainly polychaetes and amphipods) reported in surrounding areas. The Boulder 
Patch is a unique area of high biodiversity in an otherwise silt-mud dominated system that is 
devoid of the majority of these diverse faunal and floral groups (Martin and Galloway 1994). 
In the northeastern Chukchi Sea, similar boulder patches have never been reported. Pre-drilling 
bathymetric and shallow hazard surveys have been conducted within the Burger Prospect and at 
specific proposed drill sites (in compliance with BOEM exploratory drilling requirements); the 
results of these surveys are presented in the Chukchi Sea Exploration Plan (Shell 2012). These 
surveys have not detected cobbles or boulders on the surface of the seafloor at a density that 
might indicate the possibility of a “boulder patch” benthic habitat. 
In addition, digital videos, sediment-profile imaging (SPI) profile photographs, plan-view 
photographs, and benthic-ecology assessment data that were collected between 2008 and 2012 
under the CSESP and Shell DMP also confirm that there are no “sensitive biological areas or 
habitats” that could be designated as critical or unique in the Burger prospect. 
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Plan-view and cross-sectional digital images and data collected in early August 2012 using SPI 
equipment are presented in the Burger A Pre-Drill Sediment Profile Imagine Survey (April 2013) 
(and included as Attachment A of this Appendix). As discussed in Section 4.0 (Survey Results) 
of this report, examination of the photographs indicates consistent conditions in surface 
sediments throughout the Burger A survey area. Sediments at all survey stations appeared to be 
uniformly fine sand-silt-clay. Sediment compaction, as indicated by prism penetration depth, was 
uniform throughout the survey area. Plan-view camera images provided information regarding 
the sea bottom surface and associated benthic organisms. The dominant epifaunal taxon was the 
ophiuroid brittle star (ranging from 11 individuals/m2 to 355 individuals/ m2). Although turbid 
water (caused by storms) resulted in reduced visibility in certain instances, the images acquired 
in 2012 document conditions that are very similar to those from 2011. Video and plan-view 
images from the Burger Study Area, collected in 2011 using a camera sled (Figure 2) and in 
2012 using the SPI equipment (Figure 3), indicate fine-grained, muddy sediments with the 
surface dominated by the brittle star Ophiura sarsi, a brittle star with a broad circumpolar 
distribution (Bluhm et al. 2009). 
SPI profile photographs depict an upper layer of light tan-colored sediment indicating 
biologically-active infauna (invertebrate animals residing within the sediments) and darker 
sediments below with tube-dwelling infauna. In particular, it appears that the survey area has 
well developed and mature infaunal communities – a finding that is consistent with many years 
of benthic sampling within the Burger Study Area. Thus the SPI photographs confirm a 
depositional environment and benthic habitat conditions expected for this part of the northeastern 
Chukchi Sea. 
Certain news releases in 2012 suggested that sensitive species, specifically soft corals, were 
newly discovered in the Burger Study Area and represented a critical habitat at the drilling 
locations (see http://www.greenpeace.org/usa/en/media-center/news-releases/Abundant-corals-
discovered-at-Shells-Chukchi-drill site). The soft coral in question, the Sea Raspberry (Gersemia 
fruticosa and G. rubiformis), is well-known and widely dispersed throughout the north Pacific, 
the Bering Sea, Alaska’s coastal waters, and the Chukchi Sea. Based on the extensive CSESP 
sampling efforts from 2008 to 2012, there do not appear to be any habitats or species that can be 
designated as critical or unique in the Burger Study Area or at the Burger Prospect.  
In summary, the information presented in this section supports Shell’s conclusion that there are 
no known sensitive biological habitats or areas in the Burger Prospect area and that the 
information collected to date fulfills the requirement for an initial site physical sea-bottom 
survey at the proposed Burger Prospect drill sites. 



http://www.greenpeace.org/usa/en/media-center/news-releases/Abundant-corals-discovered-at-Shells-Chukchi-drill%20site

http://www.greenpeace.org/usa/en/media-center/news-releases/Abundant-corals-discovered-at-Shells-Chukchi-drill%20site
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Figure 2: Digital still photographs (showing an area 50cm x 28cm or 0.14 m-2) extracted from videos 
taken during 2011 in the Burger Study Area. The red dots are 10 cm apart. 


  
Figure 3: Digital images taken in 2012 from the Burger A drill site in 2012 using SPI equipment. The red 
dots (enhanced) are 10 cm apart. Source: Battelle, 2012, Attachment A. 
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2. PHYSICAL CHARACTERISTICS 


Permit No.: AKG-28-8100 Section II.A.13.f.2 
 
Physical Characteristics. Collect physical data to characterize the conditions of the drilling 
site and receiving waters. These physical data include surface wind speed and direction, 
current speed and direction throughout the water column, water temperature, salinity, 
depth, and turbidity. 


 
The purpose of this section is to summarize the available physical oceanographic and sediment 
characterization data and synthesize this information into a concise description of the conditions 
at the drill sites and receiving waters. The regional oceanography of the northeastern Chukchi 
Sea is presented first and then specific information about the physical characteristics at the 
Burger Prospect is provided. 


2.1. Regional Oceanographic Conditions 


The basic physical oceanographic conditions of the northeastern Chukchi Sea are well-known 
because of a variety of year-long, subsurface oceanographic moorings that began in the 1980s 
and numerous shipboard measurements collected over many years (Weingartner 1998, 2005, 
2013). It is generally accepted that North Pacific Ocean waters are transported through the 
Bering Strait, across the Chukchi continental shelf and into the Arctic Ocean. This circulation is 
primarily driven by water flowing “downhill” from the higher sea level in the Pacific Ocean to 
the lower sea level in the Arctic Ocean. 
Although relatively shallow (40 to 50 m deep), the general northward flow of water does not 
proceed uniformly across the Chukchi continental shelf because distinctive shelf features “guide” 
the flow and the distribution of water masses (Figure 4). These features include Herald Shoal, 
located in the center of the shelf, with a diameter of about 100 km and minimum depths of about 
20 m, a relatively shallow north-south oriented depression called the Central Channel, and Hanna 
Shoal, about 100 km long and 75 km wide, with minimum depths of about 25 m. 
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Figure 4: Distinctive shelf features of the Chukchi continental shelf. 


Multiple past investigations have demonstrated that the flow of ocean water occurs along three 
main branches – each associated with a particular bathymetric feature (Figures 4 and 5). The first 
branch is composed of flows occurring northward through the Bering Strait and continuing 
northwestward through Hope Valley and into Herald Valley. While most of this outflow 
continues to the shelf break, some of it may spread onto the shelf north of Herald Shoal and drift 
eastward toward the central shelf (Weingartner 1998, 2005, Day et al. 2013). 


 
Figure 5: Flow of ocean water in the East Siberian Sea, northeastern Chukchi Sea, and Beaufort Sea. 
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The second branch flows northeastward along the Alaskan coast towards Barrow Canyon. In the 
summer, this flow includes the northward extension of the low-salinity and nutrient poor Alaskan 
Coastal Current flowing through the Bering Strait. The Alaskan Coastal Current begins in British 
Columbia, Canada and southeastern Alaska as freshwater runoff discharges into the sea. Due to 
the Earth’s rotation, this discharge is forced west and north traveling along Alaska’s coast 
through the Gulf of Alaska, Bering Sea and eventually into the Chukchi and Beaufort Seas. The 
current maintains its low salinity, warmth, and nutrient-poor characteristics as warmer river 
discharges are incorporated. At Barrow Canyon, the Alaskan Coastal Current merges with waters 
flowing eastward from the central Chukchi shelf while proceeding down the Canyon toward the 
shelf break (Day et al. 2013). 
A third branch, of moderate salinity and nutrient load, flows northward through the Central 
Channel. Some of this water moves eastward along the south side of the Burger Prospect and 
eventually enters Barrow Canyon, while another fraction continues northward toward the outer 
shelf west of Hanna Shoal (Day et al. 2013). 
The nutrient and organic carbon loads carried along these branches differ. In the summer, the 
Herald Valley outflow is saltier, colder, and richer in nutrients and marine-derived carbon than 
the waters transported in the Alaskan Coastal Current along the Alaskan coast. The properties of 
the waters crossing the central shelf, including the Burger Prospect discussed below, fall between 
these extremes. 
In addition to Pacific Ocean water, there are three distinct water masses that form seasonally or 
intrude occasionally in the northeastern Chukchi Sea, including the Burger Prospect area. These 
are the (1) sea ice meltwater pools, (2) upwelled continental slope waters, and (3) water masses 
that originate as a result of the formation of recurring polynyas. 
The first water mass consists of the meltwaters produced as sea ice melts and/or retreats across 
the shelf from summer through fall. These are relatively cold but low-salinity waters, having 
much lower density than the cold, saline deeper waters remaining from winter or the relatively 
warm Pacific waters transported northward from Bering Strait in the summer. Meltwater masses 
form 10 to 20 m thick, heavily stratified pools that are separated from ambient shelf waters by 10 
to 20 km wide fronts. These pools and fronts are prominent along the perimeter of the ice edge. 
They may remain at both Hanna and Herald Shoals for several weeks after ice has disappeared 
due to the relatively weak circulation atop the shoals. The weak circulation atop the shoals also 
results in greater amounts of ungrazed plankton material falling onto the shoal and surrounding 
area, which in turn supports an abundance of clams and other benthic organisms. Not 
surprisingly, the residual sea ice that persists in the vicinity of Hanna Shoal is used by Pacific 
walrus to haulout while feeding on the rich benthic fauna present. 
The second water mass consists of upwelled continental slope waters that occasionally intrude 
onto the northeast Chukchi continental shelf through Barrow Canyon. These are upwelled into 
the Canyon from depths of 150 m or greater, most frequently in fall and winter during strong 
northeasterly wind events. On occasion, the upwelled slope water includes deep (approximately 
250 m) relatively warm, salty water whose original source was the Atlantic Ocean. Typically, 
these upwelling events last a few days before the upwelled water drains back down the Canyon. 
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Most of these events are confined to the Canyon proper, but on occasion continental slope water 
reaches the head of the Canyon and spills onto the Chukchi shelf. 
The third distinct water mass originates as a result of the formation of recurring polynyas. 
Polynyas are open water areas surrounded by sea ice that form under freezing atmospheric 
conditions. The largest and most frequently formed polynyas develop in the Chukchi Sea along 
the northwest coast of Alaska during winter episodes of cold, offshore winds. The winds push 
sea ice offshore, allowing surface seawater to lose heat to the atmosphere. Since the seawater is 
already at the freezing point, cooling also results in rapid formation of new ice, which is 
continuously swept downwind by the wind so that the polynya remains open. Once the winds 
weaken sufficiently or reverse direction, the polynya freezes over. Although large volumes of ice 
can be produced in polynya, their development is episodic since it depends upon large-scale 
weather systems. The salinity (and density) of the waters within the polynya increases greatly 
because salt is expelled from newly forming ice crystals. The resulting cold, saline waters 
contribute significantly to the volume of winter water formed on the Chukchi shelf. 
Although the annual temperature and salinity cycles between the Chukchi Sea and Bering Strait 
are very similar, the near bottom winter waters on the Chukchi continental shelf, including the 
Burger Prospect area, remain saline and close to the freezing point longer than those waters in 
more southern areas of the Chukchi Sea and the Bering Strait. In part, this is due to the longer 
freezing season, but it also reflects the time required for cold, saline deep waters moving 
northward from the Bering Sea to traverse the Chukchi continental shelf. Moreover, winter 
waters are replaced much more slowly around the Hanna Shoal region than along the main flow 
pathways (Weingartner et al. 2013). 
Chukchi Sea waters are eventually flushed into the Arctic Basin and/or into the Alaskan Beaufort 
Sea. The low density Chukchi summer waters enter the upper 50 m of the Arctic Ocean basin, 
whereas denser winter waters typically descend to 100 to 200 m depth in the Arctic Basin. Here 
they contribute to the maintenance of the Arctic Ocean’s halocline, a salt-stratified layer that 
separates the fresh, cold surface (Weingartner et al. 2013). 
In summary, circulation in the Chukchi Sea is controlled largely by the opposing tendencies 
between the pressure gradient that forces water northward though the Bering Strait and across the 
Chukchi continental shelf and the predominant wind systems that force water southward. The 
location of various branches of this northward flow of water is primarily due to the shelf 
topographic features such as the Central Channel and Hanna Shoal. 


2.2. Burger Prospect Oceanographic Conditions 


Physical data collected for the past five years in the OCS Chukchi Sea under the CSESP and 
COMIDA programs include surface wind speed and direction, current speed and direction 
throughout the water column, water temperature, salinity, depth and turbidity. Data collected 
from the northeastern Chukchi Sea over the past five years include shipboard measurements of 
vertical profiles of temperature and salinity, velocity measurements from year-round 
oceanographic moorings, satellite-tracked drifters, and shore-based surface current-mapping 
radars that are operating during the open-water season from August through late October. These 
data are supplemented by historical data sets (shipboard and moorings only) from the 
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northeastern Chukchi Sea shelf. This information has been reported by Coachman et al. (1975), 
Martin and Drucker (1997), Weingartner et al. (1998, 2005, 2013), Winsor and Chapman (2004), 
Woodgate et al. (2005a, 2005b), Pickart et al. (2005), Spall (2007), Mudge et al. (2010), and 
Timmermans and Winsor (2013). In addition, several publicly-accessible websites provide 
additional information and data, some of which (e.g., meteorological reports, data from shore-
based current-mapping radars, satellite drifters) provide data in real-time during the open-water 
season. These websites include: 
• http://www.ims.uaf.edu/hfradar/ ; 
• http://dm.sfos.uaf.edu/chukchi-beaufort/data/drifters/ ; and 
• http://www.ims.uaf.edu/chukchi/ ; 
• http://www.aoos.org/industry-arctic-data/. 


2.2.1. Water Depth 


Bathymetric data and individual sampling station data from both the CSESP and COMIDA CAB 
studies demonstrate that water depth is well characterized in the Chukchi Sea and within the 
Burger prospect. Water depths in the Burger prospect are shallow and consistently range from 40 
to 50 m. 


2.2.2. Temperature and Salinity 


The temperature and salinity properties of the Chukchi shelf undergo seasonal transitions that are 
a consequence of freezing and thawing (largely governed by the annual cycle in solar radiation) 
and transport of water masses northward from the Bering Sea. In the summer and fall months, 
Bering Sea summer waters are an important source of heat that accelerates ice retreat (in 
summer) and delays fall ice formation. By the end of the winter, water column temperatures are 
vertically and nearly horizontally uniform at the freezing point of seawater (approximately −1.7 
degrees centigrade [°C]). Salinity also is vertically uniform at this time and ranges from 32 to 33 
parts per thousand (ppt). By early summer, these dense waters, all of which were formed during 
the previous winter, are found across the entire northeastern Chukchi shelf. As ice-melt begins in 
spring, the water column stratifies because the surface layer is diluted by fresh ice meltwater that 
is less dense than the salty bottom waters. Depending on mixing and the rate of ice-melt, the 
upper 5-15 meters (m) of the water column has salinities between 27 and 30 ppt. Spring and mid-
summer surface temperatures can range from approximately −1°C to approximately +4°C, with 
the warming largely being a consequence of solar warming of the meltwater. Through July, 
much of the northeastern Chukchi shelf, and the Burger Study Area in particular, is characterized 
by a strongly salt-stratified water column. By August, the stratification of the northeastern 
Chukchi shelf weakens with the arrival of less stratified, moderately salty, and warm waters from 
the Bering Sea. These waters infiltrate the Burger Study Area from the west and south, leading to 
a reduction in stratification as surface meltwaters and dense winter bottom waters gradually are 
displaced from the region. Within the Burger Study Area, the replacement of these water masses 
typically is completed by mid- to late September. The erosion in stratification also is accelerated 
in fall as wind speeds increase (generally) and solar heating diminishes, and the water column 



http://www.ims.uaf.edu/hfradar/

http://dm.sfos.uaf.edu/chukchi-beaufort/data/drifters/

http://www.ims.uaf.edu/chukchi/

http://www.aoos.org/industry-arctic-data/
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typically is well-mixed again by mid-October. An example of the August-September transitions 
in water column temperature and salinity over the northeastern Chukchi Sea (including Burger 
prospect) is shown in Figure 6. Colors indicate different values for temperature and salinity. 
Warmer temperature values are indicated by yellow, orange, and red colors while cooler 
temperature values are indicated by light and dark blue colors. Similarly, higher salinity 
concentrations are indicated by yellow and orange colors and lower salinity concentrations are 
indicated by green and blue colors. 


 
Figure 6: Temperature (top) and salinity (bottom) cross-sections across the northeastern Chukchi Sea in 
early August (A10; left) and late August to mid-September (AS10; right), 2010 (e.g., Weingartner et al. 
2013). Colors indicate different values for temperature and salinity. Warmer temperature values are 
indicated by yellow, orange, and red colors while cooler temperature values are indicated by light and 
dark blue colors. Similarly, higher salinity concentrations are indicated by yellow and orange colors and 
lower salinity concentrations are indicated by green and blue colors.  


2.2.3. Currents and Wind 


Although a large-scale forcing factor drives water flow northward, this flow is against the 
predominant northeast surface winds that tend to force water flow to the southwest. Therefore, 
temporal variations in current strength and direction can be significant – especially in the 
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presence of strong winds. Sufficiently strong storms can reverse the flow to the southwest over 
broad portions of the shelf, including the Bering Strait region. The wind influence is greatest, 
however, at the surface and decays rapidly with depth so that currents may vary in magnitude 
and direction with depth. Under moderate to strong winds, the surface waters are expected to 
move downwind while the sub-surface flow would weaken – but still flow upwind. 
At the Burger Prospect, mean current speeds during the ice-free season range between 5 and 10 
centimeters (cm) per second (s-1)(0.1-0.2 knots [kt]) and generally flow toward the east. The 
variability of the current strength is related primarily to variations in the strength and direction of 
the winds. On average, winds blow from the eastern (northeast, east or southeast) octants about 
45% of the time in July, with this percentage increasing to 60% in October (Figure 7).  
 


 
 
 
Figure 7: Wind roses for July (left) and October (right) for the Northeast Chukchi Sea near the Burger 
Prospect.  These distributions characterize the mean wind speeds and directions recorded at the beginning 
and end of the open water season, and show the predominant easterly direction and increase in wind speed 
observed throughout the open water season. 


The frequency distributions of winds blowing from the other octants are roughly comparable in 
these months, with each octant accounting for 5 to 10% of the total. The existing data suggest 
that the flow begins to reverse (at least at the surface) when winds from the east or northeast 
exceed ~6 m s-1 (12 kt). Winds generally are weak during July and August, when <30% of the 
winds speeds from the eastward octants exceed 6 m s-1. Hence, currents at the Burger Prospect 
tend to be comparable to the mean about 70% of the time during these months. In September and 
October, wind speeds exceeding 6 m s-1 occur about 35% of the time. This increase in wind 
strength is associated with an increase in current variability. Currents vary principally between 
being eastward and westward in the Burger prospect. As a consequence of fall storms, the mean 
flow conditions occur ~40-50% of the time in September and October. Maximal wind-driven 


Wind speed (m/sec) 
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current speeds are 40-50 cm s-1 (0.8-1.0 kt) and may persist for periods of two to several days. 
Although these larger currents may occur anytime during the open-water season, they are more 
common in the fall when stronger winds associated with fall storms move through the region. 
The velocity field also is highly correlated spatially over the northeastern Chukchi shelf. In 
general, there is little velocity difference (shear) between surface and subsurface layers of the 
water column. However, the magnitude of the velocity shear depends upon the strength of the 
stratification, in that strongly stratified waters tend to have greater shear because stratification 
traps the momentum imparted by the winds to the surface layers. 
In conjunction with the existing data sets for the Chukchi Sea, shore-based radars operate 
throughout the open-water season. The current data generated from the shore-based radars 
includes data covering the Burger prospect. These data are publically available in real-time on 
the internet at http://www.ims.uaf.edu/hfradar/animation/. 


2.2.4. Turbidity and Total Suspended Solids 


Turbidity and total suspended solids (TSS) are measures of “particulate” concentrations in the 
water column. Turbidity is a measure of the “clarity” of water, while TSS is a discrete 
measurement of particulate concentration in a discrete water sample. The baseline data represent 
TSS data collected from discrete water samples in the Chukchi Sea and are presented here. Data 
from COMIDA CAB indicate that the concentrations of TSS in the upper 30 m of the water 
column for the combined 2009 and 2010 data set for the northeastern Chukchi Sea (n = 84) 
averaged 0.27 ± 0.18 (standard deviation [SD]) milligrams per liter (mg/L) with a range of 0.07 
to 0.74 mg/L (Table 1). In the Burger Study Area, TSS values averaged 0.31 ± 0.23 mg/L and 
ranged from 0.13 to 0.38 mg/L, for water depths in the upper 30 m. In contrast, at water depths 
greater than 30 m, values for TSS in the northeastern Chukchi Sea during both 2009 and 2010 
averaged 1.8 ± 0.8 (SD) mg/L, almost seven times higher than found in the upper water column 
(Table 1). In the Burger Study Area, TSS averaged 1.1 ± 0.57 mg/L and ranged from 0.73 to 1.54 
mg/L for water depths greater than 30 m. Most vertical profiles for TSS show a clear trend of 
lower values in surface water and distinctly higher values below the pycnocline, in the lower 20 
m of the water column. As previously mentioned, bottom currents in the eastern Chukchi Sea 
have an annual average flow of ~5 to 10 cm s-1 with maximal values as high as 45 cm s-1 
(Weingartner et al. 2005), sufficient to re-suspend bottom sediments. A strong pycnocline and 
shear across that density boundary seem to confine re-suspended sediments to the bottom 20 m 
of the water column. Values for TSS in surface water also are limited by a minor influx of river 
runoff to the northeast Chukchi Sea. 


Table 1: Summary data for total suspended solids collected from the Chukchi Sea during the 2009 and 
2010 COMIDA surveys. 


 
2009 2010 2009 2010 2009 2010 


<30 m <30 m >30 m >30 m >30/<30 m >30/<30 m 
Total Suspended Solids (mg/L) 


Mean 0.29 0.26 2.41 1.55 8.4 5.9 
SD 0.19 0.17 0.96 0.55 - - 
N 34 50 14 25 - - 



http://www.ims.uaf.edu/hfradar/animation/
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2009 2010 2009 2010 2009 2010 


<30 m <30 m >30 m >30 m >30/<30 m >30/<30 m 
Max 0.69 0.74 4.29 2.47 - - 
Min 0.08 0.07 1.23 0.73 - - 


 


The composition of the suspended particles also was distinctly different in surface versus bottom 
water. For example, concentrations of particulate Al (as a % of TSS) averaged 1.0 ± 0.9% in the 
upper water column vs. 3.8 ± 1.8% for samples collected at greater than 30 m water depth during 
2009 and 2010. This trend is consistent with greater amounts of re-suspended aluminosilicates 
(silt and clay minerals) in the lower water column relative to the upper water column. In contrast 
with the trend for particulate Al, concentrations of particulate organic carbon (POC) as a % of 
TSS for 2009 and 2010 combined averaged 19 ± 9% at water depths <30 m and 9 ± 7% at water 
depths >30 m (Table 1). Thus, more organic-rich and clay-poor particles were collected from the 
upper part of the water column and vice versa for the lower part of the water column. 


2.3. Sediment Characteristics 


Section II.A.13.j.2 of the Permit No.: AKG-28-8100 requires baseline data for sediment 
characteristics associated with authorization to discharge water-based drilling fluids and drill-
cuttings. Baseline concentrations of potential contaminants in sediments are therefore needed to 
determine whether anthropogenic inputs of the contaminants are present in samples collected in 
Phase III or Phase IV field efforts. Because trace metals and hydrocarbons occur naturally in the 
environment at different concentrations, the process of establishing baseline values can be 
challenging. In this section, concentration data for metals and hydrocarbons in sediments are 
presented; analytical results from the larger northeastern Chukchi Sea region are presented first 
and then compared to the Burger Prospect specific results. This comparison is presented in order 
to demonstrate that useful baseline values already exist for the Burger Prospect area. 


2.3.1. Metals 


More than 300 sediment samples (studies described above) from the northeastern Chukchi Sea 
have been collected and analyzed for 19 metals. This data set includes 69 samples from the 
Burger Study Area (square marked B in Figure 8) and 259 samples from outside of the Burger 
Study Area, in the northeastern Chukchi Sea (Figure 9, Table 2). To place sample numbers in 
perspective, Table 2 provides an overall summary of sediment samples as well as environmental 
samples from other matrices (water and biota) collected and analyzed for metals in the Chukchi 
Sea. A five-fold range in concentrations of Al and other metals has been found throughout the 
northeastern Chukchi Sea (Figure 10A). However, because concentrations of Al are positively 
correlated with silt + clay content (i.e., concentrations of Al are very low in coarse-grained 
quartz sand and carbonate shell material and are much higher in fine-grained aluminosilicates), 
the relationship between absolute concentrations of Al and trace metals can be explained by 
variations in grain size, TOC and/or mineralogy because these three variables control metal 
concentrations in sediments (Trefry et al. 2003). This relationship can then be used to determine 
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baseline metal concentrations in sediments from the northeast Chukchi Sea. The lowest 
concentrations of Al are found near the coast in sand and gravel and in the sandy sediments of 
Hanna Shoal. The highest concentrations of Al are found offshore in silt- and clay-rich sediments 
(Figures 9A and 9B). The distribution of fine-grained sediment (silt + clay) follows that observed 
for Al (Figure 10A) because fine-grained sediment contains Al-rich clays (i.e., aluminosilicates). 
Sediment concentrations of Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Sn, V and Zn also vary 
considerably throughout the northeastern Chukchi Sea; however, they are strongly correlated (r2 


= 0.7-0.9) or very strongly correlated (r > 0.9) with concentrations of Al (see Cr, Zn and Hg in 
Figures 9B, C and D) and thus followed the same geographic trends described for Al (Figure 
10A).  


 
Figure 8: Location of sediment sampling stations in the northeastern Chukchi Sea. The stations identified 
with markers were sampled as part of the COMIDA project (Dunton et al. 2012). The two squares 
identify the Burger (B) and Klondike (K) Study Areas. 
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Figure 9: Contour maps for (A) concentrations of aluminum (%), and (B) % silt + clay with pie diagrams 
showing gravel (black), sand (blue) and silt + clay (cross-hatched) in surface sediments. Solid circles 
show the 58 stations that were used to determine baseline metal concentrations in sediments from the 
northeast Chukchi Sea (Trefry et al. 2012). Red circle shows location of the Burger A drill site. 


 


Table 2: Summary of sediment, biota, and water samples collected in the northeastern Chukchi Sea for 
metals analysis, including the 2012 Burger A drill site. 


Area Year 
Collected 


# Surface 
Sediment 
Samples 


# Samples 
from Cores 


(# cores) 


# Pools of Clam 
Samples (Astarte spp.) 


# Water 
Samples 
(filtered) 


NE Chukchi Sea 
Burger A drill site 2012 18 - 17 - 
Burger Study Area 2008-2010 46 23 (3) 17 6 
Northeastern 
Chukchi Sea 2009-2012 76 183 (12) 5 88 


 


A reliable and well-accepted method for identifying background metal concentrations in marine 
sediments has been developed – by normalizing trace metal concentrations to Al concentrations, 
the most abundant metal in marine sediments (Bruland et al. 1974; Trefry and Presley 1976; 
Schropp et al. 1990; Trefry et al. 2003). This is based on the assumption that, without detectable 
anthropogenic inputs, natural concentrations of metals will plot within the 99% prediction 
intervals (calculated from linear regression analysis), as shown on plots of individual metals 
versus Al concentrations (see Figures 9B, 9C, 9D). The prediction intervals on the various metals 
versus Al plots define the upper and lower limits of baseline metal concentrations and can 
therefore be used to define baseline metal concentrations throughout the northeastern Chukchi 
Sea, including the Burger Prospect area. 
  


Burger A 
(2012) 


Burger A 
(2012) 
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(A)       (B) 


             
(C)       (D) 


Figure 10: Concentrations of (A) silt + clay vs. Al, (B) Cr vs. Al, (C) Zn vs. Al, and (D) Hg vs. Al, for 
surface sediments from baseline stations throughout the northeastern Chukchi Sea. Equations and solid 
lines are from linear regression calculations for the 2009-2010 data from the COMIDA project (Dunton et 
al. 2012); dashed lines show 99% prediction intervals; r is the correlation coefficient; n is the number of 
samples; and p is the probability factor. 


For the northeastern Chukchi Sea, a complete series of 17 plots of metal concentrations versus Al 
concentrations, such as those in Figures 9B, C and D, have been prepared (Trefry et al. 2012, and 
included on reference CDs submitted with this document) to define baseline concentrations for 
17 of the metals listed in Table 3. In other words, a master baseline for the northeastern Chukchi 
Sea has been established for essentially the same metals listed by the Permit No.: AKG-28-8100 
for analysis at the proposed drill sites. Naturally occurring metal concentrations in samples 
collected from a new location in the northeastern Chukchi Sea, such as the proposed Burger drill 
sites, should plot within the established prediction intervals on the relevant graph. Significant 
and positive deviations from the linear trend, such as shown by a hypothetical example for Zn 
contamination (Figure 10C), can then be used to identify metal contamination (or diagenetic 
remobilization) as described in more detail within Trefry et al. (2003). 
The metal concentrations in surface sediments from the Burger A drill site are very uniform. The 
concentrations of 19 metals in 18 sediment samples collected from the Burger A drill site during 
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2012 had an average relative standard deviation (RSD) of ~7% (Table 3; also see sampling 
locations in Figure 1). This represents very low variability between samples for most metals 
associated with water-based fluids and drill-cuttings, and further supports that sediment 
characteristics within the Burger Prospect are uniform and adequately characterized. For Ag, Cd 
and MeHg, RSDs >10% were due in part to the very low natural concentrations of these metals. 
The high RSD for As was due to As enrichment in surface sediments at a few stations due to 
natural diagenetic processes (see Table 1 in Trefry et al. 2010). 
The data in Table 3 can be considered to represent baseline metal concentrations for the Burger 
Prospect, and fall within the broad-scale baseline data set for the northeastern Chukchi Sea 
described above. 


Table 3: Concentrations of metals (mean ± SD) in sediment samples from 2012 study of Burger A drill 
site. 


Parameter 
(n = 18) 


Ag 
(μg/g) 


Al 
(%) 


As 
(μg/g) 


Ba 
(μg/g) 


Be 
(μg/g) 


Cd 
(μg/g) 


Cr 
(μg/g) 


Cu 
(μg/g) 


Fe 
(%) 


Total Hg 
(ng/L) 


Mean 0.14 6.09 13.0 625 1.4 0.19 85 17.0 3.5 39 
SD 0.02 0.17 3.3 14 0.1 0.02 3 1.3 0.2 3 


RSD1 14 2.8 25 2.2 7.1 10 3.5 7.7 5.7 7.7 
 


Parameter MeHg 
(ng/g) 


Mn 
(μg/g) 


Ni 
(μg/g) 


Pb 
(μg/g) 


Sb 
(μg/g) 


Se 
(μg/g) 


Sn 
(μg/g) 


Tl 
(μg/g) 


V 
(μg/g) 


Zn 
(μg/g) 


Mean 0.14 6.09 13.0 625 1.4 0.19 85 17.0 3.5 39 
SD 0.02 0.17 3.3 14 0.1 0.02 3 1.3 0.2 3 


RSD1 14 2.8 25 2.2 7.1 10 3.5 7.7 5.7 7.7 
1RSD = (SD/mean) x 100%. 
Mn = manganese 
V = vanadium 


 


2.4. Hydrocarbons 


Polycyclic aromatic hydrocarbons (PAHs) are the class of hydrocarbons that generally are of 
greatest interest from an environmental, ecological and toxicological perspective. Total PAH 
data for 29 sediment samples collected from the Burger Study Area in 2008 (i.e., CSESP) and 20 
sediment samples collected from the Burger A drill site area in 2012 (i.e., Shell DMP) were 
analyzed in order to establish a baseline hydrocarbon site characterization for the Burger 
Prospect. Sample locations are shown in Figure 1 (green squares). The PAH data was compiled, 
analyzed and summarized with selected statistical methods and also plotted to compare 
concentrations within and among these data sets. 
When comparing data between studies, it is important that target analytes and analytical methods 
are comparable and that any differences in methods are understood and can be accounted for. 
The 2008 Burger Study Area and 2012 Burger A drill site sediment samples were collected the 
same way, were analyzed by the same laboratory with the same methods, and therefore can be 
compared with confidence. The samples were collected to represent the top 2 cm of the surface 
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sediment, the target analytes were the same, and the analytical methods used were the same. A 
total of 42 PAH parameters, including several alkylated PAH homologous series, were measured 
in the Total PAH analysis. The Total PAH analytical results for the two Burger datasets are 
summarized in Table 4. The mean concentrations for the Total PAH compounds are presented 
along with the SD and the minimal (Min) and maximal (Max) sample concentrations. These data 
also are presented graphically in Figures 10 and 11. 


Table 4: Summary of concentrations of hydrocarbons (µg/kg dry weight [DW]) in the upper 2 cm of 
sediments at the Burger Study Area (2008) and the Burger A drill site (2012) in the Chukchi Sea. 


 Burger Study Area (29 samples) Burger A drill site (20 samples) 
Hydrocarbon 


parameter Mean SD Min Max Mean SD Min Max 


Total PAH (Σ42) 300 93.1 121 482 304 25.0 264 365 
 


 


 
Figure 11: Summary of Total PAH concentrations (µg/kg DW) in sediment samples from the Burger 
Study Area (2008) and the Burger A drill site (2012) of the Chukchi Sea. Horizontal line in the box 
represents the median value. The vertical lines extend to the smallest and largest non-outlier values and 
the black dots represent actual data points that fall outside the first and third quartiles. 
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Figure 12: Total PAH concentrations (µg/kg DW) in sediment samples from the Burger Study Area 
(2008) and the Burger A drill site (2012) of the Chukchi Sea with the mean concentration, the 95% 
confidence intervals (dashed lines), and the SD (dotted lines) shown for the Burger Study Area samples. 


Average sediment Total PAH concentration for 2008 Burger Study Area samples and Burger A 
drill site samples was 300 and 304 µg/kg DW, respectively. Variability within those two datasets 
was slightly greater for the Burger Study Area samples (Figure 11) than the Burger A drill site 
samples, with a SD of 93 µg/kg DW (Table 4) that translates to a %RSD of 30. In contrast, 
variability was very small for the Burger A drill site samples, which had a SD of 25 µg/kg DW 
(%RSD of 8%). 
The data assessment also included normalizing the PAH concentrations to common data-
normalizing parameters, to account for natural variability due to differences in sediment 
characteristics that may otherwise confound the data analysis. These sediment characteristics 
included using sediment TOC concentration, grain size (represented by the %fines [silt + clay]), 
and perylene (a non-petroleum, primarily biogenic, PAH that is abundant in some sediments). 
PAH concentrations in the Burger Study Area and the Burger A drill site generally covaried with 
all three parameters, increasing with increasing %TOC, %fines, and perylene (Figure 13). These 
relationships were not strong and did not indicate that these were major drivers of the PAH 
concentrations. The %TOC and %fines, however, may help to predict site-specific hydrocarbon 
concentrations. For example, the Burger Study Area TOC-normalized Total PAH concentrations 
were predictive of the Burger A drill site concentrations (Figure 13). 
One-way analyses of variance (ANOVA) and Mann-Whitney tests were conducted on both data 
sets in order to compare the Burger Study Area and the Burger A drill site sample results to test 
for differences or similarities. As illustrated in Table 5, Total PAH concentrations in sediment 
samples were not significantly different between the Burger Study Area and the Burger A drill 
site (p = 0.879). 
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The data from the Burger Study Area are very similar to those from the Burger A drill site and 
appear to be highly predictive of baseline concentrations in the Burger A drill site (Figure 13). 
Mean Total PAH concentration is statistically equivalent for these two datasets (300 and 304 
µg/kg DW), and the mean and confidence intervals for the Burger Study Area data generally 
predict the concentration range that would be expected at a specific location within the broader 
Study Area, such as at Burger A drill site (dashed lines in Figure 12), with few exceptions. As 
expected, the SD for the Burger Study Area data (dotted lines in Figure 12) covers a slightly 
wider range than does the confidence intervals and fully captures variation in the site-specific 
data. These predictions are based solely on sediment PAH concentrations and incorporate 
differences from varying sediment characteristics (e.g., TOC content, grain size). The prediction 
can be refined further by factoring in the small influence TOC content and grain size have on 
PAH concentrations in the Burger Study Area and Burger A drill site (Figure 13). 


       
Figure 13: Total PAH concentration (µg/kg DW) vs. %TOC for the Burger Study Area (2008) and the 
Burger A drill site (2012) samples (left), and the Total PAH concentration (µg/kg DW) vs. % fines for the 
Burger Study Area (2008) samples (right). 


 


Table 5: Mann-Whitney tests for difference in median concentration of PAH (µg/kg DW) in the upper 2-
cm of sediments between the Burger Study Area (2008) and the Burger A drill site (2012). 


 Burger Study Area (29 samples) Burger A drill site (20 samples)   
Parameters Median Median U-statistic p-value 
Total PAH 308 310 492 0.879 


 


In conclusion, the recent and historical data sets have provided sufficient baseline physical site 
characteristics (currents, water column properties, and sediment concentrations) so that potential 
discharge related impacts can be evaluated at the proposed drill sites within the Burger Prospect 
when combined with data collected during Phases II, III, and IV of the EMP. 
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3. RECEIVING WATER CHEMISTRY 


Permit No.: AKG-28-8100 Section II.A.13.f.3 
 
Receiving Water Chemistry and Characteristics. Collect water chemistry data to 
characterize the receiving waters. This monitoring should include an assessment of 
pollutants that are expected to be present in discharge effluent and for which there are 
federal water quality criteria and/or state water quality standards. These parameters 
include dissolved metals, pH, turbidity, total suspended solids, total aqueous hydrocarbons, 
and total aromatic hydrocarbons. The metals monitoring must include, at a minimum, the 
metal contaminants of concern listed in Table A, below. The permittee may propose an 
alternative list based on site-specific data. 


 
The purpose of this section is to summarize available receiving water chemistry analytical results 
and specifically addresses natural parameters (e.g., dissolved metals, pH, total suspended solids) 
and potential contaminant parameters (TAH and TAqH). 


3.1. Metals 


Concentrations of dissolved metals were determined for 6 samples from the Burger Study Area 
and 88 samples from the northeastern Chukchi Sea during 2010. The analytical results were 
compiled, analyzed and statistically summarized. As illustrated in Table 6, the concentrations of 
dissolved metals in northeastern Chukchi Sea water samples are generally consistent with Burger 
Study Area samples. Concentrations of some metals, including arsenic (As), barium (Ba), 
antimony (Sb), selenium (Se) and thallium (Tl), tend to track salinity values and have small RSD 
values of 3% to ~20% in both the Burger Study Area and throughout the northeastern Chukchi 
Sea region (Table 6 and As vs. salinity shown in Figure 14A). 


Table 6: Concentrations of dissolved metals (mean ± SD) for water samples from 2010 for the Burger 
Study Area and northeastern Chukchi Sea.  For reference, TSS (mean ± SD) are also reported.  Note that 
the Burger Study Area dataset is a subset of the Northeastern Chukchi Sea dataset. 


Parameter As Ba Cd Cr Cu Total Hg Ni Pb Sb Se Tl Zn TSS 
Burger Study Area (2010; n = 6) 


Mean 1.16 7.7 0.046 0.13 0.24 0.0005 0.32 0.004 0.13 0.034 0.009 0.33 0.59 
SD 0.04 1.2 0.024 0.07 0.04 0.0003 0.08 0.002 0.01 0.002 0.001 0.06 0.52 


RSD1 3 16 52 54 17 60 25 50 8 6 11 18 - 
Northeastern Chukchi Sea (2010; n = 88) 


Mean 1.15 8.2 0.046 0.10 0.27 0.0005 0.32 0.006 0.12 0.034 0.010 0.45 0.80 
SD 0.12 2.0 0.021 0.02 0.10 0.0003 0.08 0.002 0.01 0.006 0.002 0.26 0.88 


RSD1 10 24 46 20 37 60 25 33 8 18 20 58 - 
metals measurements = μg/L 
TSS = mg/L 
1RSD = (SD/mean) x 100% 
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Inorganic micronutrient metals, including copper (Cu), nickel (Ni) and zinc (Zn), are present in 
low concentrations in nutrient-depleted surface waters and are enriched due to remineralization 
in bottom waters (Figure 14B, which depicts an example of the nutrient phosphate enriched in 
bottom waters); therefore, concentrations of these metals correlate strongly with concentrations 
of nutrients such as dissolved phosphate (Figure 14C). Average concentrations of lead (Pb) and 
total mercury (Hg) are very low, at <5 and 0.5 parts per trillion (ng/L), respectively. 


               
(A)    (B)    (C) 


Figure 14: (A) Dissolved As vs. salinity, (B) vertical profiles for dissolved phosphate and Cd, a nutrient-
type metal, and (C) concentrations of dissolved Cd vs. phosphate for bottom water in the northeastern 
Chukchi Sea (from Dunton et al. 2012). 


The existing baseline data for dissolved metals include 12 of the metals listed as required in the 
NPDES permit (Table A, p. 21). Seven metals (Al, Be, Fe, methyl Hg, Ag, Sn, and Ti) were not 
analyzed as part of the CSESP or Shell DMP studies. To obtain this information, receiving water 
samples will therefore be collected during or immediately before the Phase II (during drilling) 
component at reference stations in areas located approximately 1,000 m and beyond from the 
drilling discharge location. These water samples will also serve as reference samples for 
evaluation of receiving-water chemistry. The comparison between the collection of water 
samples, both within and outside of the discharge plume(s), will serve as a more robust means of 
determining differences between elevated metals concentrations in the plume and the typical 
“background” metals concentrations in Chukchi Sea receiving waters. 


3.2. Receiving water pH, Turbidity, and Total Suspended Solids of Northeast 
Chukchi Sea 


Data on pH, turbidity and total suspended solids are well characterized in receiving waters in the 
Burger Study Area. The pH data for the Burger Study Area were estimated from data collected 
during the CSESP program in 2010 and 2011 (Mathis 2011). The pH values were calculated 
from total alkalinity measurements and, for the months of August and September 2010, averaged 


As = 0.6(salinity) -3.5 
R = 0.82 
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8.16 ± 0.08 (SD) at a water depth of 1 m, 8.18 ± 0.09 (SD) at 5 m, and 8.15 ± 0.07 (SD) at 10 m 
(Mathis, 2011). Turbidity and total suspended solids baseline data in the Burger Study Area and 
northeastern Chukchi Sea were addressed in Physical Characteristics (Section 2.2.4). 


3.3. Total Aromatic Hydrocarbons and Total Aqueous Hydrocarbons 


Due to permit requirements receiving water samples will be collected during or immediately 
before the Phase II (during drilling) component at reference stations in areas located 
approximately 1,000 m and beyond from the drilling discharge location(s). These water samples 
will also serve as reference samples for evaluation of receiving water chemistry and 
characteristics affected by the discharge plume(s). The comparison between the collection of 
water samples, both within and outside of the discharge plume(s), will serve as a robust means of 
determining differences between elevated hydrocarbon concentrations in the plume and the 
typical “background” hydrocarbon concentrations in Chukchi Sea receiving waters. 
However, concentrations of total aromatic and total aqueous hydrocarbons in water typically are 
very low and do not provide a representative baseline evaluation over a temporal scale. Sediment 
and tissue concentrations (as well as source samples, such as water-based drilling fluids and 
drill-cuttings) are more reliable for monitoring and assessing impacts of hydrocarbons from 
exploratory drilling operations. Baseline hydrocarbon concentrations from recently collected 
seafloor sediments and biota tissue are provided in this appendix. In the case of the seven 
dissolved metals and hydrocarbon concentrations in water that are not available for baseline 
information, the collection of these data has been addressed and will be conducted immediately 
prior to or during Phase II monitoring at contemporaneous reference stations. The absence of 
these water concentrations does not weaken the conclusion that the already existing baseline 
information in the northeastern Chukchi Sea are sufficient to serve as Phase I baseline data. 
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4. BENTHIC COMMUNITY STRUCTURE 


Permit No.: AKG-28-8100 Section II.A.13.f.4 
 
Benthic Community Structure. Describe the composition of the drilling site’s benthic 
community (infaunal and epifaunal invertebrates, bivalves, and crustaceans). 


 
The purpose of this section is to provide a synthesis of the available benthic ecology data and a 
summary of recent efforts to establish baseline bioaccumulation data for the Burger Prospect 
area. 


4.1. Benthic Ecology Data 


The ecology of benthic communities in the northeastern Chukchi Sea has been a focus of 
research since the 1970s. Initial research in the area by U.S. scientists was conducted by Stoker 
(1981), who demonstrated broad-scale trends across the Bering and Chukchi Seas. Feder et al. 
(1994) sampled benthic communities in the northeastern Chukchi Sea in 1986, providing details 
on the environmental characteristics associated with benthic community structure. Later, in the 
early 2000s, research programs such as Russian-American Long-Term Census of the Arctic 
(RUSALCA) and the Shelf Basin Interactions project evaluated benthic communities from the 
western and northeastern Chukchi Sea and investigated ecological processes at the shelf margin 
(Grebmeier et al. 2006, 2009; Bluhm et al. 2009). 
Localized sampling of infaunal and epifaunal communities, with the specific goal of acquiring 
baseline benthic community structure data, began in 2008 with the initiation of the CSESP 
program. In 2010 and 2011, larger-scale investigations were initiated by both the CSESP and 
COMIDA CAB programs (Dunton et al. 2012; Blanchard et al. 2013a, 2013b). 
Overall, the CSESP sampled 26 stations for benthic infauna in the Burger Study Area annually 
from 2008 to 2012, and 9 of those 26 stations were sampled in both 2011 and 2012. Two stations 
were sampled for infauna in the Burger Study Area during the COMIDA CAB program (Dunton 
et al. 2012). In addition, 18 baseline samples were also collected in 2012 at the Burger A drill 
site location as part of the Shell DMP. Infaunal samples were identified to species level. 
Trawling for epifauna occurred at 13 stations in the Burger Study Area from 2009 to 2010 (as 
part of CSESP) with two stations sampled for epifauna (as part of COMIDA CAB). Epifaunal 
data were not identified to species level (a more qualitative analysis), and thus are presented as 
common names. These research programs have provided an important data set for understanding 
the benthic community characteristics of the Burger Prospect and the six proposed drill sites, as 
summarized in detail below. 
The infaunal community in the Burger Study Area is dominated numerically by polychaetes and 
bivalves (Table 7). The maldanid polychaete worm Maldane sarsi is a numerically dominant 
organism throughout the offshore environment of the northeastern Chukchi Sea by density and 
biomass with extremely high densities at some sites in Burger Study Area (Feder et al. 1994; 
Blanchard et al. 2011, 2013a, 2013c). The polychaete Scoletoma spp. and crustaceans, including 
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ostracods and amphipods such as Photis spp., also occur in moderate densities. The bivalve 
Ennucula tenuis is a dominant organism by density and biomass, with larger bivalves such as 
Astarte borealis and Macoma calcarea and the peanut worm Golfingia margaritacea contribute 
substantially to the overall biomass as well. 


Table 7: Numerically dominant organisms (top 5) by density (individuals m-2) and biomass  
(grams m-2) for the Burger Study Area. Values are averaged from the 2008-2011 studies.  


Infauna 
Taxon1 Density (individuals m-2) Taxon Biomass (grams m-2) 


Maldane sarsi 1,093 Astarte borealis 45.7 
Ostracoda 282 Macoma calcarea 43.7 
Ennucula tenuis 203 Golfingia Margaritacea 40.4 
Scoletoma spp. 140 Maldane sarsi 40.1 
Photis sp. 129 Ennucula tenuis 28.9 


Epifauna 
Common name1 Density (individuals m-2) Common name Biomass (grams m-2) 


Brittle stars 86.1 Brittle stars 55.2 
Snails 3.5 Snails 5.6 
Sea cucumbers 3.1 Sea cucumbers 4.5 
Shrimps 1.9 Crabs 3.3 
Amphipods 0.5 Basket stars 2.1 
1 Infauna are listed by taxon whereas epifauna are listed by common name because of differing methodologies for 
collection. Infauna were collected quantitatively using grab sampling, while epifauna were semi-quantitative using 
trawls and/or underwater camera.  


The epifaunal community is dominated numerically by the brittle star Ophiura sarsi in the 
Burger Study Area and throughout many parts of the northeastern Chukchi Sea (Table 7; Bluhm 
et al. 2009; Blanchard et al. 2011, 2013a, 2013b). Sea cucumbers and snails are also dominant. 
Benthic infaunal communities are naturally patchy in terms of abundance and distribution. In 
order to evaluate this community-level variation, infauna were ranked by density and biomass. In 
addition, comparisons of dominant organisms via station rankings can provide insights into what 
constitutes acceptable ranges of community variation in density and biomass within the Burger 
Study Area. Community-level variations among stations were evaluated by ranking infauna from 
the station with the lowest density versus the highest density from 2008 to 2011 (see Table 8). 
The rankings provided insights into communities under different environmental regimes in 
Burger Study Area stations, and a background for comparing other Burger drill sites. The 
numerically-dominant species in the stations with minimal (BF025 in 2010) and maximal 
(BF013 in 2011) densities reflect the overall dominant organisms in the Burger Study Area and 
within the entire CSESP Study Areas (Blanchard et al. 2013b). The dominant species in both 
stations are organisms that are found throughout the three study qreas and that are common in 
soft sediments (i.e., none of the species or patterns of composition deviate from the expected 
patterns for the area). 
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Table 8: Numerically dominant organisms (top 5) by density (individuals/m2) and biomass (g/m2) for the 
station with the lowest and highest density values for the Burger Study Area from the 2008-2011 CSESP. 


Year Station Taxon Abundance Taxon Biomass 
2010 BF025 Macoma calcarea 193 Macoma calcarea 215.44 


  Cirratulidae 77 Macoma moesta 13.31 
  Dipolydora sp. 57 Ennucula tenuis 12.80 
  Ennucula tenuis 50 Periploma aleuticum 12.74 
  Pholoe minuta 43 Cyclocardia crebricostata 6.67 
  Nephtys punctate 13 Priapulus caudatus 0.93 


2011 BF013 Maldane sarsi 9,443 Neptunea heros 107.24 
  Ostracoda 1,083 Golfingia margaritacea 82.73 
  Ennucula tenuis 550 Ennucula tenuis 55.40 
  Photis sp. 437 Cyclocardia crebricostata 10.36 
  Barantolla americana 230 Musculus discors 5.24 


 


The, benthic communities in the Burger Study Area, based on this 2008-2011 data, are similar in 
composition to those found in prior years and within the Chukchi Sea as a whole (Feder et al. 
1994; Grebmeier et al. 2006). The dominance of densities by Ennucula tenuis and Maldane sarsi 
and of biomass by large bivalves in 1986 (Feder et al. 1994) and 2008-2010 (Blanchard et al., 
2011, 2013a, 2013b) demonstrates that, at least very broadly, communities have temporally 
persistent biological characteristics when compared with organisms listed in Feder et al. (1994). 
The numerically dominant species and the benthic assemblages in general are present because of 
the influence of species advected into the Chukchi Sea from the north Pacific through the Bering 
Sea (Feder et al. 1994; Grebmeier et al. 2006; Bluhm et al. 2009; Dunton et al. 2012; Blanchard 
et al. 2013a, 2013b). The northward-flowing water advects benthic larvae and organisms into the 
Arctic, resulting in a high similarity of communities from the Gulf of Alaska to the northeastern 
Chukchi Sea (Blanchard et al. 2013a). Overall, the benthic community in the Burger Study Area 
observed throughout the multi-year sampling period (2008-2011) is a common assemblage found 
in soft-bottom and muddy sediments throughout Alaska. 
The importance of advected water on benthic communities is now understood, with distinct 
benthic assemblages being strongly influenced by sediment characteristics and the nutrient 
characteristics of overlying water masses (Feder et al. 1994; Grebmeier et al. 2006). Associations 
between environmental characteristics and benthic communities are due to the covariance of 
sediment characteristics and faunal communities with water circulation. Of particular importance 
for the Burger Prospect Area is the understanding that increased benthic productivity is more 
apparent in areas with altered water circulation (e.g., points, shoals and canyons) (Feder et al. 
1994, 2007; Grebmeier et al. 2006).  
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5. EXISTING DATA ARE ADEQUATE TO SERVE AS BASELINE SITE 
CHARACTERIZATION DATA FOR POST-DRILLING MONITORING AT 


PROSPECTS 


The multi-year CSESP data from the Burger Study Area were compared to the Burger A data 
from 2012 to determine if the data from the CSESP program are adequate to serve as a baseline 
for post-drilling monitoring at the Burger Prospect. Data were compared using faunal rankings 
and regression analysis to determine whether results from the Burger A drill site location fall 
within the trends observed in the data sets from the Burger Study Area.  
Data from three replicate samples collected at each station indicate that the greatest difference 
between the Burger A drill site overall and the Burger Study Area stations is that the numbers of 
Maldane sarsi in the Burger A drill site are low (Table 9). The remaining numerically dominant 
organisms at the Burger A drill site, however, also were found throughout the Burger Study 
Area. Densities of M. sarsi in the Burger Study Area ranged from an average of 3 to 9,500 
individuals m-2 at some stations, whereas preliminary densities from the 2012 sampling at Burger 
A ranged from 10 to 70 individuals m-2. Overall, densities appear to be toward the low end of the 
range. The location-specific community, however, fits well within the community-level 
variability observed within the Burger Study Area stations (Tables 7 and 8). The similarity of the 
stations is indicated by the consistent presence of key dominant species throughout the drilling 
location including Barantolla americana, Ennucula tenuis, Golfingia margaritacea, Macoma 
calcarea and Maldane sarsi, all of which are found in Burger A drill site stations. 


Table 9: Numerically dominant organisms (top 5) by density (individuals m-2) and biomass (g m-2) for the 
Burger A drill site. Values are averaged from 18 stations sampled at Burger A drill site in 2012. The 
density and biomass of Maldane sarsi also are presented, although they are not in the top 5 in either 
category. 


Taxon Density Taxon Biomass 
Ostracoda 276 Golfingia margaritacea 87.6 
Ennucula tenuis 202 Macoma calcarea 62.7 
Barantolla americana 99 Ennucula tenuis 22.6 
Ektondiastylis robusta 79 Ophiura sarsi 11.7 
Terebellides stroemi 66 Paradiopatra parva 5.5 
Maldane sarsi 31 Maldane sarsi 2.6 


 


Community characteristics of the Burger A drill site were also evaluated with regression 
analysis. Total infaunal density and biomass for the Burger Study Area stations from the 2008-
2011 CSESP and the Burger A drill site from the 2012 DMP were regressed against percentage 
of mud in the sediments (see Figure 15). The biological data were log normally-transformed to 
address statistical assumptions. The relationships between the percentage of mud in the 
sediments and the biological variables are weak, with R2 accounting for 10% of the total 
variability in infaunal density and only 3% of total variability for biomass. (Low R2 values are 
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not uncommon when considering a single variable in benthic studies and can be improved 
dramatically with the addition of other covariates). 


 


 
Figure 15: Percent mud regressed against ln-transformed infaunal density (top) and biomass data 
(bottom) from the 2011 CSESP study of the Burger Study Area and Burger A drill site samples from 
2012 (DMP). 
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These comparisons demonstrate that the baseline samples collected at Burger A drill site in 2012 
are consistent with the ranges measured for the Burger Study Area stations. Although more 
muddy than most stations, the Burger A drill site stations fall well within the boundaries of the 
regression, based on the other Burger Study Area stations.  
In conclusion, although the preliminary community structure does vary somewhat from that 
expected for the Burger Study Area due to low numbers of M. sarsi (Tables 7 and 8 vs. Table 9), 
the benthic community structure falls within the general trends identified at the Burger Study 
Area. The comparison of the data clearly demonstrate that the benthic community structure at the 
Burger A drill site is representative of the community structure gradients in Burger Study Area 
and can be considered sufficient baseline site characterization data for the proposed drill site 
locations within the Burger Prospect. 


5.1. Bioaccumulation Data 


Bioaccumulation monitoring is a required component of Phase I baseline site characterization in 
order to discharge water-based drilling fluids and drill-cuttings (D001). 
Bioaccumulation is the uptake of chemicals over time in an organism. Coastal monitoring 
programs have existed in the U.S. for many decades (e.g., the “Mussel Watch Program,” U.S. 
National Status and Trends Program) and primarily have used clams (or bivalves) to measure the 
bioaccumulation of various persistent organic pollutants such as polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides such as 
dichlorodiphenyltrichloroethane (DDT) (Gunther et al 1999). Bioaccumulation of metals 
historically has also been monitored by using immobile, sentinel clams (or bivalves). For 
example, mussels and oysters have been used for such purposes in the U.S. National Status and 
Trends Program from 1986 to present (Kimbrough et al. 2008). 
Clams are often used because they are an important indicator animal for monitoring 
contaminants in the environment, because they are sessile and are useful for conservatively 
assessing bioaccumulation potential. They effectively accumulate bioavailable contaminants 
such as PAHs and do not readily metabolize or excrete such compounds like many other animals 
do. By measuring the chemical body burden in the tissues of organisms that do not readily 
metabolize the compounds of interest, an estimate of the amount of compound that is 
bioavailable (i.e., actually taken up by the organism) in the water or sediment can be determined. 
By examining organisms at the lower level of the food chain (e.g., clams or bivalves), a greater 
understanding can be gained of the magnitude of chemical concentration through the food web. 
The simplest way to estimate bioaccumulation is to determine the concentrations of chemicals of 
interest in the organisms of interest and compare these to concentrations in the sediment. 
Clams (Astarte spp.) have been used for monitoring bioaccumulation in the Chukchi and 
Beaufort seas (e.g., Neff et al. 2009, 2010; Dunton et al. 2012). It is important to note that 
significant issues exist for collection of clams in the Chukchi Sea due to natural patchiness in 
abundance, challenges with obtaining sufficient tissue mass for laboratory chemical analysis, 
difficulty with collecting tissue samples of identical species, and gut contributions to body-
burden measurements. Furthermore, chemical concentrations in biota are typically more variable 
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than those in sediments. As such, these data are not as effective at demonstrating moderate 
changes in chemical concentrations due to anthropogenic impacts. 
Provided below is a summary of the available baseline data that describes bioaccumulation of 
chemicals in benthic organisms for the Burger Prospect. 


5.1.1. Metals 


Metal concentrations in clams collected during 2012 from the Burger A drill site were highly 
variable, with an average RSD of 39% (Table 10). Zinc, which is an essential element for clams, 
is regulated biochemically by Zn-bearing enzymes; consequently, variations in clam Zn 
concentrations (RSD = 12%) were smaller than observed for some non-essential metals such as 
Cd, Pb and Sn (Table 10 and Figure 16 for Zn, Pb and Hg). 


 
(A)     (B)     (C) 
Figure 16: Means (marker) ± SDs (lines) for concentrations of (A) Zn, (B) Pb, and (C) total Hg for clams 
(Astarte spp.) from Burger A drill site and other areas in the northeast Chukchi Sea (n = number of 
samples). 
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Table 10: Concentrations of metals (mean ± SD) for clam (Astarte spp., wet weight) samples from 2012 
for Burger A drill site and other northeast Chukchi Sea locations. 


Parameter Ag 
(μg/g) 


As 
(μg/g) 


Ba 
(μg/g) 


Cd 
(μg/g) 


Cr 
(μg/g) 


Cu 
(μg/g) 


Fe 
(μg/g) 


Total 
Hg 


(ng/g) 
Burger A drill site (2012) (n = 18) 


Mean 0.26 13.1 21.6 13.5 1.3 15.3 2200 48 
SD 0.11 4.3 4.5 13.1 0.4 2.2 746 3 


RSD1 42 33 21 98 31 14 34 6 
Burger Study Area and NE Chukchi Sea (2008, 2010, n = 20) 


Mean 0.22 11.8 14.2 34 1.3 9.6 1400 49 
SD 0.16 1.4 9.6 12 0.3 2.5 770 19 


RSD1 72 12 68 36 22 26 55 40 
  


Parameter MeHg 
(ng/g) 


Ni 
(μg/g) 


Pb 
(μg/g) 


Se 
(μg/g) 


Sn 
(μg/g) 


V 
(μg/g) 


Zn 
(μg/g)  


Burger A drill site (2012, n = 18)  
Mean 7 5.6 1.1 4.2 0.14 5.7 86  
SD 2 3.3 0.4 1.3 0.11 2.6 10  


RSD1 33 58 39 30 83 46 12  
Burger Study Area and NE Chukchi Sea (2008, 2010, n = 20)  


Mean 10 - 0.7 8.4 - 3.4 83  
SD 2 - 0.1 1.5 - 2.2 11  


RSD1 19 - 12 18 - 65 14  
1RSD = (SD/mean) x 100%.  


 


Metal data for clams from Burger A drill site (Table 10) provide a suitable baseline for 
identifying future assessment of metal contamination in biota. Overall metal concentrations in 
clams from the Burger A drill site are consistent with results for other locations in the Burger 
Study Area and throughout the northeast Chukchi Sea. The existing data from Burger A drill site 
and throughout the northeast Chukchi Sea, therefore, provide a suitable and valuable baseline for 
metals in clams from other locations in the northeast Chukchi Sea, including other Burger drill 
sites. As has been noted for the U.S. National Status and Trends Program 
(http://ccma.nos.noaa.gov/stressors/pollution/nsandt/), observed natural variations in metal 
concentrations in bivalves limit the sensitivity of identifying increased values due to 
contamination; however, marked metal contamination would still be discernible in these Astarte 
clams from the northeast Chukchi Sea. 


5.1.2. Hydrocarbons 


Two data sets on PAH chemistry in biological tissues from the Chukchi Sea were used to 
determine if sufficient baseline information exists for site-specific locations in the Burger Study 
Area. The samples were collected from the same two general areas as the samples used for the 
sediment Total PAH analyses discussed in Section 2 (i.e, samples from the Burger Study Area 



http://ccma.nos.noaa.gov/stressors/pollution/nsandt/
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collected in 2008 and samples collected at the Burger A drill site in 2012). The data analysis 
presented focus on PAH concentrations in clams. PAHs were used to represent potential 
hydrocarbon contaminants because they are the class of analytes that are of greatest interest from 
a bioaccumulation and toxicological perspective. 
The Burger Study Area data set consisted of 11 Astarte spp. clam samples and three Macoma 
spp. clam samples collected in 2008. The Burger A drill site samples collected in 2012 consisted 
of 8 samples of a mixture of clam species. The PAH analytical results for the two Chukchi Sea 
datasets are summarized statistically in Tables 11 and 12: Table 11 shows the data on a DW 
basis; Table 12 shows the data on a lipid-normalized basis. Mean Total PAH concentrations are 
presented along with the SD, 95% confidence interval (CI), and the minimum and maximum 
sample concentrations. These data also are presented graphically in Figure 17. 


Table 11: Total PAH concentration (µg/kg DW) in clams collected in the Burger Study Area in 2008 and 
at the Burger A drill site in 2012. 


Study Area Sample Type n Mean SD C.I. of Mean Min Max 


2008 Burger Study Area 
Astarte clam 11 45.3 26.8 18.0 26.7 113 


Macoma clam 3 182 26.9 66.8 152 204 
2012 Burger A drill site Mixed clam 8 113 31.9 26.6 79.1 165 


 


Table 12: Total PAH concentration (µg/g lipid) in clams collected in the Burger Study Area in 2008 and 
at the Burger A drill site in 2012. 


Study area Sample Type n Mean SD C.I. of Mean Min Max 


2008 Burger Study Area 
Astarte clam 11 3.8 2.9 2.0 1.6 12.0 


Macoma clam 3 4.8 1.2 3.1 3.4 5.8 
2012 Burger A drill site Mixed clam 8 4.3 0.6 0.5 3.6 5.0 
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Figure 17: Total PAH concentrations in Chukchi clam samples from the Burger Study Area and Burger 
A drill site. Concentrations are in µg/kg DW (top) and µg/g lipid (bottom). 
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Average clam-tissue Total PAH concentrations for the 2008 Burger Study Area CSESP samples 
were 45.3 and 182 µg/kg DW for the Astarte and Macoma clams, respectively. The average 
Total PAH concentration was 113 µg/kg DW for the mixed-clam samples collected from Burger 
A drill site in 2012. There was clearly a large difference in mean PAH concentration between the 
two species; but, the variability within a species and the difference between the species was quite 
small once the data were lipid-normalized (Table 13 and Figure 17 [bottom]). The lipid content 
of the Macoma clam samples (which had the highest PAH concentrations on a DW basis) 
averaged 3.85%, and the average lipid content for the Astarte clams was 1.20%. As expected, 
lipid content drives the accumulation of PAH in these clam samples. The Total PAH 
concentration strongly co-varied with the amount of lipid in the sample (Figure 18), as can be 
expected for bioaccumulation of most hydrophobic organic compounds. 


Table 13: Total PAH concentration (µg/g lipid) in clams collected in the Burger Study Area in 2008 and 
at the Burger A drill site in 2012. 


Study Sample Type n Mean SD C.I. of Mean Min Max 
2008 Burger Study Area Mixed clam 14 4.0 2.7 1.5 1.6 12.0 
2012 Burger A drill site Mixed clam 8 4.3 0.6 0.5 3.6 5.0 


 


 


 
Figure 18: Total PAH concentration (µg/kg DW) vs. %Lipid for the Burger Study Area (2008) and the 
Burger A drill site (2012) and clam tissue samples. 







Appendix A – Synthesis of Available Phase I Site Characterization Data 
EMP Plan of Study 


40 


Normalizing the data to the lipid content for the most part removes the influence that the specific 
clam species had on the data, and the Astarte and Macoma clam data can be combined for 
subsequent data analysis (Table 14 and Figure 19). Combining the data also makes it possible to 
compare the 2008 and 2012 data with greater confidence because the 2012 samples were a 
mixture of species (e.g., Astarte, Macoma, and possibly other). ANOVA and Mann-Whitney 
tests were also performed on both data sets, comparing them with each other to assess whether 
they differed (Table 14). The Total PAH (lipid-normalized) concentrations were not significantly 
different for samples collected in the Burger Study Area and in the Burger A drill site (p= 0.125). 
 


Table 14: Mann-Whitney tests of data for clam tissue collected in the Burger Study Area in 2008 and at 
the Burger A drill site in 2012. Data for the 2008 Astarte and Macoma clams are combined (the 2012 
clam samples consisted of mixed clam species). 


 Burger Study Area 
2008, n=14 


Burger A drill site 
2012, n=8   


Parameter and Concentration Basis Median Median U-statistic p-value 
Total PAH 


(μg/kg DW) 44.0 102   


Total PAH 
(μg/g lipid) 3.20 4.20 115 0.125 


 


 


 
Figure 19: The Total PAH concentrations in Chukchi clam samples from the Burger Study Area and 
Burger A drill site. Concentrations are in µg/g lipid with the mean concentration, the 95% confidence 
intervals (dashed lines), and the SD (dotted lines) for the Burger Study Area data. 
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The data in Figure 18 suggest that most of the samples from 2012 are a mixture of Astarte and 
Macoma clams and possibly other species. The light blue triangles for the 2008 samples (%Lipid 
~1-2%) are the Astarte clams, while the light blue triangles (%Lipid ~4%) are the Macoma 
clams. The dark blue squares represent the mixed clam samples collected in 2012, and those fall 
in between, suggesting that they may be a combination of mostly Astarte and Macoma because 
those are the most abundant clams in this area. The exception is the dark blue square towards the 
right (near 4%Lipid), which aligns with the 2008 Macoma samples, suggesting that 2012 sample 
may have been primarily composed of Macoma clams. 
The lipid-normalized data from across the Burger Study Area (the 2008 CSESP data) are very 
similar to the 2012 Burger A drill site data and are highly predictive of site-specific Total PAH 
concentrations in clams collected anywhere within the Burger Study Area (Figure 19). The mean 
Total PAH concentration is statistically equivalent for these two Study Areas. The mean and 
confidence interval for the Burger Study Area data predict the probability that the PAH sediment 
concentrations fall within this range at a specific site, such as Burger A drill site (dashed lines in 
Figure 18). The 95% prediction interval for Total PAH concentration vs. %Lipid relationship is 
also highly predictive of the PAH concentration. 
In conclusion, the baseline bioacccumulation data presented here are considered sufficient site-
specific information to meet the EMP Phase I baseline data requirements for the six currently 
planned drill site locations within the Burger Prospect. 
 







Appendix A – Synthesis of Available Phase I Site Characterization Data 
EMP Plan of Study 


42 


CONCLUSION 


The goal of this document has been to present and demonstrate that sufficient Phase I site 
characterization data exist in the vicinity of the proposed drill sites per the Permit No.: AKG-28-
8100 Section 2.A.13.f.  This information is sufficiently representative of existing conditions at 
the Burger Prospect so that Shell and the EPA will be able to evaluate and assess potential 
impacts from authorized discharges. As presented in Sections 1 through 4, multiple comparisons 
of physical and biological data from the broader Burger Study Area to the Burger A drill site 
indicates that it is reasonable and sufficient to utilize the available prospect-level data as Phase I 
site characterization data at the six proposed drill site locations. In the case of the seven 
dissolved metals and hydrocarbon concentrations in water that are not available for baseline 
information, the collection of these data has been addressed and will be conducted during Phase 
II monitoring at contemporaneous reference stations. The absence of these water concentrations 
does not weaken the conclusion that the already existing baseline information in the northeastern 
Chukchi Sea are sufficient to serve as Phase I baseline data. 
By studying specific areas such as the CSESP Burger Study Area, and then evaluating these 
findings with the results from other larger-scale investigations such as COMIDA CAB, several 
insights into the northeastern Chukchi Sea marine ecosystem processes have been developed. It 
is now generally accepted, for example, that the presence of distinct benthic community 
structures in the northeastern Chukchi Sea is clearly based on several interrelated oceanographic 
factors, including seafloor topography (water depth), large- and small-scale ocean currents, 
sediment characteristics, water column properties (receiving water chemistry), and food 
availability (Stoker 1981, Feder et al. 1994, Grebmeier et al. 2006, Bluhm et al. 2009, Dunton et 
al. 2012, Blanchard et al 2011, 2013a-c, Ravelo 2014, and Day 2013). 
The location known as the Burger Study Area within the Chukchi Sea exhibits homogeneous 
physical and ecological conditions and should therefore be considered as a distinct location with 
predictable water column, sediment composition and benthic community structure (even when 
considering seasonal and intra-annual variations). Specifically, the distinctive interaction 
between seafloor topography, persistent ocean currents, and the effects of seasonal water masses 
(e.g., Sections 1 and 2), as described in detail throughout this document, explains why the Burger 
location has a homogeneous benthic community structure and why it is physically and 
biologically different from more southern areas of the northeastern Chukchi Sea region. 
To date, the environmental data collected in the immediate vicinity of the Burger A drill site as 
well as data collected from the larger Burger Study Area confirm that a benthic-dominated 
trophic system exists in the Burger Prospect. It can be described as a system that has less oceanic 
zooplankton (with presumably lower grazing capacity on phytoplankton blooms), a higher 
percentage of finer grained (mud) sediments (suggesting that bottom currents are not strong 
enough to wash away much of the mud), higher densities and biomass of benthic macrofauna and 
megafauna, and higher densities of benthic-feeding seals and walruses (Day et al. 2013). Due to 
the persistence of cold winter water, predation on benthic organisms is primarly by epibenthic 
invertebrates such as crabs, shrimp, brittle stars and benthic-feeding bearded seals and walruses. 
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As indicated by numerous discipline-specific analyses, the Burger area benthic community 
structure has been well characterized with respect to the local oceanographic conditions, 
including sediment type and composition (Weingartner et al. 2013; Blanchard et al. 2011; 
Blanchard et al. 2013c; Trefry et al. 2012; Blanchard and Feder 2014; and Blanchard et al. 
2013a-c). Researchers associated with the COMIDA CAB project have also investigated the 
spatial and temporal variability in benthic community structure (composition, abundance, and 
biomass) and shown that it is clearly influenced by physical environmental drivers or variables 
such as the flow and temperature of water masses, sediment characteristics such as grain size, 
and food availability (Dunton et al. 2012, Konar et al. 2013; Ravelo et al. 2014) scales of 
sampling. 
The conclusions presented in this document are based on the compilation and analysis of site 
characterization data from the previous five years. The data analyses, including statistical 
comparisons, were conducted to determine the variability within and among the data sets from 
the same region and to demonstrate that historical data from a larger encompassing area is 
sufficiently representative of conditions before drilling for impact assessment purposes. This 
conclusion is especially valid when it is recognized that reference or far-field sampling (i.e., 
control samples) for water, sediment, and biota will be an integral part of the scientific sampling 
protocol (Phases II, III, and IV) described in the EMP Plan of Study. 
In summary, recent data demonstrate that the baseline at Burger Study Area has been 
characterized for the 1) initial site physical sea bottom survey; 2) physical characteristics; 3) 
receiving water chemistry and characteristics (with the exception of hydrocarbons, which will be 
included in the EMP), and 4) benthic community structure. These existing data are sufficient to 
serve as Phase I baseline site characterization data, as per the Permit No.: AKG-28-8100, and 
meet the Phase I data collection requirements. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger F located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger F is 
located in block 6714 area of Posey. The depth of water is 45.0 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  These constitute discharges 
described in Permit No.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger F well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.321, 0.653, 4.492, 17.631, and 135.616 hectares (ha), respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 196.3 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.519 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.519 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 295 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,000 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.105, 0.338, 1.287, 3.661, 16.893, and 129.572 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 158.1 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 270 m x 40 m rectangle 
area (or 1.073 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.097, 0.275, and 1.073 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger F well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.519 ha at the mean currents and 1.073 ha at the maximum currents. The 
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impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.4 to 219.1 mg/l at the mean currents and 15.5 to 
265.7 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 101.3 mg/l at the mean currents and 4.6 to 
96.5 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
F well by the drill ship Noble Discoverer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Noble Discoverer at the prospect well site Burger F located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger F is located in block 6714 area of Posey. The depth of water is 45.0 meters 
(m). The location of the well Burger F, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger F well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. 
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings).  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger F well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger F 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger F 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth (m) Easting (m) Northing (m) Latitude Longitude 


Burger F Posey 6714 564,063.30 7,915,956.94 N71° 20' 13.96"  W163° 12' 21.75" 45.0 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger F. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 
bbls.  The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 21.40 to a high of 148.38 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
  







3 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 1-2: Drilling Operation for Burger F 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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4 23.30 1,760  576.19  2,880.95  3,457.14  148.38  252.34  3,709.48  159.21 


5 29.00 2,082  333.99  1,669.94  2,003.93  69.10  314.07  2,318.00  79.93 


6 37.20 1,718  132.69  663.45  796.14  21.40  402.88  1,199.02  32.23 
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2.50 - - 2,427.00  - 970.80 - 2,427.00  970.80 


 


Notes to Table 1-2: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger F. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger F. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger F well are described in 
detailed in Sections 2 and 3. The modeling domain is described in Section 4. The modeling results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger F located offshore 
Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger F well site is 45.0 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9-45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger F is 
located in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow 
vectors (blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger F is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger F well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger F well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger F located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
  


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours 
 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger F well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 barrels (bbls) per hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well Burger F. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 21.40 to a high of 148.38 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger F  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 40  3,702.86  840.00  4,542.86  68.83    919,457.14  924,000.00  14000.00 


2 5.20 123  232.37  372.37  604.75  116.30       72,195.25  72,800.00  14000.00 


3 34.40 1,087  1,071.15  1,911.15  2,982.31  86.70    478,617.69  481,600.00  14000.00 
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4 23.30 1,760  576.19  2,880.95  3,457.14  148.38  252.34  3,709.48  159.21 


5 29.00 2,082  333.99  1,669.94  2,003.93  69.10  314.07  2,318.00  79.93 


6 37.20 1,718  132.69  663.45  796.14  21.40  402.88  1,199.02  32.23 
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2.50 - - 2,427.00  - 970.80 - 2,427.00  970.80 


 


Notes to Table 3-1: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
      2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The internal pipe diameter of 14.25 inches was 
used for modeling the surface discharge scenario based on a 0.75 inches of total pipe wall thickness. The drilling 
draft varies from 6.71 m to 7.68 m approximately. Therefore, the surface discharges occur at a depth between 6.71 
m and 7.68 m from the sea surface. The discharge pipe is oriented vertically downward with respect to the sea 
surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface discharge 
scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger F. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger F well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water-based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger F. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger F well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger F  
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1 0.0001350264 0.0003229 0.0002686 0.0001882 0.0149921 0.0162852 0.0125080 


2 4 0.0016855440 0.0002422 0.0002014 0.0001412 0.0112441 0.0122139 0.0093810 


3 15 0.0218236800 0.0002826 0.0002350 0.0001647 0.0131181 0.0142496 0.0109445 


4 50 0.2328062400 0.0001211 0.0001007 0.0000706 0.0056221 0.0061070 0.0046905 


5 125 1.4471904000 0.0000807 0.0000671 0.0000471 0.0037480 0.0040713 0.0031270 


6 250 4.0111680000 0.0007266 0.0006043 0.0004235 0.0337323 0.0366417 0.0281431 


7 500 9.7962720000 0.0006459 0.0005372 0.0003764 0.0299843 0.0325704 0.0250161 


8 1000 13.5178800000 0.0006055 0.0005036 0.0003529 0.0281103 0.0305348 0.0234526 


9 3600 25.9750560000 0.0010092 0.0008393 0.0005881 0.0468504 0.0508913 0.0390876 


  
  
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Drilling Fluids, Burger F 
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75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the equation of state presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and the water based muds for the prospect well Burger F are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger F 
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Total Solids 
Mass 


Total 
Solids 


Volume 
Solids Density 


Volume 
Fraction 
of Solids 


in Effluent D
e


n
si


ty
 


Volume Mass 


D
e


n
si


ty
 


Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650.00 3,703 589 1,560,074 1,571,305 593.03     2,649.64  2.65 0.00403683 


2 1,076.18 372 59 63,713 2,650.00 232 37 97,903 102,881 38.86     2,647.54  2.65 0.00335738 


3 1,076.18 1,911 304 326,998 2,650.00 1,071 170 451,295 476,847 180.13     2,647.27  2.65 0.00235251 


4 1,318.13 2,881 458 603,749 2,650.00 576 92 242,758 320,311 110.52     2,898.16  2.90 0.18740171 


5 1,437.87 1,670 265 381,754 2,650.00 334 53 140,714 230,588 75.02     3,073.68  3.07 0.20356527 


6 1,437.87 663 105 151,667 2,650.00 133 21 55,904 91,611 29.80     3,073.68  3.07 0.15635049 
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1,198.30 2,227 354 424,203 4,100.00 200 32 130,618 130,618 31.86     4,100.00  4.10 0.0825634  


 


Note to Table 3-4a: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
 
  







17 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 3-4b: Computations of Effluent Bulk Density for Burger F 
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Total 


Volume 
Bulk Density 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 lbs/gal 


1 1,076.18 840 134 143,724 2,650.00 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 372 59 63,713 2,650.00 232 37 97,903 1,025.77 72,195 11,478 11,773,878 11,935,494 11,574 1,031.21 8.61 


3 1,076.18 1,911 304 326,998 2,650.00 1,071 170 451,295 1,025.77 478,618 76,094 78,054,804 78,833,097 76,568 1,029.58 8.59 


4 1,318.13 2,881 458 603,749 2,650.00 576 92 242,758 1,023.80 252 40 41,074 887,581 590 1,504.99 12.56 


5 1,437.87 1,670 265 381,754 2,650.00 334 53 140,714 1,023.80 314 50 51,122 573,590 369 1,556.42 12.99 


6 1,437.87 663 105 151,667 2,650.00 133 21 55,904 1,023.80 403 64 65,577 273,148 191 1,432.88 11.96 
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1,198.30 2,227 354 424,203 4,100.00 200 32 130,618 -   - -  -  554,821 386 1,437.87 12.00 


 


Note to Table 3-4b: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger F 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger F well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger F well site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger F 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drill interval is presented in Figure 5-3a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,200 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 100 m and 500 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 500 and 800 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 800 and 2,100 m distances from the 
source. It is less than 1mg/l beyond 2,100 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,138.3, 
413.4, 103.1, 22.1, and 3.6 mg/l, respectively. 
 
Figure 5-3a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 6, 12, 18, and 24 hours (h) after the cessation of the discharge 
are presented by Figures 5-3b, 5-3c, 5-3d, and 5-3e.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 
mg/l at 24 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS 
concentrations attains pre-existing conditions between 18 and 24 h after the cessation of the discharge based on 
the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-3b: TSS concentrations during the mean currents at 72 h (or 6 h after the cessation of release) 
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Figure 5-3c: TSS concentrations during the mean currents at 78 h (or 12 h after the cessation of release) 
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Figure 5-3d: TSS concentrations during the mean currents at 84 h (or 18 h after the cessation of release) 
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Figure 5-3e: TSS concentrations during the mean currents at 90 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,698 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 280 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 280 and 750 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 750 and 2,100 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,100 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.120, 0.322, 1.230, 7.556, and 66.771 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 128.1 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.274 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.089, 0.119, and 0.274 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 7,652 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 90 m and 440 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 440 and 710 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 710 and 1,320 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,320 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 913.0, 
317.5, 87.0, 18.4, and 2.9mg/l, respectively.  


 
Figure 5-8a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-8b, 5-8c, and 5-8d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-8b: TSS concentrations during the mean currents at 11.2 h (or 6 h after the cessation of release) 
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Figure 5-8c: TSS concentrations during the mean currents at 17.2 h (or 12 h after the cessation of release) 
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Figure 5-8d: TSS concentrations during the mean currents, at 23.2 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 111 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 45 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 45 and 210 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 210 and 520 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 520 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.084, 
0.119, 0.270, 0.916, and 3.540 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.4 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 28 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 40 m square area 
(or 0.117 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 1-cm is:  
0.117 ha.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,359 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 65 m from the discharge location. It varies 
from 100 to 10 mg/l between 65 and 350 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 350 and 550 m distances from the discharge location. It varies from 5 to 1 mg/l between 550 and 1,560 m 
distances from the discharge location. It is less than 1mg/l beyond 1,560 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13a. The discharge plume is spreading farther horizontally to the 
east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 589.9, 
223.9, 61.2, 12.8, and 2.1 mg/l, respectively. 
 
Figure 5-13a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-13b, 5-13c, and 5-13d.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-13b: TSS concentrations during the mean currents at 40.4 h (or 6 h after the cessation of release) 
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Figure 5-13c: TSS concentrations during the mean currents at 46.4 h (or 12 h after the cessation of release) 
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Figure 5-13d: TSS concentrations during the mean currents at 52.4 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 515 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 25 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 130 and 450 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 450 and 1,180 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,180 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.199, 0.585, 3.953, and 19.545 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 38.9 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.192 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.111 and 0.192 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.9 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 499,836 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 190 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 190 and 320 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 320 and 950 m distances from the source. It is less than 1 
mg/l beyond 950 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 736.0, 
196.5, 24.2, 5.3, and 0.9 mg/l, respectively. 
  
Figure 5-18a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours). The 
fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge are 
presented by Figures 5-18b, 5-18c, and 5-18d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-18b: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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Figure 5-18c: TSS concentrations during the mean currents at 35.3 h (or 12 h after the cessation of release) 
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Figure 5-18d: TSS concentrations during the mean currents at 41.3 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 196 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 80 m and 200 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 200 and 440 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 440 m and 1,440 m distances 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 1,440 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.343, 0.824, 4.948, and 29.244 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 13.5 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 40 m rectangle 
area (or 0.323 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.098 and 0.323 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 


 


 


  







57 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.0 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 583,850 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 35 and 130 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 130 and 220 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 220 and 670 m distances from the source. It is less than 1 
mg/l beyond 670 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 493.4, 
118.2, 14.3, 3.2, and 0.5 mg/l, respectively. 
  
Figure 5-23a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours). The 
fate and transport of the discharged solids at times 6 and 12 h after the cessation of the discharge are presented 
by Figures 5-23b and 5-23c.  These figures show that the TSS concentrations within the 5.0 km model domain 
decrease to: 1 mg/l or less at 6 h and less than 0.1 mg/l at 12 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 6 and 12 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-23b: TSS concentrations during the mean currents at 35 h (or 6 h after the cessation of release) 
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Figure 5-23c: TSS concentrations during the mean currents at 41 h (or 12 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 133 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 80 m and 180 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 180 and 400 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/ m2 approximately between 400 and 1,330 m distances from 
the discharge location. The loading is less than 0.01 kg/m2 beyond 1,330 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.098, 
0.333, 0.751, 4.445, and 22.896 ha, respectively.   
 
Figure 5-24a: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 8.7 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.271 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.6 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 275,215 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 70 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 70 m and 120 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 120 m and 365 m distances from the discharge location. It is 
less than 1 mg/l beyond 365 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 177.4, 37.6, 
6.4, 1.4, and 0.2 mg/l, respectively. 
  
Figure 5-28a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours). The 
fate and transport of the discharged solids at times 1, 2, 3, 4, and 5 h after the cessation of the discharge are 
presented by Figures 5-28b, 5-28c, 5-28d, 5-28e, and 5-28f,  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l or less 
at 4 h, and less than 0.1 mg/l at 5 h after the cessation of the discharge. Therefore, it can be described that the 
ambient TSS concentrations attains pre-existing conditions between 4 and 5 h after the cessation of the discharge 
based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-28b: TSS concentrations during the mean currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 5-28c: TSS concentrations during the mean currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 5-28d: TSS concentrations during the mean currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 5-28e: TSS concentrations during the mean currents at 41.2 h (or 4 h after the cessation of release) 
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Figure 5-28f: TSS concentrations during the mean currents at 42.2 h (or 5 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The 
color bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. 
The maximum loading 48 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 50 m and 135 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 135 and 325 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/ m2 approximately between 325 and 750 m distances from 
the discharge location. The loading is less than 0.01 kg/m2 beyond 750 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.245, 0.564, 
1.297, and 7.400 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.1 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m rectangle 
area or 0.187 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 32.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
78.0 m at a distance 32.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33a. The depth 
of water is 45.0 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 5-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 321,361 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m 
from the discharge location. It varies from 100 to 10 mg/l between 300 m and 690 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 690 m and 720 m distances from the discharge location. It varies from 
5 to 1 mg/l between 720 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 532.6, 
424.7, 219.1, 101.3, and 0.0 mg/l, respectively. 
 
Figure 5-33a: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 6, 12, 18, and 24 h after the cessation of the discharge are presented by Figures 5-33b, 
5-33c, 5-33d and 5-33e.  These figures show that the TSS concentrations within the 5.0 km model domain decrease 
to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 mg/l at 24 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 18 and 24 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-33b: TSS concentrations during the mean currents at 8.5 h (or 6 h after the cessation of release) 
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Figure 5-33c: TSS concentrations during the mean currents at 14.5 h (or 12 h after the cessation of release) 
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Figure 5-33d: TSS concentrations during the mean currents at 20.5 h (or 18 h after the cessation of release) 
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Figure 5-33e: TSS concentrations during the mean currents at 26.5 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 22 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 400 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 400 m and 605 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 605 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.196, 0.885, 
5.097, and 15.128 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same result is presented in Figure 5-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. The 
maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 37 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.094 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R F 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger F well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,710 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 140 m; 10 kg/m2 to 1 
kg/m2 between 140 m and 400 m; 1 kg/m2 to 0.1 kg/m2 between 400 m and 1,060 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,060 and 2,700 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,700 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.321, 0.653, 4.492, 17.631, and 135.616 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger F 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger F (zoom view) 


 


 


  







90 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 196.3 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 75 m; and 3 cm to 1 cm between 75 m 
and 110 m distances approximately from the discharge location. It is less than 1 cm beyond 110 m approximately 
to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.519 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.519 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger F 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger F 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger F  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger F well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger F well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.519 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 6.4 to 219.1 mg/l at 100 m; 1.4 to 101.3 mg/l at 300 m; and 0.0 
to 3.6 mg/l at 1000 m distances from the source.   
 
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 45.00 43.17 68.83 14,000.00 0.089 0.119 0.274 128.14 


2 5.20 45.00 43.17 116.30 14,000.00 - - 0.117 8.38 


3 34.40 45.00 43.17 86.70 14,000.00 - 0.111 0.192 38.88 


Se
a 
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rf
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e


 


4 23.30 45.00 6.71 148.38 159.21 - 0.098 0.322 13.54 


5 29.00 45.00 6.71 69.10 79.93 - - 0.271 8.68 


6 37.20 45.00 6.71 21.40 32.23 - - 0.187 3.15 
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2.50 45.00 6.71 970.80 970.80 - - 0.094 1.09 


At the end of the Drilling Operation 0.102 0.195 0.519 196.31 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 


W
e


ll 
ID


 


D
is


ch
ar


ge
 S


ce
n


ar
io


 


D
ri


lli
n


g 
In


te
rv


a
ls


 


D
u


ra
ti


o
n


s 
o


f 
D


is
ch


ar
ge


 


D
e


p
th


 o
f 


W
at


e
r 


D
e


p
th


 o
f 


D
is


ch
ar


ge
 


Effluent 
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Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 300 m 
1000 
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1 66.00 45.00 43.17 68.83 14,000.00 1,138.3 413.4 103.1 22.1 3.6 


2 5.20 45.00 43.17 116.30 14,000.00 913.0 317.5 87.0 18.4 2.9 


3 34.40 45.00 43.17 86.70 14,000.00 589.9 223.9 61.2 12.8 2.1 
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4 23.30 45.00 6.71 148.38 159.21 736.0 196.5 24.2 5.3 0.9 


5 29.00 45.00 6.71 69.10 79.93 493.4 118.2 14.3 3.2 0.5 


6 37.20 45.00 6.71 21.40 32.23 177.4 37.6 6.4 1.4 0.2 
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2.50 45.00 6.71 970.80 970.80 532.6 424.7 219.1 101.3 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger F well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger F well site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger F 
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(∆t) 


Count 
of 


Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 
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r 1 66.00 237,600  237,600  360 660 45.00 43.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 45.00 43.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 45.00 43.17 86.70 14,000 
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Su
rf


ac
e 


4 23.30 83,880  83,880  360 233 45.00 6.71 148.38 159.21 


5 29.00 104,400  104,400  360 290 45.00 6.71 69.10 79.93 


6 37.20 133,920  133,920  360 372 45.00 6.71 21.40 32.23 
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2.50 9,000 9,000 360 25 45.00 6.71 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,803 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 220 m and 1,050 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 1,050 and 1,620 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,620 and 4,250 m distances from the 
source. It is less than 1mg/l beyond 4,250 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m or less at or near 
the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1958.6, 
738.1, 265.7, 71.8, and 11.7 mg/l, respectively. 
 
Figure 6-3a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-3b, 6-3c, 6-3d, 6-3e, 6-3f, and 6-3g .  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 100 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or less at 3 h, 5 mg/l or 
less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can 
be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-3b: TSS concentrations during the maximum currents at 67 h (or 1 h after the cessation of release) 
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Figure 6-3c: TSS concentrations during the maximum currents at 68 h (or 2 h after the cessation of release) 
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Figure 6-3d: TSS concentrations during the maximum currents at 69 h (or 3 h after the cessation of release) 
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Figure 6-3e: TSS concentrations during the maximum currents at 70 h (or 4 h after the cessation of release) 
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Figure 6-3f: TSS concentrations during the maximum currents at 71 h (or 5 h after the cessation of release) 
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Figure 6-3g: TSS concentrations during the maximum currents at 72 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The color 
bar on the right provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The 
maximum loading 1,569 kg/m2 occurs at 10 m to the east and 10 m to the north from the discharge location. It 
decreases to a value of 10 kg/m2 and 1 kg/m2 at distances approximately 90 m and 425 m, respectively from the 
discharge location. It varies from 1 kg/m2 to 0.1 kg/m2 approximately between 425 and 1,500 m distances from the 
discharge location. It varies from 0.1 kg/m2 to 0.01 kg/m2 approximately between 1,500 and 4,600 m distances 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 4,600 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.096, 0.184, 0.435, 1.967, 7.767, and 81.455 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01


 
 


 


 







108 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 118.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 40 m rectangle 
area (or 0.425 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.087, 0.171, and 0.425 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 8150 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 200 m and 950 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 950and 1,440 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,440 and 3,850 m distances from the 
discharge location. It is less than 1mg/l beyond 3,850 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 30 m 
at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m or less at 500 m from the 
discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,708.9 
594.2, 211.7, 58.7, and 9.3 mg/l, respectively.  


 
Figure 6-8a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-8b, 6-8c, 6-8d, 6-8e, 6-8f, and 6-8g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-8b: TSS concentrations during the maximum currents at 6.2 h (or 1 h after the cessation of release) 
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Figure 6-8c: TSS concentrations during the maximum currents at 7.2 h (or 2 h after the cessation of release) 
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Figure 6-8d: TSS concentrations during the maximum currents at 8.2 h (or 3 h after the cessation of release) 
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Figure 6-8e: TSS concentrations during the maximum currents at 9.2 h (or 4 h after the cessation of release) 
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Figure 6-8f: TSS concentrations during the maximum currents at 10.2 h (or 5 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 11.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9.  The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 106 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 70 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 70 and 250 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 250 and 1,130 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 1,130 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.083, 
0.119, 0.413, 1.072, and 4.567 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 


 







120 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.0 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 40 m square area 
(or 0.118 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 1-cm is: 
0.118 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,696 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 150 m from the discharge location. It varies 
from 100 to 10 mg/l between 150 and 730 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 730 and 1,150 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,150 and 
3,200 m distances from the discharge location. It is less than 1 mg/l beyond 3,200 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13a. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m 
from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,092.3, 
431.6, 148.1, 42.2, and 6.6 mg/l, respectively. 
 
Figure 6-13a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-13b, 6-13c, 6-13d, 6-13e, 6-13f, and 6-13g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-13b: TSS concentrations during the maximum currents at 35.4 h (or 1 h after the cessation of release) 
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Figure 6-13c: TSS concentrations during the maximum currents at 36.4 h (or 2 h after the cessation of release) 


 
 
 
  







127 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-13d: TSS concentrations during the maximum currents at 37.4 h (or 3 h after the cessation of release) 
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Figure 6-13e: TSS concentrations during the maximum currents at 38.4 h (or 4 h after the cessation of release) 
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Figure 6-13f: TSS concentrations during the maximum currents at 39.4 h (or 5 h after the cessation of release) 
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Figure 6-13g: TSS concentrations during the maximum currents at 40.4 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0km in all directions from the discharge location as shown in Figure 6-
14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 487 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 125 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 125 and 910 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 910 and 2,520 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,520 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.583, 3.641, and 20.974 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 36.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.247 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.247 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 7.7 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
4.0 m at a distance 7.7 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 409,563 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 100 ad 370 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 370 and 610 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 610 and 1,700 m distances from the source. It is less than 1 
mg/l beyond 1,700 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,175.2, 
315.6, 95.5, 13.1, and 2.3 mg/l, respectively. 
  
Figure 6-18a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-18b, 6-18c, 6-18d, 6-18e, 6-18f, and 6-18g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-18b: TSS concentrations during the mean currents at 24.3 h (or 1 h after the cessation of release) 
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Figure 6-18c: TSS concentrations during the mean currents at 25.3 h (or 2 h after the cessation of release) 
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Figure 6-18d: TSS concentrations during the mean currents at 26.3 h (or 3 h after the cessation of release) 
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Figure 6-18e: TSS concentrations during the mean currents at 27.3 h (or 4 h after the cessation of release) 
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Figure 6-18f: TSS concentrations during the mean currents at 28.3 h (or 5 h after the cessation of release) 
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Figure 6-18g: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 78 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 190 m and 480 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 480 and 1,150 m distances from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 1,150 and 2,480 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,480 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.667, 1.933, 
4.621, and 23.100 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 5.4 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 155 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 140 m x 40 m rectangle 
area (or 0.565 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 442,290 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 280 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 280 and 475 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 475 and 1,370 m distances from the source. It is less than 1 
mg/l beyond 1,370 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 721.0, 
119.1, 38.4, 8.8, and 1.6 mg/l, respectively. 
  
Figure 6-23a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-23b, 6-23c, 6-23d, 6-23e, 6-23f, and 6-23g. These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-23b: TSS concentrations during the maximum currents at 30 h (or 1 h after the cessation of release) 
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Figure 6-23c: TSS concentrations during the maximum currents at 31 h (or 2 h after the cessation of release) 
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Figure 6-23d: TSS concentrations during the maximum currents at 32 h (or 3 h after the cessation of release) 
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Figure 6-23e: TSS concentrations during the maximum currents at 33 h (or 4 h after the cessation of release) 
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Figure 6-23f: TSS concentrations during the maximum currents at 34 h (or 5 h after the cessation of release) 
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Figure 6-23g: TSS concentrations during the maximum currents at 35 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 59 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 150 m and 360 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 360 and 1,060 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,060 and 2,100 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,100 m from the discharge location.     
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.573, 1.399, 
4.312, and 18.171 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.8 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 110 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 40 m rectangle 
area (or 0.354 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 66,464 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 20 and 150 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 150 m and 285 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 285 m and 840 m distances from the discharge location. It is 
less than 1 mg/l beyond 840 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 200.4, 73.2, 
15.5, 4.6, and 0.7 mg/l, respectively. 
  
Figure 6-28a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, and 4 h after the cessation of the discharge are 
presented by Figures 6-28b, 6-28c, 6-28d, and 6-28e.  These figures show that the TSS concentrations within the 
5.0 km model domain decrease to: 1 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, and less than 0.1 
mg/l at 4 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations 
attains pre-existing conditions between 3 and 4 h after the cessation of the discharge based on the assumption 
that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-28b: TSS concentrations during the maximum currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 6-28c: TSS concentrations during the maximum currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 6-28d: TSS concentrations during the maximum currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 6-28e: TSS concentrations during the maximum currents at 41.2 h (or 4 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 25 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 75 m and 300 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 300 and 820 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 820 and 1610 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 1610 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.255, 1.149, 
3.195, and 10.739 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.6 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 35 m rectangle 
area or 0.109 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 45.0 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 165 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
55.0 m at a distance 165.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-31 and 6-32. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33a. The depth 
of water is 45.0 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal 
diameter discharge pipe. Figure 6-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 338,511 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 300 m 
from the discharge location. It varies from 100 to 10 mg/l between 300 m and 2,020 m distances from the 
discharge location. It varies from 10 to 5 mg/l between 2,020 m and 2,250 m distances from the discharge location. 
It varies from 5 to 1 mg/l between 2,250 m and 2,325 m distances from the source. It is less than 1 mg/l beyond 
2,325 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,806.9, 
335.1, 178.6, 96.5, and 31.2 mg/l, respectively. 
 
Figure 6-33a: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are presented by Figures 6-33b, 
6-33c, 6-33d , 6-33e, 6-33f, and 6-33g.  These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 100 mg/l or less at 1 h, 100 mg/l or less at 2 h, 10 mg/l or less at 3 h, 10 mg/l or less at 4 h, 5 
mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be described 
that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the cessation of the 
discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model 
domain. 
 
Figure 6-33b: TSS concentrations during the maximum currents at 3.5 h (or 1 h after the cessation of release) 
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Figure 6-33c: TSS concentrations during the maximum currents at 4.5 h (or 2 h after the cessation of release) 
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Figure 6-33d: TSS concentrations during the maximum currents at 5.5 h (or 3 h after the cessation of release) 
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Figure 6-33e: TSS concentrations during the maximum currents at 6.5 h (or 4 h after the cessation of release) 
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Figure 6-33f: TSS concentrations during the maximum currents at 7.5 h (or 5 h after the cessation of release) 
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Figure 6-33g: TSS concentrations during the maximum currents at 8.5 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 11 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 140 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 140 m and 830 m, respectively from the discharge location. . It varies 
from 0.1 kg/m2 to 0.01 kg/m2 between distances approximately 830 m and 1,910 m, respectively from the 
discharge location. It is less than 0.01 kg/m2 beyond 1,910 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.105, 0.438, 
3.260, and 19.490 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation on the seabed. The maximum deposit 
thickness of 0.6 cm occurs at 50 m to the east and 10 m to the north from the discharge location. It is less than 1 
cm. 
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R F 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger F well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,165 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 20 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 295 m; 10 kg/m2 to 1 
kg/m2 between 295 m and 900 m; and 1 kg/m2 to 0.1 kg/m2 between 900 m and 2,025 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 2,025 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.105, 0.338, 1.287, 3.661, 16.893, and 129.572 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger F 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger F (zoom view) 


 


 


  







183 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b but shows only 520 m x 520 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 158.1 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 67 m; 10 cm to 3 cm between 67 m and 125 m; and 3 cm to 1 cm between 125 m and 250 m 
distances approximately from the discharge location. It is less than 1 cm beyond 250 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 270 m x 40 m rectangle 
area (or 1.073 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.097, 0.275, and 1.073 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger F 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger F 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger F  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger F well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger F well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.097, 0.275, and 1.073 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 15.5 to 265.7 mg/l at 100 m; 4.6 to 96.5 mg/l at 300 m; and 0.7 
to 31.2 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness Larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 


B
u


rg
e


r 
F 


Se
a 


Fl
o


o
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1 66.00 45.00 43.17 68.83 14,000.00 0.087 0.171 0.425 118.40 


2 5.20 45.00 43.17 116.30 14,000.00 - - 0.118 8.03 


3 34.40 45.00 43.17 86.70 14,000.00 - 0.112 0.247 36.78 


Se
a 
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rf


ac
e


 


4 23.30 45.00 6.71 148.38 159.21 - - 0.565 5.41 


5 29.00 45.00 6.71 69.10 79.93 - - 0.354 3.83 


6 37.20 45.00 6.71 21.40 32.23 - - 0.109 1.64 


R
ig
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 S
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2.50 45.00 6.71 970.80 970.80 - - 0.412 0.55 


At the end of the Drilling Operation 0.097 0.275 1.073 158.09 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Pre-diluted 
Effluent 
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Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
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1 66.00 45.00 43.17 68.83 14,000.00 1,958.6 738.1 265.7 71.8 11.7 


2 5.20 45.00 43.17 116.30 14,000.00 1,708.9 594.2 211.7 58.7 9.3 


3 34.40 45.00 43.17 86.70 14,000.00 1,092.3 431.6 148.1 42.2 6.6 
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4 23.30 45.00 6.71 148.38 159.21 1,175.2 315.6 95.5 13.1 2.3 


5 29.00 45.00 6.71 69.10 79.93 721.0 199.1 38.4 8.8 1.6 


6 37.20 45.00 6.71 21.40 32.23 200.4 73.2 15.5 4.6 0.7 
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2.50 45.00 6.71 970.80 970.80 1,806.9 335.1 178.6 96.5 31.2 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.519 and 1.073 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 196.3 and 158.1 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.4 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is 2.4 to 3.9 times higher than 
those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the 
water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted fate and transport of the TSS concentrations presented in Sections 5 and 6 by a series of 
plots for each drilling intervals and the discharge from the rig’s surface pits show that the TSS concentrations attain 
a value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 
to 6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger F well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge.  These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


45.0 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
u
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e


r 
F 


Se
a 
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o


o
r 


1 66.00 68.83 0.089 0.119 0.274 128.14 0.087 0.171 0.425 118.40 


2 5.20 116.30 - - 0.117 8.38 - - 0.118 8.03 


3 34.40 86.70 - 0.111 0.192 38.88 - 0.112 0.247 36.78 


Se
a 
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rf


ac
e


 


4 23.30 148.38 - 0.098 0.322 13.54 - - 0.565 5.41 


5 29.00 69.10 - - 0.271 8.68 - - 0.354 3.83 


6 37.20 21.40 - - 0.187 3.15 - - 0.109 1.64 


R
ig


's
 S


u
rf
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e
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it


s 


2.50 970.80 - - 0.094 1.09 - - 0.412 0.55 


At the end of the Drilling 
Operation 


0.102 0.195 0.519 196.31 0.097 0.275 1.073 158.09 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 
100-, 300-, and 1000-m from the Source 


Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 
100 
m 


300 
m 


1000 
m 


10 m 30 m 
100 
m 


300 
m 


1000 
m 


B
u


rg
e


r 
F 


Se
a 


Fl
o


o
r 


1 66.00 68.83 1,138.3 413.4 103.1 22.1 3.6 1,958.6  738.1  265.7  71.8  11.7  


2 5.20 116.30 913.0 317.5 87.0 18.4 2.9 1,708.9  594.2  211.7  58.7  9.3  


3 34.40 86.70 589.9 223.9 61.2 12.8 2.1 1,092.3  431.6  148.1  42.2  6.6  


Se
a 


Su
rf
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e


 


4 23.30 148.38 736.0 196.5 24.2 5.3 0.9 1,175.2  315.6  95.5  13.1  2.3  


5 29.00 69.10 493.4 118.2 14.3 3.2 0.5 721.0  199.1  38.4  8.8  1.6  


6 37.20 21.40 177.4 37.6 6.4 1.4 0.2 200.4  73.2  15.5  4.6  0.7  


R
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's
 S


u
rf
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e
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s 


2.50 970.80 532.6 424.7 219.1 101.3 - 1,806.9  335.1  178.6  96.5  31.2  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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Sea 
Floor 


Sea 
Surface 


At 10, 30, 90, and 110 meters 


m m m/s µm 10 m 30 m 90 m 110 m 
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1.83 38.29 


M
e
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 C


u
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ts


 


0.07 


1 0.080 0.003 0.000 0.000 


4 0.066 0.005 0.003 0.002 


15 0.107 0.019 0.005 0.004 


50 0.061 0.007 0.000 0.000 


125 0.031 0.004 0.002 0.002 


250 0.331 0.035 0.004 0.000 


500 0.311 0.070 0.000 0.000 


1000 0.345 0.006 0.000 0.000 


3600 0.575 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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1.83 38.29 
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0.25 


1 0.045 0.023 0.001 0.000 


4 0.036 0.019 0.002 0.001 


15 0.065 0.034 0.004 0.002 


50 0.052 0.004 0.003 0.002 


125 0.021 0.010 0.001 0.000 


250 0.295 0.038 0.000 0.001 


500 0.291 0.007 0.038 0.025 


1000 0.273 0.006 0.001 0.000 


3600 0.451 0.085 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger F located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger F is 
located in block 6714 area of Posey. The depth of water is 45.0 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.8 bbls/hour for 2.5 hours. These constitute discharges described in Permit No.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 or 10 lb/gal and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger F well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 140 m, (iii) 1 kg/m2 at 400 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,700 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.321, 0.653, 4.492, 17.631, and 135.616 hectares (ha), respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 196.3 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.519 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.519 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 295 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,000 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.105, 0.338, 1.287, 3.661, 16.893, and 129.572 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 158.1 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 270 m x 40 m rectangle 
area (or 1.073 ha) at the maximum currents The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.097, 0.275, and 1.073 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger F well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.519 ha at the mean currents and 1.073 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
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currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.4 to 219.1 mg/l at the mean currents and 15.5 to 
265.7 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 101.3 mg/l at the mean currents and 4.6 to 
96.5 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
F well by the drill ship Noble Discoverer can be classified as low. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger F located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger F is 
located in block 6714 area of Posey. The depth of water is 45.0 meters (m). The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  These constitute discharges 
described in Permit No.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal)  and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger F well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 380 m, (iv) 0.1 kg/m2 at 1,040 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.270, 0.599, 4.148, 17.018, and 126.224 hectares (ha), respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 200.0 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 105 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.511 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.511 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 280 m, (iii) 1 kg/m2 at 820 m, and (iv) 0.1 kg/m2 at 1,930 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.338, 1.213, 3.435, 14.972, and 123.565 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 160.5 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.047 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.275, and 1.047 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger F well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.511 ha at the mean currents and 1.047 ha at the maximum currents. The 
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impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.1 to 235.1 mg/l at the mean currents and 9.9 to 
202.9 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 109.0 mg/l at the mean currents and 2.3 to 
91.8 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
F well by the drill ship Polar Pioneer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Polar Pioneer at the prospect well site Burger F located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger F is located in block 6714 area of Posey. The depth of water is 45.0 meters 
(m). The location of the well Burger F, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger F well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. 
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings).  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger F well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger F 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger F 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth (m) Easting (m) Northing (m) Latitude Longitude 


Burger F Posey 6714 564,063.30 7,915,956.94 N71° 20' 13.96"  W163° 12' 21.75" 45.0 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger F. This table 
presents the following data: discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 
bbls.  The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 21.40 to a high of 148.38 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger F 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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5 29.00 2,082 333.99 1,669.94 2,003.93 69.10 314.07 2,318.00 79.93 


6 37.20 1,718 132.69 663.45 796.14 21.40 402.88 1,199.02 32.23 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


Notes to Table 1-2: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Brandsma and 
Smith, 1999 and Alam and Brandsma, 2013). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. The effluent may contain up to 12 classes of particulates. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. The ambient bathymetry may be variable or constant 
depth. Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The 
model couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking 
model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the FORTRAN based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN DRILL CU TTING S A ND FLUIDS  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for the water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report 
and User Guide states that these data sets can be used for modeling studies in cases where no site specific data 
are available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger F. The volume fractions of the fall velocity classes were adjusted for the effluent for 
each drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total 
effluent. The fall velocity classes for the water based mud cuttings from the Report and User Guide is presented in 
Table 1-3. The actual value of the density for the solids was used in the numeric simulations for each drilling 
intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for the water based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger F. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids such as barite present in the volume of the 
total effluent. The fall velocity classes for the water based mud from the Report and User Guide is presented in 
Table 1-4. The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger F well are described in 
detailed in Sections 2 and 3. The modeling domain is described in Section 4. The modeling results at the mean and 
maximum currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 
8 describes the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger F located offshore 
Chukchi Sea. The required model input data for the ambient are described in this section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger F well site is 45.0 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9-45.7 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger F is 
located in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow 
vectors (blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger F is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger F well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger F well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS 
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger F located offshore Chukchi Sea. The required model input data for the effluent are described in this section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
  


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours 
 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger F well would be conducted by the drill ship Polar Pioneer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals and the rig’s surface pits for the prospect well Burger F. This table presents the following data: 
discharge scenarios, drilling intervals, durations of drilling, footage drilled, volume of total water based drill 
cuttings including washout, volume of total water based drill fluids, volume of total effluent, effluent (or cuttings 
mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the pre-diluted effluent 
discharge rate. The estimated volumes of the water based drill cuttings including fifty percent (50 %) washout and 
the drill fluids for the six drilling intervals vary from a low of 604.75 bbls to a high of 4,542.86 bbls.  The durations 
of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass discharge rates vary 
from a low of 21.40 to a high of 148.38 bbls/hour.  Cement is discharged only for the sea floor discharge scenario 
during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings.  
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Table 3-1: Drilling Operation for Burger F  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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4 23.30 1,760 576.19 2,880.95 3,457.14 148.38 252.34 3,709.48 159.21 


5 29.00 2,082 333.99 1,669.94 2,003.93 69.10 314.07 2,318.00 79.93 


6 37.20 1,718 132.69 663.45 796.14 21.40 402.88 1,199.02 32.23 


D
is


ch
ar


ge
 f


ro
m


 


R
ig


's
 S


u
rf


ac
e 


P
it


s 


2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


Notes to Table 3-1: 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
      2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger F. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger F well is presented 
in Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water-based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger F. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger F well is presented in Table 3-
3. The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger F  
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Estimated 
Particle 


Diameter Fall Velocity 


Volume Fractions 


For Drilling Intervals 


(g
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c)
 micro 


meter 
(µm) 


(cm/s) 1 2 3 4 5 6 


B
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1 


Varies 
from 


2.65 to 
3.07 


1 0.0001350264 0.0003229 0.0002686 0.0001882 0.0149921 0.0162852 0.0125080 


2 4 0.0016855440 0.0002422 0.0002014 0.0001412 0.0112441 0.0122139 0.0093810 


3 15 0.0218236800 0.0002826 0.0002350 0.0001647 0.0131181 0.0142496 0.0109445 


4 50 0.2328062400 0.0001211 0.0001007 0.0000706 0.0056221 0.0061070 0.0046905 


5 125 1.4471904000 0.0000807 0.0000671 0.0000471 0.0037480 0.0040713 0.0031270 


6 250 4.0111680000 0.0007266 0.0006043 0.0004235 0.0337323 0.0366417 0.0281431 


7 500 9.7962720000 0.0006459 0.0005372 0.0003764 0.0299843 0.0325704 0.0250161 


8 1000 13.5178800000 0.0006055 0.0005036 0.0003529 0.0281103 0.0305348 0.0234526 


9 3600 25.9750560000 0.0010092 0.0008393 0.0005881 0.0468504 0.0508913 0.0390876 


  
  
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Drilling Fluids, Burger F 
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Solids 
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Estimated 
Particle 


Diameter Fall Velocity 
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(g/cc) 
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(µm) 


(cm/s) 
Discharge from 
Rig's Surface Pit 
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1 


4.1 


75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the equation of state presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and the water based muds for the prospect well Burger F are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger F 
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 Drill Fluids Total Cuttings Solids 1 


Total Solids 
Mass 


Total 
Solids 


Volume 
Solids Density 


Volume 
Fraction 
of Solids 


in Effluent D
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Volume Mass 


D
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Volume Mass 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 g/cc 


1 1,076.18 840 134 143,724 2,650.00 3,703 589 1,560,074 1,571,305 593.03     2,649.64  2.65 0.00403683 


2 1,076.18 372 59 63,713 2,650.00 232 37 97,903 102,881 38.86     2,647.54  2.65 0.00335738 


3 1,076.18 1,911 304 326,998 2,650.00 1,071 170 451,295 476,847 180.13     2,647.27  2.65 0.00235251 


4 1,318.13 2,881 458 603,749 2,650.00 576 92 242,758 320,311 110.52     2,898.16  2.90 0.18740171 


5 1,437.87 1,670 265 381,754 2,650.00 334 53 140,714 230,588 75.02     3,073.68  3.07 0.20356527 


6 1,437.87 663 105 151,667 2,650.00 133 21 55,904 91,611 29.80     3,073.68  3.07 0.15635049 


R
ig


's
 S


u
rf


ac
e 


P
it


s 


1,198.30 2,227 354 424,203 4,100.00 200 32 130,618 130,618 31.86     4,100.00  4.10 0.0825634  


 


Note to Table 3-4a: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
 
  







17 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Table 3-4b: Computations of Effluent Bulk Density for Burger F 
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Computation of Density of Effluent (Bulk 
Density) 
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Volume Mass Total Mass 
Total 


Volume 
Bulk Density 


kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg/m3 bbls m3 kg kg m3 kg/m3 lbs/gal 


1 1,076.18 840 134 143,724 2,650.00 3,703 589 1,560,074 1,025.77 919,457 146,182 149,948,589 151,652,387 146,904 1,032.32 8.62 


2 1,076.18 372 59 63,713 2,650.00 232 37 97,903 1,025.77 72,195 11,478 11,773,878 11,935,494 11,574 1,031.21 8.61 


3 1,076.18 1,911 304 326,998 2,650.00 1,071 170 451,295 1,025.77 478,618 76,094 78,054,804 78,833,097 76,568 1,029.58 8.59 


4 1,318.13 2,881 458 603,749 2,650.00 576 92 242,758 1,023.80 252 40 41,074 887,581 590 1,504.99 12.56 


5 1,437.87 1,670 265 381,754 2,650.00 334 53 140,714 1,023.80 314 50 51,122 573,590 369 1,556.42 12.99 


6 1,437.87 663 105 151,667 2,650.00 133 21 55,904 1,023.80 403 64 65,577 273,148 191 1,432.88 11.96 
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1,198.30 2,227 354 424,203 4,100.00 200 32 130,618         554,821 386 1,437.87 12.00 


 


Note to Table 3-4b: 


1: The water based muds discharged from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented above 
under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source.  The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a gray dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger F 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger F well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger F well 
site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger F 
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Effluent 
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Drill Fluids) 


Mass 
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Rate 


Pre-diluted 
Effluent 


Discharge 
Rate 


Total 
Simulation 


Time 


Model 
Time 
Step 
(∆t) 


Count 
of 


Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 


Se
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o
r 1 66.00 237,600  237,600  360 660 45.00 43.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 45.00 43.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 45.00 43.17 86.70 14,000 
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4 23.30 83,880  83,880  360 233 45.00 8.53 148.38 159.21 


5 29.00 104,400  104,400  360 290 45.00 8.53 69.10 79.93 


6 37.20 133,920  133,920  360 372 45.00 8.53 21.40 32.23 
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2.50 9,000 9,000 360 25 45.00 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drill interval is presented in Figure 5-3a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,166 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 95 m and 470 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 470 and 750 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 750 and 1,960 m distances from the 
source. It is less than 1 mg/l beyond 1,960 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 5-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the 
discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,083.1, 
382.2, 95.7, 20.2, and 3.3 mg/l, respectively. 
 
Figure 5-3a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 6, 12, and 18 hours (h) after the cessation of the discharge are 
presented by Figures 5-3b, 5-3c, and 5-3d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 5 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-3b: TSS concentrations during the mean currents at 72 h (or 6 h after the cessation of release) 


 


  







25 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-3c: TSS concentrations during the mean currents at 78 h (or 12 h after the cessation of release) 


 


  







26 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-3d: TSS concentrations during the mean currents at 84 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figures 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,718 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 265 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 265 and 720 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 720 and 1,980 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 1,980 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.098, 0.120, 0.277, 1.145, 6.842, and 59.792 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same result is presented in Figure 5-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 129.7 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.271 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.090, 0.119, and 0.271 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 7,626 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 85 m and 420 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 420 and 660 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 660 and 1,300 m distances from the 
discharge location. It is less than 1 mg/l beyond 1,320 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 5-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at 
or near the discharge location. It is less than 5 mg/l at a depth approximately 40 m at 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 866.2, 
293.9, 80.8, 16.9, and 2.7 mg/l, respectively.  


 
Figure 5-8a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-8b, 5-8c, and 5-8d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-8b: TSS concentrations during the mean currents at 11.2 h (or 6 h after the cessation of release) 
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Figure 5-8c: TSS concentrations during the mean currents at 17.2 h (or 12 h after the cessation of release) 
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Figure 5-8d: TSS concentrations during the mean currents, at 23.2 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 112 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 45 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 45 and 190 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 190 and 500 m distances from the discharge location. The loading is less than 0.01 
kg/m2 beyond 500 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.085, 
0.119, 0.266, 0.881, and 3.298 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same result is presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.5 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m square area 
(or 0.117 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 1-cm is:  
0.117 ha.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,340 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 60 m from the discharge location. It varies 
from 100 to 10 mg/l between 60 and 330 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 330 and 520 m distances from the discharge location. It varies from 5 to 1 mg/l between 520 and 1,450 m 
distances from the discharge location. It is less than 1 mg/l beyond 1,450 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13a. The discharge plume is spreading farther horizontally to the 
east along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is approximately 1 mg/l at a depth 40 m at 500 m from the 
discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 555.3, 
207.4, 56.9, 11.7, and 1.9 mg/l, respectively. 
 
Figure 5-13a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 


 







42 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours). The fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge 
are presented by Figures 5-13b, 5-13c, and 5-13d.  These figures show that the TSS concentrations within the 5.0 
km model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-13b: TSS concentrations during the mean currents at 40.4 h (or 6 h after the cessation of release) 
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Figure 5-13c: TSS concentrations during the mean currents at 46.4 h (or 12 h after the cessation of release) 
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Figure 5-13d: TSS concentrations during the mean currents at 52.4 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 521 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 110 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 110 and 425 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 425 and 1,120 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,120 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.197, 0.519, 3.334, and 17.336 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same result is presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 39.3 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 50 m x 40 m rectangle 
area (or 0.191 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.191 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 4.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
6.4 m at a distance 4.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 478,497 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 45 and 190 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 190 and 320 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 320 and 950 m distances from the source. It is less than 1 
mg/l beyond 950 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 730.5, 
191.9, 23.3, 5.4, and 0.9 mg/l, respectively. 
  
Figure 5-18a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours). The 
fate and transport of the discharged solids at times 6, 12, and 18 h after the cessation of the discharge are 
presented by Figures 5-18b, 5-18c, and 5-18d.  These figures show that the TSS concentrations within the 5.0 km 
model domain decrease to: 1 mg/l or less at 6 h, 1 mg/l or less at 12 h, and less than 0.1 mg/l at 18 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 12 and 18 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-18b: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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Figure 5-18c: TSS concentrations during the mean currents at 35.3 h (or 12 h after the cessation of release) 
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Figure 5-18d: TSS concentrations during the mean currents at 41.3 h (or 18 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 207 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 200 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 200 and 440 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 440 m and 1,420 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 1,420 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.335, 0.815, 4.886, and 29.269 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same result is presented in Figure 5-20b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 14.3 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 75 m x 40 m rectangle 
area (or 0.276 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.099 and 0.276 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
4.2 m at a distance 3.5 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 559,833 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 30 and 125 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 125 and 220 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 220 and 670 m distances from the source. It is less than 1 
mg/l beyond 670 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 437.5, 
113.9, 13.3, 3.2, and 0.5 mg/l, respectively. 
  
Figure 5-23a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours). The 
fate and transport of the discharged solids at times 6 and 12 h after the cessation of the discharge are presented 
by Figures 5-23b and 5-23c.  These figures show that the TSS concentrations within the 5.0 km model domain 
decrease to: 1 mg/l or less at 6 h and less than 0.1 mg/l at 12 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 6 and 12 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 5-23b: TSS concentrations during the mean currents at 35 h (or 6 h after the cessation of release) 
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Figure 5-23c: TSS concentrations during the mean currents at 41 h (or 12 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 141 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 180 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 180 and 490 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/ m2 approximately between 490 and 1,325 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 1,325 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.100, 
0.322, 0.739, 4.285, and 23.102 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same result is presented in Figure 5-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 9.2 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.265 ha) as presented in Figure 5-25b.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.6 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 5-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 309,249 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 60 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 60 m and 105 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 105 m and 380 m distances from the discharge location. It is 
less than 1 mg/l beyond 380 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 152.6, 36.3, 
5.1, 1.4, and 0.2 mg/l, respectively. 
  
Figure 5-28a: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours). The 
fate and transport of the discharged solids at times 1, 2, 3, 4, and 5 h after the cessation of the discharge are 
presented by Figures 5-28b, 5-28c, 5-28d, 5-28e, and 5-28f,  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l or less 
at 4 h, and less than 0.1 mg/l at 5 h after the cessation of the discharge. Therefore, it can be described that the 
ambient TSS concentrations attains pre-existing conditions between 4 and 5 h after the cessation of the discharge 
based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-28b: TSS concentrations during the mean currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 5-28c: TSS concentrations during the mean currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 5-28d: TSS concentrations during the mean currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 5-28e: TSS concentrations during the mean currents at 41.2 h (or 4 h after the cessation of release) 
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Figure 5-28f: TSS concentrations during the mean currents at 42.2 h (or 5 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 51 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 130 and 310 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/ m2 approximately between 310 and 760 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 760 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.241, 0.521, 
1.237, and 7.418 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same result is presented in Figure 5-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.3 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 45 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 45 m x 40 m rectangle 
area or 0.185 ha as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 30.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
82.0 m at a distance 30.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits numerical 
oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the plume. But 
it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  
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Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33a. The depth 
of water is 45.0 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 5-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 310,906 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 325 m 
from the discharge location. It varies from 100 to 10 mg/l between 330 m and 700 m distances from the discharge 
location. It varies from 10 to 5 mg/l between 700 m and 730 m distances from the discharge location. It varies from 
5 to 1 mg/l between 730 m and 800 m distances from the source. It is less than 1 mg/l beyond 800 m from the 
discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 602.6, 
427.4, 235.1, 109.0, and 0.0 mg/l, respectively. 
 
Figure 5-33a: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 6, 12, 18, and 24 h after the cessation of the discharge are presented by Figures 5-33b, 
5-33c, 5-33d and 5-33e.  These figures show that the TSS concentrations within the 5.0 km model domain decrease 
to: 10 mg/l or less at 6 h, 1 mg/l or less at 12 h, 1 mg/l or less at 18 h, and less than 0.1 mg/l at 24 h after the 
cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing 
conditions between 18 and 24 h after the cessation of the discharge based on the assumption that the ambient TSS 
value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 5-33b: TSS concentrations during the mean currents at 8.5 h (or 6 h after the cessation of release) 
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Figure 5-33c: TSS concentrations during the mean currents at 14.5 h (or 12 h after the cessation of release) 
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Figure 5-33d: TSS concentrations during the mean currents at 20.5 h (or 18 h after the cessation of release) 
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Figure 5-33e: TSS concentrations during the mean currents at 26.5 h (or 24 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 22 kg/m2 occurs at 30 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 90 m and 410 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 between distances approximately 410 m and 620 m, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 620 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.196, 0.839, 
5.898, and 15.902 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same result is presented in Figure 5-35b but shows only 240 m x 240 m seabed surface 
with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. The 
maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the south from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 35 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 5 m x 20 m rectangle 
area (or 0.089 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R F 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger F well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,760 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 130 m; 10 kg/m2 to 1 
kg/m2 between 130 m and 380 m; 1 kg/m2 to 0.1 kg/m2 between 380 m and 1,040 m; and 0.1 kg/m2 to 0.01 kg/m2 
between 1,040 and 2,600 m distances approximately from the discharge location. The loading is less than 0.01 
kg/m2 beyond 2,600 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.108, 0.270, 0.599, 4.148, 17.018, and 126.224 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger F 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger F (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 5-37a. The same result is presented in Figure 5-37b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The prevailing current direction is to the east. Therefore, the fate and transport of the discharge plume is towards 
the east only from the discharge location. The maximum deposit thickness of 200.0 cm occurs at 10 m to the east 
and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a distance approximately 
20 m from the discharge location as shown in Figure 5-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 
30 cm to 10 cm between 30 m and 45 m; 10 cm to 3 cm between 45 m and 70 m; and 3 cm to 1 cm between 70 m 
and 105 m distances approximately from the discharge location. It is less than 1 cm beyond 105 m approximately 
to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.511 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.511 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger F 
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Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger F 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger F  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger F well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger F well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.195, and 0.511 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 5.1 to 235.1 mg/l at 100 m; 1.4 to 109.0 mg/l at 300 m; and 0.0 
to 3.3 mg/l at 1000 m distances from the source.   
 
Table 5-2: Total Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered 
by Solids Thickness larger 
than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 
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1 66.00 45.00 43.17 68.83 14,000.00 0.090 0.119 0.271 129.70 


2 5.20 45.00 43.17 116.30 14,000.00 0.000 0.000 0.117 8.48 


3 34.40 45.00 43.17 86.70 14,000.00 0.000 0.112 0.191 39.34 
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a 


Su
rf


ac
e


 


4 23.30 45.00 8.53 148.38 159.21 0.000 0.099 0.276 14.27 


5 29.00 45.00 8.53 69.10 79.93 0.000 0.000 0.265 9.21 


6 37.20 45.00 8.53 21.40 32.23 0.000 0.000 0.185 3.32 
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2.50 45.00 8.53 970.80 970.80 0.000 0.000 0.089 1.08 


At the end of the Drilling Operation 0.102 0.195 0.511 200.01 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 


W
e


ll 
ID


 


D
is


ch
ar


ge
 S


ce
n


ar
io


 


D
ri


lli
n


g 
In


te
rv


a
ls


 


D
u


ra
ti


o
n


s 
o


f 
D


is
ch


ar
ge


 


D
e


p
th


 o
f 


W
at


e
r 


D
e


p
th


 o
f 


D
is


ch
ar


ge
 


Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 
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Concentrations (mg/l) in Water Column at 
10-, 30-, 100-, 300-, and 1000-m from the 


Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 300 m 
1000 


m 


B
u


rg
e


r 
F 


Se
a 


Fl
o


o
r 


1 66.00 45.00 43.17 68.83 14,000.00 1,083.1 382.2 95.7 20.2 3.3 


2 5.20 45.00 43.17 116.30 14,000.00 866.2 293.9 80.8 16.9 2.7 


3 34.40 45.00 43.17 86.70 14,000.00 555.3 207.4 56.9 11.7 1.9 
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4 23.30 45.00 8.53 148.38 159.21 730.5 191.9 23.3 5.4 0.9 


5 29.00 45.00 8.53 69.10 79.93 437.5 113.9 13.3 3.2 0.5 


6 37.20 45.00 8.53 21.40 32.23 152.6 36.3 5.1 1.4 0.2 
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2.50 45.00 8.53 970.80 970.80 602.6 427.4 235.1 109.0 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger F well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 software for the OOC model yielding the total 
solids deposition loading and thickness distribution on the seabed from the drilling operation at the Burger F well 
site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger F 
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Discharge 
Rate 


Total 
Simulation 


Time 


Model 
Time 
Step 
(∆t) 


Count 
of 


Total 
Model 
Steps Hours Seconds Seconds Seconds m m bbls/hour bbls/hour 
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r 1 66.00 237,600  237,600  360 660 45.00 43.17 68.83 14,000 


2 5.20 18,720  18,720  360 52 45.00 43.17 116.30 14,000 


3 34.40 123,840  123,840  360 344 45.00 43.17 86.70 14,000 
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4 23.30 83,880  83,880  360 233 45.00 8.53 148.38 159.21 


5 29.00 104,400  104,400  360 290 45.00 8.53 69.10 79.93 


6 37.20 133,920  133,920  360 372 45.00 8.53 21.40 32.23 
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2.50 9,000 9,000 360 25 45.00 8.53 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  


  







97 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 9,743 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 180 m and 900 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 900 and 1,400 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,400 and 3,600 m distances from the 
source. It is less than 1 mg/l beyond 3,600 m from the discharge location. The effect of the sea floor pump is visible 
in this Figure 6-3a. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 35 m or less at or near 
the discharge location. It is less than 0.1 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,462.0, 
569.2, 202.9, 57.1, and 8.8 mg/l, respectively. 
 
Figure 6-3a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 237,600 sec (or 66.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-3b, 6-3c, 6-3d, 6-3e, 6-3f, and 6-3g .  These figures show that the TSS concentrations within 
the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or less at 3 h, 1 mg/l or 
less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can 
be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-3b: TSS concentrations during the maximum currents at 67 h (or 1 h after the cessation of release) 
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Figure 6-3c: TSS concentrations during the maximum currents at 68 h (or 2 h after the cessation of release) 
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Figure 6-3d: TSS concentrations during the maximum currents at 69 h (or 3 h after the cessation of release) 
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Figure 6-3e: TSS concentrations during the maximum currents at 70 h (or 4 h after the cessation of release) 


 
  







104 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-3f: TSS concentrations during the maximum currents at 71 h (or 5 h after the cessation of release) 
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Figure 6-3g: TSS concentrations during the maximum currents at 72 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,595 kg/m2 occurs at 10 m to 
the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 85 m and 350 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 350 and 1,410 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,410 and 3,950 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 3,950 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.097, 0.185, 0.432, 1.477, 5.326, and 56.115 ha, respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same result is presented in Figure 6-5b but shows only 240 m x 240 m 
seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 120.4 cm occurs at 10 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 85 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 50 m rectangle 
area (or 0.423 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.088, 0.173, and 0.423 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 
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Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 8,101 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 160 m and 800 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l approximately between 800 and 1,220 m 
distances from the discharge location. It varies from 5 to 1 mg/l between 1,220 and 3,280 m distances from the 
discharge location. It is less than 1mg/l beyond 3,280 m from the discharge location. The effect of the sea floor 
pump is visible in this Figure 6-8a. The discharge plume is spreading farther horizontally to the east along the 
direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 30 m 
at or near the discharge location. It is less than 0.1 mg/l at a depth approximately 40 m or less at 500 m from the 
discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,538.2, 
482.4, 172.1, 46.6, and 7.3 mg/l, respectively.  


 
Figure 6-8a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 18,720 sec (or 5.2 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-8b, 6-8c, 6-8d, 6-8e, 6-8f, and 6-8g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 10 mg/l or less at 1 h, 5 mg/l or less at 2 h, 5 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-8b: TSS concentrations during the maximum currents at 6.2 h (or 1 h after the cessation of release) 
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Figure 6-8c: TSS concentrations during the maximum currents at 7.2 h (or 2 h after the cessation of release) 
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Figure 6-8d: TSS concentrations during the maximum currents at 8.2 h (or 3 h after the cessation of release) 


 


  







115 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-8e: TSS concentrations during the maximum currents at 9.2 h (or 4 h after the cessation of release) 
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Figure 6-8f: TSS concentrations during the maximum currents at 10.2 h (or 5 h after the cessation of release) 
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Figure 6-8g: TSS concentrations during the maximum currents at 11.2 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9.  The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 108 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 75 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 75 and 190 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 190 and 940 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 940 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.083, 
0.119, 0.410, 0.835, and 4.072 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 


 







119 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same result is presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 8.2 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m square area 
(or 0.118 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 1-cm is: 
0.118 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
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Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 45.0 m and the discharge 
occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 43.17 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,666 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 120 m from the discharge location. It varies 
from 100 to 10 mg/l between 120 and 650 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 650 and 1,000 m distances from the discharge location. It varies from 5 to 1 mg/l between 1,000 and 
2,750 m distances from the discharge location. It is less than 1 mg/l beyond 2,750 m from the discharge location. 
The effect of the sea floor pump is visible in this Figure 6-13a. The discharge plume is spreading farther horizontally 
to the east along the direction of the current than vertically. The TSS concentration is less than 0.1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 0.1 mg/l at a depth approximately 40 m at 500 
m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 984.4, 
350.0, 120.4, 33.5, and 5.1 mg/l, respectively. 
 
Figure 6-13a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the cements, water based drill cuttings, and drill fluids ceases at time, t = 123,840 sec (or 34.4 
hours).  The fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the 
discharge are presented by Figures 6-13b, 6-13c, 6-13d, 6-13e, 6-13f, and 6-13g.  These figures show that the TSS 
concentrations within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 5 mg/l or less at 2 h, 1 mg/l or 
less at 3 h, 1 mg/l or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the 
discharge. Therefore, it can be described that the ambient TSS concentrations attains pre-existing conditions 
between 5 and 6 h after the cessation of the discharge based on the assumption that the ambient TSS value is 
equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-13b: TSS concentrations during the maximum currents at 35.4 h (or 1 h after the cessation of release) 
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Figure 6-13c: TSS concentrations during the maximum currents at 36.4 h (or 2 h after the cessation of release) 
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Figure 6-13d: TSS concentrations during the maximum currents at 37.4 h (or 3 h after the cessation of release) 
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Figure 6-13e: TSS concentrations during the maximum currents at 38.4 h (or 4 h after the cessation of release) 
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Figure 6-13f: TSS concentrations during the maximum currents at 39.4 h (or 5 h after the cessation of release) 
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Figure 6-13g: TSS concentrations during the maximum currents at 40.4 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 495 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 105 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 105 and 765 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 765 and 2,240 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,240 m from the discharge location. 
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.115, 
0.264, 0.511, 3.142, and 15.637 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same result is presented in Figure 6-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 37.4 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.248 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.248 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 7.7 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
4.0 m at a distance 7.7 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-16 and 6-17. 
  
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-18a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 476,011 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 80 and 275 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 275 and 600 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 600 and 1,770 m distances from the source. It is less than 1 
mg/l beyond 1,770 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,044.2, 
271.8, 67.6, 9.4, and 2.5 mg/l, respectively. 
  
Figure 6-18a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 83,880 sec (or 23.3 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-18b, 6-18c, 6-18d, 6-18e, 6-18f, and 6-18g.  These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-18b: TSS concentrations during the mean currents at 24.3 h (or 1 h after the cessation of release) 
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Figure 6-18c: TSS concentrations during the mean currents at 25.3 h (or 2 h after the cessation of release) 
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Figure 6-18d: TSS concentrations during the mean currents at 26.3 h (or 3 h after the cessation of release) 
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Figure 6-18e: TSS concentrations during the mean currents at 27.3 h (or 4 h after the cessation of release) 
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Figure 6-18f: TSS concentrations during the mean currents at 28.3 h (or 5 h after the cessation of release) 
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Figure 6-18g: TSS concentrations during the mean currents at 29.3 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 74 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 180 m and 470 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 470 and 1,125 m distances from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 1,125 and 2,480 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 2,480 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.656, 1.939, 
4.778, and 23.668 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same result is presented in Figure 6-20b but shows only 480 m x 480 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 5.1 cm occurs at 30 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 150 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.516 ha) as presented in Figure 6-20b. 
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.5 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.25 m at a distance 6.5 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 


 


  







147 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 
 
The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-23a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 472,458 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 175 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 175 and 390 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 390 and 1,420 m distances from the source. It is less than 1 
mg/l beyond 1,420 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 691.6, 
162.3, 33.7, 5.7, and 1.7 mg/l, respectively. 
  
Figure 6-23a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 104,400 sec (or 29.0 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are 
presented by Figures 6-23b, 6-23c, 6-23d, 6-23e, 6-23f, and 6-23g. These figures show that the TSS concentrations 
within the 5.0 km model domain decrease to: 5 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h, 1 mg/l 
or less at 4 h, 1 mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it 
can be described that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the 
cessation of the discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l 
within the model domain. 
 
Figure 6-23b: TSS concentrations during the maximum currents at 30 h (or 1 h after the cessation of release) 
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Figure 6-23c: TSS concentrations during the maximum currents at 31 h (or 2 h after the cessation of release) 
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Figure 6-23d: TSS concentrations during the maximum currents at 32 h (or 3 h after the cessation of release) 
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Figure 6-23e: TSS concentrations during the maximum currents at 33 h (or 4 h after the cessation of release) 
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Figure 6-23f: TSS concentrations during the maximum currents at 34 h (or 5 h after the cessation of release) 
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Figure 6-23g: TSS concentrations during the maximum currents at 35 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec  (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 55 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 155 m and 355 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 355 and 1,030 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,030 and 2,060 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,060 m from the discharge location.     
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.564, 1.363, 
4.228, and 18.182 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same result is presented in Figure 6-25b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 3.6 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 105 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 90 m x 40 m rectangle 
area (or 0.351 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.3 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and dotted line 
presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28a. The depth of water is 45.0 m at the 
discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal diameter discharge pipe. 
Figure 6-28a presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 70,363 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 100 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 100 m and 140 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 140 m and 725 m distances from the discharge location. It is 
less than 1 mg/l beyond 725 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 108.8, 42.9, 
9.9, 2.3, and 0.6 mg/l, respectively. 
  
Figure 6-28a: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based drill cuttings and drill fluids ceases at time, t = 133,920 sec (or 37.2 hours).  The 
fate and transport of the discharged solids at times 1, 2, 3, and 4 h after the cessation of the discharge are 
presented by Figures 6-28b, 6-28c, 6-28d, and 6-28e.  These figures show that the TSS concentrations within the 
5.0 km model domain decrease to: 1 mg/l or less at 1 h, 1 mg/l or less at 2 h, 1 mg/l or less at 3 h and less than 0.1 
mg/l at 4 h after the cessation of the discharge. Therefore, it can be described that the ambient TSS concentrations 
attains pre-existing conditions between 3 and 4 h after the cessation of the discharge based on the assumption 
that the ambient TSS value is equal to or more than 0.1 mg/l within the model domain. 
 
Figure 6-28b: TSS concentrations during the maximum currents at 38.2 h (or 1 h after the cessation of release) 
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Figure 6-28c: TSS concentrations during the maximum currents at 39.2 h (or 2 h after the cessation of release) 
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Figure 6-28d: TSS concentrations during the maximum currents at 40.2 h (or 3 h after the cessation of release) 
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Figure 6-28e: TSS concentrations during the maximum currents at 41.2 h (or 4 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 24 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 290 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 290 and 780 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 780 and 1,555 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,555 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.262, 1.077, 
3.107, and 10.485 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same result is presented in Figure 6-30b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 1.6 cm occurs at 50 m to the east and 10 m to the north from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 65 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 30 m rectangle 
area or 0.115 ha as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE  D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 45.0 m and the discharge 
occurs at a depth of 8.53 m below the sea surface. The heavier plume travels approximately 165 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
60.0 m at a distance 165.0 m from the discharge location. The solid lines present the outer boundaries and dotted 
line presents the center line of the discharge plume in Figures 6-31 and 6-32. The lower boundary of the plume 
scours and penetrates the sea floor between 30 and 75 m distances. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33a. The depth 
of water is 45.0 m at the discharge location. The discharge occurs at a depth of 8.53 m from a 15.25 inches internal 
diameter discharge pipe. Figure 6-33a presents the maximum TSS concentrations attained during the discharge. 
The color filled contours present the variations of the TSS concentrations both with respect to the depth from the 
sea surface and the distance from the source by different color bands. The maximum TSS concentration 338,511 
mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance approximately 270 m 
from the discharge location. It varies from 100 to 10 mg/l between 270 m and 1,990 m distances from the 
discharge location. It varies from 10 to 5 mg/l between 1,990 m and 2,240 m distances from the discharge location. 
It varies from 5 to 1 mg/l between 2,240 m and 2,320 m distances from the source. It is less than 1 mg/l beyond 
2,320 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,750.0, 
321.3, 171.6, 91.8, and 29.5 mg/l, respectively. 
 
Figure 6-33a: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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FATE AND TRANSPORT OF THE TSS 
 
The discharge of the water based muds ceases at time, t = 9,000 sec (or 2.5 hours). The fate and transport of the 
discharged solids at times 1, 2, 3, 4, 5, and 6 h after the cessation of the discharge are presented by Figures 6-33b, 
6-33c, 6-33d , 6-33e, 6-33f, and 6-33g.  These figures show that the TSS concentrations within the 5.0 km model 
domain decrease to: 100 mg/l or less at 1 h, 100 mg/l or less at 2 h, 10 mg/l or less at 3 h, 10 mg/l or less at 4 h, 5 
mg/l or less at 5 h, and less than 0.1 mg/l at 6 h after the cessation of the discharge. Therefore, it can be described 
that the ambient TSS concentrations attains pre-existing conditions between 5 and 6 h after the cessation of the 
discharge based on the assumption that the ambient TSS value is equal to or more than 0.1 mg/l within the model 
domain. 
 
Figure 6-33b: TSS concentrations during the maximum currents at 3.5 h (or 1 h after the cessation of release) 
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Figure 6-33c: TSS concentrations during the maximum currents at 4.5 h (or 2 h after the cessation of release) 
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Figure 6-33d: TSS concentrations during the maximum currents at 5.5 h (or 3 h after the cessation of release) 
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Figure 6-33e: TSS concentrations during the maximum currents at 6.5 h (or 4 h after the cessation of release) 
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Figure 6-33f: TSS concentrations during the maximum currents at 7.5 h (or 5 h after the cessation of release) 
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Figure 6-33g: TSS concentrations during the maximum currents at 8.5 h (or 6 h after the cessation of release) 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 14 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 135 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 135 m and 825 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 825 m and 1,900 m distances, respectively from the discharge 
location. It is less than 0.01 kg/m2 beyond 1,900 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.173, 0.488, 
3.302, and 19.167 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The maximum solids deposited thickness on the seabed is 
0.7 cm, which is less than 1 cm as shown by a small dot, occurs on a very small surface area compare to the 5 km x 
5 km map surface area shown in Figure 6-35a. The same result is presented in Figure 6-35b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation on the seabed. The 
maximum deposit thickness of 0.7 cm occurs at 50 m to the east and 10 m to the north from the discharge 
location.  
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE  D I SCH ARGE S ,  BU RGE R F 
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger F well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
6-36a. Figure 6-36b presents a zoom in view of the model results, which shows only 2 km x 2 km area of the 
seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current direction is 
to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the discharge 
location. The maximum loading of 2,201 kg/m2 occurs at 10 m to the east and 30 m to the north from the 
discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 80 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 80 m and 280 m; 10 kg/m2 to 1 
kg/m2 between 280 m and 820 m; and 1 kg/m2 to 0.1 kg/m2 between 820 m and 1,930 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 1,930 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 
0.106, 0.338, 1.213, 3.435, 14.972, and 123.565 ha, respectively.  
 
  







180 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger F 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger F (zoom view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger occurs on a small surface area compare to the 5 km x 5 km map surface 
area shown in Figure 6-37a. The same result is presented in Figure 6-37b but shows only 520 m x 520 m seabed 
surface to show the details of the solids accumulation of 1 cm or larger on the seabed. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum deposit thickness of 160.5 cm occurs at 10 m to the east and 30 m to the north 
from the discharge location. It decreases to a value of 100 cm at a distance approximately 20 m from the discharge 
location as shown in Figure 6-37b. It decreases: 100 cm to 30 cm between 20 m and 30 m; 30 cm to 10 cm 
between 30 m and 70 m; 10 cm to 3 cm between 70 m and 125 m; and 3 cm to 1 cm between 125 m and 235 m 
distances approximately from the discharge location. It is less than 1 cm beyond 235 m approximately to the east 
from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.047 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.276, and 1.047 ha, 
respectively. The sea floor areas affected by solids deposit thickness is presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger F 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger F 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger F  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger F well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger F well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.098, 0.276, and 1.047 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operations are: 9.9 to 202.9 mg/l at 100 m; 2.3 to 91.8 mg/l at 300 m; and 0.6 to 
29.5 mg/l at 1000 m distances from the source.   
 
Table 6-2: Total Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-
diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered by 
Solids Thickness Larger 


than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 


B
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r 
F 
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a 
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o
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1 66.00 45.00 43.17 68.83 14,000.00 0.088 0.173 0.423 120.43 


2 5.20 45.00 43.17 116.30 14,000.00 0.000 0.000 0.118 8.16 


3 34.40 45.00 43.17 86.70 14,000.00 0.000 0.112 0.248 37.40 


Se
a 


Su
rf


ac
e


 


4 23.30 45.00 8.53 148.38 159.21 0.000 0.000 0.516 5.10 


5 29.00 45.00 8.53 69.10 79.93 0.000 0.000 0.351 3.60 


6 37.20 45.00 8.53 21.40 32.23 0.000 0.000 0.115 1.59 


R
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2.50 45.00 8.53 970.80 970.80 0.000 0.000 0.422 0.70 


At the end of the Drilling Operation 0.098 0.276 1.047 160.53 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Pre-diluted 
Effluent 
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Rate 


Total Suspended Solids (TSS) 
Concentrations (mg/l) in Water Column at 
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Source 


Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
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1 66.00 45.00 43.17 68.83 14,000.00 1,462.0 569.2 202.9 57.1 8.8 


2 5.20 45.00 43.17 116.30 14,000.00 1,538.2 482.4 172.1 46.6 7.3 


3 34.40 45.00 43.17 86.70 14,000.00 984.4 350.0 120.4 33.5 5.1 


Se
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e


 


4 23.30 45.00 8.53 148.38 159.21 1,044.2 271.8 67.6 9.4 2.5 


5 29.00 45.00 8.53 69.10 79.93 691.6 162.3 33.7 5.7 1.7 


6 37.20 45.00 8.53 21.40 32.23 108.8 42.9 9.9 2.3 0.6 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 45.00 8.53 970.80 970.80 1,750.0 321.3 171.6 91.8 29.5 


 
 


 


  







188 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.511 and 1.047 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 200.0 and 160.5 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher ambient velocity as presented in Table 7-3. For 
example, the TSS concentrations at the maximum currents are approximately 2.1 times higher than those values at 
the mean currents for the sea floor discharge scenario at 100 m from the source. It is 1.9 to 2.9 times higher than 
those values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the 
water based muds discharge from the rig’s surface pits. 
 
The OOC model predicted fate and transport of the TSS concentrations presented in Sections 5 and 6 by a series of 
plots for each drilling intervals and the discharge from the rig’s surface pits show that the TSS concentrations attain 
a value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 
to 6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness of each sediment class at 
the end of the drilling operation at the Burger F well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 m from the source of the discharge. These tables also 
exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller deposition 
thickness of drill cutting value at 10 m from the source and larger deposition thickness of drill cutting value at 30 m 
from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


45.0 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 
Discharg


e Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximu
m 


Deposit 
Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximu
m 


Deposit 
Thickness 


Hour
s 


bbls/hou
r 


100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
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r 
F 


Se
a 
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o
r 


1 66.00 68.83 0.090 0.119 0.271 129.70 0.088 0.173 0.423 120.43 


2 5.20 116.30 0.000 0.000 0.117 8.48 0.000 0.000 0.118 8.16 


3 34.40 86.70 0.000 0.112 0.191 39.34 0.000 0.112 0.248 37.40 


Se
a 


Su
rf


ac
e


 


4 23.30 148.38 0.000 0.099 0.276 14.27 0.000 0.000 0.516 5.10 


5 29.00 69.10 0.000 0.000 0.265 9.21 0.000 0.000 0.351 3.60 


6 37.20 21.40 0.000 0.000 0.185 3.32 0.000 0.000 0.115 1.59 


R
ig


's
 S


u
rf


ac
e


 P
it


s 


2.50 970.80 0.000 0.000 0.089 1.08 0.000 0.000 0.422 0.70 


At the end of the Drilling 
Operation 


0.102 0.195 0.511 200.01 0.098 0.276 1.047 160.53 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 
100-, 300-, and 1000-m from the Source 


Mean Currents Maximum Currents 
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100 
m 


300 
m 


1000 
m 
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100 
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1 66.00 68.83 1,083.1 382.2 95.7 20.2 3.3 1,462.0  569.2  202.9  57.1  8.8  


2 5.20 116.30 866.2 293.9 80.8 16.9 2.7 1,538.2  482.4  172.1  46.6  7.3  


3 34.40 86.70 555.3 207.4 56.9 11.7 1.9 984.4  350.0  120.4  33.5  5.1  


Se
a 


Su
rf
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e


 


4 23.30 148.38 730.5 191.9 23.3 5.4 0.9 1,044.2  271.8  67.6  9.4  2.5  


5 29.00 69.10 437.5 113.9 13.3 3.2 0.5 691.6  162.3  33.7  5.7  1.7  


6 37.20 21.40 152.6 36.3 5.1 1.4 0.2 108.8  42.9  9.9  2.3  0.6  
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2.50 970.80 602.6 427.4 235.1 109.0 0.0 1,750.0  321.3  171.6  91.8  29.5  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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1.83 36.47 
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0.07 


1 0.089 0.003 0.000 0.000 


4 0.072 0.005 0.002 0.002 


15 0.113 0.017 0.005 0.004 


50 0.062 0.007 0.000 0.000 


125 0.032 0.004 0.002 0.002 


250 0.332 0.045 0.002 0.000 


500 0.321 0.060 0.000 0.000 


1000 0.348 0.003 0.000 0.000 


3600 0.575 0.000 0.000 0.000 


 
 
Table 7-5: Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cutting Deposition Thickness of Each Sediment 
Class Discharge at the End of the Drilling Operation 
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4 0.043 0.022 0.002 0.001 


15 0.073 0.033 0.003 0.001 


50 0.052 0.003 0.003 0.002 


125 0.023 0.009 0.000 0.000 


250 0.295 0.038 0.001 0.003 


500 0.291 0.007 0.037 0.022 


1000 0.273 0.007 0.000 0.000 


3600 0.451 0.103 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Polar Pioneer at the prospect well site Burger F located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger F is 
located in block 6714 area of Posey. The depth of water is 45.0 m. The dispersion and deposition numeric 
simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea floor 
(013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 8.53 m (or 28 feet) below the sea surface.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 68.83, 116.30, and 86.70 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 203.4, 120.4, and 161.5 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east.  
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 148.38, 69.10, and 21.40 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.2, and 1.5 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 159.21, 79.93, and 32.23 bbls/hour, respectively.  
 
The outer diameter of the pipe for the sea surface discharge is 16.0 inches. It runs through the main deck of the 
drill rig Polar Pioneer and comes out on the bottom of the ship. The discharge pipe is located approximately 8.53 m 
below the water line. Therefore, the surface discharges occur at a depth of approximately 8.53 m from the sea 
surface. The internal pipe diameter of 15.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 8.53 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 lbs. of bentonite, 0.5 lbs. of xanthan gum, 
and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal)  and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 







193 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Polar Pioneer at the Burger F well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 130 m, (iii) 1 kg/m2 at 380 m, (iv) 0.1 kg/m2 at 1,040 m, and (v) 0.01 kg/m2 at 2,600 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
mean currents are: 0.108, 0.270, 0.599, 4.148, 17.018, and 126.224 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 200.0 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 105 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 130 m x 40 m rectangle 
area (or 0.511 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, and 
1-cm are: 0.102, 0.195, and 0.511 ha, respectively. 
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 80 m, (ii) 10 kg/m2 at 280 m, (iii) 1 kg/m2 at 820 m, and (iv) 0.1 kg/m2 at 1,930 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 at the 
maximum currents are: 0.106, 0.338, 1.213, 3.435, 14.972, and 123.565 ha, respectively. 
 
The OOC model predicted maximum deposit thickness at the maximum currents is 160.5 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 260 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 250 m x 40 m rectangle 
area (or 1.047 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.098, 0.275, and 1.047 ha, respectively.  
 
The OOC model predicted fate and transport of the TSS concentrations show that the TSS concentrations attain a 
value of less than 0.1 mg/l at: 5 to 24 hours after the cessation of the discharge during the mean currents and 4 to 
6 hours after the cessation of the discharge during the maximum currents. The maximum duration to attain less 
than 0.1 mg/l of TSS concentration is 24 hours after the cessation of the discharge. 
 
The impacts on the ambient from the drilling operations at the Burger F well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.511 ha at the mean currents and 1.047 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
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currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 5.1 to 235.1 mg/l at the mean currents and 9.9 to 
202.9 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents.  The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.4 to 109.0 mg/l at the mean currents and 2.3 to 
91.8 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
F well by the drill ship Polar Pioneer can be classified as low. 
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EXECUTIVE SUMMARY  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger J located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger J is 
located in block 6912 area of Posey. The depth of water is 43.90 meters (m). The dispersion and deposition 
numeric simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea 
floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427 barrels (bbls) of the water based muds will be discharged at the end of the drilling of the well 
from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours. These constitute discharges 
described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and 
discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east. 
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
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the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 centimeters per second (cm/sec) was used as the mean value and 25 cm/sec was used as the maximum value 
in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger J well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 150 m, (iii) 1 kg/m2 at 425 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,750 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.109, 0.276, 0.657, 4.404, 19.025, 146.246, and 745.901 hectares (ha), 
respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 228.9 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 45 m rectangle 
area (or 0.560 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.085, 0.104, 0.248, and 0.560 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 90 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the maximum currents are: 0.109, 0.337, 1.231, 3.707, 18.212, 135.284, and 216.375 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 189.7 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 190 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 1.057 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.102, 0.275, and 1.057 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger J well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.560 ha at the mean currents and 1.057 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.1 to 238.2 mg/l at the mean currents and 11.7 to 
320.4 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
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than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.3 to 109.7 mg/l at the mean currents and 3.8 to 
97.7 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
J well by the drill ship Noble Discoverer can be classified as low. 
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SECTION 1.0 INTRODUCTION  
 
The numeric simulations for the cements, water based drill cuttings, drill fluids, and water based muds discharges 
from the drilling operation by the drill ship Noble Discoverer at the prospect well site Burger J located offshore 
Chukchi Sea were performed using the Offshore Operators Committee Mud and Produced Water Discharge Model 
(OOC Model). The prospect well Burger J is located in block 6912 area of Posey. The depth of water is 43.90 meters 
(m). The location of the well Burger J, within the burger field offshore the Chukchi Sea is presented in Figure 1-1.  
The Burger J well coordinates: easting-northing and latitude-longitude are presented in Table 1-1. The dispersion 
and deposition numeric simulations were performed for the six discrete drilling intervals divided into two 
discharge scenarios: sea floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 
1, 2, and 3 and the sea surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges 
occur at 1.83 m (or 6 feet) above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below 
the sea surface.  Moreover, approximately 2,427 barrels (bbls) of the water based muds will be discharged at the 
end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls per hour (bbls/hour) for 2.5 hours.  
These constitute discharges described in Permit no.: AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements 
at the Seafloor) and discharge 001 (Water-Based Drilling Fluids and Drill Cuttings). 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 
The drilling operations for the Burger J well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals as presented in 
Table 1-2. 
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Figure 1-1: Location of the Burger Field 
Prospect Well: Burger J 
 


 
 
 
Table 1-1: Location of the Prospect Well Burger J 
 


Prospect 
Well  


Area Block 
Coordinates Water 


Depth 
(m) Easting (m) Northing (m) Latitude Longitude 


Burger J Posey 6912 555,036.01 7,897,424.42 N71° 10' 24.03"  W163° 28' 18.52" 43.90 


 
Table 1-2 presents the detailed drilling operation and the effluent data for the prospect well Burger J. This table 
presents the following data: discharge scenarios, drilling intervals, duration of drilling, footage drilled, volume of 
total water based drill cuttings including washout, volume of total water based drill fluids, volume of total effluent, 
effluent (or cuttings mass) discharge rate, volume of seawater added, volume of total pre-diluted effluent, and the 
pre-diluted effluent discharge rate. The estimated volumes of the water based drill cuttings including fifty percent 
(50 %) washout and drill fluids for the six drilling intervals vary from a low of 687.70 bbls to a high of 5,468.57 bbls.  
The durations of drilling vary from a low of 5.2 hours to a high of 66.0 hours. The effluent or cuttings mass 
discharge rates vary from a low of 18.49 to a high of 148.57 bbls/hour.  Cement is discharged only for the sea floor 
discharge scenario during the drilling intervals 2 and 3. It is included in the volume of the drill cuttings. Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
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Table 1-2: Drilling Operation for Burger J 
DISCHARGE SCENARIOS, DRILLING INTERVALS, VOLUMES OF DRILL CUTTINGS, AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 50 4,628.57 840.00 5,468.57 82.86 918,531.43 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,066 348.99 1,744.94 2,093.93 89.87 252.34 2,346.27 100.70 


5 29.00 2,816 451.73 2,258.67 2,710.40 93.46 314.07 3,024.47 104.29 


6 37.20 1,484 114.62 573.09 687.70 18.49 402.88 1,090.58 29.32 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 1-2 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east. 
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
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yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kilograms per cubic meter (kg/m3) or 10 lbs. per gallon (lb/gal) and used as a base drill fluids for the bottom 
hole section. Barite at the rate of 1.413 lb/gal is added to the base drill fluids to increase the weight of the drill 
fluids to 1,318.13 kg/m3 (or 11 lb/gal) for drilling the interval 04 of the bottom hole section. Moreover, barite at 
the rate of 2.83 lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 
lb/gal) for drilling the intervals 05 and 06 of the bottom hole section. 
 


1.1 THE OOC  MODEL  
 
The Offshore Operators Committee (OOC), a consortium of companies operating in the waters of the Gulf of 
Mexico, sponsored development of a model to predict the fate of the effluents discharged offshore (Alam and 
Brandsma 2013; Brandsma and Smith, 1999). The OOC model predicts the fate of drilling mud, cuttings, or 
produced water discharged from a single pipe. Up to 12 classes of particulates may be contained in the effluent. 
Particulates may be solids or oil droplets. The model predicts the concentrations of particulates and liquid effluents 
in the water column and the deposition of solid particles on the sea floor. There are no restrictions on the nature 
of the receiving environment simulated by the OOC model. Bathymetry may be variable or constant depth. 
Currents and hydrography may change spatially and temporally. Sea state may change temporally.  The model 
couples an integral plume model of initial dilution and dynamic spreading with a far-field cloud-tracking model.  
 
The OOC model has been validated against laboratory and field data (O'Reilly et al., 1989; Smith et al, 1994; and 
Smith et al., 2004). The OOC model is maintained with the aid of an automated validation system. The validation 
system produces an HTML report documenting the results of simulating 681 experiments in twenty-five laboratory 
studies and four field studies (Brandsma, 2004), including a field study of cuttings deposition on the sea floor. The 
model has been used by several major oil companies around the globe, universities, MMS, and EPA. The model has 
been applied to offshore Brazil, Gulf of Mexico, Nigeria, North Sea, and Pacific Ocean.  
 
The Graphical User Interface Discharge Offshore (GUIDO), version 7.3 software (Alam and Brandsma, 2013) for the 
OOC model performs pre- and post-processing for the Fortran-based OOC model. It allows the user to prepare 
inputs in convenient systems of units, checks and, if necessary, adjusts inputs for consistency and submits the 
inputs for execution by the OOC model, in interactive or batch mode.  
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1.2  SETTLING VE LOCITY  D I STRIBU TION FOR SOLIDS IN MUD S AND  CUTTING S  
 
The solids in drilling discharges have a range of particle sizes (Brandsma and Smith, 1999). As a result, the settling 
behavior of the effluent solids is described by a distribution of settling velocities rather than a single settling 
velocity. The Report and User Guide (Brandsma and Smith, 1999) of the OOC Model presents examples of solids 
fall velocity data sets for water-based mud, water-based mud cuttings, and oil-based mud cuttings. The Report and 
User Guide states that these data sets can be used for modeling studies in cases where no site specific data are 
available on the fall velocity distribution of the effluent solids.  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) for 
the prospect well Burger J. The volume fractions of the fall velocity classes were adjusted for the effluent for each 
drilling intervals based on the actual volume of the total cuttings solids present in the volumes of the total effluent. 
The fall velocity classes for water based mud cuttings from the Report and User Guide is presented in Table 1-3. 
The actual value of the density for the solids was used in the numeric simulations for each drilling intervals. 
 
The dispersion and deposition numeric simulations of the water based muds discharges from the rig’s surface pits 
were performed using the fall velocity classes for water based mud presented in the OOC model Report and User 
Guide (Brandsma and Smith, 1999) for the prospect well Burger J. The volume fractions of the fall velocity classes 
were adjusted based on the actual volume of the total solids such as barite present in the volume of the total 
effluent. The fall velocity classes for water based mud from the Report and User Guide is presented in Table 1-4. 
The actual value of the density for the solids was used in the numeric modeling of the water based muds 
discharges from the rig’s surface pits. 
 
The fall velocities for different sediment particle sizes and classes are presented in Table 1-5 (Keith Dyer, 1986). 
 
The ambient and the effluent characteristics used in the OOC models for the Burger J well are described in detailed 
in Sections 2 and 3. The model domain is described in Section 4. The model results at the mean and maximum 
currents are described in details in Sections 5 and 6.  Section 7 presents the sensitivity analysis. Section 8 describes 
the summary and conclusion. Section 9 lists the references cited in this technical report.  
 
Table 1-3: Fall Velocity Classes for Water Based Mud Cuttings (Brandsma and Smith, 1999) 
 


Class 


Density 


Volume Fraction 


Fall Velocity 


(g/cc) (feet/s) (cm/s) 


1 2.65 0.04272 0.000004430 0.0001350264 


2 2.65 0.03204 0.000055300 0.0016855440 


3 2.65 0.03738 0.000716000 0.0218236800 


4 2.65 0.01602 0.007638000 0.2328062400 


5 2.65 0.01068 0.047480000 1.4471904000 


6 2.65 0.09612 0.131600000 4.0111680000 


7 2.65 0.08544 0.321400000 9.7962720000 


8 2.65 0.08010 0.443500000 13.5178800000 


9 2.65 0.13350 0.852200000 25.9750560000 
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Table 1-4: Fall Velocity Classes for Water Based Mud (Brandsma and Smith, 1999) 
 


Class Density 
Volume 
Fraction Fall Velocity 


(g/cc)   (feet/s) (cm/s) 


1 3.377000 0.000530000 3.68000E-02 1.1216640000 


2 3.377000 0.002110000 1.40000E-02 0.4267200000 


3 3.377000 0.010160000 2.70000E-03 0.0822960000 


4 3.377000 0.010160000 2.10000E-03 0.0640080000 


5 3.377000 0.007000000 1.68000E-03 0.0512064000 


6 3.377000 0.007000000 1.43000E-03 0.0435864000 


7 3.377000 0.005280000 9.85000E-04 0.0300228000 


8 3.377000 0.002640000 4.85000E-04 0.0147828000 


9 3.377000 0.004220000 2.00000E-04 0.0060960000 


10 3.377000 0.003700000 9.00000E-05 0.0027432000 


 
 
Table 1-5: Fall Velocities for Different Sediment Particle Size and Classes (Keith Dyer, 1986) 
 


Sediment 
Size Class 


Particle Size 
(mm) 


Fall Velocity (cm/s) 


Keith Dyer (1986) 


Chunks > 2.0 65 


Sand 0.062 - 2.0 32 


Coarse Silt 0.016 - 0.062 0.32 


Fine Silt 0.004 - 0.016 0.027 


Clay < 0.004 < 0.01 
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SECTION 2.0 AMBIENT CHARACTERISTICS  


 
The OOC model was used for the numeric simulations of the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the prospect well Burger J located offshore 
Chukchi Sea. The required model input data for the ambient are described in this Section.  
 


2.1  DEPTH OF WA TE R  
 
The ambient water characteristics data set presented in Table 2-1 for the planned drilling period was used for the 
dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and water 
based muds discharges using the OOC model for both the sea floor and sea surface discharge scenarios. The 
ambient water depth at the Burger J well site is 43.90 m. The planned drilling period is within the open water 
season of July thru October. 
 


2.2  TEMPE RA TU RE A ND SA LINITY  
 
The stratification of the ambient temperature and salinity for the open water season is presented in Figures 2-1 
and 2-2, respectively. The temperature of the ambient water varies from 4 degrees Celsius (°C) at the surface 
stratum to - 0.5 °C at the bottom stratum, with a significant stratification occurring at 15 m depth. The salinity of 
the ambient water varies from 30 Practical Salinity Scale Unit (psu) at the surface stratum to 32 psu at the bottom 
stratum.   
 
Table 2-1: Ambient Water Characteristics for the Burger Field, for the planned drilling period 
 


Water 
Depth Temperature Salinity  


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m °C psu cm/s °T cm/s °T 


0.0 4.00 30.0 7.0 90 25.0 90 


15.0 3.50 30.5 7.0 90 25.0 90 


20.0 -0.25 31.5 7.0 90 25.0 90 


43.9 -0.50 32.0 7.0 90 25.0 90 


 
2.3  CU RRE NT SPEED  
 
The report “Physical Oceanographic Measurements in the Klondike and Burger Survey Areas of the Chukchi Sea: 
2008 and 2009” (Figures 2 and 3, Weingartner and Danielson, 2010) for the year 2008 states the following: Mean 
current speeds within the Herald and Barrow Canyons are swift (25 centimeters per second (cm/s)), more 
moderate in the Central Channel (10 cm/s), and generally < 5 cm/s elsewhere. The prospect well Burger J is located 
in 71° N and 163° W. It can be seen from Figure 3 (Weingartner and Danielson, 2010) that the mean flow vectors 
(blue arrows) in the vicinity of 71° N and 163° W are approximately in the range of 3 cm/s to 10 cm/s.  
 
Therefore, the current speed of 7 cm/sec is used in the model as the average value. The current speed of 25 
cm/sec is used as the maximum value in the OOC model.  The currents turn eastward to enter the Barrow Canyon 
at 71° N (Ref: Page 4, Physical oceanographic measurements in the Klondike and Burger prospects of the Chukchi 
Sea: 2008 and 2009). The current speed is distributed uniformly with the depth with a prevailing direction of flow 
to the east for the planned drilling period in the OOC model. 
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2.4  W IND S SPEED A ND WAVE HEIGH T  
 
The wind speed during the open water season steadily increases from July through October as presented in Figure 
2-3. The approximate values for the 50-percentile rank wind speeds for July, August, September, and October are 
6.8, 7.8, 9.5, and 10.3 meters per second (m/s), respectively. The tentative drilling period for Burger J is beginning 
of August to mid-September. The average value for 50-percentile rank wind speeds for the month of August and 
September i.e., 8.7 m/s was used for the Burger J well.  
 
The wave height during the open water season also steadily increases from July through October as presented in 
Figure 2-4. The approximate values for the 50-percentile rank wave heights for July, August, September, and 
October are 1.2, 1.4, 1.8, and 1.9 m, respectively. The average value for 50-percentile rank wave height for the 
month of August and September i.e., 1.6 m was used for the Burger J well.  
 
Figure 2-1: Ambient temperature for open water season, Burger Field, Chukchi Sea 
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Figure 2-2: Ambient salinity for open water season, Burger Field, Chukchi Sea 
 


 
 
Figure 2-3: Wind speed for open water season, Burger Field, Chukchi Sea 
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Figure 2-4: Wave height for open water season, Burger Field, Chukchi Sea 
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SECTION 3.0 EFFLUENT CHARACTERISTICS  
 
The OOC model was used for the numeric simulations for the dispersion and deposition of the cements, water 
based drill cuttings, drill fluids, and water based muds discharges from the drilling operation at the prospect well 
Burger J located offshore Chukchi Sea. The required model input data for the effluent are described in this Section.  
 


3.1  D I SCH A RGE  SCE NA RIOS  
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios as listed below were performed for two sets of currents speed: mean currents and maximum currents. 
This provides a sensitivity analysis of the numeric model results to the model input parameter: currents speed.  
The modeled discharge scenarios are: 
 


 Discharge Scenario 1a: Sea Floor Discharges (013) at Mean Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor.  


 


 Discharge Scenario 1b: Sea Surface Discharges (001) at Mean Currents 
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 


 Discharge Scenario 2a: Sea Floor Discharges (013) at Maximum Currents 
Muds, cuttings, and cements discharges prior to the installation of the riser near the sea floor. 
 


 Discharge Scenario 2b: Sea Surface Discharges (001) at Maximum Currents  
Water based drill fluids and drill cuttings discharges after the installation of the riser near the sea surface.  
Moreover, approximately 2,427 bbls of water based muds will be discharged at the end of the drilling of 
the well from the rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 


 


3.2  DRILLING INTERVA LS ,  DRILL ING DU RA TIONS ,  AND  EFFLUENT D I SCH A RGE RA TES  
 
The drilling operation for the Burger J well would be conducted by the drill ship Noble Discoverer. The drilling 
operation for each discharge scenario (sea floor and sea surface) would be conducted in three different intervals 
yielding a total of six (2 discharge scenarios × 3 drilling intervals per scenario) drilling intervals.  Moreover, 
approximately 2,427 bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. 
 
The effluent characteristics from the drilling operation are presented in details in Table 3-1 for each of the six 
drilling intervals for Burger J. Table 3-1 presents the detailed drilling operation and the effluent data for the 
prospect well Burger J. This table presents the following data: discharge scenarios, drilling intervals, duration of 
drilling, footage drilled, volume of total water based drill cuttings including washout, volume of total water based 
drill fluids, volume of total effluent, effluent (or cuttings mass) discharge rate, volume of seawater added, volume 
of total pre-diluted effluent, and the pre-diluted effluent discharge rate. The estimated volumes of the water 
based drill cuttings including fifty percent (50 %) washout and drill fluids for the six drilling intervals vary from a 
low of 687.70 bbls to a high of 5,468.57 bbls.  The durations of drilling vary from a low of 5.2 hours to a high of 
66.0 hours. The effluent discharge rates vary from a low of 18.49 to a high of 148.57 bbls/hour.  Cement is 
discharged only for the sea floor discharge scenario during the drilling intervals 2 and 3. It is included in the volume 
of the drill cuttings.   
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Table 3-1: Drilling Operation for Burger J  
DISCHARGE SCENARIOS, DRILLING INTERVALS, DURATIONS OF DRILLING AND EFFLUENT DISCHARGE RATES 
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r 1 66.00 50 4,628.57 840.00 5,468.57 82.86 918,531.43 924,000.00 14000.00 


2 5.20 123 316.29 456.29 772.57 148.57 72,027.43 72,800.00 14000.00 


3 34.40 1,086 1,070.17 1,910.17 2,980.34 86.64 478,619.66 481,600.00 14000.00 
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4 23.30 1,066 348.99 1,744.94 2,093.93 89.87 252.34 2,346.27 100.70 


5 29.00 2,816 451.73 2,258.67 2,710.40 93.46 314.07 3,024.47 104.29 


6 37.20 1,484 114.62 573.09 687.70 18.49 402.88 1,090.58 29.32 
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2.50 - - 2,427.00 - 970.80 - 2,427.00 970.80 


         Notes to Table 3-1 


1: Cement is discharged during the drilling intervals 2 and 3. It is included in the volume of drill cuttings. 
     2:     Volume of the water based muds discharges from the rig’s surface pits. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
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3.3  D I SCH A RGE  P IPE  S IZ E  AND HEIGH T  
 
A pump will be used at the sea floor during the drilling of the top hole section i.e., the drilling intervals 1, 2, and 3 
for the sea floor (013) discharges. A flexible hose suction pipe will intake a large volume of sea water to move the 
cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 12.0 inch internal 
diameter discharge pipe at 14,000 bbls/hour. The discharge pipe of the seafloor pump is located at 1.83 m (or 6.0 
feet) above the seafloor and oriented horizontally aligned with the direction of the current, which is to the east. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The internal pipe diameter of 14.25 inches was 
used for modeling the surface discharge scenario based on a 0.75 inches of total pipe wall thickness. The drilling 
draft varies from 6.71 m to 7.68 m approximately. Therefore, the surface discharges occur at a depth between 6.71 
m and 7.68 m from the sea surface. The discharge pipe is oriented vertically downward with respect to the sea 
surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface discharge 
scenario. 
 


3.4  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED DRILL  CUTTINGS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges for both the sea floor and sea surface discharge scenarios were performed using the fall velocity classes 
for the water based mud cuttings presented in the OOC model Report and User Guide (Brandsma and Smith, 1999) 
for the prospect well Burger J. The volume fractions of the fall velocity classes were adjusted for the effluent 
classes for each drilling intervals based on the actual volume of the total cuttings solids present in the effluent. The 
fall velocity classes and volume fractions for the water based drill cuttings used for the Burger J well is presented in 
Table 3-2. The solids density varies from 2.65 grams per cubic centimeter (g/cc) to 3.07 g/cc, depending on the 
quantities of drill cuttings, bentonite, and barite present in the effluent. 
 


3.5  FA LL  VE LOC ITY CLA SSES FOR WA TE R BA SED MUD S  
 
The dispersion and deposition numeric simulation of the water based muds discharges from the rig’s surface pits 
was performed using the fall velocity classes for the water-based mud presented in the OOC model Report and 
User Guide (Brandsma and Smith, 1999) for the prospect well Burger J. The volume fractions of the fall velocity 
classes were adjusted based on the actual volume of the total solids namely barite present in the effluent. The fall 
velocity classes and volume fractions for the water based muds used for the Burger J well is presented in Table 3-3. 
The actual value of the density for barite (4.1 g/cc) was used in the numeric modeling. 
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Table 3-2: Fall Velocity Classes and Volume Fractions for Water Based Drill Cuttings, Burger J  
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1 0.0001350264 0.0004031 0.0003638 0.0001880 0.0143563 0.0168814 0.0118787 


2 4 0.0016855440 0.0003023 0.0002728 0.0001410 0.0107673 0.0126611 0.0089090 


3 15 0.0218236800 0.0003527 0.0003183 0.0001645 0.0125618 0.0147712 0.0103938 


4 50 0.2328062400 0.0001512 0.0001364 0.0000705 0.0053836 0.0063305 0.0044545 


5 125 1.4471904000 0.0001008 0.0000909 0.0000470 0.0035891 0.0042204 0.0029697 


6 250 4.0111680000 0.0009070 0.0008185 0.0004231 0.0323018 0.0379832 0.0267270 


7 500 9.7962720000 0.0008062 0.0007276 0.0003761 0.0287127 0.0337628 0.0237574 


8 1000 13.5178800000 0.0007558 0.0006821 0.0003526 0.0269181 0.0316527 0.0222725 


9 3600 25.9750560000 0.0012597 0.0011368 0.0005876 0.0448636 0.0527544 0.0371209 


  
 
Table 3-3: Fall Velocity Classes and Volume Fractions for Water Based Muds, Burger J 
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75.0 1.121664 0.00082876183 


2 50.0 0.426720 0.00329941031 


3 20.0 0.082296 0.01588720795 


4 18.0 0.064008 0.01588720795 


5 16.0 0.051206 0.01094591099 


6 15.0 0.043586 0.01094591099 


7 12.5 0.030023 0.00825634429 


8 8.0 0.014783 0.00412817214 


9 5.0 0.006096 0.00659882062 


10 3.5 0.002743 0.00578569581 
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3.6  EFFLUENT DE NSIT IE S  
 
The sea water density was computed using the Equation of State presented by Crowley (Crowley, 1986).  The 
computations for the solids density, solids volume fractions, and effluent bulk density for the water based drill 
cuttings and water based muds for the prospect well Burger J are presented in Tables 3-4a and 3-4b. 


 
Density of sea water at the surface = 1,023.80 kg/m3. 
Density of sea water at the bottom = 1,025.77 kg/m3. 
Density of drill cuttings = 2,650.00 kg/m3. 
Density of drilling fluid for drilling intervals 01, 02, and 03 (top hole section) = 1,076.13 kg/m3. 
Density of drilling fluid for drilling interval 04 (bottom hole section) = 1,318.13 kg/m3. 
Density of drilling fluid for drilling intervals 05 and 06 (bottom hole section) = 1,437.87 kg/m3. 
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Table 3-4a: Computations of Solids Density and Solids Volume Fractions for Burger J 
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1 1,076.18 840 134 143,724 2,650.00 4,629 736 1,950,092 1,961,323.28 740.20 2649.708 2.65 0.00503868 


2 1,076.18 456 73 78,070 2,650.00 316 50 133,256 139,356.89 52.63 2647.771 2.65 0.00454731 


3 1,076.18 1,910 304 326,829 2,650.00 1,070 170 450,880 476,418.75 179.97 2647.271 2.65 0.00235040 


4 1,318.13 1,745 277 365,680 2,650.00 349 55 147,034 194,006.28 66.94 2898.158 2.90 0.17945427 


5 1,437.87 2,259 359 516,340 2,650.00 452 72 190,323 311,881.33 101.47 3073.682 3.07 0.21101768 


6 1,437.87 573 91 131,009 2,650.00 115 18 48,290 79,132.76 25.75 3073.682 3.07 0.14848353 
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1,198.30 2,227 354 424,203 4,100.00 200 32 130,618 130,618.22 31.86 4,100.00 4.10 0.0825634 


 


Note to Table 3-4a: 


              
1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented 
above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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Table 3-4b: Computations of Effluent Bulk Density for Burger J  
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1 1,076.18 840 134 143,724 2,650 4,629 736 1,950,092 1,025.77 918,531 146,035 149,797,620 151,891,436 146,904 1,033.95 8.63 


2 1,076.18 456 73 78,070 2,650 316 50 133,256 1,025.77 72,027 11,451 11,746,509 11,957,835 11,574 1,033.14 8.62 


3 1,076.18 1,910 304 326,829 2,650 1,070 170 450,880 1,025.77 478,620 76,094 78,055,126 78,832,835 76,568 1,029.58 8.59 


4 1,318.13 1,745 277 365,680 2,650 349 55 147,034 1,023.80 252 40 41,074 553,788 373 1,484.58 12.39 


5 1,437.87 2,259 359 516,340 2,650 452 72 190,323 1,023.80 314 50 51,122 757,784 481 1,575.92 13.15 


6 1,437.87 573 91 131,009 2,650 115 18 48,290 1,023.80 403 64 65,577 244,876 173 1,412.30 11.79 
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1,198.30 2,227 354 424,203 4,100 200 32 130,618 
    


554,821 386 1,437.87 12.00 


 


Note to Table 3-4b: 


1: The water based muds discharges from the rig's surface pits contains barite solids and the corresponding density, volume, and mass presented 
above under "Total Cuttings Solids" are for barite and not for sea floor cuttings. 
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SECTION 4.0 MODEL DOMAIN  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, drill fluids, and 
water based muds discharges for both the sea floor and sea surface discharge scenarios were performed using the 
OOC model as described in Section 1.  
 
The model domain extends 5,000 m or 5.0 kilometers (km) in all directions from the discharge source. The model 
consists of 500 cells in the west-east direction and 500 cells in the north-south direction as well. Each cell is a 20 m 
× 20 m square. The well is located at the center of the model domain shown by a dot in Figure 4-1.  
 
Figure 4-1: Model domain for the prospect well Burger J 
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SECTION 5.0 D ISPERSION AND DEPOSITION MODELING –  MEAN CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger J well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the mean currents were performed using the OOC model. The numeric simulations were 
carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 hours 
as presented in Table 5-1. Moreover, numeric simulation was also carried out for the surface discharge of the 
water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour for 
2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 5-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger J well site.   
 
Table 5-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger J 
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4 23.30 83,880  83,880  360 233 43.90 6.71 89.87 100.70 
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2.50 9,000 9,000 360 25 43.90 6.71 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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5.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-1. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 5-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 5-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and the dotted line presents the center line of the discharge plume in Figures 5-1 and 5-2. 
 
Figure 5-1: Trajectory of the discharge plume at mean currents, Drilling Interval 01 
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Figure 5-2: Shape and width of the discharge plume at mean currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-3. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 11,482 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 125 m and 600 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 600 and 950 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 950 and 2,400 m distances from the source. It is less than 1 
mg/l beyond 2,400 m from the discharge location. The effect of the sea floor pump is visible in this Figure 5-3. The 
discharge plume is spreading farther horizontally to the east along the direction of the current than vertically. The 
TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the discharge location. It is less than 
5 mg/l at a depth approximately 40 m at 500 m distance from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,420.1, 
516.0, 131.8, 27.5, and 4.5 mg/l, respectively.  
 
Figure 5-3: Total suspended solids concentrations in water column at mean currents, Drilling Interval 01 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 2,118 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 325 m, respectively from the discharge location. It varies from 1 kg/m2 and 0.1 
kg/m2 approximately between 325 and 850 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 850 and 2,300 m distances from the discharge location. The loading is less than 
0.01 kg/m2 beyond 2,300 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1,- and 0.01-kg/m2 are: 0.167, 
0.342, 1.375, 9.715, and 84.558 hectares (ha), respectively.   
 
Figure 5-4: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 (or 66.0 
hours) sec as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-5a and 5-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-5a. The same results are presented in Figure 5-5b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 159.9 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 50 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.279 ha) as presented in Figure 5-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.096, 0.120, and 0.279 ha, respectively.  
 
Figure 5-5a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
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Figure 5-5b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 01 
(Zoom In View) 
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5.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-6. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 5-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 5-6 and 5-7. 
 
Figure 5-6: Trajectory of the discharge plume at mean currents, Drilling Interval 02 
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Figure 5-7: Shape and width of the discharge plume at mean currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-8. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 10,363 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 110 m and 550 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 550 and 875 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 875 and 1,350 m distances from the discharge location. It is 
less than 1 mg/l beyond 1,350 m from the discharge location. The effect of the sea floor pump is visible in this 
Figure 5-8. The discharge plume is spreading farther horizontally to the east along the direction of the current than 
vertically. The TSS concentration is less than 1 mg/l at a depth approximately 30 m at or near the discharge 
location. It is less than 5 mg/l at a depth approximately 40 m at 500 m distance from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,236.2, 
435.6, 117.9, 24.9, and 4.0 mg/l, respectively.  


 
Figure 5-8: Total suspended solids concentrations in water column at mean currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 5-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 150 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 30 m and 50 m, respectively from the discharge location. It varies from 1 kg/m2 and 0.1 
kg/m2 approximately between 50 and 250 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 250 and 600 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 600 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.094, 
0.119, 0.277, 1.065, and 4.754 ha, respectively.   
 
Figure 5-9: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-10a and 5-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-10a. The same results are presented in Figure 5-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 11.4 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 35 m x 35 m square area 
(or 0.119 ha) as presented in Figure 5-10b. The sea floor areas affected by deposit thickness larger than 10- and 1-
cm are: 0.085 and 0.119 ha, respectively.  
 
 


Figure 5-10a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
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Figure 5-10b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 02 
(Zoom In View) 
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5.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-11. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 5-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 5-11 and 5-12. 
 
Figure 5-11: Trajectory of the discharge plume at mean currents, Drilling Interval 03 
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Figure 5-12: Shape and width of the discharge plume at mean currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-13. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 5-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,354 mg/l occurs at the 
source. It decreases to a value of 100 mg/l at a distance approximately 70 m from the discharge location. It varies 
from 100 to 10 mg/l between 70 and 350 m distances from the discharge location. It varies from 10 to 5 mg/l 
between 350 and 550 m distances from the discharge location. It varies from 5 to 1 mg/l between 550 and 1,550 m 
distances from the discharge location. It is less than 1 mg/l beyond 1,550 m from the discharge location. The effect 
of the sea floor pump is visible in this Figure 5-13. The discharge plume is spreading farther horizontally to the east 
along the direction of the current than vertically. The TSS concentration is less than 1 mg/l at a depth 
approximately 30 m at or near the discharge location. It is less than 1 mg/l at a depth approximately 40 m at a 
distance 1,000 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 641.5, 
226.0, 61.4, 12.8, and 2.1 mg/l, respectively. 
 
Figure 5-13: Total suspended solids concentrations in water column at mean currents, Drilling Interval 03 


 







36 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 5-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
5-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 514 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 30 m and 125 m, respectively from the discharge location. It varies from 1 kg/m2 
and 0.1 kg/m2 approximately between 125 and 450 m distances from the discharge location.  It varies from 0.1 
kg/m2 to 0.01 kg/m2 approximately between 450 and 1,200 m distances from the discharge location. It is less than 
0.01 kg/m2 beyond 1,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.199, 0.585, 3.950, and 19.533 ha, respectively.   
 
Figure 5-14: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 5-15a and 5-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 5-15a. The same results are presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 38.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 45 m x 40 m rectangle 
area (or 0.192 ha) as presented in Figure 5-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.111 and 0.192 ha, respectively.  
 
Figure 5-15a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
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Figure 5-15b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 03 
(Zoom In View) 
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5.4  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-16. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 4.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-17. The width of the plume is approximately 
4.5 m at a distance 4.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-16 and 5-17. 
  
Figure 5-16: Trajectory of the discharge plume at mean currents, Drilling Interval 04 
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Figure 5-17: Shape and width of the discharge plume at mean currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 5-18. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 489,078 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 35 and 140 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 140 and 230 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 230 and 700 m distances from the source. It is less than 1 
mg/l beyond 700 m from the discharge location.  
  
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 511.6, 
136.0, 15.7, 3.5, and 0.6 mg/l, respectively. 
  
Figure 5-18: Total suspended solids concentrations in water column at mean currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 116 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 170 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 170 m and 375 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 375 m and 1,250 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,250 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.090, 
0.278, 0.677, 3.446, and 18.530 ha, respectively.   
 
Figure 5-19: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-20a and 5-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-20a. The same results are presented in Figure 5-20b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 8.0 cm occurs at 10 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 62 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 65 m x 40 m rectangle 
area (or 0.262 ha) as presented in Figure 5-20b. The sea floor areas affected by deposit thickness larger than 5- and 
1-cm are: 0.050 and 0.262 ha, respectively.  
 
Figure 5-20a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
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Figure 5-20b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 04 
(Zoom In View) 
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5.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-21. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.8 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-22. The width of the plume is approximately 
5.0 m at a distance 3.8 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-21 and 5-22. 
 
Figure 5-21: Trajectory of the discharge plume at mean currents, Drilling Interval 05 
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Figure 5-22: Shape and width of the discharge plume at mean currents, Drilling Interval 05 


 


  







47 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-23. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 603,746 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 30 and 140 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 140 and 240 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 240 and 700 m distances from the source. It is less than 1 
mg/l beyond 700 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 597.1, 
159.8, 18.4, 4.0, and 0.7 mg/l, respectively. 
  
Figure 5-23: Total suspended solids concentrations in water column at mean currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 5-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 194 kg/m2 occurs at 10 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 80 m and 200 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 200 m and 450 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 450 m and 1,450 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,450 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.113, 
0.340, 0.820, 5.165, and 29.587 ha, respectively.   
 
Figure 5-24: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 
 
The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-25a and 5-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-25a. The same results are presented in Figure 5-25b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 12.6 cm occurs at 10 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 70 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 70 m x 40 m rectangle 
area (or 0.278 ha) as presented in Figure 5-25b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.094 and 0.278 ha, respectively.  
 
Figure 5-25a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
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Figure 5-25b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 05 
(Zoom In View) 
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5.6  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-26. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 3.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-27. The width of the plume is approximately 
2.5 m at a distance 3.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 5-26 and 5-27. 
 
Figure 5-26: Trajectory of the discharge plume at mean currents, Drilling Interval 06 
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Figure 5-27: Shape and width of the discharge plume at mean currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 5-28. . The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 5-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 253,590 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 65 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 65 m and 115 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 115 m and 350 m distances from the discharge location. It is 
less than 1 mg/l beyond 350 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 168.5, 36.5, 
6.1, 1.3, and 0.2 mg/l, respectively. 
  
Figure 5-28: Total suspended solids concentrations in water column at mean currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 5-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 42 kg/m2 occurs at 10 m to the 
east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 50 m and 120 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 between distances approximately 120 m and 300 m, respectively from the discharge location. It varies from 
0.1 kg/m2 to 0.01 kg/m2 approximately between 300 m and 675 m distances from the discharge location. The 
loading is less than 0.01 kg/m2 beyond 675 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.000, 
0.197, 0.504, 1.220, and 7.264 ha, respectively.   
 
Figure 5-29: Amount of deposition of the solids on seabed at mean currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 5-30a and 5-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 5-30a. The same results are presented in Figure 5-30b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 2.8 cm occurs at 10 m to the east and 10 m to the south from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 40 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 40 m x 40 m rectangle 
area (or 0.179 ha) as presented in Figure 5-30b.  
 
 


Figure 5-30a: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
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Figure 5-30b: Spatial extent of solids thickness distribution on seabed at mean currents, Drilling Interval 06 
(Zoom In View) 
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5.7  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 5-31. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 29.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 5-32. The width of the plume is approximately 
75.0 m at a distance 29.0 m from the discharge location. The solid lines present the outer boundaries and the 
dotted line presents the center line of the discharge plume in Figures 5-31 and 5-32. The OOC model exhibits 
numerical oscillations or instability, which leads to the formation of a triangular loop in the upper boundary of the 
plume. But it dissipates and the upper boundary smoothed out after the numerical solution stabilized. 
 
Figure 5-31: Trajectory of the discharge plume at mean currents, Rig’s Surface Pits  


  







58 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-32: Shape and width of the discharge plume at mean currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 5-33. The depth 
of water is 43.90 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches 
internal diameter discharge pipe. Figure 5-33 presents the maximum TSS concentrations attained during the 
discharge. The color filled contours present the variations of the TSS concentrations both with respect to the depth 
from the sea surface and the distance from the source by different color bands. The maximum TSS concentration 
318,520 mg/l occurs at the discharge location. It decreases rapidly to a value of 100 mg/l at a distance 
approximately 300 m from the discharge location. It varies from 100 to 10 mg/l between 325 m and 700 m 
distances from the discharge location. It varies from 10 to 5 mg/l between 700 m and 725 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 725 m and 800 m distances from the source. It is less than 1 
mg/l beyond 800 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 576.8, 
449.8, 238.2, 109.7, and 0.0 mg/l, respectively. 
 
Figure 5-33: Total suspended solids concentrations in water column at mean currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 5-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 5-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 23 kg/m2 occurs at 30 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 60 m and 90 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 90 m and 400 m distances from the discharge location.  It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 400 m and 600 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 600 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are:  0.199, 0.881, 
5.036, and 15.113 ha, respectively.   
 
Figure 5-34: Amount of deposition of the solids on seabed at mean currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 5-35a and 
5-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of thickness 1 cm or 
larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km map surface area 
shown in Figure 5-35a. The same results are presented in Figure 5-35b but shows only 240 m x 240 m seabed 
surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the seabed. 
The maximum deposit thickness of 1.1 cm occurs at 30 m to the east and 10 m to the north from the discharge 
location. It decreases to a value of 1 cm at a distance approximately 37 m from the discharge location. 
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 10 m x 20 m rectangle 
area (or 0.020 ha) as presented in Figure 5-35b.  
 
Figure 5-35a: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits  
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Figure 5-35b: Spatial extent of solids thickness distribution on seabed at mean currents, Rig’s Surface Pits 
(Zoom In View) 
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5.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE D I SCH ARGE S ,  BU RGE R J  
 
The spatial extent of the total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger J well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 5-36a 
and 5-36b. The model domain extends to 5.0 km in all directions from the discharge location as presented in Figure 
5-36a. Figure 5-36b presents a zoom in view of the model results, which shows approximately 2.5 km x 2.5 km area 
of the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right 
provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location. The maximum loading of 3,145 kg/m2 occurs at 10 m to the east and 30 m to the north from 
the discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 50 m from the discharge 
location as shown in Figure 5-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 50 m and 150 m; 10 kg/m2 to 1 
kg/m2 between 150 m and 425 m; and 1 kg/m2 to 0.1 kg/m2 between 425 m and 1,100 m distances approximately 
from the discharge location. The loading is less than 0.01 kg/m2 beyond 2,750 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 are: 0.109, 0.276, 0.657, 4.404, 19.025, 146.246, and 745.901 ha, respectively.  
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Figure 5-36a: Total amount of deposition of the solids on seabed at mean currents, Burger J 
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Figure 5-36b: Total amount of deposition of the solids on seabed at mean currents, Burger J (zoom in view) 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 5-37a and 5-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited 
on the seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to 
the 5 km x 5 km map surface area shown in Figure 5-37a. The same results are presented in Figures 5-37b but 
shows only 240 m x 240 m seabed surface with the well at the center to show the details of the solids 
accumulation of 1 cm or larger on the seabed. The prevailing current direction is to the east. Therefore, the fate 
and transport of the discharge plume is towards the east only from the discharge location. The maximum deposit 
thickness of 228.9 cm occurs at 10 m to the east and 30 m to the north from the discharge location.  It decreases 
to a value of 100 cm at a distance approximately 20 m from the discharge location as shown in Figure 5-37b. It 
decreases: 100 cm to 30 cm between 20 m and 25 m; 30 cm to 10 cm between 25 m and 45 m; 10 cm to 3 cm 
between 45 m and 70 m; and 3 cm to 1 cm between 70 m and 110 m distances approximately from the discharge 
location. It is less than 1 cm beyond 110 m approximately to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 45 m rectangle 
area (or 0.560 ha) as presented in Figure 5-37b.  
 
The sea floor areas affected by deposit thickness larger than 200-, 100-, 10-, and 1-cm are: 0.085, 0.104, 0.248, and 
0.560 ha, respectively. The sea floor areas affected by solids deposit thickness is also presented graphically in 
Figure 5-38.  
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Figure 5-37a: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger J 


 


 


  







68 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 5-37b: Spatial extent of total solids thickness distribution on seabed at mean currents, Burger J 
(Zoom In View) 
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Figure 5-38: Sea floor area affected by solids thickness distribution at mean currents, Burger J  
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
mean currents speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading and 
thickness distribution on the seabed from the drilling operation at the Burger J well site and are presented in Table 
5-2. The sea floor areas affected at the end of the drilling operation at the Burger J well site by the solids deposit 
thickness larger than 100-, 10-, and 1-cm are: 0.104, 0.248, and 0.560 ha, respectively as presented in Table 5-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 5-3. The TSS 
concentrations during the drilling operations are: 6.1 to 238.2 mg/l at 100 m; 1.3 to 109.7 mg/l at 300 m; and 0 to 
4.5 mg/l at 1000 m distances from the source.  The maximum TSS concentrations occur during the discharge of the 
water based muds from the rig’s surface pits for a duration of 2.5 hours only. They are: 238.2 mg/l at 100 m and 
109.7 mg/l at 300 m distances from the source. 
 
Table 5-2: Solids Deposition on the Seabed at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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Solids Deposition on the Seabed 
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1 66.00 43.90 42.07 82.86 14,000.00 0.096 0.120 0.279 159.90 


2 5.20 43.90 42.07 148.57 14,000.00 - 0.085 0.119 11.35 


3 34.40 43.90 42.07 86.64 14,000.00 - 0.111 0.192 38.84 
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4 23.30 43.90 6.71 89.87 100.70 - - 0.262 8.02 


5 29.00 43.90 6.71 93.46 104.29 - 0.094 0.278 12.59 


6 37.20 43.90 6.71 18.49 29.32 - - 0.179 2.76 
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2.50 43.90 6.71 970.80 970.80 - - 0.093 1.10 


At the end of the Drilling Operation 0.104 0.248 0.560 228.90 
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Table 5-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Mean Currents 
 


The OOC Model Predictions at Mean Currents 
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1 66.00 43.90 42.07 82.86 14,000.00 1,420.1 516.0 131.8 27.5 4.5 


2 5.20 43.90 42.07 148.57 14,000.00 1,236.2 435.6 117.9 24.9 4.0 


3 34.40 43.90 42.07 86.64 14,000.00 641.5 226.0 61.4 12.8 2.1 
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4 23.30 43.90 6.71 89.87 100.70 511.6 136.0 15.7 3.5 0.6 


5 29.00 43.90 6.71 93.46 104.29 597.1 159.8 18.4 4.0 0.7 


6 37.20 43.90 6.71 18.49 29.32 168.5 36.5 6.1 1.3 0.2 
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2.50 43.90 6.71 970.80 970.80 576.8 449.8 238.2 109.7 0.0 
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SECTION 6.0 D ISPERSION AND DEPOSITION MODELING –  MAXIMUM 


CURRENTS  
 
The dispersion and deposition numeric simulations of the cements, water based drill cuttings, and drill fluids 
discharges from the drilling operation at the Burger J well site for both the sea floor (D013) and sea surface (D001) 
discharge scenarios at the maximum currents were performed using the OOC model. The numeric simulations 
were carried out for the six drillings intervals for the actual drilling durations: 66.0, 5.2, 34.4, 23.3, 29.0, and 37.2 
hours as presented in Table 6-1. Moreover, numeric simulation was also carried out for the surface discharge of 
the water based muds at the end of the drilling of the well from the rig's surface pits at a rate of 970.80 bbls/hour 
for 2.5 hours. A 360-second model time step (∆t) was used for the computer simulations of all discharges listed in 
Table 6-1. The solids deposition on the seabed from the below listed discharges from the six discrete drilling 
intervals and the rig’s surface pits were compiled using the GUIDO 7 for the OOC model yielding the total solids 
deposition loading and thickness distribution on the seabed from the drilling operation at the Burger J well site.   
 
Table 6-1: Total Simulation Time, Model Time Step, and Discharge Rates for Burger J 
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3 34.40 123,840  123,840  360 344 43.90 42.07 86.64 14,000 
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4 23.30 83,880  83,880  360 233 43.90 6.71 89.87 100.70 


5 29.00 104,400  104,400  360 290 43.90 6.71 93.46 104.29 


6 37.20 133,920  133,920  360 372 43.90 6.71 18.49 29.32 
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2.50 9,000 9,000 360 25 43.90 6.71 970.80 970.80 
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The OOC model predictions for the dispersion and deposition of the cements, water based drill cuttings, drill fluids, 
and water based muds in the near-field and far-field receiving water are presented in this technical report by the 
following effluent characteristics:  
 


 Trajectory and shape of the discharge plume  


 Total suspended solids (TSS) concentrations in milligrams per liter (mg/l) in the water column  


 Amount of deposition of the discharged solids in kilograms per square meter (kg/m2) on the seabed 


 Spatial extent of deposition (i.e., solids thickness distribution) in centimeter (cm) of the discharged solids 


on the seabed  
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6.1  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 01 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-1. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the water based drill cuttings and drill fluids 
from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is oriented 
horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier discharge plume 
attempts to shoot horizontally as seen in Figure 6-1 and travels to the east to a distance approximately 0.35 m only 
from the discharge location before collapsing onto the sea floor due to the proximity of the plume near the sea 
floor.  The shape and width of the discharge plume is presented in Figure 6-2. The width of the plume is 
approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the outer 
boundaries and the dotted line presents the center line of the discharge plume in Figures 6-1 and 6-2. 
 
Figure 6-1: Trajectory of the discharge plume at maximum currents, Drilling Interval 01 
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Figure 6-2: Shape and width of the discharge plume at maximum currents, Drilling Interval 01 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 237,600 sec (or 66.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-3. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-3 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 12,234 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 250 m and 1,200 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 1,200 and 1,900 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,900 and 4,750 m distances from the discharge location. It 
is less than 1 mg/l beyond 4,750 m from the discharge location. The effect of the maximum currents speed is 
visible in this Figure 6-3. The discharge plume is spreading farther horizontally to the east along the direction of the 
current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at 500 m from the discharge location. 
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 2,440.3, 
894.4, 320.4, 89.6, and 14.0 mg/l, respectively. 
 
Figure 6-3: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 01 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 237,600 sec (or 66.0 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-4. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-4. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 1,957 kg/m2 occurs at 10 m to 
the east and 10 m to the south from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 90 m and 575 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 575 and 1,650 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 1,650 and 5,000 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 5,000 m from the discharge location.    
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.192, 
0.481, 2.328, 9.490, and 95.430 hectares (ha), respectively.   
 
Figure 6-4: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 01 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 237,600 sec (or 66.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-5a and 6-5b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-5a. The same results are presented in Figure 6-5b but shows only 240 m x 240 
m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger on the 
seabed. The maximum deposit thickness of 147.7 cm occurs at 10 m to the east and 10 m to the south from the 
discharge location. It decreases to a value of 1 cm at a distance approximately 90 m from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 100 m x 45 m rectangle 
area (or 0.433 ha) as presented in Figure 6-5b. The sea floor areas affected by deposit thickness larger than 100-, 
10-, and 1-cm are: 0.094, 0.182, and 0.433 ha, respectively.  
 
Figure 6-5a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
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Figure 6-5b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 01 
(Zoom In View) 
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6.2  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 02 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-6. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in Figure 6-6 and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-7. The width of 
the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 6-6 and 6-7. 
 
Figure 6-6: Trajectory of the discharge plume at maximum currents, Drilling Interval 02 


 







81 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-7: Shape and width of the discharge plume at maximum currents, Drilling Interval 02 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 18,720 sec (or 5.2 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-8. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-8 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 11,040 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 250 m and 1,100 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 1,100 and 1,800 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,800 and 4,500 m distances from the discharge location. It 
is less than 1 mg/l beyond 4,500 m from the discharge location. The effect of the maximum current is visible in this 
Figure 6-8. The discharge plume is spreading farther horizontally to the east along the direction of the current than 
vertically. The TSS concentration is less than 0.1 mg/l at a depth approximately 35 m at or near the discharge 
location. It is 1 mg/l or less a depth approximately 40 m at a distance 500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 2,313.4, 
826.8, 287.8, 79.5, and 12.7 mg/l, respectively. 


 
Figure 6-8: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 02 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 18,720 sec (or 5.2 hours) as a result 
of the discharge of the cements, water based drill cuttings, and  drill fluids on a plan view is presented in Figure 6-
9. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-9. The 
map scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the 
solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading of 144 kg/m2 occurs at 10 
m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 35 m and 85 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 85 and 375 m distances from the discharge location. It varies from 0.1 kg/m2 to 0.01 
kg/m2 approximately between 375 and 1,150 m distances from the discharge location. It is less than 0.01 kg/m2 
beyond 1,150 m from the discharge location.  
  
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.093, 
0.164, 0.425, 1.618, and 4.989 ha, respectively.   
 
Figure 6-9: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 02 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 18,720 sec (or 5.2 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-10a and 6-10b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. But the solids deposit on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-10a. The same results are presented in Figure 6-10b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 10.9 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 30 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 30 m x 40 m rectangle 
area (or 0.119 ha) as presented in Figure 6-10b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.083 and 0.119 ha, respectively.  
 
 


Figure 6-10a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 


 
 
  







85 
 


Copyright 2014 by Fluid Dynamix. Company Confidential. 
 


Figure 6-10b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 02 
(Zoom In View) 
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6.3  MODE L RE SULTS FOR SEA FLOOR D I SCH ARGE SCENA RIO –  DRILLING INTE RVA L 03 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-11. The depth of water is 43.90 m and the discharge 
occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe of the sea floor pump at 14,000 
bbls/hour. A flexible hose suction pipe of this sea floor pump moves the cements, water based drill cuttings, and 
drill fluids from the drill strings and discharges at 1.83 m (or 6 feet) above the seafloor. The discharge pipe is 
oriented horizontally aligned with the direction of the current, which is to the east. Therefore, the heavier 
discharge plume attempts to shoot horizontally as seen in figure below and travels to the east to a distance 
approximately 0.35 m only from the discharge location before collapsing onto the sea floor due to the proximity of 
the plume near the sea floor.  The shape and width of the discharge plume is presented in Figure 6-12. The width 
of the plume is approximately 0.35 m at a distance 0.35 m from the discharge location. The solid lines present the 
outer boundaries and the dotted line presents the center line of the discharge plume in Figures 6-11 and 6-12. 
 
Figure 6-11: Trajectory of the discharge plume at maximum currents, Drilling Interval 03 
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Figure 6-12: Shape and width of the discharge plume at maximum currents, Drilling Interval 03 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 123,840 sec (or 34.4 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-13. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 42.07 m from a 12.0 inches internal diameter discharge pipe. 
Figure 6-13 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 5,690 mg/l occurs at the 
discharge location. It decreases to a value of 100 mg/l and 10 mg/l at distances approximately 125 m and 750 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 750 and 1,125 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 1,125 and 3,250 m distances from the discharge location. It 
is less than 1 mg/l beyond 3,250 m from the discharge location. The effect of the maximum currents speed is 
visible in this Figure 6-13. The discharge plume is spreading farther horizontally to the east along the direction of 
the current than vertically. The TSS concentration is less than 1 mg/l at a depth approximately 35 m at or near the 
discharge location. It is less than 1 mg/l at a depth approximately 40 m at a distance 500 m from the discharge 
location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,095.9, 
430.9, 151.2, 42.1, and 6.6 mg/l, respectively. 
 
Figure 6-13: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 03 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 123,840 sec (or 34.4 hours) as a 
result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is presented in 
Figure 6-14. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 
6-14. The map scale is located at the bottom left corner of this figure. The color bar on the right provides the range 
of the solids loading on the sea floor in kg/m2 by a particular color band. The maximum loading 487 kg/m2 occurs 
at 10 m to the east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 
kg/m2 at distances approximately 60 m and 120 m, respectively from the discharge location. It varies from 1 kg/m2 
to 0.1 kg/m2 approximately between 120 and 900 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 900 and 2,500 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 2,500 m from the discharge location.   
 
The sea floor areas affected by solids deposit loading of more than 100-, 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.114, 
0.264, 0.583, 3.640, and 20.966 ha, respectively.   
 
Figure 6-14: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 03 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 123,840 sec (or 34.4 
hours) as a result of the discharge of the cements, water based drill cuttings, and drill fluids on a plan view is 
presented in Figures 6-15a and 6-15b. The map scale is located at the bottom left corner of these figures. The color 
bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. 
The model domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the 
seabed of thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 
km x 5 km map surface area shown in Figure 6-15a. The same results are presented in Figure 5-15b but shows only 
240 m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or 
larger on the seabed. The maximum deposit thickness of 36.8 cm occurs at 10 m to the east and 10 m to the north 
from the discharge location. It decreases to a value of 1 cm at a distance approximately 55 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 60 m x 40 m rectangle 
area (or 0.247 ha) as presented in Figure 6-15b. The sea floor areas affected by deposit thickness larger than 10- 
and 1-cm are: 0.112 and 0.247 ha, respectively.  
 
Figure 6-15a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
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Figure 6-15b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 03 
(Zoom In View) 
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6.4  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 04 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-16. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 7.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-17. The width of the plume is approximately 
3.5 m at a distance 7.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-16 and 6-17. 
 
Figure 6-16: Trajectory of the discharge plume at maximum currents, Drilling Interval 04 
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Figure 6-17: Shape and width of the discharge plume at maximum currents, Drilling Interval 04 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 83,880 sec (or 23.3 hours) which is 
the discharge duration for this drilling interval is presented in Figure 6-18. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-18 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 384,223 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 50 and 300 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 300 and 500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 500 and 1,500 m distances from the discharge location. It is 
less than 1 mg/l beyond 1,500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 784.4, 
264.2, 51.7, 10.4, and 1.8 mg/l, respectively. 
  
Figure 6-18: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 04 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 83,880 sec (or 23.3 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-19. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-19. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 47 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 130 m and 350 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 350 m and 1,000 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 1,000 m and 2,000 m distances from the discharge location. It is less than 
0.01 kg/m2 beyond 2,000 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.461, 1.310, 
4.026, and 15.818 ha, respectively.   
 
Figure 6-19: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 04 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 83,880 sec (or 23.3 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-20a and 6-20b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-20a. The same results are presented in Figure 6-20b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 3.2 cm occurs at 50 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 100 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately an 80 m x 40 m rectangle 
area (or 0.341 ha) as presented in Figure 6-20b.  
 
Figure 6-20a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
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Figure 6-20b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 04 
(Zoom In View) 
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6.5  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 05 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-21. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 7.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-22. The width of the plume is approximately 
3.5 m at a distance 7.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-21 and 6-22. 
 
Figure 6-21: Trajectory of the discharge plume at maximum currents, Drilling Interval 05 
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Figure 6-22: Shape and width of the discharge plume at maximum currents, Drilling Interval 05 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 104,400 sec (or 29.0 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-23. The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-23 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 466,938 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 75 and 300 m, 
respectively from the discharge location. It varies from 10 to 5 mg/l between 300 and 500 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 500 and 1,500 m distances from the discharge location. It is 
less than 1 mg/l beyond 1,500 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 928.1, 
308.0, 82.5, 10.6, and 1.9 mg/l, respectively.  
  
Figure 6-23: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 05 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 104,400 sec (or 29.0 hours) as a 
result of the discharge of the water based drill cuttings  and drill fluids on a plan view is presented in Figure 6-24. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-24. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 74 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 180 m and 475 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 475 m and 1,125 m distances from the discharge location. It varies from 0.1 kg/m2 
to 0.01 kg/m2 approximately between 1,125 m and 2,500 m distances from the discharge location. The loading is 
less than 0.01 kg/m2 beyond 2,500 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.660, 1.919, 
4.580, and 23.371 ha, respectively.   
 
Figure 6-24: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 05 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 104,400 sec (or 29.0 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-25a and 6-25b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-25a. The same results are presented in Figure 6-25b but shows only 480 m x 
480 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 4.8 cm occurs at 50 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 140 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 40 m rectangle 
area (or 0.497 ha) as presented in Figure 6-25b.  
 
Figure 6-25a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
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Figure 6-25b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 05 
(Zoom In View) 
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6.6  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  DRILLING INTE RVA L 06 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-26. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 6.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-27. The width of the plume is approximately 
2.2 m at a distance 6.0 m from the discharge location. The solid lines present the outer boundaries and the dotted 
line presents the center line of the discharge plume in Figures 6-26 and 6-27. 
 
Figure 6-26: Trajectory of the discharge plume at maximum currents, Drilling Interval 06 
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Figure 6-27: Shape and width of the discharge plume at maximum currents, Drilling Interval 06 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentrations in the water column at time, t = 133,920 sec (or 37.2 hours) which 
is the discharge duration for this drilling interval is presented in Figure 6-28.  The depth of water is 43.90 m at the 
discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches internal diameter discharge pipe. 
Figure 6-28 presents the maximum TSS concentrations attained during the discharge. The color filled contours 
present the variations of the TSS concentrations both with respect to the depth from the sea surface and the 
distance from the source by different color bands. The maximum TSS concentration 57,837 mg/l occurs at the 
discharge location. It decreases to a value of 100 and 10 mg/l at distances approximately: 15 and 120 m, 
respectively from the discharge location.  It varies from 10 to 5 mg/l between 120 m and 240 m distances from the 
discharge location. It varies from 5 to 1 mg/l between 240 m and 750 m distances from the discharge location. It is 
less than 1 mg/l beyond 750 m from the discharge location.  
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 142.3, 53.8, 
11.7, 3.8, and 0.6 mg/l, respectively. 
  
Figure 6-28: Total suspended solids concentrations in water column at maximum currents, Drilling Interval 06 
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 133,920 sec (or 37.2 hours) as a 
result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in Figure 6-29. 
The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-29. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 21 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 280 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 280 m and 750 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 750 m and 1,500 m distances from the discharge location. It is less than 0.01 
kg/m2 beyond 1,500 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are:  0.200, 1.061, 
3.037, and 10.019 ha, respectively.   
 
Figure 6-29: Amount of deposition of the solids on seabed at maximum currents, Drilling Interval 06 
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness of 1 cm or larger deposited on the sea floor at time, t = 133,920 sec (or 37.2 
hours) as a result of the discharge of the water based drill cuttings and drill fluids on a plan view is presented in 
Figures 6-30a and 6-30b. The map scale is located at the bottom left corner of these figures. The color bar on the 
right provides the range of the solids deposit thickness on the sea floor in cm by a particular color band. The model 
domain extends to 5.0 km in all directions from the discharge location. The solids deposited on the seabed of 
thickness 1 cm or larger as shown by a small dot, occurs on a very small surface area compare to the 5 km x 5 km 
map surface area shown in Figure 6-30a. The same results are presented in Figure 6-30b but shows only 240 m x 
240 m seabed surface with the well at the center to show the details of the solids accumulation of 1 cm or larger 
on the seabed. The maximum deposit thickness of 1.4 cm occurs at 50 m to the east and 10 m to the north from 
the discharge location. It decreases to a value of 1 cm at a distance approximately 60 m from the discharge 
location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 25 m x 25 m rectangle 
area (or 0.063 ha) as presented in Figure 6-30b.  
 
 


Figure 6-30a: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
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Figure 6-30b: Spatial extent of solids thickness distribution on seabed at maximum currents, Drilling Interval 06 
(Zoom In View) 
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6.7  MODE L RE SULTS FOR SEA SU RFACE D I SCH ARGE SCENARIO –  R IGS SU RFACE P ITS  
 


Water Based Muds Discharge from Rigs Surface Pits at the end of the Drilling Operation 
 
TRAJECTORY AND SHAPE OF THE DISCHARGE PLUME 
 
The trajectory of the discharge plume is presented in Figure 6-31. The depth of water is 43.90 m and the discharge 
occurs at a depth of 6.71 m below the sea surface. The heavier plume travels approximately 160.0 m from the 
discharge location before collapsing into the ambient sea water due to the higher density of the discharge plume. 
The shape and width of the discharge plume is presented in Figure 6-32. The width of the plume is approximately 
55 m at a distance 160.0 m from the discharge location. The solid lines present the outer boundaries and the 
dotted line presents the center line of the discharge plume in Figures 6-31 and 6-32. 
 
Figure 6-31: Trajectory of the discharge plume at maximum currents, Rig’s Surface Pits  
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Figure 6-32: Shape and width of the discharge plume at maximum currents, Rig’s Surface Pits 
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TOTAL SUSPENDED SOLIDS (TSS) CONCENTRATIONS IN THE WATER COLUMN 


The total suspended solids (TSS) concentration in the water column at time, t = 9,000 sec (or 2.5 hours) which is 
the discharge duration for the water based muds from the rig’s surface pits is presented in Figure 6-33. The depth 
of water is 43.90 m at the discharge location. The discharge occurs at a depth of 6.71 m from a 14.25 inches 
internal diameter discharge pipe. Figure 6-33 presents the maximum TSS concentrations attained during the 
discharge. The color filled contours present the variations of the TSS concentrations both with respect to the depth 
from the sea surface and the distance from the source by different color bands. The maximum TSS concentration 
338,511 mg/l occurs at the discharge location. It decreases to a value of 100 mg/l at a distance approximately 300 
m from the discharge location. It varies from 100 to 10 mg/l between 300 m and 2,000 m distances from the 
discharge location. It varies from 10 to 5 mg/l between 2,000 m and 2,250 m distances from the discharge location. 
It varies from 5 to 1 mg/l between 2,250 m and 2.325 m distances from the discharge location. It is less than 1 mg/l 
beyond 2,325 m from the discharge location.   
 
The maximum TSS concentrations at 10-, 30-, 100-, 300-, and 1000-m from the discharge location are: 1,807.4 
341.9, 181.0, 97.7, and 31.3 mg/l, respectively. 
 
Figure 6-33: Total suspended solids concentrations in water column at maximum currents, Rig’s Surface Pits  
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AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 


 
The spatial extent and the amount of solids loading on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result 
of the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figure 6-34. The 
model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-34. The map 
scale is located at the bottom left corner of this figure. The color bar on the right provides the range of the solids 
loading on the sea floor in kg/m2 by a particular color band. The maximum loading 13 kg/m2 occurs at 50 m to the 
east and 10 m to the north from the discharge location. It decreases to a value of 10 kg/m2 and 1 kg/m2 at 
distances approximately 70 m and 130 m, respectively from the discharge location. It varies from 1 kg/m2 to 0.1 
kg/m2 approximately between 130 m and 850 m distances from the discharge location. It varies from 0.1 kg/m2 to 
0.01 kg/m2 approximately between 850 m and 1,900 m distances from the discharge location. The loading is less 
than 0.01 kg/m2 beyond 1,900 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 10-, 1-, 0.1-, and 0.01-kg/m2 are: 0.161, 0.440, 
3.283, and 19.619 ha, respectively.   
 
Figure 6-34: Amount of deposition of the solids on seabed at maximum currents, Rig’s Surface Pits  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of solids thickness deposited on the sea floor at time, t = 9,000 sec (or 2.5 hours) as a result of 
the discharge of the water based muds from the rig’s surface pits on a plan view is presented in Figures 6-35a and 
6-35b. The map scale is located at the bottom left corner of these figures. The color bar on the right provides the 
range of the solids deposit thickness on the sea floor in cm by a particular color band. The model domain extends 
to 5.0 km in all directions from the discharge location. The maximum solids deposited thickness on the seabed is 
0.6 cm, which is less than 1 cm as shown by a small dot, occurs on a very small surface area compare to the 5 km x 
5 km map surface area shown in Figure 6-35a. The same results are presented in Figure 6-35b but shows only 240 
m x 240 m seabed surface with the well at the center to show the details of the solids accumulation of 0.1 cm or 
larger on the seabed. The maximum deposit thickness of 0.6 cm occurs at 50 m to the east and 10 m to the north 
from the discharge location.  
 
Figure 6-35a: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits  
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Figure 6-35b: Spatial extent of solids thickness distribution on seabed at maximum currents, Rig’s Surface Pits 
(Zoom In View) 
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6.8  COMBINED MODE L RESU LTS  -  SE A FLOOR A ND SEA SU RFACE D I SCH ARGE S ,  BU RGE R J  
 
The spatial extent of total amount of deposition of the discharged solids on the seabed from the six discrete 
drilling intervals (01, 02, 03, 04, 05, and 06) and the rig’s surface pits were compiled using the GUIDO 7 (version 
7.3) for the OOC model yielding the total solids deposition loading and thickness distribution on the seabed from 
the drilling operation at the Burger J well site.   
 
TOTAL AMOUNT OF DEPOSITION OF THE DISCHARGED SOLIDS ON THE SEABED 
 
The spatial extent of the total amount of solids loading at time t = 197.6 hours as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds on a plan view is presented in Figures 6-36a 
and 6-36b. The model domain extends to 5.0 km in all directions from the discharge location as shown in Figure 6-
36a. Figure 6-36b presents a zoom in view of the model results, which shows approximately 2.5 km x 2.5 km area 
of the seabed. The map scale is located at the bottom left corner of these figures. The color bar on the right 
provides the range of the solids loading on the sea floor in kg/m2 by a particular color band. The prevailing current 
direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only from the 
discharge location.  The maximum loading of 2,590 kg/m2 occurs at 10 m to the east and 30 m to the north from 
the discharge location. It decreases to a value of 100 kg/m2 at a distance approximately 90 m from the discharge 
location as shown in Figure 6-36b.  It decreases: 100 kg/m2 to 10 kg/m2 between 90 m and 300 m; 10 kg/m2 to 1 
kg/m2 between 300 m and 900 m; and 1 kg/m2 to 0.1 kg/m2 between 900 m and 2,200 m distances approximately 
from the discharge location. The loading is less than 0.1 kg/m2 beyond 2,200 m from the discharge location.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 are: 0.109, 0.337, 1.231, 3.707, 18.212, 135.284, and 216.375 ha, respectively.  
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Figure 6-36a: Total amount of deposition of the solids on seabed at maximum currents, Burger J 
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Figure 6-36b: Total amount of deposition of the solids on seabed at maximum currents, Burger J (zoom in view)  
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SPATIAL EXTENT OF SOLIDS THICKNESS DISTRIBUTION ON THE SEABED 


The spatial extent of the total solids thickness of 1 cm or larger deposited on the sea floor at time t = 197.6 hours 
as a result of the discharge of the cements, water based drill cuttings, drill fluids, and water based muds on a plan 
view is presented in Figures 6-37a and 6-37b. The map scale is located at the bottom left corner of these figures. 
The color bar on the right provides the range of the solids deposit thickness on the sea floor in cm by a particular 
color band. The model domain extends to 5.0 km in all directions from the discharge location. The prevailing 
current direction is to the east. Therefore, the fate and transport of the discharge plume is towards the east only 
from the source location. The solids deposited on the seabed of thickness 1 cm or larger as shown occurs on a very 
small surface area compare to the 5 km x 5 km map surface area shown in Figure 6-37a. The same results are 
presented in Figure 6-37b  but shows only 480 m x 480 m seabed surface with the well at the center to show the 
details of the solids accumulation of 1 cm or larger on the seabed. The maximum deposit thickness of 189.7 cm 
occurs at 10 m to the east and 30 m to the north from the discharge location. It decreases to a value of 100 cm at a 
distance approximately 20 m from the discharge location as shown in Figure 6-37b.  It decreases: 100 cm to 30 cm 
between 20 m and 30 m; 30 cm to 10 cm between 30 m and 70 m; 10 cm to 3 cm between 70 m and 120 m; and 3 
cm to 1 cm between 120 m and 190 m distances approximately from the discharge location. It is less than 1 cm 
beyond 190 m approximately to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 1.057 ha) as presented in Figure 6-37b.  
 
The sea floor areas affected by deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.275, and 1.057 ha, 
respectively. The sea floor areas affected by solids deposit thickness is also presented graphically in Figure 6-38.  
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Figure 6-37a: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger J 
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Figure 6-37b: Spatial extent of total solids thickness distribution on seabed at maximum currents, Burger J 
(Zoom In View) 
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Figure 6-38: Sea floor area affected by solids thickness distribution at maximum currents, Burger J 
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The OOC model predictions for the solids deposition on the seabed from the cements, water based drill cuttings, 
drill fluids, and water based muds discharges from the six discrete drilling intervals and the rig’s surface pits at the 
maximum current speeds were compiled using the GUIDO 7 software yielding the total solids deposition loading 
and thickness distribution on the seabed from the drilling operation at the Burger J well site and are presented in 
Table 6-2. The sea floor areas affected at the end of the drilling operation at the Burger J well site by the solids 
deposit thickness larger than 100-, 10-, and 1-cm are: 0.102, 0.275, and 1.057 ha, respectively as presented in 
Table 6-2. 
 
The total suspended solids (TSS) concentrations in the water column are presented in Table 6-3. The TSS 
concentrations during the drilling operation are: 11.7 to 320.4 mg/l at 100 m; 3.8 to 97.7 mg/l at 300 m; and 0.6 to 
31.3 mg/l at 1000 m distances from the discharge location. 
 
Table 6-2: Solids Deposition on the Seabed at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Effluent 
Discharge 


Rate 


Pre-diluted 
Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed 


Total Area (ha) Covered by 
Solids Thickness Larger 


than 100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours m m bbls/hour bbls/hour 100 cm 10 cm 1 cm cm 


B
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r 
J 
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o
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1 66.00 43.90 42.07 82.86 14,000.00 0.094 0.182 0.433 147.73 


2 5.20 43.90 42.07 148.57 14,000.00 - 0.083 0.119 10.88 


3 34.40 43.90 42.07 86.64 14,000.00 - 0.112 0.247 36.76 


Se
a 
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rf


ac
e


 


4 23.30 43.90 6.71 89.87 100.70 - - 0.341 3.23 


5 29.00 43.90 6.71 93.46 104.29 - - 0.497 4.83 


6 37.20 43.90 6.71 18.49 29.32 - - 0.103 1.39 


R
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s 


2.50 43.90 6.71 970.80 970.80 - - - 0.63 


At the end of the Drilling Operations 0.102 0.275 1.057 189.73 
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Table 6-3: Total Suspended Solids (TSS) Concentrations in the Water Column at Maximum Currents 
 


The OOC Model Predictions at Maximum Currents 
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Rate 


Total Suspended Solids (TSS) 
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Hours m m bbls/hour bbls/hour 10 m 30 m 100 m 
300 
m 


1000 
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1 66.00 43.90 42.07 82.86 14,000.00 2,440.3 894.4 320.4 89.6 14.0 


2 5.20 43.90 42.07 148.57 14,000.00 2,313.4 826.8 287.8 79.5 12.7 


3 34.40 43.90 42.07 86.64 14,000.00 1,095.9 430.9 151.2 42.1 6.6 


Se
a 


Su
rf


ac
e


 


4 23.30 43.90 6.71 89.87 100.70 784.4 264.2 51.7 10.4 1.8 


5 29.00 43.90 6.71 93.46 104.29 928.1 308.0 82.5 10.6 1.9 


6 37.20 43.90 6.71 18.49 29.32 142.3 53.8 11.7 3.8 0.6 
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2.50 43.90 6.71 970.80 970.80 1,807.4 341.9 181.0 97.7 31.3 
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SECTION 7.0 SENSITIVITY ANALYSIS  
 
The dispersion and deposition numeric simulations were performed both for the sea floor and sea surface 
discharge scenarios for two sets of currents speed: mean currents speed and maximum currents speed as listed in 
Table 7-1. This provides a sensitivity analysis of the model results: solids deposition presented in Table 7-2 and 
total suspended solids (TSS) concentrations in the water column presented in Table 7-3 to the model input 
parameter currents speed.  It is evidenced from Table 7-2 that the maximum currents speed carries the discharged 
solids farther from the source and deposits over a larger sea floor area with a smaller peak value compared to 
those at the mean currents speed. The sea floor area covered by 1 cm or larger solids deposit at the mean and the 
maximum currents are: 0.560 and 1.057 ha, respectively. Whereas, the maximum deposit thickness at mean and 
maximum currents are: 228.9 and 189.7 cm, respectively.  Therefore, the discharged solids at the maximum 
currents are deposited approximately over twice the sea floor areas compared to the mean currents but have a 
smaller peak thickness value.  
 
The TSS concentrations at the maximum currents speed are generally significantly higher than those values at the 
mean currents speed due to the turbulent mixing at a higher flow velocity as presented in Table 7-3. For example, 
the TSS concentrations at the maximum currents are approximately 2.4 times higher than those values at the 
mean currents for the sea floor discharge scenario at 100 m from the source. It is 2 to 4 times higher than those 
values at the mean currents for the sea surface discharge scenario at 100 m from the source except for the water 
based muds discharge from the rig’s surface pits. 
 
The OOC model predicted water based drill cuttings and drill fluids deposition thickness for each sediment class at 
the end of the drilling operation at the Burger J well site for both at the mean and maximum currents speeds are 
presented in Tables 7-4 and 7-5, respectively. The drill cutting deposition thickness for all the nine (9) sediment 
classes (Table 3-2) are presented at: 10, 30, 90, and 110 meters (m) from the source of the discharge. These tables 
also exhibit that the maximum currents speed carries the discharged solids farther from the source: smaller 
deposition thickness of drill cutting value at 10 m from the source and higher deposition thickness of drill cutting 
value at 30 m from the source compared to those at the mean currents speed. 
 
Table 7-1: Mean and Maximum Currents Speed for the Burger Field, for July through October 
 


Water 
Depth 


Mean Current Maximum Current 


Speed 
Direction                   


(from True North) Speed 
Direction                   


(from True North) 


m cm/s °T cm/s °T 


0.0 7.0 90 25.0 90 


15.0 7.0 90 25.0 90 


20.0 7.0 90 25.0 90 


43.9 7.0 90 25.0 90 
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Table 7-2: The OOC Model Predicted Solids Deposition at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Solids Deposition on the Seabed at 
Mean Currents 


Solids Deposition on the Seabed at 
Maximum Currents 


Total Area (ha) 
Covered by Solids 


Thickness larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Total Area (ha) 
Covered by Solids 


Thickness Larger than 
100-, 10-, and 1-cm 


Maximum 
Deposit 


Thickness 


Hours bbls/hour 
100 
cm 


10 
cm 


1 cm cm 
100 
cm 


10 
cm 


1 cm cm 


B
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r 
J 


Se
a 
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o


o
r 


1 66.00 82.86 0.096 0.120 0.279 159.90 0.094 0.182 0.433 147.73 


2 5.20 148.57 - 0.085 0.119 11.35 - 0.083 0.119 10.88 


3 34.40 86.64 - 0.111 0.192 38.84 - 0.112 0.247 36.76 


Se
a 


Su
rf


ac
e


 


4 23.30 89.87 - - 0.262 8.02 - - 0.341 3.23 


5 29.00 93.46 - 0.094 0.278 12.59 - - 0.497 4.83 


6 37.20 18.49 - - 0.179 2.76 - - 0.103 1.39 


R
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u
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it
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2.50 970.80 - - 0.093 1.10 - - - 0.63 


At the end of the Drilling 
Operations 


0.104 0.248 0.560 228.90 0.102 0.275 1.057 189.73 
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Table 7-3: The OOC Model Predicted TSS Concentrations at the Mean and the Maximum Currents Speed 
 


The OOC Model Predictions at the Mean and the Maximum Currents Speed 
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Effluent 


Discharge 
Rate 


Total Suspended Solids (TSS) Concentrations (mg/l) in Water Column at 10-, 30-, 100-, 300-, 
and 1000-m from the Source 


Mean Currents Maximum Currents 


Hours bbls/hour 10 m 30 m 100 m 300 m 
1000 


m 
10 m 30 m 100 m 300 m 


1000 
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1 66.00 82.86 1,420.1 516.0 131.8 27.5 4.5 2,440.3  894.4  320.4  89.6  14.0  


2 5.20 148.57 1,236.2 435.6 117.9 24.9 4.0 2,313.4  826.8  287.8  79.5  12.7  


3 34.40 86.64 641.5 226.0 61.4 12.8 2.1 1,095.9  430.9  151.2  42.1  6.6  


Se
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rf


ac
e


 


4 23.30 89.87 511.6 136.0 15.7 3.5 0.6 784.4  264.2  51.7  10.4  1.8  


5 29.00 93.46 597.1 159.8 18.4 4.0 0.7 928.1  308.0  82.5  10.6  1.9  


6 37.20 18.49 168.5 36.5 6.1 1.3 0.2 142.3  53.8  11.7  3.8  0.6  
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2.50 970.80 576.8 449.8 238.2 109.7 0.0 1,807.4  341.9  181.0  97.7  31.3  
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Table 7-4: Model Predicted Drill Cutting Deposition Thickness at Mean Currents Speed 
 


The OOC Model Predicted Drill Cuttings Deposition Thickness of Each Sediment 
Class for the Prospect Well Burger J at the End of the Drilling Operation 
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0.07 


1 0.094 0.003 0.000 0.000 


4 0.078 0.005 0.003 0.003 


15 0.127 0.022 0.005 0.004 


50 0.072 0.006 0.000 0.000 


125 0.037 0.005 0.002 0.002 


250 0.397 0.037 0.003 0.000 


500 0.370 0.060 0.000 0.000 


1000 0.392 0.004 0.000 0.000 


3600 0.648 0.000 0.000 0.000 


 
 
Table 7-5 Model Predicted Drill Cutting Deposition Thickness at Maximum Currents Speed 
 


The OOC Model Predicted Drill Cuttings Deposition Thickness of Each Sediment 
Class for the Prospect Well Burger J at the End of the Drilling Operation 
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1 0.053 0.027 0.001 0.000 


4 0.043 0.023 0.002 0.002 


15 0.077 0.040 0.004 0.002 


50 0.062 0.004 0.003 0.002 


125 0.025 0.012 0.001 0.000 


250 0.354 0.046 0.001 0.001 


500 0.349 0.008 0.035 0.022 


1000 0.326 0.008 0.000 0.000 


3600 0.540 0.089 0.000 0.000 
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SECTION 8.0 SUMMARY AND CONCLUSION  
 
The primary goal of this environmental numeric modeling was to simulate the dispersion and deposition of the 
cements, water based drill cuttings, drill fluids, and water based muds discharges from the drilling operation by the 
drill ship Noble Discoverer at the prospect well site Burger J located offshore Chukchi Sea using the Offshore 
Operators Committee Mud and Produced Water Discharge Model (OOC Model). The prospect well Burger J is 
located in block 6912 area of Posey. The depth of water is 43.90 meters (m). The dispersion and deposition 
numeric simulations were performed for the six discrete drilling intervals divided into two discharge scenarios: sea 
floor (013) and sea surface (001). The sea floor discharges occur from the drilling intervals 1, 2, and 3 and the sea 
surface discharges occur from the drilling intervals 4, 5, and 6. The sea floor discharges occur at 1.83 m (or 6 feet) 
above the sea floor and the sea surface discharges occur at 6.71 m (or 22 feet) below the sea surface.  Moreover, 
approximately 2,427bbls of the water based muds will be discharged at the end of the drilling of the well from the 
rig's surface pits at a rate of 970.80 bbls/hour for 2.5 hours. These constitute discharges described in Permit no.: 
AKG-28-8100 as discharge 013 (Muds, Cuttings, and Cements at the Seafloor) and discharge 001 (Water-Based 
Drilling Fluids and Drill Cuttings). 
 
The cements, water based dill cuttings, and drill fluids mass discharge rate (effluent) for drilling intervals 1, 2, and 3 
for the sea floor (013) discharges are: 82.86, 148.57, and 86.64 bbls/hour, respectively.  These sediments will be 
pumped away via use of a pump at the sea floor. A flexible hose suction pipe will intake a large volume of sea 
water to move the cements, water based drill cuttings, and drill fluids from the seafloor and will discharge from a 
12.0 inch internal diameter discharge pipe at 14,000 bbls/hour. This yields into 169.0, 94.2, and 161.6 pre-dilution 
factors before discharging into the ambient for the drilling intervals 1, 2, and 3, respectively. The discharge pipe of 
the seafloor pump is located at 1.83 m (or 6.0 feet) above the seafloor and oriented horizontally aligned with the 
direction of the current, which is to the east. 
 
The water based dill cuttings and drill fluids mass discharge rate (effluent) for drilling intervals 4, 5, and 6 for the 
sea surface (001) discharges are: 89.87, 93.46, and 18.49 bbls/hour, respectively. Sea water at a rate of 10.83 
bbls/hour will be added to the drill cuttings and drill fluids before discharging into the ambient during the drilling 
of the bottom hole section i.e., the drilling intervals 4, 5, and 6 for the sea surface (001) discharge scenario. This 
yields into 1.1, 1.1, and 1.6 pre-dilution factors before discharging into the ambient for the drilling intervals 4, 5, 
and 6, respectively. The pre-diluted water based dill cuttings and drill fluids discharge rate (effluent) for drilling 
intervals 4, 5, and 6 for the sea surface (001) discharges are: 100.70, 104.29, and 29.32 bbls/hour, respectively. 
 
The outer diameter of the pipe for the sea surface discharge is 15.0 inches. It runs through the main deck of the 
drill rig Noble Discoverer and comes out on the bottom of the ship. The drilling draft varies from 6.71 m to 7.68 m 
approximately. Therefore, the surface discharges occur at a depth between 6.71 m and 7.68 m from the sea 
surface. The internal pipe diameter of 14.25 inches was used for modeling the sea surface discharge scenario 
based on a 0.75 inches of total pipe wall thickness. The discharge pipe is oriented vertically downward with respect 
to the sea surface and discharges at approximately 6.71 m below the sea surface for modeling the sea surface 
discharge scenario. 
 
The water based drill fluids for the top hole section i.e., the drilling intervals 1, 2, and 3, for the sea floor (013) 
discharge scenario is composed of primarily sea water, which includes 30 pounds (lbs.) of bentonite, 0.5 lbs. of 
xanthan gum, and 0.03 lbs. of Gelex bentonite extender in each barrel of sea water. 
 
The water based drill fluids for the bottom hole section i.e., the drilling intervals 4, 5, and 6, for the sea surface 
(001) discharge scenario is composed of primarily sodium chloride (NaCl) brine system.  Sodium chloride brine 
systems are single-salt solutions of sodium chloride and water. Saturated sodium chloride brine has a density of 
1,198 kg/m3 (or 10 lb/gal) and used as a base drill fluids for the bottom hole section. Barite at the rate of 1.413 
lb/gal is added to the base drill fluids to increase the weight of the drill fluids to 1,318.13 kg/m3 (or 11 lb/gal) for 
drilling the interval 04 of the bottom hole section. Moreover, barite at the rate of 2.83 lb/gal is added to the base 
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drill fluids to increase the weight of the drill fluids to 1,438 kg/m3 (or 12 lb/gal) for drilling the intervals 05 and 06 
of the bottom hole section. 
 
The dispersion and deposition numeric simulations both for the sea floor (013) and the sea surface (001) discharge 
scenarios were performed for two sets of currents speed: mean currents and maximum currents. This provides a 
sensitivity analysis of the numeric model results to the model input parameter: currents speed.  The current speed 
of 7 cm/sec was used as the mean value and 25 cm/sec was used as the maximum value in the OOC model. 
 
The solids deposition on the seabed from the effluents discharged during the six discrete drilling intervals and the 
rig’s surface pits were compiled using the Graphical User Interface Discharge Offshore (GUIDO, version 7.3) 
software for the OOC model yielding the total solids deposition loading and total thickness distribution on the 
seabed from the drilling operation by the drill ship Noble Discoverer at the Burger J well site. 
  
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the mean currents are: (i) 100 kg/m2 at 50 
m, (ii) 10 kg/m2 at 150 m, (iii) 1 kg/m2 at 425 m, (iv) 0.1 kg/m2 at 1,100 m, and (v) 0.01 kg/m2 at 2,750 m distances 
approximately from the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the mean currents are: 0.109, 0.276, 0.657, 4.404, 19.025, 146.246, and 745.901 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the mean currents is 228.9 cm, which occurs at 10 m to 
the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 110 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 120 m x 45 m rectangle 
area (or 0.560 ha) at the mean currents. The sea floor areas affected by deposit thickness larger than 200-, 100-, 
10-, and 1-cm are: 0.085, 0.104, 0.248, and 0.560 ha, respectively.  
 
The OOC model predicted total amount of solids loading on the sea floor as a result of the discharge of the 
cements, water based drill cuttings, drill fluids, and water based muds at the maximum currents are: (i) 100 kg/m2 
at 90 m, (ii) 10 kg/m2 at 300 m, (iii) 1 kg/m2 at 900 m, and (iv) 0.1 kg/m2 at 2,200 m distances approximately from 
the source towards the direction of the current.  
 
The sea floor areas affected by solids deposit loading of more than 1000-, 100-, 10-, 1-, 0.1-, 0.01-, and 0.001-
kg/m2 at the maximum currents are: 0.109, 0.337, 1.231, 3.707, 18.212, 135.284, and 216.375 ha, respectively.  
 
The OOC model predicted maximum deposit thickness at the maximum currents is 189.7 cm, which occurs at 10 m 
to the east and 30 m to the north from the discharge location. It decreases to a value of 1 cm at a distance 
approximately 190 m to the east from the discharge location.  
 
The sea floor area affected by solids deposit thickness of 1 cm or larger is approximately a 210 m x 50 m rectangle 
area (or 1.057 ha) at the maximum currents. The sea floor areas affected by deposit thickness larger than 100-, 10-, 
and 1-cm are: 0.102, 0.275, and 1.057 ha, respectively.  
 
The impacts on the ambient from the drilling operations at the Burger J well in terms of solids deposit thickness of 
1 cm or larger is limited to an area: 0.560 ha at the mean currents and 1.057 ha at the maximum currents. The 
impacts at 100 m from the discharge source are: solids deposit thickness in the range of 1 to 3 cm at the mean 
currents and 3 to 10 cm at the maximum currents on the seabed. The impacts on the ambient water in terms of 
the TSS concentrations at 100 m from the discharge source are: 6.1 to 238.2 mg/l at the mean currents and 11.7 to 
320.4 mg/l at the maximum currents. The impacts at 300 m from the source are: solids deposit thickness of less 
than 1 cm on the seabed both for the mean and maximum currents. The impacts on the ambient water in terms of 
the TSS concentrations at 300 m from the discharge source are: 1.3 to 109.7 mg/l at the mean currents and 3.8 to 
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97.7 mg/l at the maximum currents. The overall impacts on the ambient from the drilling operations at the Burger 
J well by the drill ship Noble Discoverer can be classified as low. 
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