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May 25, 2011 
 
US Environmental Protection Agency 
RGP – NOC Processing 
Municipal Assistance Unit 
One Congress Street, Suite 1100 
Boston, Massachusetts 02114 
 
Re: Lynnfield/Saugus Pipelines Project: MWRA Contract No. 6584  

US Route 1 (Broadway) 
Saugus, Massachusetts 01906 
Construction Dewatering Remediation General Permit Application 
Under Massachusetts General Permit No. MAG910000 

 
To Whom It May Concern: 
 
1. Introduction 
 
This Remediation General Permit (RGP) was prepared for the Massachusetts Water Resources Authority 
(MWRA) Contract No. 6584 - Saugus/Lynnfield Pipeline Project (“Project”).  The Project is located in 
Saugus, Massachusetts along Route 1 (a.k.a Broadway) extending approximately 6,400 feet south from 
the Lynnfield town line (See Figure 1).  The Project consists of the installation of approximately 1,815 
ft. of 36-inch diameter and 4,585 ft. of 24-inch diameter water mains. In addition, 6,000 ft of 12-inch 
water main will be installed for the Town of Saugus which will run parallel to the MWRA water main 
for most of the length. The water mains are located at depths which will require approximately 8 to 12 
foot excavations and near continuous dewatering. A National Pollution Discharge Elimination System 
(NPDES) Remediation General Permit (RGP) is required for this project due to contaminants in 
groundwater above RGP thresholds, and is attached.  The Project is expected to generate water that will 
be discharged to local storm drains via catch basins. Proposed groundwater treatment will consist of a 
fractionation tank(s) for particulate settling throughout the Project. Bag filters may be used for removal 
of suspended solids and granular activated carbon may be added to remove petroleum at locations where 
groundwater concentrations are potentially elevated.   It is anticipated that the proposed dewatering will 
commence in April of 2011 and be completed on or before November 2012. There will be a winter 
shutdown period required by the MassDOT permit from 11/14/2011 to 4/15/2012 where no work related 
to this permit (RGP) will be completed. Project information listed below: 
 
Permit Applicant: Albanese Brothers Inc. 
   P.O. Box 518 
   28 Loon Hill Road 
   Dracut, MA  01826 
 
Permit Preparer: SAK Environmental LLC 
   231 Sutton Street, Suite 2G 
   North Andover, MA  01845 
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Project Owner: Massachusetts Water Resources Authority (MWRA) 
   Charlestown Navy Yard 
   100 First Street 
   Charlestown, MA  02129 
 
According to Albanese’s dewatering consultant, GSI, the average rate of rate of dewatering rate is 
estimated at 50 gallons per minute (gpm) and the maximum rate is 90 gpm. Storm drains along the 
Project route discharge to various water bodies that include Hawkes Brook, Saugus River and Camp 
Nihan Pond.  
 
2. Site Conditions  
 
Information in this section was, in part, taken from reports prepared by the Owner’s engineer, Fay 
Spofford and Thorndike (FST) of Burlington, MA.  During a combined geotechnical/environmental 
investigation, gasoline-related volatile organic compounds (VOCs) and lead were detected in 
groundwater at several locations above applicable reportable concentrations under the Massachusetts 
Contingency Plan (MCP), 310 CMR 40.0000.  
 

2.1. Site Setting  
The proposed construction route is shown on Figure 1 – Site Location. At the southern end, the proposed 
route will follow the eastern shoulder of the northbound lane, cross Route 1 to the western shoulder of 
the southbound lane near the Walnut Street bridge, and extend to the Lynnfield town line. As described 
above, the water mains will be installed along Route 1 in Saugus where the highway is a major three-
lane thoroughfare with commercial and industrial businesses located just off the shoulders. Uncontrolled 
access and egress to commercial and industrial properties is prevalent on Route 1.  
 
U.S. Geological Survey (USGS) topographic maps of the Boston Quadrangle (USGS 1903) and 
Lawrence Quadrangle (USGS 1893) show a road in similar location and geometry as the present-day 
road. The interchange of Route 1 and Route 129 (Walnut Street) is located near MWRA Station 
15+50NB, where the Walnut Street Bridge crosses over and connects with Route 1 via on- and off-
ramps. Hawkes Pond, retained by Hawkes Pond Dam, is located immediately west of Route 1 between 
Stations 51+50NB and 60+00NB. According to the National Inventory of Dams database (NID, 2008), 
Hawkes Pond Dam (NID ID No. MA00245) is owned by the Lynn Water and Sewer Department and 
was constructed in 1895. The Lynnfield Water District Pump Station is the Site northern terminus, on 
the eastern side of Rte. 1 near Sta. 64+00NB.  
 
Ground surface elevations generally increase from south to north along Route 1. Based on the Existing 
Conditions Plan, the topography slopes gently upward south of the Walnut St. Bridge (approx. Stations 
0+00 to 15+50NB) from about El. 48 to El 53. North of the Walnut St. Bridge, topography slopes 
moderately upward to a peak of about El. 69.7 near Sta. 28+00NB, and then slopes gently downward to 
a relatively level section of about El. 63 to 66 between Stations 31+00NB and 45+00NB. From Sta. 
45+00, the Site slopes to about El. 115 ft. near Sta. 63+00NB, and then gently downward to about El. 
113 near the Pump Station. (1) 
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A review of the Massachusetts Department of Environmental Protection (MADEP) Priority Resource 
Map (Figure 5) indicates Saugus River passes through the southern extent of the Project. Hawkes Brook 
is a sub-basin which drains to the Saugus River. The watershed is approximately 47 square miles and 
passes through Wakefield, Lynnfield, Saugus, and Lynn as it meanders east and south from its source in 
Lake Quannapowitt in Wakefield to its mouth at Boston Broad Sound. It has at least eight tributaries 
including: Hawkes Brooks; the Mill River; Bennets Pond Brook; the Pines River; Crystal Pond Brook; 
Beaver Dam Brook; Strawberry Brook; and Shute Brook. The northern extent of the project passes 
through two (2) Zone A Public Water Supplies (Hawkes Pond and Walden Pond). Zone A designation 
indicates the area is located within 400 feet laterally from the bank of a Class A surface drinking water 
source (as identified in 314 CMR 4.00) and 200 feet laterally from the banks of its tributaries. Though 
the project passes between these water bodies, no catch basins discharge to them. The Priority Resource 
Map did not identify any other environmentally pertinent settings. 
 

2.2. Subsurface Investigation 
Fay, Spofford & Thorndike (FST) prepared a Hazardous Materials Assessment Memorandum dated 
September 28, 2008 (Appendix A) that identified locations along the pipeline route where oil and/or 
hazardous materials (OHM) could potentially be encountered in soil or groundwater during the Project. 
FST advanced 27 borings and installed 9 monitoring wells along the proposed pipeline alignment 
between March 30 and April 25, 2008 during a combined geotechnical/environmental investigation to 
evaluate soil structural properties and to obtain samples for environmental assessment.  The boring and 
monitoring well locations are shown on Figure 2 and included sites identified as current or former 
“Disposal Sites” under the Massachusetts Contingency Plan (MCP), 310 CMR 40.0000, as well as sites 
likely to have known or suspected underground storage tanks (USTs) such as gas stations. These 
locations are listed in Table 1 of the FST memorandum (9/2008). Boring locations not listed in this table 
were advanced for geotechnical purposes only. Boring logs are included in Stephen’s Associate’s Inc. 
Geotechnical Report (Appendix B).     
 
The subsurface conditions encountered during drilling consisted of asphalt and sub-base overlying fill 
consisting of mostly dense to very dense fine to coarse sand with varying proportions of silt and gravel 
extending about 3 to 12 ft. below ground surface. The fill unit was underlain by medium dense to very 
dense sand with varying proportions of silt and gravel or bedrock consisting of granitic, dioritic, or 
granodioritic rock. Where encountered, bedrock depths ranged from about 3 to 15 feet below ground 
surface.  
 
Stephens Associates performed various geotechnical testing of soil samples collected from the borings 
with results summarized in Table 2 of their report (See Appendix B).  The estimated vertical 
permeability using the Kozeny-Carmen Formula ranged from 3.6x10-2 to 5.9x10-7 cm/s. FST performed 
field permeability tests (“slug tests”) in the observation wells and the estimated permeability ranged 
from 1x10-2 and 4.7x10-4 cm/s. These values are presented in Table 3 of the Stephens Associates report. 
 

2.3. Soil and Groundwater Sample Collection and Analyses 
 

2.3.1. Soil 
Soil samples collected during the field program were screened for total volatile organic compounds 
(TVOCs) using a photoionization detector (PID) and submitted for laboratory analyses for the 
following: 
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• Volatile organic compounds (VOCs) by EPA Method 8260 
• Semi-volatile organic compounds (SVOCs) by EPA Method 8270 
• Total petroleum hydrocarbon (TPH) by EPA Method modifed 8100 
• Volatile/extractable petroleum hydrocarbon (VPH/EPH) parameters with target VOCs and 

polycyclic aromatic hydrocarbons (PAHs) by MADEP method 
• RCRA 8 metals by EPA Methods 6010, E200.7 
• Polychlorinated biphenyls (PCBs) by EPA Method 8082 
• RCRA hazardous waste characteristics: conductivity, pH, ignitablity, reactive cyanide and 

sulfide, and toxicity characteristic leaching procedure (TCLP) 
 
All TVOC concentrations were below 5 parts per million by volume air (ppmv) except for B-3 at a 3-ft 
depth (265 ppmv) and B-25 at 5-ft depth (49 ppmv). Soil analytical results are summarized in the FST 
memorandum as Table 3.  In general detected petroleum concentrations were below the MCP reportable 
concentrations for S-1 soil (RCS-1) and/or were consistent with MADEP’s concentrations for PAHs and 
metals in urban fill containing coal and/or wood ash. 
 

2.3.2. Groundwater 
Groundwater was analyzed for the following using the RGP Appendix VI Methods which included the 
same parameters as soil (excluding RCRA hazardous waste characteristics) plus: cyanide, iron, copper, 
antimony, nickel, hexavalent chromium, total suspended solids, and total residual chlorine. 
 
Groundwater analytical results are shown in Table 4 of the FST memorandum (Appendix B).  Lead, 
copper and arsenic were detected in groundwater at concentrations that exceed RGP (no dilution) limits, 
but are below RGP limits when the dilution factor for the project is applied. Iron was detected in 
groundwater at concentrations that exceed RGP (no dilution) limits and RGP limits with the dilution 
factor; consequently, treatment to remove iron is necessary under the permit conditions.  
 
The maximum detected concentrations of benzene and MTBE were 69.2 and 371 micrograms per liter 
(“µg/L”), respectively and exceeded the RGP limits of 5µg/L for benzene and 70 µg/L for MTBE. In 
areas where VOC concentrations do not exceed the RCs, dewatering could potentially draw in 
contaminants resulting in concentrations that do exceed the RCs. Treatment under the RGP will be site-
specific and monitored, as contaminant levels and chemical compounds detected in preconstruction 
studies are not consistent at all monitoring well locations.   
 
3. Dilution Factor for Metals (Calculations) 
A Dilution Factor (DF) was calculated (Appendix C) in order to identify the RGP limits for total metals. 
The DF calculation was performed in accordance with the procedure contained in MAG 910000, 
Appendix V “Calculation of Dilution Factor for Applications in Massachusetts.” The purpose of the DF 
calculation is to establish the Total Recoverable Limits for metals, taking into consideration the 
anticipated dilution of the detected analytes upon discharge of effluent to the discharge waters.  
 
The calculated DF was then used to find the appropriate Dilution Range Concentrations (DRCs) 
contained in MAG91000, Appendix IV. 
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The Project DF was calculated using the following equation:  
 
  DF = (Qd + Qs)/Qd 
 
Where:  Qd is the maximum discharge flow rate, cubic feet per second 

 Qs is the receiving water flow rate (minimum for 7 consecutive days with a recurrence 
interval of 10 years – 7Q10), cubic feet per second 

 
The value for Qs used for identifying the DRCs contained in MAG91000 Appendix IV is based on 
information provided by the US Geological Survey (USGS) – Massachusetts Stream Flow Data for the 
Saugus River. The Saugus River is the closest river with stream flow data that will receive discharges 
from the Project. The average flow rate reported for the Saugus Iron Works gauge station was 33.6 cubic 
feet per second (cfs) over a 16-year period. This value was used for the Qs to calculate the DF. Saugus 
River flow data is provided in Appendix C. The resulting DF equals 72.75. The applicable DRCs are 
those shown for a DF between 50 and 100. A summary of the metals Total Recoverable Limits (TRL) is 
presented in Table 1.  
 
4. Dewatering and Groundwater Treatment System  
The new water mains will be installed generally at 8 to 9 feet below grade and the trench excavations 
will extend up to 12 feet in depth. Measured groundwater levels were 4.1 to 13.7 feet below grade.  
Stephens Associates recommended water levels be maintained a minimum of 1 foot below the trench 
bottom at all times while the trench is open. According to Albanese’s dewatering consultant, GSI, the 
volume of water pumped during dewatering will range from 10 to 90 gpm.  
 
The treatment system will consist of the following components – a fractank to remove readily settable 
sediment (and Iron).  FlocLogs which are non-hazardous polymer blocks may be placed in the tank to 
aid in sediment deposition.  This will be followed by bag filters to remove suspended solids (and Iron) 
not captured by the fractank, followed by granular activated carbon to remove petroleum and related 
volatile organic compounds.   Final treated effluent will be discharged to storm water catch basins along 
the length of the Project. An oil/water separator will be added to the beginning of the treatment system, 
in areas where unexpected gross petroleum contamination (i.e. separate phase petroleum product) is of 
concern.   
 
Treatment components, excluding the fractank, may be removed from the system, subject to EPA 
approval, if monitoring results demonstrate reliable compliance with RGP effluent discharge limits. 
 
5. Monitoring 
Sampling and chemical testing of the treatment system influent and effluent will be performed in 
accordance with the requirements contained in the US EPA’s Authorization to Discharge. Startup 
monitoring, as defined in the RGP, will be conducted once at commencement of the project. If 
monitoring results reveal effluent contamination that exceed the RGP limits, appropriate corrective 
measures will be implemented and additional confirmatory monitoring will be performed. Additionally, 
if monitoring results demonstrate reliable compliance with RGP effluent discharge limits, treatment 
components, not including the fractank, may be removed from the system. 
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Sincerely, 
SAK Environmental, LLC 
Prepared By:       Reviewed By: 

 
Mark P. Grady Jr., EIT     Sherry Albert, P.E. 
 
Approved By: 
 
 
Stephen A. Sakakeeny, LSP, CPG, CHMM 
Principal 
 
Enclosure  
Notice of Intent (NOI) for the Remediation General Permit 
 
Attachments 
Figure 1 – Site Location Map 
Figure 2 – Boring Locations 
Figure 3 – Schematic of Groundwater Treatment System 
Figure 4 – Stormwater Outfall Locations 
Figure 5 – Priority Resource Map 
 
Table 1 - Total Recoverable Metals Limitations (µg/L) At Selected Dilution Ranges and Technology 

Based Ceiling Limitations For Facilities Located In Massachusetts (For Discharges To 
Freshwater at H = 50 mg/L CaCO3) 

 
Appendix A – FST Hazardous Material Assessment Technical Memorandum  
Appendix B – Stephen’s Associates Geotechnical Report 
Appendix C – Dilution Factor Calculations and Saugus River Data 
Appendix D – Material Safety Data Sheets 
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B. Submission of NOI to EPA - All operators applying for coverage under this General Permit 
must submit a completed Notice of Intent (NOI) to EPA.  Signed and completed NOI forms and 
attachments must be submitted to EPA-NE at:  
 

U.S. Environmental Protection Agency 
5 Post Office Square, Suite 100 
Mail Code OEP06-4 
Boston, MA 02109-3912 
ATTN: Remediation General Permit NOI Processing 

 
  or electronically mailed to NPDES.Generalpermits@epa.gov  
 
  or faxed to the EPA Office at 617-918-0505 
 
If filling out the suggested NOI form electronically on EPA=s website, the signature page must be 
signed and faxed or mailed to EPA at the fax number and/or address listed above. 
 
1. Filing with the states - A copy of any NOI form filed with EPA-NE must also be filed with 
state agencies.  The state agency may elect to develop a state specific form or other information 
requirements. 
 
a) Discharges in Massachusetts - In addition to the NOI, permit applicants must submit copies of 
the State Application Form BRPWM 12, Request for General Permit coverage for the RGP.  The 
application form and the Transmittal Form for Permit Application and Payment may be obtained 
from the Massachusetts Department of Environmental Protection (MassDEP) website at 
www.state.ma.us/dep.  Municipalities are fee-exempt, but should send a copy of the transmittal 
form to that address for project tracking purposes.  All applicants should keep a copy of the 
transmittal form and a copy of the application package for their records.   
 

1) A copy of the NOI, the transmittal form, a copy of the check, and Form BRPWM 12 
should be sent to: 

 
Massachusetts Department of Environmental Protection 
Division of Watershed Management 
627 Main Street, 2nd floor 
Worcester, MA  01608   

 
2) A copy of the transmittal form and the appropriate fee should be sent to: 

 
Massachusetts Department of Environmental Protection 
P.O. Box 4062 
Boston, MA 02111  

 
Please note: Applicants for discharges in Massachusetts should note that under 310 CMR 40.000, 
as a matter of state law, the general permit only applies to discharges that are not subject to the 
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Massachusetts Contingency Plan (MCP) and 310 CMR 40.000.  Therefore, discharges subject to 
the MCP are not required to fill out and submit the State Application Form BRPWM 12 or pay 
the state fees.  However, they must submit a NOI to EPA. 
 
b) Discharges in New Hampshire - applicants must provide a copy of the Notice of Intent to: 
 

New Hampshire Department of Environmental Services 
Water Division 
Wastewater Engineering Bureau 
P.O. Box 95 
Concord, New Hampshire  03302-0095. 

 
2. Filing with Municipalities - A copy of the NOI must be submitted to the municipality in which 
the proposed discharge would be located.   
  
 













0 ‐ 5 5 to 10 10 to 50 50 ‐ 100 >100 CEILING VALUE Maxium Average

1. Antimony 5.6 30 60 141 141 141 1

2. Arsenic 10 50 100 500 540 540 2 13 5.91

3. Cadmium 0.2 1 2 10 20 260 3

4. ChromiumIII (Trivalent) 48.8 244 489 1710 1710 1710

5. ChromiumVI (Hexavalent) 11.4 57 114 570 1140 1710 4

6. Copper 5.2 26 52 260 520 2070

7. Lead 1.3 6.5 13 66 132 430 37 35

8. Mercury 0.9 2.3 2.3 2.3 2.3 2.3 5

9. Nickel 29 145 290 1451 2380 2380

10. Selenium 5 25 50 250 408 408 6

11. Silver 1.2 6 12 57 115 240

12. Zinc 66.6 333 666 1480 1480 1480

13. Iron 1000 5000 5000 5000 5000 5000 21900 7480

3.Based on 40 CFR 445.11, “RCRA Subtitle C Landfill Best Practicable Control Technology” (BPT) for Arsenic.
4.Assumes Hexavalent Chromium reduced to Tri‐valent Chromium in treatment.

TOTAL RECOVERABLE METALS LIMITATIONS (ug/L) AT SELECTED DILUTION RANGES AND TECHNOLOGY BASED CEILING LIMITATIONS 

FOR FACILITIES LOCATED IN MASSACHUSETTS (for discharges to freshwater at H = 50 mg/L CaCO3)1

Boring Locations
PARAMETER

1.Based on 7Q10 Flow.

TABLE 1: FROM APPENDIX IV

2.Based on 40 CFR 437.42, “The Centralized Waste Treatment Point Source Category ‐ Subpart D ‐ Multiple Wastestreams ‐Best 
Practicable Control Technology” (BPT) daily maximum for Antimony

5.Based on 40 CFR 437.42, “The Centralized Waste Treatment Point Source Category ‐ Subpart D ‐ Multiple Wastestreams ‐Best 
Practicable Control Technology” (BPT) daily maximum for Mercury
6.Based on 40 CFR 437.42, “The Centralized Waste Treatment Point Source Category ‐ Subpart D ‐ Multiple Wastestreams ‐Best 
Practicable Control Technology” (BPT) daily maximum for Selenium

Note: Empty cells represents values below detection limits.

DILUTION RANGE CONCENTRATION



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 
FST Hazardous Material Assessment Technical Memorandum 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

















































































































































































































































































































































































 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Stephen’s Associates Geotechnical Report 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

  

 

 

GEOTECHNICAL ENGINEERING REPORT 
MWRA CONTRACT NO. 6905 
LYNNFIELD/SAUGUS PIPELINES 
SAUGUS, MASSACHUSETTS 
SA Project No. 026-08-007 
October 6, 2008 
 
 

 
 
 
 

Prepared for: 
 

FAY, SPOFFORD & THORNDIKE, LLC. 
5 Burlington Woods 

Burlington, Massachusetts 01803 
 
 
 
 
 
 
 

 
 
 

Prepared by: 
 

Stephens Associates Consulting Engineers, LLC 
 

         
   

 James E. Turner, PE Robert S. Stephens, PE 
 Project Engineer Principal Engineer 



 
  

 
October 6, 2008  
 
 
 
Fay, Spofford & Thorndike, LLC 
5 Burlington Woods  
Burlington, MA 01803  
Attention: Mr. Dennis Boucher 
 
Re: Geotechnical Report 
 MWRA Contract No. 6905 
 Lynnfield/Saugus Pipelines 
 Saugus, Massachusetts 

SA Project No. 026-08-007 
 
Ladies and gentlemen: 
 
The attached Report presents the results of geotechnical engineering evaluation provided by Stephens 
Associates Consulting Engineers, LLC (SA) for the Subject Project.  This Report has generally been prepared 
in accordance with our Agreement for these services, and is subject to the limitations presented throughout the 
Report, including Tables, Figures and Appendices.  
 
We have enclosed one unbound original, 5 bound copies, 7 unbound copies and one CD-RW disk with pdf 
file of our Report, as requested. 
 
We trust that this Report meets your current needs, and appreciate the opportunity to assist you on this Project.  
Please contact us if you have any questions. 
 
Sincerely, 
Stephens Associates Consulting Engineers, LLC 
  
 
    
James E. Turner , PE    
Project Engineer       
 
 
 
Robert S. Stephens, PE, PG 
Principal 
 
RSS:tgbg 



GEOTECHNICAL REPORT 
MWRA CONTRACT NO. 6905, LYNNFIELD/SAUGUS PIPELINES 

SAUGUS, MASSACHUSETTS 
 

026-08-007 S-i 10/6/08 
 

 
 

SUMMARY 
 
 
This Report (“Report”) provides the results of geotechnical engineering evaluation performed by Stephens 
Associates Consulting Engineers, LLC (“SA,” “we,” “our,” or “us”) for Fay, Spofford & Thorndike, LLC 
(“FST,” “Client,” “you,” “your,” etc.) for the proposed Lynnfield/Saugus Pipelines (“Pipelines,” or “Project”), 
Massachusetts Water Resource Authority (“MWRA” or “Owner”) Contract No. 6905 in Saugus, 
Massachusetts.  This Report is subject to the limitations presented herein, including Figures, Tables and 
Appendices, (e.g. Appendix A – Limitations, etc.).  SA performed these services for FST in general 
accordance with our Agreement dated January 28, 2008.  The purpose of our services was to evaluate 
geotechnical conditions and provide geotechnical recommendations for design and construction of the 
proposed pipeline. 
 
The Site is located on U.S. Rte. 1 (aka Broadway), extending south from the Saugus-Lynnfield town line about 
6,400 ft.  The Project consists of installation of about 2,560 ft. of 36-in. diameter MWRA water main, 4,240 ft. 
of 24-in. diameter MWRA water main, and 6,000 ft. of 12-in. water main for the Town of Saugus, parallel to 
the MWRA main.  At the southern end, the proposed route will follow the eastern shoulder of the northbound 
lane, cross Rte. 1 to the western shoulder of the southbound lane and extend to about Sta. 48+40SB (Stationing 
is described in Section 1.1, extends south to north from Sta 0+00 to 64+00).  North of this station, the MWRA 
is considering routes following either the northbound shoulder or the southbound shoulder, to be determined.   
 
SA reconnoitered the Site for readily visible surficial signs of geologic conditions.  We noted significant rock 
outcrops west of Rte. 1 from about Sta. 18+00SB to 23+00SB and about Sta. 61+00SB to 64+00SB, and east 
of Rte. 1 from about Sta. 51+00NB to 64+00NB.  Published geologic information generally indicates soils in 
the Site vicinity to consist of glacial till, and in some locations overlying shallow bedrock consisting of 
granite, granodiorite, or diorite.  
 
The MWRA engaged Green International Affiliates, Inc. who engaged Hager GeoScience, Inc. (“Hager,” or 
“GPR Consultant”) to perform geophysical surveys of the northbound and southbound shoulders of Rte. 1 
using ground penetrating radar (“GPR”) to attempt to identify the depth of bedrock and buried obstructions 
prior to excavation.  Hager provided the results in a report titled, “Geophysical Subsurface Characterization, 
MWRA Lynnfield/Saugus Pipeline Project, Route 1, Saugus, MA,” dated June 2008, prepared for Green 
International Affiliates, Inc. (“GPR Report”).  The GPR Report indicates variable fractured bedrock surface 
elevations of about 3.5 to 45 ft. below ground surface.  The GPR Report also identifies numerous subsurface 
obstructions and possible buried utilities, and areas of possible reinforced concrete located below the existing 
asphalt pavement.  SA included the bedrock profile interpreted by Hager and the above features, as interpreted 
by Hager, on our subsurface profiles shown in Figures 5 through 7.  Figure 4 shows the baseline locations of 
SA’s subsurface profiles, which are based on the GPR traverses.   
 
FST engaged GeoLogic Earth Exploration, Inc., of Norfolk, Massachusetts (“GeoLogic” or “Drillers”), to drill 
27 borings and install 9 groundwater observation wells at locations selected by FST along the proposed 
pipeline alignment between March 30 and April 25, 2008 using a truck-mounted drill rig.  The purpose of the 
borings was to evaluate geotechnical conditions (by SA) and to obtain samples for environmental and 
corrosion testing (by others).  Figure 4 shows the boring locations, Appendix B contains SA’s boring logs, and 
Figures 5 to 7 show generalized subsurface profiles. 
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The subsurface explorations generally encountered Asphalt overlying subbase and Fill consisting of mostly 
dense to very dense fine to coarse sand with varying proportions of silt and gravel (USCS classification SM, 
SW, GP) extending about 3 to 12 ft. below ground surface.  Underlying the Fill, the Drillers generally 
encountered medium dense to very dense Sand with varying proportions of silt and gravel (SW, SP, SM, GP), 
or bedrock consisting of granitic, dioritic, or granodioritic rock.  Where encountered, bedrock depths ranged 
from about 3 to 15 ft. below ground surface.  Water levels measured by FST in observation wells installed in 
the borings were about 4.1 to 13.7 ft. below ground surface.   
 
SA performed 48 grain-size distribution analyses, 11 hydrometer analyses, and 2 Atterberg limits tests on 
samples obtained from the borings.  The purposes of the geotechnical laboratory testing were to assist in soil 
classification and preparation of boring logs, to evaluate re-use of existing soils, and to assist in permeability 
evaluation.  Geotechnical laboratory test results are summarized in Table 2 and are presented in detail in 
Appendix C.   Based on the laboratory data, SA estimated vertical permeability using the Kozeny-Carmen 
Formula to range from about 3.6x10-2 to 5.9x10-7 cm/s.  The references indicate that measured values of 
hydraulic conductivity usually range from 1/3 to 3 times the estimated value.  FST performed field 
permeability tests (“slug tests”) in the observation wells installed in selected borings.  FST estimated 
permeabilities from the slug tests to range between 1x10-2 and 4.7x10-4 cm/s, which are summarized in Table 
3. Refer to Section 2.5.     
 
Pipe trench bottom depths are anticipated to be about 8 to 9 ft. below ground surface. The subsurface 
conditions identified at these depths in the borings generally consist of medium dense to very dense Sand, 
Sand and Gravel, or Bedrock and are generally suitable for foundation support of the proposed pipes with 
proper trench excavation and pipe bedding.  Buried utilities, including gas mains, sewer/drain lines, 
telecommunications, etc. are located in close proximity to the proposed pipelines.  In our opinion, the 
subsurface conditions will significantly affect pipeline design and construction in several ways, including the 
following: 
 

• Shallow bedrock – We anticipate up to 7 ft. of bedrock excavation, and typically 1 to 5 ft., may be 
needed to reach proposed trench bottom depths where shallow bedrock was encountered in the borings 
and GPR results.  Table 3.3.2 summarizes anticipated rock excavation depths and locations.  

• Shallow groundwater – Groundwater was generally measured between 4.1 and 9 ft. below ground 
surface.  Excavation will require dewatering.  Refer to Section 4.5.  

• Highly permeable soils – Large quantities of water may be pumped during dewatering and the 
influence of groundwater drawdown could extend a significant distance from excavation.  Refer to 
Sections 2.5 and 4.5. 

• Buried utilities – Close proximity of buried utilities will affect methods for rock removal and will 
likely require shoring of excavations.  Refer to Sections 3.5, 4.3 and 4.4.   

• Subsurface obstructions – The GPR results indicate numerous subsurface obstructions (e.g. boulders), 
and SA’s borings, particularly those performed near Hawke’s Pond, encountered boulders on the order 
of 1 to 3 ft. diameter.  Excavation of boulders could be difficult and could increase trench sizes. 
Boulders could also hinder excavation support installation.  

• Pipeline route selection north of Sta. 48+40SB - Based on the subsurface explorations, GPR data, and 
SA’s review of plans from MassHighway, we anticipate that the northbound route may require less 
bedrock excavation and fewer boulders, but possibly shallower groundwater.  Refer to Section 3.2.    

 
Section 3.3 discusses pipe support factors.  Where shallow rock is encountered, the trench should be excavated 
at least one foot below the proposed pipe bottom elevation.  Pipe bedding should consist of crushed stone, 
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MassHighway material M2.01.5 and should be wrapped with geotextile filter fabric, meeting the requirements 
of MassHighway (1995) M9.50.0 Type I – Separation, to reduce risk of migration of fines, and potential 
ground deformations resulting from such migration of fines into the crushed stone.   Backfill placed over the 
pipe and pipe bedding should consist of Ordinary Borrow, MassHighway M1.01.0, with a maximum particle 
size of 3 in., placed in 8-in. maximum loose lifts and compacted to at least 92 percent maximum dry density as 
measured by ASTM D1557.  Within two feet of proposed ground surface, but beneath the pavement section, 
backfill should consist of Gravel Borrow, MassHighway M1.03.0 placed in 8-in. maximum loose lifts and 
compacted to at least 95 percent of maximum dry density as measured by ASTM D1557.  The pavement 
section should be designed and constructed in accordance with MassHighway standards.  Based on the grain-
size analyses, we anticipate that most excavated soils from the trench can generally be reused as Ordinary 
Borrow after screening for particles larger than 3 in.    
 
Sections 3.5 and 4.3 discuss lateral earth pressures, trench design factors, and excavation support.  The 
presence of structures, including buildings, bridges, culverts, utilities, drainage structures (e.g. catch basins, 
etc.), pavements, etc., in close proximity to the proposed pipelines will affect trench design and construction.  
Excessive lateral ground movements (rotation or translation) of excavation support systems, if not properly 
designed and executed, could result in nearby structural deformations and settlement.  Likewise, dewatering 
and ground loss at the excavation support system into the trench could result in vertical and lateral ground 
deformations, even at potentially much greater distances.   Trenches should be shored to limit lateral ground 
movements to 1 inch or less.  The excavation support system should be designed by a registered professional 
engineer engaged by the Contractor.   
 
Up to 7 ft. of bedrock excavation may be required.  The proximity of the Walnut St. Bridge and buried 
utilities, and especially buried gas mains within several feet of the proposed pipeline, should be carefully 
considered in the selection of rock removal technique.  Bedrock elevations vary significantly near the Walnut 
St. Bridge and rock removal should be anticipated under or near Bridge.  The selection of a rock removal 
technique should strive to balance risk to adjacent utilities and structures with opposing factors such as 
excavation cost and production rate.  Rock can typically be excavated by explosive or non-explosive methods, 
such as mechanical excavation (e.g. hydraulic rams, etc.), trenching, chemical splitting, or other, proprietary 
methods.  The primary factors affecting selection of method include cost, risk of damage to adjacent structures 
from vibrations, airblast, flyrock, etc., and permissions from regulating authorities.  Section 4.4 discusses rock 
removal. 
 
The detailed evaluation, recommendations, and assumptions on which they are based, described in the body of 
this Report, should be read in entirety, reviewed and understood.     
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1. INTRODUCTION 

 
 
This Report (“Report”) provides the results of geotechnical engineering evaluation performed by Stephens 
Associates Consulting Engineers, LLC (“SA,” “we,” “our,” or “us”) for Fay, Spofford & Thorndike, LLC 
(“FST,” “Client,” “you,” “your,” etc.) for the proposed Lynnfield/Saugus Pipelines (“Pipelines,” or “Project”), 
Massachusetts Water Resource Authority (“MWRA” or “Owner”) Contract No. 6905 in Saugus, 
Massachusetts.  This Report is subject to the limitations presented herein, including Figures, Tables and 
Appendices, (e.g. Appendix A – Limitations, etc.).  SA performed these services for FST in general 
accordance with our Agreement dated January 28, 2008.   
 
This Report first describes the Site and its location, our Project understanding, background, and purpose and 
scope of services.  Section 1 presents our Site reconnaissance observations, available geologic data, results of 
current subsurface explorations, and summary of geotechnical laboratory testing.  Section 3 describes our 
evaluation and recommendations of subsurface conditions, pipeline route selection considerations, and design 
recommendations.  Section 4 provides additional recommendations and construction considerations.   
References are listed in Section 5.  
 
1.1 Stationing and Datum 
 
FST provided SA with the drawing titled, “Existing Conditions Plan”, January 30, 2008, prepared by Bryant 
Associates, Inc. (“Existing Conditions Plan”).  The Existing Conditions Plan indicates the vertical datum as the 
Boston City Base, which is 5.65 ft. below the National Geodetic Vertical Datum of 1929, and the horizontal 
datum as the Massachusetts State Plane Coordinate System NAD 1983.  Elevations cited herein are with 
respect to this datum. 
 
FST indicated that Project stationing along the proposed pipeline will be established later in the design 
process.  For the purpose of presenting subsurface profiles, interpreted ground penetrating radar (“GPR”) data 
provided by others, and this Report, two baselines with stationing were established by coordination and 
consent between SA, FST, MWRA and the GPR Consultant.  The baselines were set following GPR traverses 
on the northbound and southbound shoulders of Rte. 1, with station 0+00 at the southern end.  Stationing 
referenced herein is therefore denoted as 0+00SB or 0+00NB where SB and NB refer to the southbound or 
northbound baseline, respectively, and are in units of feet.  In general, stations on the two baselines are similar 
at the southern end and differ by about 30 ft. near the northern end because they follow curvature of Rte. 1.  
The Existing Conditions Plan also shows a baseline and stationing for the Rte. 1 roadway, which is 
substantially similar to baselines and stationing shown on previous plans since 1926, as discussed below. 
 
1.2 Site Location and Description 
 
Site location is shown on Figure 1 – Site Location Map and Figure 2 – Site Aerial Photo.  The Site is located 
on U.S. Rte. 1 (aka Broadway), extending south from the Saugus-Lynnfield town line about 6,400 ft.    Rte. 1 
is a historic, major three-lane thoroughfare with commercial and industrial businesses located just off the 
shoulders.  Uncontrolled access and egress to commercial and industrial property is prevalent on Rte. 1.  
USGS topographic maps of the Boston Quadrangle (USGS 1903) and Lawrence Quadrangle (USGS 1893) 
show a road in similar location and geometry as the present day road.  An interchange with Rte. 129 (Walnut 
Street) is located near Sta. 15+50NB, where the Walnut Street Bridge crosses over and connects with Rte. 1 
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via on- and off-ramps.  Hawkes Pond, retained by Hawkes Pond Dam, is located immediately west of Rte. 1, 
approximately between stations 51+50NB and 60+00NB.  According to the National Inventory of Dams 
database (NID 2008), Hawkes Pond Dam (NID ID No. MA00245) is owned by the Lynn Water and Sewer 
Department and was constructed in 1895.  The Lynnfield Water District Pump Station is the Site northern 
terminus, on the eastern side of Rte. 1 near Sta. 64+00NB. 
 
In general, ground surface elevations increase from south to north along Rte. 1 at the Site.  According to the 
Existing Conditions Plan and our Site observations, south of the Walnut St. Bridge (approx. Sta. 0+00 to 
15+50NB), the Site slopes gently upward from about El. 48 to El. 53.  Northward from the Walnut St. Bridge, 
the Site slopes moderately upward to a peak of about El. 69.7 near Sta. 28+00NB, and then slopes gently 
downward to a relatively level section of about El. 63 to 66 between Sta. 31+00NB and 45+00NB.  From Sta. 
45+00, the Site slopes relatively steeply upward to about El. 115 ft. near Sta. 63+00NB, and then gently 
downward to about El. 113 near the Pump Station.   
 
1.3 Project Understanding and Background 
 
Our understanding of the Project is described in our Agreement dated January 28, 2008 and is further 
described throughout this Report.  Our understanding of the Project is based on the following: 
 

• Our email correspondence with Messrs. John Krawczyk and Dennis Boucher, and Ms. Erica Lotz of 
FST between  December 13, 2006 and January 8, 2008; 

• Meetings with Mr. Krawczyk on March 26, 2007, and with Mr. Boucher on July 5, 2007;  
• Email correspondence and meetings with Mr. Larry Durkin and Dennis Boucher between January 8 

and July 14, 2008. 
• The document titled, “Massachusetts Water Resources Authority, Request for Qualifications 

Statements/Proposals, Lynnfield/Saugus Pipelines Design/CA/RI, Contract 6905,” dated November 
29, 2006 (“RFQ/P”).   

• The document titled, “Field Testing Work Plan, Lynnfield/Saugus Pipelines Project, MWRA Contract 
No. 6905,” March 18, 2008, prepared by FST.  

• Drawing titled, “Rte. 1, Saugus, MA, Existing Conditions Plan,” January 30, 3008, prepared by Bryant 
Associates, Inc. (“Existing Conditions Plan”) 

• Sketches titled, “Typical Trench Section – MWRA 36” Main Only,” “ – Saugus 12” Main Only,” and 
“ – Common Pipe Trench,” provided by FST on June 8, 2008, referred to herein as “Trench Sketches.” 

 
The RFQ/P indicates that the MWRA intends to construct about 2,560 ft. of 36-in. diameter water main, 4,240 
ft. of 24-in. diameter water main, and 6,000 ft. of 12-in. water main and 6-in. diameter blow-off piping along 
Rte. 1 in Saugus, Massachusetts.  The 12-in. water main is being constructed for the Town of Saugus (referred 
to herein as “Saugus 12-in. main”) and will generally parallel the MWRA 24/36-in. main.  FST indicated that 
the MWRA main at the southern end will be 36-in. diameter and will transition to 24-in pipe near Sta. 
19+00SB just north of the Walnut St. Bridge, which will continue to the northern terminus.  The Field Testing 
Work Plan indicates that the southern project limit has been moved northward since the RFQ/P, reducing the 
length of 36-in. diameter pipeline because of recent development at the Shops at Saugus site where a MWRA 
water main extension was installed.   
 
At the southern end, the proposed route will follow the eastern shoulder of the northbound lane (referred to 
herein as “northbound shoulder” or “northbound side”) from about Sta. 0+00 to 10+50NB, where it will cross 
the road to the western shoulder of the southbound lane (referred to herein as “southbound shoulder” or 
“southbound side”) and extend to about Sta. 48+40SB (48+80NB).  North of this station, FST indicated that 
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the MWRA is considering routes following either the northbound shoulder or the southbound shoulder, to be 
determined after MWRA’s review of subsurface conditions presented herein and other factors such as utility 
conflicts, coordination with the Town of Saugus, etc.  At the northern end, the pipeline will tie into the existing 
Lynnfield Water District Pump Station just north of the Lynnfield/Saugus town line, east of the northbound 
shoulder.  The route following the southbound shoulder, if selected, would cross to the northbound shoulder 
near Sta. 62+70NB and then connect to the Pump Station near Sta. 64+00NB.  The Field Testing Work Plan 
indicates that the Saugus 12-in. main will begin at the southern end and terminate just south of Hawkes Pond 
near Sta. 52+00NB, tying into the existing Town of Saugus water main at Walden Avenue.  
 
The Trench Sketches provided by FST show a horizontal spacing of 6 ft. between inside edges of the MWRA 
24/36 in. main and the Saugus 12-in. main.  The Trench Sketches also show the pipe crowns located 5 ft. 
below ground surface.  Where the pipes will be installed in a common trench, the Trench Sketches show a 
trench width of 14 ft. and depth of about 9 ft.  Where installed in separate trenches, the trenches for the 
MWRA 36-in. and Saugus 12-in. pipes are shown as about 9 ft. deep by 9 ft. and 3 ft. wide, respectively.  FST 
indicated that where the MWRA pipe will be 24-in. diameter, the trench depth will be about 8 ft. below ground 
surface.   The proposed pipes may need to be placed deeper to pass beneath existing utilities where the pipes 
cross over Rte. 1 (northern and southern cross-overs) and at several other locations including a stone culvert 
crossing Rte. 1 near Sta. 36+00SB and the Lynn Raw Water Pump Station Main near Sta. 57+00SB 
(57+50NB).  FST anticipates that the trench bottom depth at these locations might be 10 ft. below ground 
surface, but will not be decided until utility locations are confirmed during design.  We assume the finished 
ground surface will be similar to, if not the same as, the existing ground surface.  
 
FST indicated that the MWRA prefers to use Class 52 (ANSI thickness classification) ductile iron for the 24 
and 36-in. pipes, though FST may also consider steel pipe in their preliminary design report.  FST is assuming 
the Saugus 12-in. main will likely be Class 52 ductile iron pipe, and indicated that ANSI/AWWA C600 
"Installation of Ductile-Iron Water Mains and Their Appurtenances" will be used as a design guide. 
  
1.4 Purpose and Scope of Services 
 
The purpose of our services was to evaluate geotechnical conditions and provide geotechnical 
recommendations for design and construction of the proposed pipeline.  Our scope of services is summarized 
as follows: 
 
1. Assist in Development of Field Testing Program (FTP)  
2. Review Available Geotechnical Information  
3. Assist in Preparation of Draft FTP Technical Memorandum  
4. Meet with MWRA and FST 
5. Respond to MWRA Comments on draft FTP Technical Memorandum  
6. Assist in Finalization of FTP Technical Memorandum  
7. Exploration Program Work Plan 
8. Exploration Program Implementation  
9. Geotechnical Laboratory Testing  
10. Geotechnical Evaluation and Preparation of this Report  
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SA’s scope of services does not include an environmental assessment of any kind, including but not limited to 
assessments for the presence or absence of wetlands or hazardous or toxic materials or organisms (e.g., fungi, 
flora, fauna, microorganisms, etc.) in the soil, surface water, groundwater, or air, on or below or around this 
site.  Any observations of odors, colors, or unusual or suspicious items or conditions noted by SA were 
incidental to our services, and any statements regarding such observations are strictly for the information of 
the Client.   
 
 

2. SITE AND SUBSURFACE INFORMATION 
 
 
2.1 Site Reconnaissance 
 
SA reconnoitered the Site for readily visible surficial signs of geologic conditions.  We noted significant rock 
outcrops north of the Walnut St. Bridge, on the western side of Rte. 1, from about Sta. 18+00SB to 23+00SB.  
The ground surface in this area slopes steeply upward to near vertical west of Rte. 1, suggesting that the rock 
was excavated for construction of Rte. 1.  SA also noted large surface boulders placed in landscaped areas 
between Sta. 27+00SB and 31+00SB on the western side of Rte. 1.  From about Sta. 47+00SB to 59SB+00, in 
the vicinity of Hawkes Pond, SA noted that the ground surface sloped downward west of Rte. 1, indicating fill 
was placed to create the Rte. 1 embankment.  Based on topography shown on the Existing Conditions Plan, the 
embankment is on the order of 11 ft. high.  SA noted exposed bedrock over relatively large areas on the shore 
of Hawkes Pond at the embankment bottom.  West of Rte. 1 from about Sta. 61+00SB to 64+00SB, the ground 
surface slopes upward and SA observed rock outcrops in the sidewalk.  The sidewalk was also constructed 
sloping steeply upward westerly, suggesting shallow rock left in place instead of excavation to create a level 
sidewalk.  On the eastern side of Rte. 1 from about Sta. 51+00NB to 64+00NB, the ground surface generally 
slopes steeply upward to the east, and SA noted numerous rock outcrops.   
 
2.2 Available Geologic Information 
 

2.2.1 Published Data 
 

The Surficial Geologic Map of the Reading Quadrangle (Oldale 1962) shows the Site vicinity north of 
Hawkes Pond to consist of Ground moraine, described as, “till with minor amounts of stratified drift”.  The 
Map further describes till as "poorly sorted to unsorted mixture of gravel, sand, silt and clay deposited directly 
by glacial ice.  Deposition of the till was by lodgement (plastering beneath the moving ice) or by ablation of 
the ice."  The Map describes a younger, or upper till and older, or lower till.  Younger till is indicated as more 
extensive geographically, however, the older till may have greater volume due to greater thickness.  Younger 
till is described as “loose, unsorted and unstratified mixture of sand and gravel with varying amounts of silt 
and clay.  Boulders in the younger till vary greatly in number and size... Lenses of zones of stratified sand and 
gravel occur within the deposits."  The upper 1 to 1.5 ft. is generally "yellowish brown or brown and contains 
somewhat more silt and clay than the unoxidized light gray till below it... In most places it (the younger till) is 
only a few feet to 15 feet thick, but in some places it can be considerable thicker."  The Map also indicates, 
"the loose sandy texture of younger till makes it easy to excavate, fairly permeable, and useful as fill material. 
Slope stability in the sand till is good: in most places the till will stand on a 2:1 slope.  The numerous large 
boulders in younger till at some places might make excavation of the till difficult." 
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The Map describes the older till as, “in most places is a very compact, unsorted and unstratified 
mixture of gravel, sand, silt and clay.  It appears to have a somewhat higher silt and clay content than the 
younger till.  Older till is plastic when wet and is indurated to varying degrees when dry.  Permeability is low 
in the older till... Older till is found in drumlins and in most places where the ground moraine is thick.  It is 
rarely less than 15 feet thick and may be as much as 250 feet thick."  The upper 10 to 25 feet is reddish brown 
or olive brown, whereas at greater depths the older till is light to dark gray.  The Map also indicates that, "the 
compactness and induration of the older till makes excavation difficult to very difficult...Older till is very 
unstable in cuts, and careful planning as to the degree of slope and amount of drainage is necessary to insure a 
successful cut slope." 

 
A smaller scale Surficial Geologic Map of the Boston Area (Kaye 1977) shows surficial soils to 

consist of Rocky Terrain, described as, “many bedrock outcrops, thin, spotty drift,” and Stratified Drift, 
described as, “sand, gravel, and clay, minor till; in places overlain by swamp.”  These data are generally 
consistent with that shown on the Surficial Geologic Map of the Reading Quadrangle. 

 
Figure 3 shows an excerpt of the Bedrock Geologic Map of Massachusetts (Zen et al. 1983).  Based on 

Figure 3, bedrock in the site vicinity generally consists of gray granite to granodiorite.  At the northern end of 
the Site, the Bedrock Map shows Peabody Granite, described as alkalic granite containing ferro-hornblende, 
middle Devonian age, intruding diorite and granodiorite.  South of Hawkes Pond, the Bedrock Map shows 
gray granite to granodiorite, indicated as intruding the Westboro Formation of quartzite and argillite further 
south.  

 
The Tectonic Map of Massachusetts (inset on the Bedrock Geologic Map) shows the Site vicinity to be 

part of the Milford-Dedham Zone, in an area shown as Brittlely Deformed Terraine and the Peabody Pluton, 
located within the Brittlely Deformed Terraine.  The Brittlely Deformed Terraine is located between the 
northeast-southwest trending Bloody Bluff Fault to the northwest and the similar trending Northern Border 
Fault bordering the Boston Basin to the southeast. 

 
According to the Metamorphic Map of Massachusetts (also inset on the Bedrock Map), except for the 

Peabody Pluton which is not metamorphosed, the Map indicates Low grade metamorphism consisting of, 
“Predominately greenschist, greenstone, felsite, and quartzite, commonly enveloped in granite.” 

 
Another preliminary bedrock map (Barosh et al. 1977) shows bedrock in the Site vicinity to consist of 

Dedham Granodiorite, Peabody Granite, Hybrid Dedham and Middlesex Fells Volcanic Rock, and quartzites 
and gneissoid metavolcanics.  These descriptions are generally consistent with that shown on the Bedrock 
Geologic Map of Massachusetts. 
 

2.2.2 Previous Subsurface Explorations 
 

The Field Testing Work Plan contains an appendix of existing geotechnical data obtained by FST from 
the MWRA and Massachusetts Highway Department (“MassHighway”).  The data included: 

 
• A Geotechnical Letter Report, August 31, 2006, prepared for a new 120-ft. long MWRA water main in 

the northbound shoulder of Rte. 1 at the Lynnfield pumping station.  This letter report presented 
results of two subsurface explorations, IB-1 and IB-2. 

• Logs of borings BB-1A, BB-2 and BB-3 performed at the Walnut St. Bridge, July 1997 and provided 
by MassHighway 
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• A Geotechnical Report titled, “Geotechnical Investigation, Shops at Saugus, Saugus, Massachusetts,” 
January 10, 2007, prepared by JGI Eastern, Inc. for the Shops at Saugus commercial development near 
the southern end of the proposed alignment. 

 
The borings performed near the Lynnfield Pumping Station generally encountered about 4 to 5 ft. of 

fine to coarse sand overlying bedrock consisting of light gray, hard, fine to coarse grained, fresh to moderately 
weathered Granite.  Rock quality designation (RQD) values were 68 and 78 percent.  The boring logs indicate 
that drill water was lost when coring rock, and groundwater was not encountered. 

 
The borings performed at the Walnut St. Bridge generally encountered medium dense to very dense 

fine to coarse sand overlying granitic bedrock at depths of about 42 to 66 ft. below ground surface (bgs).  
Groundwater was noted in borings BB-1A and BB-2, performed behind the abutments of Walnut St. Bridge 
and about 12 ft. higher than Rte. 1, at boring completion at about 25 ft. below ground surface.  In boring BB-2, 
performed on Rte. 1, groundwater was noted as about 9 ft. bgs.   

 
The Geotechnical Report for the Shops at Saugus provides boring and test pit logs for 49 explorations, 

however, a boring location plan was not provided.  The site location plan included in the report shows the 
general area of construction.  The report summarizes the subsurface conditions at the northern portion of the 
site as granular fill overlying organic silt and wood debris, overlying glacial soils.  In the southern and eastern 
portions of the site, the report summarizes subsurface conditions as blast rock fill overlying boulders or 
bedrock.  Thirty nine of the 49 explorations encountered bedrock or boulders at depths from exposure at the 
ground surface to 23.5 ft. below the ground surface at the time of the explorations.  Groundwater was noted at 
about 4 to 7 ft. below ground surface.  Surface elevations may have changed since the explorations were made, 
thus changing bedrock and groundwater correlations with depth.  The report recommends supporting the 
proposed buildings on shallow foundations bearing on structural fill, existing fill, glaciofluvial soil, glacial till 
or intact bedrock with a maximum net allowable bearing pressure of 6,000 pounds per square foot.   

 
2.2.3 Ground Penetrating Radar 
 
The MWRA engaged Green International Affiliates, Inc. who engaged Hager GeoScience, Inc. 

(“Hager,” or “GPR Consultant”) to perform geophysical surveys of the northbound and southbound shoulders 
of Rte. 1 using ground penetrating radar (“GPR”), supplemented by seismic refraction of the southbound 
shoulder from about Sta. 7+70 to 11+80.  Hager performed the survey between April 15 and May 15, 2008, 
reduced and intepreted the data, and provided the results in a report titled, “Geophysical Subsurface 
Characterization, MWRA Lynnfield/Saugus Pipeline Project, Route 1, Saugus, MA,” dated June 2008, 
prepared for Green International Affiliates, Inc. (“GPR Report”).  The GPR Report indicates that, “the 
objective of the investigation was to identify the depth of bedrock and buried obstructions prior to excavation, 
with the specific goal to map areas along the proposed alignment with bedrock at depths of 10 feet or less.”    

 
In the GPR Report, Hager indicates, “GPR records showed two apparent unique reflective boundaries, 

which we interpret as fractured (weathered) bedrock overlying more competent (harder) rock.”  Inasmuch as 
this is a quote of the Hager GPR Report, the “we” in the quote refers exclusively to Hager.  In correspondence 
between Hager and SA, Hager indicated that the degree of fracturing or weathering of the upper layer cannot 
be evaluated from the GPR data, and their interpretation was based on comparison between the GPR data and 
SA’s draft boring logs provided to Hager by the MWRA.  The GPR Report indicates variable fractured 
bedrock surface elevations of about 5 to 108 ft. (depths about 3 to 45 feet below ground surface) on the 
southbound shoulder, and about 14 to 109 ft. (depths about 3.5 to 38 ft. below ground surface) on the 
northbound shoulder.  The GPR Report also identifies numerous subsurface obstructions and possible buried 
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utilities, and areas of possible reinforced concrete located below the existing asphalt pavement.  Further 
discussion of the GPR results is presented in following sections. 

 
As noted in Section 1.1, the GPR traverses were established as baselines for subsurface profiles with 

stationing beginning with 0+00 at the southern end through coordination and consent between SA, FST, 
MWRA and the GPR Consultant.  Hager provided SA with the GPR traverses plotted on the Existing 
Conditions Plan in electronic AutoCAD format.  Figure 4 shows the baselines.  Hager also provided SA with 
subsurface profiles of the interpreted GPR results showing bedrock elevations, subsurface obstructions, 
possible buried utilities, and possible reinforced concrete under the asphalt in electronic AutoCAD format on 
June 23, 2008.  SA included these features, as interpreted by Hager, on our subsurface profiles shown in 
Figures 5 through 7.   
 
2.3 Current Subsurface Explorations 
 
FST engaged GeoLogic Earth Exploration, Inc., of Norfolk, Massachusetts (“GeoLogic” or “Drillers”), to drill 
the borings and install groundwater observation wells along the proposed pipeline alignment between March 
30 and April 25, 2008 using a truck-mounted drill rig.  A total of 27 borings were drilled and 9 wells installed.  
The purpose of the borings was to evaluate geotechnical conditions (by SA) and to obtain samples for 
environmental and corrosion testing (by others).  FST selected the boring and observation well locations and 
depths, and the Drillers marked the locations in the field and notified DigSafe System Inc. for utility clearance 
prior to drilling, as required by law.  SA observed and logged the borings in the field, screened the samples 
using a photoionization detector (PID), measured ties to each boring from existing Site features, and jarred 
portions of the split spoon samples in environmental containers as requested by FST.   
 
The boring logs are attached in Appendix B.  FST provided ground surface elevations at the boring locations 
as noted on the boring logs.  Figure 4 shows the exploration locations and Figures 5 to 7 show subsurface 
profiles.  At the request of FST, SA used the Existing Conditions Plan and photogrammetric topographic data 
provided by FST to generate a ground surface profile along the baselines from which to plot the subsurface 
profiles showing the GPR data and boring results.  The surface profiles generally follows the contours shown 
on the Existing Conditions Plan, but show localized variations, generally less than 0.5 ft. from a ‘smooth’ 
surface line.  The variations result from the surface modeling routine used by AutoCAD Civil3D 2008 with the 
provided topographic data.     
 
The Drillers advanced the borings to depths of about 12 to 21 ft. below ground surface (“bgs”) using wash 
boring techniques.  These techniques were selected over other methods (e.g. hollow stem auger drilling) 
because of the significant presence of boulders and bedrock, and sand below the water table, for which wash 
boring techniques were judged to be better suited.  The Drillers performed Standard Penetration Tests (“SPT”) 
and obtained split spoon samples continuously within the top 12 to 13 ft., where not impeded by boulders, and 
at 5-ft. intervals at greater depths, in general accordance with ASTM D-1586.  The Drillers generally used soil 
cuttings to backfill the borings, except at borings B-3 and B-19 where PID readings exceeded 50 parts per 
million (ppm), the cuttings were drummed for disposal.  The 50 ppm PID criterion was selected by FST.  At 
boring B-19, it was later found that the PID had mis-read, and readings of the soil samples with a new PID 
indicated zero ppm.     
 
The borings were spaced at approximately 300 ft. and subsurface conditions could vary significantly between 
boring locations. The generalized subsurface descriptions presented below and on Figures 6 and 7 are 
interpretations intended to highlight the major subsurface strata based on available data.  Bedrock elevations 
shown on the subsurface profiles were provided by Hager based on their interpreted GPR data, as described 
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above.  More detailed descriptions of subsurface conditions are presented in the logs of the individual 
explorations.  Interested parties should review the exploration logs presented in Appendix B for specific 
information at individual boring locations.  The strata and groundwater shown on the logs and Figures 6 and 7 
approximate conditions at the exploration locations at the time of drilling.  Variations may occur and should be 
expected between exploration locations and over time.  The strata and groundwater delineations represent 
interpretations of the approximate boundaries between subsurface materials.  The actual transition may be 
gradual.  Our generalized description of subsurface conditions is as follows: 

 
Asphalt – The Drillers generally encountered about 6 to 8 inches of asphalt at the ground surface of 
the borings.  Many borings encountered either 4 to 6 inches of concrete or about 6 inches of cobbles 
beneath the asphalt. 
 
Subbase – Underlying the Asphalt and concrete or cobbles, the Drillers generally encountered 2 to 6 
inches of gray to gray and black medium to coarse Sand (Unified Soil Classification System (USCS) 
SP soil), with varying proportions of gravel, and crushed asphalt in some locations.   
 
Fill – The Drillers generally encountered Fill consisting of gray-brown to brown fine to coarse sand 
with varying proportions of silt and gravel (SM,SW,GP) below the asphalt subbase and extending to 
depths of about 3 to 12 ft. below ground surface.  Boulders on the order of one to two feet from top to 
bottom were encountered in borings B-1, -12, -17, -20, -23, -25, -26 and -27.  Many samples 
penetrated less than 6 inches after 50 blows, or less than 12 inches after 100 blows, which is defined as 
sampler refusal.  For samples that penetrated 12 in., Standard Penetration Test (“SPT”) N-values 
ranged from 6 to 131 bpf, with most values greater than 22 bpf, generally indicating dense to very 
dense consistency.  
 
Sand –  In most borings, the Drillers encountered light brown, brown, or gray fine, fine to medium, or 
fine to coarse Sand (SW,SP,SM,GP), with varying proportions of gravel and non-plastic silt, 
underlying the Fill.  In general, south of the Walnut St. Bridge, the sand was finer with more silt and 
less gravel.  In the northern portion of the route, the sand was not encountered or was difficult to 
distinguish from the overlying Fill.  Where bedrock was not encountered underlying the Sand, the 
Sand generally extended to depths of about 9 to 16 ft. bgs, in many cases the exploration bottom 
depth.  In borings B-12, B-21 and B-23, a few inches of sand with trace organics were encountered at 
the top of this layer, suggesting possible former topsoil over which fill was placed.  SPT N-values 
ranged from 6 to 109 bpf, with most values greater than 20 bpf, indicating mostly medium dense to 
very dense consistency.   

 
Silt – Non-plastic to slightly plastic Silt was encountered in borings B-4, B-5 and B-17.  In boring B-4, 
the Drillers encountered slightly plastic Silty Clay to Clayey Silt (CL/ML), trace to ‘and’ fine Sand at 
about 10 ft. bgs, extending to about 19 ft. bgs, and overlying fine to coarse sand and gravel (SW) 
extending to the boring bottom at about 21 ft. bgs.  In boring B-5, non-plastic Silt was encountered 
from about 5.5 ft. bgs to the exploration bottom at about 21 ft. bgs.  Boring B-17 likely encountered 
non-plastic Silt, some fine Sand from about 8 to 16 ft. bgs.  The top few inches of Silt in borings B-5 
and B-17 contained trace organics, suggesting former topsoil over which fill was placed.  SPT 
N-values in the Silt ranged from 6 to 28 bpf, indicating medium stiff to very stiff consistency.   
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Bedrock – In borings B-7, -8, -10 and -11, the Drillers encountered bedrock at depths of about 3 to 4 
ft. bgs.  In borings B-18 through B-27, the Drillers encountered bedrock at depths of about 5 to 15 ft. 
bgs, with most depths less than 9 ft. bgs.  The bedrock generally consisted of very hard, gray and black 
to pink and black, fresh to slightly weathered, medium grained, Granitic rock; very hard, gray and 
black, fresh to slightly weathered, fine to medium grained Granodioritic rock; or very hard, black, 
fresh to moderately weathered, fine grained Dioritic rock.  Joints were generally closely spaced, 
dipping near horizontal to near vertical.  Healed joints with veins of mineral infilling were generally 
observed in the Dioritic rock.  Rock Quality Designations (RQD) ranged from 0 to 100 percent with 
most values between 30 and 83 percent.  In general, rock coring was difficult because drill water 
generally did not return to the ground surface and the rock core barrel jammed frequently.      
 
Water – In borings where monitoring wells were installed, SA measured water levels after each well 
was installed, and 2 hours to 4 days after installation at wells that could be accessed within the 
Driller’s traffic control setup.  FST measured water levels in the observation wells between April 27 
and May 1, 2008, about 9 to 21 days after well installations.  Table 1 summarizes measurements of 
groundwater levels in observation wells by SA and FST.  Based on the observation well 
measurements, groundwater levels generally varied from about 4.1 to 13.7 ft. bgs, with most values 
between 5.3 and 9 ft. bgs.  SA also measured water levels of about 1.6 to 10.9 ft. bgs at the end of 
drilling in borings where monitoring wells were not installed.  The drilling technique, however, added 
water to the borings and SA’s measured water levels may not depict natural groundwater levels.  
Groundwater levels will likely fluctuate seasonally, and depths at the time of construction differ from 
those indicated above.   

 
In general, the Site soils and bedrock encountered in the borings are consistent with the surficial materials 
noted in the published geologic references and previous subsurface explorations described above.   
 
2.4 Geotechnical Laboratory Test Results 
 
Geotechnical laboratory test results are summarized in Table 2 and are presented in detail in Appendix C.  SA 
performed 48 grain-size distribution analyses, 11 hydrometer analyses, and 2 Atterberg limits tests on samples 
obtained from the borings.  The purposes of the geotechnical laboratory testing were to assist in soil 
classification and preparation of boring logs, to evaluate re-use of existing soils, and to assist in permeability 
evaluation.   
 
2.5 Estimated Permeability 
 
SA estimated hydraulic conductivity (permeability) of subsurface materials based on the gradation results.  
FST performed field permeability tests (“slug tests”) in observation wells B-3-OW, B-4-OW, B-5-OW, 
B-9-OW, B-13-OW, and B-18-OW installed in the borings.  The permeability data estimated from gradation 
analyses and field permeability tests contained in this Report should be used in conjunction with engineering 
analysis and engineering judgment in the design of dewatering and earth support systems for the Project. 
 
SA estimated hydraulic conductivity based on the Kozeny-Carman Formula (Carrier 2003, Aubertin et al. 
2005, Chapuis and Aubertin 2003).  The Kozeny-Carman Formula estimates hydraulic conductivity based on 
fluid properties (i.e. water), void spaces (i.e. void ratio), and solid grain surface characteristics (i.e. specific 
surface area or SSA).   Various authors present methods for estimating SSA based on grain-size distribution.  
Hydraulic conductivity is particularly affected by the estimate of SSA, which is largely dependant on the 
smallest particle size (D0) in the grain-size distribution.  SA estimated SSA using methods described by 
Chapuis and Aubertin (2003), which includes a method for estimating D0 in the absence of hydrometer data.  
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Carrier (2003) notes that the formula applies to non-plastic silt, but is not appropriate for clayey soils where 
interpartical forces affect flow.  For larger particles, Carrier notes that the formula applies to gravely sands, but 
tends to overpredict permeability in gravels.  SA therefore did not estimate permeability of clayey soils or 
gravels using the Kozeny-Carmen formula, or of near-surface soils that are above the groundwater table. 
 
Based on the Kozeny-Carmen formula and the gradation data, we estimate vertical hydraulic conductivity of 
the soils tested to range from about 3.6x10-2 to 5.9x10-7 cm/s.  Aubertin, et al. (2005) indicate that measured 
values of hydraulic conductivity usually range from 1/3 to 3 times the estimated value.  Table 2 shows our 
estimates of hydraulic conductivity based on the grain-size test results. 
 
SA did not measure permeability.  The references note that values estimated with the Kozeny-Carman 
Formula are usually within the range of 1/3 to 3 times measured values.  The estimated values are within the 
typical range of values for silty Sand to Silt and are generally considered to be low to high permeability.  SA 
estimated permeability only of soils recovered from the split-spoon sampler.  The samples therefore did not 
include large gravel, cobbles or boulders that could not be sampled.  Permeability of soil containing such 
materials can vary significantly from soils containing purely smaller particles, and such permeabilities are not 
easily estimated without direct field measurement.  The references note that nearly all laboratory 
measurements used to validate the Kozeny-Carman Formula were based on vertical hydraulic conductivity.  
The composition and permeability of existing Fill likely varies, and horizontal and vertical permeability could 
differ substantially depending on materials used and locations placed.    
    
FST performed field permeability (slug) tests in selected observation wells indicated above and interpreted the 
data.  Table 3 presents FST’s summary of field permeability values.   The values range from 1x10-2 cm/s to 
4.7x10-4 cm/s.  In interpreting the results, FST indicated the following:  
 

The results generally agree in that low permeabilities calculated by one method correspond to low 
results by the other methods, such as at B-5.  Variations in the results illustrate issues present in these 
methods.  How completely the wells were developed and the limited displaced volume affect slug 
tests.  Estimates from grain size distribution are dependent on the how representative the sample is, 
particularly in its relationship to the entire length of the entire screened interval.  This method has 
difficulty accounting for layering in sediments not seen in bulk samples used for sieving.  The results 
plus the boring logs should allow for preliminary evaluation of dewatering requirements. 
 

 
3. EVALUATION AND RECOMMENDATIONS 

 
The following sections present our recommendations regarding significant geotechnical design and 
construction-related issues for the subject Project based on information provided by FST and on our 
subsurface explorations described above.  Recommendations in Section 4, Additional Recommendations and 
Construction Considerations, are integral to the design recommendations presented herein. 
 
3.1 General Impacts of Subsurface Conditions 
 
As indicated above, trench bottom depths are anticipated to be about 9 ft. below ground surface for stations 0 
to 19+00, and about 8 ft. below ground surface for stations north of 19+00.  The subsurface conditions 
identified at these depths in the borings generally consist of medium dense to very dense Sand, Sand and 
Gravel, or Bedrock and are generally suitable for foundation support of the proposed pipes with proper trench 
excavation and pipe bedding.  Materials to be excavated generally consist of Sand or Sand and Gravel, or 
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Sand, Gravel and Boulders.  Buried utilities, including gas mains, sewer/drain lines, telecommunications, etc. 
are located in close proximity to the proposed pipelines.  In our opinion, the subsurface conditions will 
significantly affect pipeline design and construction in several ways, including the following: 
 

• Shallow bedrock – We anticipate up to 7 ft. of bedrock excavation, and typically 1 to 5 ft.,  may be 
needed to reach proposed trench bottom depths where shallow bedrock was encountered in the borings 
and GPR results.  The GPR Report indicates bedrock shallower than proposed excavation bottom 
depths from about Sta. 15+30SB to 23+80SB; Sta. 25+20SB to 28+50SB; and frequently north of Sta 
49+50SB.   

• Shallow groundwater – Groundwater was generally measured between 4.1 and 9 ft. below ground 
surface.  Excavation will require dewatering.   

• Highly permeable soils – Large quantities of water may be pumped during dewatering and the 
influence of groundwater drawdown could extend a significant distance from excavation. 

• Buried utilities – Close proximity of buried utilities will affect methods for rock removal and will 
likely require shoring of excavations.   

• Subsurface obstructions – The GPR results indicate numerous subsurface obstructions (e.g. boulders), 
and SA’s borings, particularly those performed near Hawke’s Pond, encountered boulders on the order 
of 1 to 3 ft. diameter.  Excavation of boulders could be difficult and could increase trench sizes. 
Boulders could also hinder excavation support installation.  

 
The following sections further discuss these and other factors affecting pipeline design and construction, and 
should be reviewed in detail and understood.   
 
3.2 Pipeline Route Considerations 
 
As discussed above, north of Sta. 48+40SB, the MWRA is considering installing the 24-in. pipe following a 
route along either the northbound or southbound shoulder (also referred to as “northbound route” or 
“southbound route”).  Factors affecting the selection of northbound versus southbound route include 
subsurface conditions, utility conflicts, coordination with the Town of Saugus, and possibly others.  To assist 
in the evaluation of subsurface conditions, FST selected boring locations on each side of Rte. 1 to be 
approximately opposite each other, and the MWRA engaged the GPR Consultant to perform GPR surveys on 
each side of Rte. 1.   
 
Subsurface conditions potentially affecting route selection include shallow bedrock, boulders, and 
groundwater.  These factors are discussed in detail in the following subsections.  In general: 
 

• The GPR results and SA’s borings performed north of Sta. 49+50SB on both sides of Rte. 1 
encountered bedrock shallower than the proposed excavation depth of 8 ft.  Although the borings 
encountered bedrock at similar depths on both sides of Rte. 1, the GPR results suggest that the route 
following the northbound shoulder may require less bedrock excavation than the southbound 
shoulder.   

• Historic plans obtained from MassHighway by SA suggest that bedrock along the northbound 
lanes/shoulder and the northern portion of the southbound lanes/shoulder (north of Sta. 61+20SB) was 
likely over-excavated during previous construction for installation of utilities.   

• The GPR results and SA’s borings indicate subsurface obstructions on both sides of Rte. 1.  Based on 
the borings and our Site reconnaissance, the route following the northbound shoulder may encounter 
fewer boulders than the southbound shoulder.   
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• Groundwater levels measured in observation wells at borings B-17-OW and B-18-OW suggest that 
water levels on the southbound shoulder may be deeper than on the northbound shoulder north of Sta. 
49+50SB.  Ground surface topography decreases relatively steeply south and west in this area 
towards Hawke’s Pond, suggesting that groundwater may follow a similar trend.   

 
3.2.1 Bedrock 

 
The borings performed for evaluation of route selection approximately north of Sta. 48+00 generally 

encountered bedrock at depths and rock quality designation values shown in Table 3.1.1 below. 
 

TABLE 3.2.1 – BEDROCK DEPTHS IN NORTHERN BORINGS  

Southbound Route Northbound Route 
Boring No. Depth to 

Bedrock (ft.) 
RQDa Boring No. Depth to 

Bedrock (ft.) 
RQDa 

17 >21 N/A 18 15 71 
20 8 100 19 8.5 0 
21 9 0 22 7.5 98 
23 12 58 24 8 54 
25b 7 42 26 7 50 
27 5 30 IB-1c 4.3 78 

   IB-2c 4.9 68 
a Rock quality designation (RQD) values shown are for rock core taken within about 1 to 5 ft. of 
bedrock surface, which may need excavation. 
b In boring B-25, the Drillers advanced the roller bit about 1.5 ft. into rock before coring.   
c Borings IB-1 and IB-2 performed in 2006.  See Section 2.2.2. 

 
The borings on the southbound side generally encountered bedrock at depths of about 5 to 12 ft. bgs, 

and the northbound side generally encountered bedrock at depths of about 4.3 to 8.5 ft. bgs.  For a proposed 
trench bottom depth of 8 ft. below ground surface, the borings on both sides generally indicate little bedrock 
excavation except for the northern-most area (borings B-25 to B-27, IB-1 and IB-2), where we expect the 
amount of bedrock excavation to be greater.  Rock quality designation values on both sides are comparable, 
indicating that bedrock will likely be difficult to excavate on both sides.  The GPR data, however, indicate 
shallower bedrock between boring locations on the southbound side.   

 
As indicated above Figures 6-5, 6-6, 7-3 and 7-4 show subsurface profiles of the GPR data and 

bedrock surface interpreted by Hager.  For a proposed trench depth of 8 ft. below ground surface, SA 
compared the plotted GPR data with the trench bottom shown in Figures 6-5, 6-6, 7-3 and 7-4.  From Sta. 
50+00 to 60+00, we estimate that about 60 percent of the southbound route has bedrock shallower than 8 ft. 
bgs, compared to about 20 percent on the northbound side.  The thickness of bedrock excavation on the 
southbound side is estimated to be on the order of 1 to 2 ft. typical, whereas the northbound bedrock 
excavation thickness is likely to be on the order of 1 ft. typical between these stations.  North of Sta. 60+00, 
we estimate that most, if not all, of the profile on both sides would require bedrock excavation on the order of 
2 to 3 ft. typical.  These data suggest that the northbound route may require less bedrock excavation than the 
southbound route.  The above estimates are based solely on the GPR data provided by others and actual 
conditions could vary.   
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Based on SA’s Site reconnaissance, where we observed significant rock outcrops east and west of 
Rte. 1 and existing topography sloping relatively steeply downward from east to west, we would expect the 
depth to bedrock on the northbound route (i.e. eastern side of Rte. 1) to be shallower than indicated by the 
borings and GPR, and to be shallower than depths to bedrock along the southbound route (i.e. western side of 
Rte. 1), contrary to what the data indicate.  Based on the boring and GPR results and our observations, we 
hypothesize that bedrock was over-excavated along the northbound lanes/shoulder, and north of B-25 on the 
southbound lanes/shoulder, during past construction/widening of Rte. 1 to allow for below-grade utility 
installation.  We also hypothesize that the soil overlying bedrock in these locations was likely placed as fill 
after the bedrock was removed.  

 
To assist us in evaluating our hypotheses, SA contacted MassHighway, requesting plans, profiles, 

sections and boring logs from past Rte. 1 construction.  MassHighway found no previous boring logs in this 
area, but provided plan and profile drawings from 1926 to 1966.  We understand that FST and MWRA also 
requested MassHighway boring information and received only three borings performed at the Walnut St. 
Bridge.  FST also reviewed drawing files from the Town of Saugus, but only found a few sewer profiles that 
do not show bedrock. 

 
SA compared MassHighway plan Nos. RP 656 0017 and RP 656 0018, showing as-built conditions 

from 1927-1928 (“1928 Plans”) with plan Nos. RP 657 0017 and RP 657 0018, showing as-built conditions 
from 1935-1936 (“1926 Plans”) after Rte. 1 was widened from one to multiple lanes (in each direction) and a 
center median was added.  Both sets of plans show a baseline with stations, the Hawkes Pond Dam spillway 
and the Lynnfield pump house on the western side of Rte. 1, and the Saugus-Lynnfield Town line.  Comparing 
the stations and baselines with these landmarks, SA concluded that the baselines and stations for the two sets 
of plans were substantially similar, if not the same.  In comparison to the current Existing Conditions Plan 
using the same methods, the Rte. 1 baseline and stationing shown on the Existing Conditions Plan is 
substantially similar to, or nearly the same as, the previous baselines and stationing.  Comparing these three 
sets of plans, SA noted the following over the area north of Sta. 48+80: 
 

• Rte. 1 was widened circa 1935-36 by adding about 75 ft. to the eastern side while maintaining a 
similar western edge location; 

• An additional 25 ft. was added to the eastern side between 1936 and 2008 while the western side was 
maintained in a similar location, or widened slightly.   

• The 1928 Plans show “ledge” outcrops on the eastern side of Rte. 1 near Sta. 49+20SB to 50+20SB,  
Sta. 58+20SB, and from about Sta. 62+20SB to 63+70SB.  On the 1928 western side of Rte. 1, 
“ledge” outcrops are shown near Sta. 61+20SB and about 62+70SB to 63+70SB (stations indicated on 
current southbound baseline referenced in this Report). 

• The 1936 Plans do not show (legible) bedrock or ledge outcrops; 
• Since Rte. 1 was widened easterly after 1928, we presume the ledge noted on the 1928 Plans was 

removed/excavated during the corresponding widening; 
• The 1936 Plans show construction of catch basins and drain pipe not shown on the 1928 Plans.  The 

catch basin bottom elevations are shown on the order of 4 to 6 ft. below the 1936 finished ground 
surface, suggesting that bedrock was either excavated along a trench for each pipe, or, more likely, 
over excavated during grading for the corresponding widening. 

• SA could not reconcile ground surface elevations shown on profile views on the 1928 Plans and 1936 
Plans because of apparent differences in datum.  The plans do not indicate a datum.   
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Based on these plans, the boring and GPR results, and our Site observations, we conclude that bedrock along 
the northbound lanes/shoulder and the northern portion of the southbound lanes/shoulder was likely over-
excavated during previous construction for installation of utilities.  The data above also suggest that less 
bedrock excavation may be required along the northbound route.   
  

3.2.2 Boulders 
 

Boulders could be difficult to excavate during construction, resulting in larger/wider trenches, 
undermining of adjacent utilities, greater backfill quantities, and higher costs.  Borings B-17, 20, 23, 25 and 
27, performed on the southbound side encountered fill containing significant boulders overlying the bedrock.  
Boulders were also encountered on the northbound side in boring B-26.  Based on our Site reconnaissance and 
review of historic plans indicated above, we suspect that boulder fill was placed for the original construction of 
Rte. 1, or possibly construction of Hawkes Pond Dam, at the southbound shoulder/embankment.  Although we 
suspect that the soil overlying bedrock on the northbound shoulder is also fill, the borings did not encounter as 
many boulders as at the southbound shoulder.  The GPR data indicate similar numbers of subsurface 
obstructions on each side.   Based on the boring results, the boulders may be on the order of 1 to 3-ft. diameter.  
Based on these data, the northbound side may have fewer boulders overlying bedrock.     

 
3.2.3 Groundwater 
 
As noted in Section 2.3, groundwater levels measured in the borings at the end of drilling varied 

significantly, and are not likely indicative of the actual groundwater level because of water added during 
drilling.  FST measured water levels in observation wells installed in borings B-17 and B-18, performed on the 
southbound and northbound sides, respectively, of about 13.7 and 6.9 ft. below ground surface.  These data 
suggest that trench excavation along the northbound side may encounter groundwater and dewatering might be 
needed, whereas excavation along the southbound side may not encounter groundwater.  The topography, 
however, slopes steeply to the north and east from both of these wells, and groundwater depths in the vicinity 
could differ significantly.   
 
3.3 Pipe Support Factors 
 
Figure 8 shows factors affecting pipeline design. Pipelines are typically designed based on experience, by              
standardized design methods (e.g. AWWA C150 2002, DIPRA 2006), or by analytical methods such as the 
Marston-Spangler Load Theory (Spangler and Handy, 1982).  Loads on buried pipes include surface loads 
(e.g. traffic), earth load, and internal pressure.  Load carrying capacity of the pipe is dependant on the 
structural characteristics of the pipe, bedding characteristics and shape around the pipe bottom (i.e. bedding 
angle), compaction of backfill at pipe sides.  The load carrying capacity of the pipe is also affected by trench 
width and ability of native soils to confine the bedding/backfill and provide horizontal resistance.     
 
AWWA Standard C150 presents a method for designing the thickness of ductile iron pipe. In this method the 
pipe thickness is designed separately for internal pressure and trench load (earth plus surface loads).  The 
larger thickness from the two designs is selected, and pipe deflection is checked.  For 24 and 36-in. diameter 
pipes, a casting allowance of 0.07 in. is added to the calculated thickness.    
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Traffic loads are tabulated in AWWA C150 for a single AASHTO H-20 truck, 16 kip wheel load placed over 
the pipe with an effective pipe length of 3 ft. and a 1.5 impact factor.  For 24- and 36-in. pipes with 5 ft. of 
cover over the pipe crown, AWWA C150 Table 1 indicates traffic loads acting on the pipe of 1.1 psi.  Trench 
backfill unit weight, γ should be taken as 120 lb/ft3.  Design parameters including modulus of soil reaction, E’, 
bending moment coefficient, Kb and deflection coefficient, Kx depend on the depth and type of pipe bedding.  
As noted above, FST provided a typical pipe detail showing bedding placed to the pipe midpoint with 6 inches 
of bedding below the pipe.  This bedding configuration is considered Type 5 in the Standard, and values of E’, 
Kb, and Kx should be taken as 700 psi, 0.128 and 0.085, respectively.  Other bedding configurations with less 
bedding thickness below or beside the pipe (Types 1 through 4) will result in larger trench loads, and 
correspondingly lower values of E’ and higher values of Kb and Kx should be selected in accordance with 
AWWA C150.  If other methods are used to design the proposed pipeline, SA should be consulted on the 
applicability of the above values before their use in design. 
 

3.3.1 Pipe Foundations 
 

The borings indicate that pipe foundation soils at proposed trench depths of 8 to 9 ft. generally consist 
of medium dense to very dense Sand, Sand and Gravel, or Bedrock.  Medium stiff to hard, non-plastic to 
slightly plastic, sandy Silt was encountered in borings B-4, B-5, and B-17 at depths similar to the proposed 
trench bottom depths and will likely be encountered at the trench bottom in localized areas.  The Sand, Sand 
and Gravel, Bedrock, and Silt are suitable for foundation support of the proposed pipe.  Trench 
bottoms/foundation subgrades should be prepared as described in Section 4.  Disturbed subgrades should be 
remedied in accordance with this Report.   

 
Several inches of dark brown Sand or Silt with traces of organics, likely a former topsoil over which 

Fill was placed, were encountered in borings B-5, -12, -17, -21, -23 at depths of about 5 to 8 ft. below ground 
surface.  Soils containing organics are unsuitable for foundation support of the proposed pipe.  Where 
encountered at the trench bottom, these materials should be removed and replaced with compacted granular 
soil or crushed stone.  Thickness of such materials could vary significantly between borings.   

 
For trench bottom depths of 9 ft. below ground surface south of Sta. 19+00SB, and 8 ft. below ground 

surface north of Sta. 19+00SB, the GPR data indicate that bedrock excavation will likely be required as 
follows: 
 

Table 3.3.2 – Estimated Bedrock Excavation from GPR Data 

Stations Route Approximate Bedrock Excavation 
Thickness 

15+30SB to 23+80SB Southbound 4 to 7 ft. typical 
25+20SB to 28+50SB Southbound 2 to 5 ft. typical 
49+50SB to 60+00SB Southbound 1 to 2 ft. typical over 60 percent  
55+00NB to 60+00NB Northbound ~1 ft. typical over 20 percent 
60+00SB to Northern End Southbound 2 to 3 ft. typical 
60+00NB to Northern End Northbound 2 to 3 ft. typical 

 
The above estimates are based solely on the GPR data provided by others and actual conditions could 

vary.  These estimates are not intended to be a quantity estimate.   
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The bedrock surface shown in the GPR Report generally agrees with the top of bedrock encountered in the 
borings within one to two feet, except at boring B-9, where the boring was advanced through a boulder (or 
boulders) from about 8.5 ft. to 12.5 ft. bgs and underlying soil whereas the GPR Report shows bedrock at 
about 9 ft below ground surface.  Though we cannot reconcile this discrepancy, the boulders and/or bedrock at 
this location is deeper than the proposed trench bottom and will not likely impact pipeline construction.  
Variations in the actual bedrock surface from that estimated by the GPR data should be expected.   
 
The GPR Report also shows a second, lower bedrock surface, interpreted by the GPR Consultant to be “more 
competent (harder) rock” underlying “fractured (weathered) bedrock.”  We generally find this delineation 
between possible fractured bedrock and more competent rock difficult to correlate with the rock core RQD 
values obtained in the borings.   
 
Bedrock generally consists of very hard Dioritic, Granitic, and/or Granodioritic rock.  Over the anticipated 
depth of excavation, Rock Quality Designation values ranged from 0 to 100, with most values between 42 and 
78, indicating slightly to moderately fractured bedrock.  We recommend excavating bedrock to at least one 
foot below the proposed pipe bottom elevation.  We anticipate that such bedrock will generally be difficult to 
excavate.  Section 4.4 describes further considerations about bedrock excavation.   

 
3.3.2 Pipe Bedding and Backfill 
 

As noted above, FST indicated that excavation depths for the 24-in. and 36-in. pipes will likely extend about 
1-ft. below the pipe bottom, to about 8 and 9 ft. below ground surface, respectively, and pipes will therefore 
have about 5 ft. of cover.  Typical details of pipe trench construction provided by FST, however, show 6 in. of 
pipe bedding stone placed beneath the pipe and up to the pipe centerline.  We recommend placing at least 6 in. 
of crushed stone as pipe bedding beneath the pipe.  The depth of proposed trench excavation and bedding 
thickness may be reconciled by reducing excavation below pipe bottom elevation to 6 inches, increasing 
thickness of bedding to 1 ft., or placing 6 inches of Gravel Borrow at the trench bottom prior to placing 6 
inches of bedding.    Where bedrock removal is required to establish the proposed trench bottom elevation, 
bedrock should be excavated at least one foot below the pipe bottom, and a minimum of one-foot of pipe 
bedding should be placed over the bedrock surface.  
 

AWWA C600 indicates that Type 5 bedding should consist of granular material (sand, gravel, or 
crushed stone).   The typical detail provided by FST shows crushed stone pipe bedding.  Crushed stone pipe 
bedding may be imported or processed on-Site from excavated rock.  Crushed stone pipe bedding should 
conform to MassHighway Crushed Stone M2.01.5 (1/2” nominal crushed stone) which, among other 
requirements, has the following gradation specification:  

 
TABLE 3.3.2.1 -  PIPE BEDDING GRADATION 

Sieve Size Percent Finer By Weight 
5/8 in. 100 
1/2 in. 85-100 
3/8 in. 15-45 
No. 4 0-15 
No. 8 0-5 
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Geotextile filter fabric, meeting the requirements of MassHighway (1995) M9.50.0 Type I – 
Separation, should be placed over the trench bottom and wrapped around the crushed stone to reduce risk of 
migration of fines, and potential ground deformations resulting from such migration of fines into the crushed 
stone.       

 
Backfill placed over the pipe and pipe bedding should consist of Ordinary Borrow, MassHighway 

M1.01.0, with a maximum particle size of 3 in., placed in 8-in. maximum loose lifts and compacted to at least 
92 percent maximum dry density as measured by ASTM D1557.  Within two feet of proposed ground surface, 
but beneath the pavement section, backfill should consist of Gravel Borrow, MassHighway M1.03.0 placed in 
8-in. maximum loose lifts and compacted to at least 95 percent of maximum dry density as measured by 
ASTM D1557.  The pavement section should be designed and constructed in accordance with MassHighway 
standards.   Based on the grain-size analyses, we anticipate that most excavated soils from the trench can 
generally be reused as Ordinary Borrow after screening for particles larger than 3 in.    
 
3.4 Lateral Earth Pressures and Trench Design Factors 
 
The presence of structures, including buildings, bridges, culverts, utilities, drainage structures (e.g. catch 
basins, etc.), pavements, etc., in close proximity to the proposed pipelines will affect trench design and 
construction.  Excessive lateral ground movements (rotation or translation) of excavation support systems, if 
not properly designed and executed, could result in nearby structural deformations and settlement.  Such 
ground deformations could damage adjacent structures within a distance of about 3 times the trench depth 
away from the excavation.  Structures located within the active earth wedge, defined by a line extending from 
the trench bottom, outward and upward at an angle of about 60 degrees, may be particularly affected, as we 
would expect the most ground deformation within this zone.  Likewise, dewatering and ground loss at the 
excavation support system into the trench could result in vertical and lateral ground deformations, even at 
potentially much greater distances.        
 
Based on a trench depth of 9 ft., we estimate that rotation or translation of the trench wall of about 0.1 inches 
would be needed to mobilize active lateral earth pressures.  Additional movements should be expected from 
ground loss and dewatering, depending on the types of trench support and dewatering systems implemented.  
For example, ground loss at the trench walls is typical when trench box earth support is used, due to raveling, 
collapse and seepage into irregularities in the space between the trench box and the trench walls.  Other 
construction-related factors may cause ground movements as well, and should be evaluated and addressed by 
the Contractor’s Professional Engineer in submittals before construction.  Additional construction 
considerations of specific earth support techniques are discussed in Section 4.3.  
 
Where movements required to develop active earth pressures risk damage to adjacent utilities, excavation 
support can be designed using at-rest pressures with an equivalent fluid unit weight of 65 pcf for soils above 
the groundwater level during excavation.  This unit weight is based on a coefficient of at-rest earth pressure, 
Ko, of 0.5, multiplied by a soil unit weight of 130 pcf for Sand, Sand and Gravel, or Sand and Gravel Fill.  For 
soils below the groundwater level during excavation, use an equivalent fluid unit weight of 34 pcf plus 
hydrostatic forces.  Where movements required to develop active earth pressures are acceptable, excavation 
support can be designed using an equivalent fluid unit weight of 43 pcf for soils above the groundwater level 
during excavation.  This unit weight is based on a coefficient of active earth pressure, Ka, of 0.33, multiplied 
by a soil unit weight of 130 pcf for Sand, Sand and Gravel, or Sand and Gravel Fill.  For soils below the 
groundwater level during excavation, use an equivalent fluid unit weight of 22 pcf plus hydrostatic forces.   
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Loads from construction equipment and traffic, if located within a distance 1.5 times the excavation depth 
from the excavation top, should be applied uniformly over the excavation support height on the side of the 
active loading.  These loads should be evaluated and used by the Contractor’s Professional Engineer, however, 
at a minimum, a surcharge load equal to placement of 3 ft. of additional fill should be included.   
 
The excavation support designer (Contractor’s Professional Engineer) should consider the location and depth 
of adjacent buried structures (e.g. catch basins, manholes, etc.) in comparison with the trench bottom depth to 
check that adjacent structures will not be undermined by excavation.  Where risks of undermining adjacent 
structures are identified in the Construction Contract, the Contractor should design and construct earth support 
or underpinning at these locations.   
 
 

4. ADDITIONAL RECOMMENDATIONS AND CONSTRUCTION CONSIDERATIONS 
 
 
The following sections represent our recommendations regarding significant geotechnical construction-related 
issues for the subject Project.   
 
4.1 Site Preparation and Earthwork 
 
Earthwork should conform to local, state and federal regulations, including but not limited to environmental 
regulations regarding mitigation of runoff impacts to drainage systems and wetlands.  Prior to earthwork, 
measures should be taken to direct surface runoff away from the construction area.  Drainage should be 
directed to minimize sedimentation of lower portions of the Site.  Earthwork should further conform to 
MassHighway Standard Specifications.  A registered design professional or his representative should be on the 
Project at all times while fill is being placed and compacted.  
 
Trench excavations will extend below the water table and will require dewatering, discussed later.  Water will 
influence construction since subgrade support capacities will deteriorate when the soil becomes wet, frozen 
and/or disturbed.  Wet or freezing conditions will significantly reduce the workability of Site soils. The 
Contractor should keep exposed subgrades properly drained and free of ponded water.  This may be achieved 
by sloping the Site topography adjacent to the construction to direct the water away from the excavation, or by 
trenching and berming to collect the excess run-off, or by other means.   
 
The Contractor should not place pipe bedding on wet or disturbed subgrades.  Disturbed subgrades should be 
evaluated by the engineer and remedied in accordance with this Report.  Pipe bedding should be placed over 
undisturbed subgrades consisting of existing Sand, Sand and Gravel, Silt, or bedrock after placing geotextile 
filter fabric, as described above.   Where bedrock excavation is required to reach design subgrade elevation, 
loose soil and rock should be removed from the trench bottom after rock blasting or breaking.   
 
We recommend completing final excavations to desired subgrades immediately before the placement of pipe 
bedding.  The Contractor should take care during excavation to minimize disturbance of the subgrade and 
should provide a subgrade at the excavation bottom smooth enough to support the geotextile without damaging 
it during backfilling.  We recommend performing final excavation using a smooth-edged excavator bucket or 
by finishing the excavation with hand tools.  Disturbed subgrades should be recompacted smooth.  A qualified 
geotechnical engineer should observe the excavation and subgrade finishing, and make recommendations on 
modifications to the excavation/compaction based on the subgrades and their response to the 
excavation/compaction.  If the on-Site geotechnical engineer observes that compaction/smoothing disturbs the 
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subgrade, these activities should be terminated and alternative means should be evaluated.  Compaction of 
soils with significant fines, such as those encountered in the borings south of the Walnut St. Bridge, will be 
difficult when wet.  Where compaction causes excessively deep disturbance of these soils, disturbed subgrades 
should be removed and replaced with crushed stone pipe bedding or Gravel Borrow, as recommended by the 
on-Site geotechnical engineer.  Any loose or soft zones observed during excavation, smoothing/compaction, or 
placement of pipe bedding should be recompacted to natural density.  If this cannot be accomplished, the 
disturbed soils should be excavated and replaced with compacted crushed stone.  Voids created in the subgrade 
by removing boulders or loose broken bedrock should be filled with Gravel Borrow or crushed stone to match 
the subgrade elevation, in a manner consistent with the recommendations of this Report for those materials.   
 
4.2 Reuse of Existing Site Soils 
 
Exclusive of materials affected by environmental restrictions, and subject to the provisions of this Report, 
clean native soils and existing fills (exclusive of construction debris) that meet the requirements of the 
MassHighway Standard Specifications for Ordinary Borrow may be reused on Site as backfill over the pipe 
providing that they can be adequately placed and compacted.  Based on the grain-size analysis results, we 
anticipate that most excavated soils meet the gradation requirements of Ordinary Borrow and can be reused as 
backfill after screening for particles larger than 3 inches.  Samples that did not meet the criteria for Ordinary 
Borrow included B-5, -18, -20, and -23 (7 to 9 ft. bgs), B-17 (8 to 10 ft. bgs), and B-24 (5 to 7 ft. bgs).  Grain-
size analyses of select, near-surface samples (~1 to 3 ft. bgs) from borings B-8 and B-11 through B-16 indicate 
gradations that generally meet the criteria for Gravel Borrow after screening for particles larger than 3 inches.  
Samples taken from greater depths in borings B-4 (~6-8 ft. bgs), B-16 (~7-9 ft. bgs) and B-19 (~3-5 ft. bgs) 
meet the grain-size criteria for Gravel Borrow.  If the Contractor plans to reuse these materials when 
encountered during trench excavation, these materials should be stockpiled separately from material not 
meeting the gradation for Gravel Borrow.  A qualified environmental consultant should evaluate the 
environmental impacts of the reuse of contaminated on-site soils for the Project, if such soils are encountered.  
Imported materials such as Pipe Bedding and Gravel Borrow should be free of environmental contaminants. 
 
4.3 Excavation Support  
 
All excavations should be supported in accordance with current Occupational Safety and Health 
Administration (OSHA) requirements. Refer to Appendix D for additional information.  Structures, including 
but not limited to buildings, bridges, culverts, utilities, drainage structures, and pavements, etc., in close 
proximity to the proposed pipelines will affect, and be affected by, trench excavation.  Trenches should be 
shored to limit movements to tolerable levels.  The Contractor should be required to submit deformation-based 
earth support designs prepared and stamped by a professional civil engineer registered in the Commonwealth 
of Massachusetts (Contractor’s PE). The Contractor should be allowed to use commonly accepted means and 
methods for excavation support, with movement tolerances and daily monitoring of movement-sensitive 
structures specified in the earthwork or other specification sections.   
 
The Contractor may prefer to support excavations with a trench box.  Trench boxes, however, generally result 
in greater movements of surrounding earth than other excavation support techniques, and may not be suitable 
where adjacent structures are in close proximity.  Excavation with a trench box generally proceeds below the 
box bottom, leaving soil unsupported, and the excavation sides do not typically conform closely to the box 
dimensions, often leaving voids between the excavation walls and box sides.  These factors can cause vertical 
and lateral soil movements that could damage adjacent structures.  The Contractor’s excavation support plan 
may include the use of trench boxes where soil movement will not jeopardize adjacent structures.  Alternative 
excavation support methods, such as driven sheeting, might be considered where structures are in close 
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proximity to the proposed trench.  Installation of sheeting, however, may be difficult where subsurface 
obstructions, such as boulders are present.  The Contractor’s excavation support plan should include 
contingencies for difficulties encountered in installing the designed earth support system.    
 
Poor construction practices will cause excessive settlement of nearby structures.  As deflections occur in 
excavation walls or bottom, these deflections are manifest in nearby ground movements and surface 
settlements.  The Contractor should limit the deflections of the trench walls and bottom, especially where the 
trench is deepest, to 1 inch.  Additionally, risks of ground deformations and instability from wall and bottom 
deflections, consolidation, ground loss, creep, etc., increase significantly with time.  The longer the 
excavations are open, the greater the risk.  It should be noted that, as is typical for such excavation and 
construction, some ground deformation will occur in the vicinity of the construction.  Proper care taken during 
design and construction can manage such deformations to acceptable levels. 
 
The Contractor’s excavation support design should consider the location and depth of adjacent structures in 
comparison with the trench bottom depth, and include measures to support these structures and underlying soil 
without undermining.     
 
4.4 Bedrock Excavation 
 
The feasibility of bedrock excavation techniques depends, to a large extent, on the rock hardness and quality 
(e.g. spacing, frequency, and orientation of fractures).  Selection of a bedrock excavation technique will be 
significantly affected by the existing structures, particularly the gas main, within several feet of the proposed 
pipeline, and the Walnut St. Bridge.  The GPR data noted in Section 3.3.1 shows shallow bedrock under the 
Walnut St. Bridge, however, the MassHighway borings performed at the Bridge in 1997 encountered bedrock 
at much greater depths.  The GPR data and borings indicate that bedrock elevations vary significantly in this 
area, and bedrock excavation near, if not under, the Walnut St. Bridge should be anticipated.  As summarized 
in Table 3.3.2, we generally anticipate 2 to 7 ft. of bedrock excavation north of the Walnut St. Bridge, and 1 to 
3 ft. of bedrock excavation over the northern portion of the proposed alignment.  In the following sections, we 
describe our observations of bedrock quality based on the borings and GPR data, followed by bedrock 
excavation methods, and bedrock blasting risks and criteria. 
 

4.4.1 Bedrock Quality 
 

Section 3.3.1 summarizes GPR data interpreted to show likely stations and depths (i.e. thickness) of 
bedrock excavation.  Based on the borings, the bedrock generally consists of Dioritic, Granodioritic, and 
Granitic rock, which are common igneous rocks.  The bedrock is generally very hard.  Joints and fractures are 
slightly weathered to fresh without a well-defined zone of increased surficial weathering at the top of the 
bedrock.   

 
As noted above, the GPR Report also shows a second, lower bedrock surface, interpreted by the GPR 

Consultant to be “more competent (harder) rock” underlying “fractured (weathered) bedrock.”  We generally 
find this delineation between possible fractured bedrock and more competent rock difficult to correlate with 
the rock core RQD values obtained in the borings.  Based on the borings, the bedrock surface did not appear to 
be significantly more weathered or fractured than bedrock at greater depths.  In some borings, RQD values 
were higher at the bedrock surface and decreased with depth where localized fracture zones were encountered.   
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Over the proposed depth of bedrock excavation, the RQD values range from 0 to 100, with most 
values between 42 and 78, indicating moderately fractured rock.  Orientation of joints varied from near 
horizontal to near vertical.  Based on the boring results and Site observations, we hypothesize that over-blast 
from previous bedrock blasting to construct Rte. 1, particularly north of the Walnut St. Bridge from about Sta. 
15+30SB to 28+50SB, may have fractured or loosened the rock.     
 

4.4.2 Rock Excavation Methods 
 
The proximity of the Walnut St. Bridge and buried utilities, and especially buried gas mains within 

several feet of the proposed pipeline, should be carefully considered in the selection of rock removal 
technique.  As noted above, bedrock elevations vary significantly near the Walnut St. Bridge and rock removal 
should be anticipated under or near the Bridge.  The selection of a rock removal technique should strive to 
balance risk to adjacent utilities and structures with opposing factors such as excavation cost and production 
rate.   

 
FST indicated that for construction of the interim connection at the Lynnfield Water District Pump 

Station, the contractor encountered very hard bedrock and was not allowed to blast because of close proximity 
to a buried gas pipeline.  We understand that mechanical excavation by hoe-ram was used for the Interim 
Connection at the Lynnfield Water District Pumping Station, and that the bedrock hardness presented 
significant challenges and slow progress.   

 
Rock can typically be excavated by explosive or non-explosive methods, such as mechanical 

excavation (e.g. hydraulic rams, etc.), trenching, chemical splitting, or other, proprietary methods.  The 
primary factors affecting selection of method include cost, risk of damage to adjacent structures from 
vibrations, airblast, flyrock, etc., and permissions from regulating authorities.  Factors affecting cost include, 
but are not limited to, the following: 
 

• Method production rate 
• Rock hardness 
• Rock fractures 
• Special measures such as reinforcement of adjacent bedrock by drilling and grouting steel dowels 
• Size of excavated material that could requiring further breaking or crushing 
• Control of trench size, which affects quantity of backfill  
• Permitting 
• Method-specific restrictions on working hours  
• Traffic stoppages 
• Monitoring and mitigation measures for damage to adjacent structures 

 
Blasting is typically more cost effective than non-explosive methods, however, for this Project, 

controlled blasting needed to reduce risks to nearby buried and above ground structures as well as permitting 
and safety measures would increases costs, and non-explosive methods might be viable.  Furthermore, as 
described below, blasting requires cooperation and permission from adjacent buried utility owners as well as 
the Town of Saugus Fire Marshal and MassHighway, and may not be permitted.  Alternatively, in our opinion, 
mechanical excavation is feasible, though excavation progress will likely be slow because of the bedrock 
hardness and, where high RQD values were encountered, the limited fracture frequency.    
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4.4.3 Rock Blasting 
 

Rock blasting should conform to local and federal regulations, as well as State Board of Fire 
Prevention Section 527 CMR 13 – Explosives (“State Blasting Regulations”), which describes State 
regulations regarding explosives.  We recommend that the Owner or general Contractor engage a well-
qualified licensed blasting contractor with experience in trench blasting near existing buried utilities, and that 
the contract specifications require the blaster to submit their qualifications to the Owner and Engineer for 
review prior to blasting.   

 
SA contacted Captain Daniel McNeil at the Saugus Fire Department who provided a copy of the 

blasting permit application and the Saugus Fire Department Blasting Regulations, which reference the State 
Blasting Regulations.   Cpt. McNeil indicated that where the proposed blast is in close proximity to existing 
buried utilities, the Town requires the Owner/Applicant to involve the existing utility owner in the blast 
planning and seek and receive approval from the utility owner.  If the existing utility owner does not agree to 
blasting, the Town will not generally permit blasting.  Cpt. McNeil also indicated that blasting has previously 
been performed in Saugus in close proximity to a buried gas pipeline owned by Tennessee Gas.  He was 
unsure as to why blasting was not allowed at the Lynnfield Water District Pump Station Interim Connector, 
but speculated that perhaps the gas pipeline owner would not agree to blasting.    

 
Some risks associated with rock blasting are damage to adjacent structures from vibrations, and 

airblast; risks to nearby sensitive electronic equipment; safety concerns with flyrock and handling explosives 
on a state highway; and potential noise complaints from nearby residents and businesses.   

  
Risks to adjacent structures can be mitigated by performing pre-blast condition surveys of adjacent 

structures and requiring the blasting contractor to prepare, submit, and adhere to a blasting plan to control 
vibrations, airblast, and noise levels within allowable limits.  Where blasting is performed in close proximity 
to existing structures, the distance to such structures should be checked and compared to the proposed rock 
fracture zone.  Movement of rock blocks within the proposed fracture zone could damage such structures.  
Methods to mitigate such risks include reinforcing the rock near existing utilities by drilling and grouting steel 
dowels into the rock, or designing the blasting plan to produce less energy.  Section 527 CMR 13 requires the 
blasting contractor to performed a blast analysis and prepare a blasting plan considering structures, buildings, 
building foundations, utilities, septic systems, swimming pools and area geology within 250 ft. of the center of 
the blast site.    

 
Section 527 CMR 13.09 (9) and (10) require the Owner/blaster to offer preblast surveys to owners of 

any structure within 250 ft. of the blast, unless waived by the local fire department head or if the blaster uses 
charges per delay less than the limits specified in Tables 1 and 2 of Section 527 CMR 13.09 (9) and (10) for 
scaled distance.  Regardless of blasting charges used, we recommend that the Owner engage a qualified 
engineer to perform pre-blast surveys of adjacent structures (e.g., houses, wells) prior to construction to 
document the structures’ existing conditions.  The blasting contractor or engineer should also research the 
location and type of electronic equipment in the Site vicinity that may be susceptible to vibrations.  Such 
surveys reduce risk to the Owner and Contractor of fraudulent damage claims.    
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4.4.3.1 Vibration and Airblast Criteria 
 
527 CMR 13.09 Tables 1 and 2 and Figures (a) and (b) specify ground vibration limits at adjacent 
inhabited buildings or structures.  527 CMR 13.09 Tables 1 and 2 indirectly set vibration criteria by 
restricting charge weight per delay as a function of scaled distance and distance to the nearest 
structure.  Alternatively, through petition to the State Fire Marshal or local fire department head, 527 
CMR 13.09 Figures (a) and (b) set allowable vibration criteria that are a function of peak particle 
velocity (PPV) and frequency.  Blasting should be controlled to maintain vibrations at nearby 
structures within these limits.   
 
527 CMR 13.09 Table 3 specifies limits for airblast at adjacent inhabited buildings or structures.  The 
limits are set as a function of the lower frequency limit of the measuring system and range from 105 to 
134 peak decibels.  The Regulations also indicate that for pipeline construction where the specified 
vibration limits or airblast limits would be overly restrictive, higher vibration and/or airblast levels are 
allowable when authorized in writing by the owners of adjacent inhabited buildings or structures 
within the blast area. 
 
The Regulations note that the vibration and airblast criteria apply to inhabited structures, but no limits 
are given for other structures such as buried utilities and bridges.  Being the owner of the Walnut St. 
Bridge, MassHighway will likely specify allowable vibration criteria for blasting in the vicinity of the 
Bridge.   
 
Siskind et al. (2000, 1994a,b) summarize studies performed by the US Bureau of Mines (“USBM”) on 
vibration effects on buried, pressurized steel and PVC pipelines with diameters of 6 to 20 in. and a 
distance of 48 ft.  The study found no damage to the pipelines with PPV values between 0.5 and 25 
in./s, and recommended a conservative safe vibration level of 5 in./s.  Oriard (1994, as reported by 
Siskind 2000) summarizes studies performed for blasting a new pipeline trench adjacent to an existing 
pipeline in the same right-of-way.  He reports a blast within 2 to 3 ft. of the existing pipeline that 
generated 50 to 150 in./s and caused no damage.  Based on his research, Oriard recommended the 
following for blasting near pipelines (as reported by Siskind 2000): 
 
• A general limit of 12 in/s vibration 
• A limit of one hole per delay when existing pipes are within 20 ft. of the blast hole 
• A limited hole diameter of 2.5 in.  
 

These criteria are guidelines and should not relieve the blasting contractor of designing and executing 
safe blasts that do not damage existing structures.  The blasting contractor should carefully evaluate 
locations, geology, and structure types and materials , and design appropriate blasts that protect them.   
 
Every blast should be monitored by seismographs placed, at a minimum, at adjacent structures.  The 
seismograph data should be monitored and interpreted by qualified personnel after each blast to check 
that vibrations remain within specified values.  Where vibrations exceed specified limits, the blaster 
should be notified immediately, should cease blasting and modify the blasting plan to achieve 
vibrations within specified limits. 

 
Some rock blasting safety risks result from handling explosives on a state highway and potential for 

flyrock striking vehicles, structures, or people.  The blasting contractor should maintain close security of the 
Site and blast vicinity to maintain public safety during blasting.  Traffic on Rte. 1 and potentially on feeder 
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routes would need to be stopped prior to and during each blast.  527 CMR 13.09 (1)(n) indicates that no blasts 
shall be fired between sunset or sunrise unless otherwise authorized in writing by the State Fire Marshal or the 
head of the local fire department.  Since traffic would need to be stopped during blasting, blasting might occur 
at night (as was required for the subsurface explorations) and special permission would be needed.  Blasting 
mats should be used on every blast to reduce risks of flyrock.  Flyrock that escapes blasting mats should be 
immediately recovered and steps taken to reduce flyrock. 
 
4.5 Groundwater Control and Dewatering 
 
Measurements of groundwater levels in observation wells by SA and FST generally indicate groundwater 
levels about 4.1 to 13.7 ft. below ground surface.  Pipe excavation will extend to 8 to 9 ft. below ground 
surface and will require dewatering.   An important element of construction will be dewatering and its affect 
on stability of trench walls and bottom, as well as its potential to cause settlement of nearby structures 
 
The change (increase) in effective stresses in the soil will be significant where water elevations are lowered by 
dewatering.  If adjacent structures are founded on loose or soft soils, increases in soil effective stress resulting 
from groundwater table lowering could cause settlement and potentially damage nearby structures.   Risks of 
adjacent structures settling increase where structures are closer to the area of dewatering and the depth of 
drawdown is greater.  Based on the subsurface explorations and our Site reconnaissance, we would expect 
areas of greater risk to be where rock outcrops were not observed in the Site vicinity.   
 
Water levels should be maintained a minimum of 1 foot below the trench bottom at all times while the trench 
is open.  Away from the trench, groundwater should be maintained at or near ambient levels.  We strongly 
recommend that the Contractor measure the actual groundwater levels at the time of construction to assess 
groundwater impact on the construction and the impact of the construction on groundwater.   Placement of 
pipe and pipe bedding in a wet excavation or on a wet subgrade should not be permitted.  The Contractor 
should maintain the groundwater level below the excavation, and maintain a dry excavation during wet 
weather.  The Contractor should be permitted to employ whatever commonly accepted means and practices are 
necessary to accomplish this.  The dewatering system designer should design the dewatering system with 
appropriate filters to be compatible with, and prevent loss of, the existing Silt and Sand. 
 
Based on the estimated permeability data indicated in Section 2.5, and that observation wells responded 
rapidly during FST’s field permeability testing, we expect that dewatering will likely generate large volumes 
of water.  Pumped water can be used in recharge wells, if needed to maintain water levels away from the 
excavation, subject to regulations and environmental considerations/restrictions.  Otherwise, pumped water 
should be properly disposed of in accordance with all applicable regulations.     
 
For evaluating buoyancy of the empty pipe during construction, the pipeline designer should consider a design 
groundwater elevation at the ground surface.  For design of temporary earth support and dewatering, the 
Contractor’s Professional Engineer should interpret a design groundwater elevation based on the well and 
boring water levels and time of year.  The Contractor’s Professional Engineer should submit a design 
groundwater level for each section in the shoring and dewatering submittal(s).  In no case should the design 
groundwater depth be greater than one-half the measured depth to groundwater indicated in Table 1 for the 
corresponding well and nearby portion of the pipeline.   
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Reading by FST

Reading by FST

Reading by FST

Reading by FST

Reading by FST
Reading after well installed and backfilled

Reading ~20 hours after installation

4/10/08

4/9/08

4/7/08

3/31/08

4/17/08

4/18/08

4/16/08

4/13/08

4/28/08 6.9

B-1-MW

B-3-MW

B-4-MW

B-5-MW

B-11-MW

B-13-MW

B-17-MW

B-18-MW

4/30/08 6.9
6.9

4/30/08 13.7

5/1/08 5.7

4/30/08 6.8
4/14/08 6.8

Route 1, Saugus, Massachusetts
TABLE 1

1 1
Proposed Pipeline, MWRA Contract No. 6905

026-08-007

J. Turner July 25, 2008
Summary of Observation Well Measurements

4/27/08 6.0

4/27/08 5.3

4/27/08 9.0

5.5

Comments

--

 Well 
Installation 

Date

Date of 
Reading

Water Depth 
(ft.)

4/1/08 7.0

4/7/08 7.6

4/9/08

B-9-MW

--

Reading after well installed and backfilled
Reading ~22 hrs. after installation

4/10/08 4.7
4/10/08 6.8

Reading ~20 min. after well inst. and backfill
Reading ~18 hrs. after installation

Observation 
Well No.

4/16/08 4.1

4/14/08

4/18/08

4/17/08 5.4

5/1/08 4.2

4/17/08

4/13/08

4/17/08 4.1

8.4

Reading 1.6 hrs. after installation

Reading 3.5 hrs. after installation

Reading after well installed and backfilled

5.6

Reading after well installed and backfilled

Reading by FST

Reading by FST

Reading by FST

Reading by FST



TABLE 2 - SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS

Grain-Size Analyses

Boring Sample
1Depth 

(ft.)

2Percent 
Gravel

3Percent 
Sand

4Percent 
Fines

5,6Probable lower 
bound of 

measured k = 1/3 
of estimated k 

(cm/s)

5,6Estimated k 
(cm/s)

5,6Probable upper 
bound of  

measured k = 3 
times estimated k 

(cm/s)

B-1 SS-1 1-3 72.2 27.1 0.7
B-1 SS-4 9-11 59.3 36.6 4.1 2.8E-03 8.4E-03 2.5E-02
B-2 SS-1 1-3  61.5 32.6 5.9
B-2 SS-2 3-5 33.9 52.2 13.9 5.7E-04 1.7E-03 5.1E-03
B-2 SS-4 7-9 1.7 88.3 10 1.8E-04 5.4E-04 1.6E-03
B-2 SS-5 9-11 6.1 87.4 6.5 1.4E-03 4.1E-03 1.2E-02
B-2 SS-6 11-13 0.0 70.9 29.1 7.6E-04 2.3E-03 6.8E-03
B-4 SS-1 1-3  18.0 56.5 25.5
B-4 SS-4 7-9 30.9 56.4 12.7 1.9E-03 5.7E-03 1.7E-02
B-4 SS-5 9-11 0.0 2.9 97.1
B-5 SS-4 7-9 0.0 40.8 59.2 3.9E-05 1.2E-04 3.5E-04
B-5 SS-5 9-11 0.7 7.2 92.1 5.5E-06 1.6E-05 4.9E-05
B-6 SS-4 7-9  14.3 82.2 3.5 1.0E-02 3.1E-02 9.3E-02
B-6 SS-5 9-11 4.7 78.1 17.2 8.6E-04 2.6E-03 7.8E-03
B-8 1SS-1 1-3  19.8 79.9 0.3
B-8 1SS-1 1-3  37.7 56 6.3
B-9 SS-2 3-5 23.3 65.8 10.9 3.5E-04 1.0E-03 3.1E-03
B-11 SS-1 1-3  44.3 45 10.7
B-11 SS-4 7-9 29.5 41.8 28.7 2.2E-04 6.7E-04 2.0E-03
B-12 SS-1 1-3  54.4 40.6 5
B-12 SS-5 10-12 0.0 43.1 56.9 2.8E-07 8.4E-07 2.5E-06
B-13 SS-1 1-3 46.6 44.4 9
B-13 SS-2 3-5 30.4 54.3 15.3
B-13 SS-3 & SS-4 3-7 66.1 29.1 4.8 1.2E-02 3.5E-02 1.1E-01
B-13 SS-6 14-16 33.1 64.2 2.7 2.3E-02 7.0E-02 2.1E-01
B-14 SS-3 6-8 30.8 65.7 3.5 1.0E-02 3.1E-02 9.4E-02
B-15 SS-1 1-3 32.4 60.8 6.8
B-15 SS-2 & SS-3 3-7 19.0 74.5 6.5 1.6E-03 4.8E-03 1.4E-02
B-15 SS-4 7-9 62.4 33.1 4.5 1.2E-02 3.6E-02 1.1E-01
B-16 1SS-1 1-3 25.6 74 0.4
B-16 1SS-1 1-3 10.3 77 12.7
B-16 SS-3 5-7 11.1 80 8.9 8.9E-04 2.7E-03 8.0E-03
B-16 SS-4 7-9 49.0 45.4 5.6 1.4E-03 4.1E-03 1.2E-02
B-17 SS-4 8-10 3.2 27.8 69 6.5E-05 1.9E-04 5.8E-04
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Estimated Hydraulic Conductivity



Grain-Size Analyses

Boring Sample
1Depth 

(ft.)

2Percent 
Gravel

3Percent 
Sand

4Percent 
Fines

5,6Probable lower 
bound of 

measured k = 1/3 
of estimated k 

(cm/s)

5,6Estimated k 
(cm/s)

5,6Probable upper 
bound of  

measured k=3 
times estimated k 

(cm/s)

B-18 SS-1 1-3 13.9 62.4 23.7
B-18 SS-2 3-5 33.9 47.7 18.4
B-18 SS-4 7-9 8.8 38 53.2 1.3E-05 3.8E-05 1.2E-04
B-18 SS-5 9-11 20.5 50.7 28.8 2.3E-07 6.8E-07 2.0E-06
B-19 SS-2 3-5 48.8 42.9 8.3
B-20 SS-4 7-9 6.8 46.5 46.7 3.0E-07 9.1E-07 2.7E-06
B-21 SS-2 3-5 17.1 53.6 29.3
B-22 SS-1 1-3 23.9 58.1 18
B-22 SS-3 5-7 49.3 36.5 14.2 2.1E-04 6.3E-04 1.9E-03
B-23 SS-2 3-5 25.9 62.6 11.5
B-23 SS-4 7-9 17.5 31.3 51.2 7.9E-07 2.4E-06 7.1E-06
B-24 SS-3 5-7 3.5 51.1 45.4 2.0E-07 5.9E-07 1.8E-06
B-25 SS-1 1-3  12.3 76.5 11.2
B-25 SS-3 5-7 14.9 54.5 30.6 2.5E-05 7.6E-05 2.3E-04

B-4 S-5 9-11' 30 19 11 CL
B-12 S-5 10-12'

NOTES: 

026-08-007 T-4 of 4 7/25/08
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5. See List of References Appendix C
6. The references note that this method may overpredict permeability in gravel, but the results likely present an upper bound. The references 
further note that the Kozeny-Carmen method is not applicable to clay soils and would overpredict permeability.  

TABLE 2 (CONTINUED)

2.  Gravel is defined as particles 0.187" (No. 4 seive) to 3" in diameter.  Percent gravel is the percent of material by weight within this range of 
particles sizes.
3.  Sand is defined as particles 0.187" (No. 4 sieve) to 0.003" (No. 200 sieve) in diameter.  Percent sand is the percent of material by weight 
within this range of particles sizes.
4.  Fines are defined as particles smaller than 0.003" (No. 200 sieve) in diameter.  Percent fines is the percent of material by weight smaller 
than this particle size.

1.  Depth values are depths over which split spoon was driven.  A representative sample for lab testing taken from the depth indicated.  Refer 
to individual lab data sheets and boring logs for further information on sample location from within split spoon.  

Estimated Hydraulic Conductivity

Atterberg Limits and Natural Water Content Analyses
Plastic Limit  

(%)

Non-plastic, see Atterberg Limits data sheet

Boring Sample Depth

37

Liquid 
Limit (%)

Natural Water 
Content (%) Plasticity Index Classification



 

TABLE 3 – FIELD PERMEABILITY TEST RESULTS 

(after Fay, Spofford & Thorndike, September 24, 2008) 

Field Permeability (Slug) Test Results Permeability Estimated by SA from Laboratory Data 

Bouwer & Rice Analysis 
Result1 

Hvorslev Result2 Sample No. Sample 
Depth  

k=1/3 of 
estimated k 

 Estimated k k=3 times 
estimated

k 

Well ID feet/min cm/s feet/min cm/s - (ft.) cm/s cm/s cm/s 

B-3 0.0067 0.003 0.0093 0.005 - - - - - 

B-4** 0.039 0.02 0.054 0.03 SS-4 7-9 0.0019 0.0057 0.017 

B-5** 0.00066 0.00034 0.00092 0.00047 SS-4 

SS-5 

7-9 

9-11 

0.000035 

0.0000055 

0.00012 

0.000016 

0.00035 

0.000049 

B-9* - - - - SS-2 3-5 0.00035 0.001 0.0031 

B-13 0.03 0.02 0.041 0.02 SS-3&4 3-7 0.012 0.035 0.11 

B-13 0.019 0.0096** 0.026 0.0133 SS-3&4 3-7 0.012 0.035 0.11 

B-13 0.019 0.01 0.027 0.01 SS-4 7-9 0.023 0.070 0.21 

B-18** 0.0039 0.00196 0.0053 0.00271 SS-4 

SS-5 

7-9 

9-11 

0.000013 

0.00000023 

0.000038 

0.00000068 

0.00012 

0.0000020 

 
FST Notes: 
*The data did not have enough variance to analyze the slug test 
**Off by 1 or more orders of magnitude 
 
SA Notes: 
Slug tests performed, data interpreted and provided to SA by FST.   
 

                                                 
1 Freeware used to analyze the data was written by Karl DeBisschop and obtained from http://sourceforge.net/projects/hydrotools 
2 Freeware used to analyze the data was written by Karl DeBisschop and obtained from http://sourceforge.net/projects/hydrotools 
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LIMITATIONS 



APPENDIX A – REPORT LIMITATIONS 
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Stephens Associates Consulting Engineers, LLC (SA) has prepared this Report based on the information 
available to us at this time, including preliminary design information furnished through the Client, the Owner 
and their representatives for the proposed Project. If any of the noted information is incorrect or has changed 
(e.g., revisions to the design; subsurface conditions encountered during excavation for construction are 
different from those noted in this report, etc.), SA should be notified and retained to review the corrections and 
changes and amend this report.  If SA is not retained for these purposes, we cannot be responsible for the 
impact of those conditions on the performance of the Project.  Upon completion of plans and specifications, 
SA should be retained to review the final design documents before issuance for construction bid.  This review 
will allow us to check that our engineering recommendations have been interpreted and implemented properly 
in the design.  At that time, it may be necessary to submit supplementary recommendations, which SA will do 
on a time and expense basis according to our Agreement for the Project. 
 
The subsurface descriptions contained in this report are generalized to highlight the major soil strata as 
interpreted from readily available data. The soil/rock strata and groundwater surface are interpretations from 
widely spaced data and represent the approximate boundaries between subsurface materials.  The actual 
transition between strata may be gradual.  Explorations (e.g., boring and/or test pit logs) should be reviewed 
for specific information at respective locations.  The data shown on the logs prepared by SA represent the 
conditions only at the actual exploration locations at the time the explorations were undertaken.  Further, 
variations in subsurface conditions may occur and should be expected between exploration locations and over 
time. Seasonal fluctuation of groundwater depths should be anticipated.  We recommend that the contractor 
measure the actual groundwater levels at the time of construction and evaluate groundwater impact on the 
construction procedure, and the impact of the construction on groundwater levels. 
 
SA’s scope of services does not include an environmental assessment of any kind, including but not limited to 
assessments for the presence or absence of wetlands or hazardous or toxic materials or organisms (e.g., fungi, 
flora, fauna, bacteria, viruses, etc.) in the soil, surface water, groundwater, or air, on or below or around this 
site.  Any observations of odors, colors, or unusual or suspicious items or conditions noted by SA were 
incidental to our services, and any statements regarding such observations are strictly for the information of 
the Client.  We recommend that the Project Owner engage a qualified environmental professional to provide 
environmental services for this Project.    
 
SA’s services were performed using data generated by others (e.g. GPR data interpreted and provided by 
Hager GeoScience, Inc., field permeability tests data and interpretation provided by FST, etc.).  SA relied on 
these data for cost savings to Client and Owner in lieu of generating these data at higher cost.   
 
We recommend that SA be retained to provide services during design and construction including analysis and 
engineering of design options, assistance with shop drawing/submittal review and engineering observation of 
construction.  These services will assist the Owner with quality assurance through observation of compliance 
with design concepts, specifications and recommendations and will allow for the implementation of design 
changes where necessary due to conditions that differ from those anticipated. 
 
This report has been prepared by SA for the exclusive use of the Client and for the specific application to the 
subject Project, as conceived at this time. The report is for conceptual design only, and by itself is not 
sufficient to prepare an accurate cost estimate or construction “bid.”  Subject to the limitations inherent in the 
agreed scope of services as to the degree of care, amount of time and expenses to be incurred, and subject to 
any other limitations contained in the Agreement for SA’s services, SA has performed its services with the 
degree of care and skill ordinarily exercised by other professional engineers under similar circumstances at the 
time the services were performed.  No warranties are implied or expressed.  
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BORING LOGS 



Project: Boring No.
Depth: 5.3 ft. 5.4 ft. Location: Project Number: Sheet 1 of 1
Time: Well installed 1.6 hrs. after inst. Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt   Driller adv. Roller bit to 1ft
Cobbles Cobbles

1 SS-1 24 11 14 10" Dense, black medium SAND, little coarse Sand,  
28 little Gravel, little Asphalt, trace brick (SP), wet
50 1" Very dense, black and brown GRAVEL, little fine 
39 to coarse SAND (GP), wet.   

3 SS-2 24 2 11 0 Medium dense, gray-brown, fine to coarse SAND and 
15 GRAVEL, trace silt (SW), wet.
9 *Driller advanced 5" casing to 4 ft., then telescoped
52 4" casing to 5 ft.

5 SS-3 0.5 0.5 50/0.5" 0 Piece of gravel.
5.5 R-1 24 18 6 min/ft. Boulder - very hard, white, yellow and black, fresh 

medium to coarse grained Granitic rock, top 14"    
3 min/ft. one joint near horizontal, bottom 4" gravel

RQD = 10/24" = 42%
Driller advanced roller bit through boulders and had 
difficulty advancing casing.  Repeated roller bit and
casing advancement.

9 SS-4 24 10 30 0 Very dense, brown, GRAVEL and fine to medium SAND,   
37 GRAVEL (GW), wet.   
45
47 *Driller advanced roller bit ahead of casing to 14 ft

Change occurred between samples   

14 SS-5 24 5 19 0 Medium dense, brown, fine SAND, trace non-plastic 
11 silt (SP), wet.   
11
16

Boring terminated at about 16 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-1-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 2.9 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

7" Asphalt Driller adv. Roller bit to 1ft 1
5" Concrete Concrete

1 SS-1 24 11 17 0 4" Medium dense, gray medium to coarse SAND (SP) wet.  
19 7" Medium dense, brown GRAVEL and fine to coarse    
17 SAND (GW), trace silt, wet. 
15

3 SS-2 24 5 20 0 Dense, brown fine to coarse SAND, some Gravel (SM).   
24 little Silt, wet.
21
18

5 SS-3 24 1 19 0 Similar to SS-2, except medium dense.    
14
8
12

7 SS-4 24 9 23 0 Dense, gray fine to medium SAND, trace  
24 non-plastic silt (SP-SM), wet.   
26
28

9 SS-5 24 14 19 0 Medium dense, gray fine SAND, trace silt (SP-SM), 
15 grading to fine to medium SAND, trace silt (SP-SM)
22 wet.
23

11 SS-6 24 12 10 0 Medium dense, gray fine to medium SAND, some   
9 non-plastic Silt (SM), wet
9
12

Boring terminated at about 13 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-2 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 5.4 ft. 4.1 ft. Location: Project Number: Sheet 1 of 1
Time: EOD in cas.  3.5 hrs. after inst.  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

push 7" Asphalt   Driller adv. Roller bit to 1ft
10 5" Concrete Concrete

1 SS-1 24 13 23 237 4" Dense, gray and black, medium to coarse SAND,  
19 crushed asphalt (SP), wet.
20 9" Dense, gray fine to medium SAND, trace gravel,  
15 trace silt (SP), wet. Petroleum odor (tested with PID)

3 SS-2 24 9 6 265 5" loose, brown f-m SAND, some Gravel, little Silt (SP)    
4 3" Medium dense, medium SAND, trace fine sand,  
12 trace coarse sand (SP), wet. See Note 1. 1
14 1" Brown fine SAND, some non-plastic Silt (SM), wet

5 SS-3 24 12 12 8 Medium dense, brown fine SAND, trace non-plastic 
10 silt, trace medium sand (SP), wet.
12
17

7 push SS-4 24 12 8 6 Medium dense, brown fine SAND, little non-plastic 
8 6 Silt, (SM), wet.  

9
11

9 SS-5 24 12 7 11 Medium dense, brown fine SAND, trace non-plastic 
7 silt (SP), wet.
7
9

14 SS-6 24 12 10 0 Medium dense, brown fine SAND and non-plastic  
16 SILT (SM), wet.
14
14

Boring terminated at about 16 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Sample SS-2, geotech sample from top 5", VOA vial from mid 5", environmental jar from mid 5" and    
 bottom 1".  Petroleum odor.   

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-3-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115

26

24

8

18

24

12

18

O
pe

n 
H

ol
e

Groundwater:

1.375"

Vert: BCB; Horiz. NAD83

4/17/2008 Mobile Drill Truck-mounted

Equipment

MWRA Pipeline Project, Contract No. 6905 B-3-MW

30"

R
em

ar
ks

B
lo

w
s/

6"
 o

r 
C

or
e 

Ti
m

e

47.9

Split spoon

D
ep

th
 (f

t.)

C
as

. B
lo

w
s

Sa
m

pl
e 

N
o.

Pe
n.

 (i
n.

)

GeoLogic

Description & Classification

15

5

20

25

10

0

John Galvin 140 lb
4/17/2008 Drive&Wash

J. Turner

R
ec

. (
in

.)

PI
D

 (p
pm

)

S
A

N
D

Asphalt

FI
LL

Saugus, MA 026-08-007

3002744.0

R
em

ar
ks

Stratum Installed

786184.9

4"

C
on

cr
et

e
Pr

ot
ec

tiv
e 

C
as

in
g

Sa
nd

 b
ac

kf
ill

4.5" 
diameter 
borehole 

5 
ft 

of
 2

" I
D

 P
VC

 W
el

l r
is

er

Be
nt

on
ite

10
 ft

.  
Sl

ot
te

d 
PV

C
 W

el
l s

cr
ee

n 



Project: Boring No.
Depth: 8.4 ft. Location: Project Number: Sheet 1 of 1
Time: Well installed Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
6" Concrete Concrete 1

1 SS-1 24 11 10 0 2" Medium dense, gray and black, medium SAND,   
13 trace crushed asphalt (SP), wet.
11 9" Medum dense, gray, fine to coarse SAND, some  
9 Silt, little Gravel (SM), wet.  

3 SS-2 24 1 6 0 Loose, gray fine to medium SAND, little Silt, little 
4 Gravel (SM), wet.
3
3

5 SS-3 24 2 7 0 Similar to SS-2.
6
3
2

7 SS-4 24 10 12 0 Medium dense, gray fine to medium SAND, some  
9 Gravel, little Silt (SM) grading to GRAVEL and fine 
15 to medium SAND (GP).
21

9 SS-5 24 9 18 0 5" Medium dense, gray-brown GRAVEL and fine to 
8 medium SAND, little Silt (GM), grading to 
12 4" very stiff, brown, slightly plastic Silty CLAY, trace  
10 fine Sand (CL), wet.

14 SS-6 24 19 12 0 Very stiff, brown, very slightly plastic Clayey SILT, little fine
13 Sand (ML), wet.   
13
14

Driller noted change near 19 ft. when adv. roller bit
19 SS-7 24 4 6 0 Medium dense, brown fine to coarse SAND and   

12 GRAVEL (SW), wet.
14
14

Boring terminated at about 21 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-4-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 4.7 ft. 4.1 ft. Location: Project Number: Sheet 1 of 1
Time: EOD in cas. Well installed Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt  Driller adv. Roller bit to 1ft
Cobbles Cobbles

1 SS-1 14 2 17 0 4" Dense, black medium to coarse SAND (SP), wet. 1
74 10" Very dense, gray-brown, fine to coarse SAND,  

50/2" little Gravel (SW), wet, slight petroleum odor
*Driller advanced roller bit to 3 ft., then drove casing

3 SS-2 24 3 25 0 Medium dense, brown, fine to medium SAND, little
19 Silt, trace organics, trace wood fibers (SM), wet,   
10 slight petroleum odor.
7

5 SS-3 24 11 7 0 8" Medium dense, brown fine to medium SAND, trace  
15 coarse sand, little Silt, trace organics (SM), wet
24 3" Medium dense, gray-brown fine SAND, little
30 non-plastic Silt (SM), wet

7 SS-4 24 18 18 0 Very stiff, light brown, non-plastic SILT and  
12 fine SAND (ML), wet.
16 *Driller pulled 4" casing to 4 ft. to change sections. Casing 
12 skewed when redriving. Pull casing, drive 5" cas. to 9 ft

9 SS-5 24 8 11 0 Very stiff, light brown, non-plastic SILT, trace fine 
14 Sand (ML), wet.
14
14 Driller advanced boring open hole using 5" roller bit. 

14 SS-6 24 11 9 0 Similar to SS-5.
8
9
12

19 SS-7 24 16 9 0 Very stiff, gray, slightly plastic SILT, little fine  
10 Sand (ML), wet.
16
16

Boring terminated at about 21 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-5-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 4.7 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

8" Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles

1 SS-1 2 2 50/2" 0 Very dense, dark gray medium SAND, little fine   
Sand (SP), wet.
*Driller advanced roller bit to 3 ft. then drove casing

3 SS-2 24 3 21 0 Medium dense, dark brown fine to coarse SAND, little 
7 Gravel (SW), wet.
9
24

5 SS-3 24 8 16 0 7" Dense brown fine to coarse SAND, trace non-plastic 
26 silt (SP-SM), wet.  Sampled for corrosion analysis. 
25 1" Dense, light brown fine SAND, some non-plastic 
23 silt (SM), wet.  Sampled for record and geotech.

7 SS-4 24 14 23 0 4" Medium dense, brown, fine to coarse SAND, little 
14 non-plastic Silt (SM), wet See Note 1. 1
12 6" Medium dense, brown, f-c SAND, little Gravel (SP). 
17 4" Medium dense, brown fine SAND, some non-plastic 

9 SS-5 24 12 15 0 Silt (SM), wet.
11 SS-5: Medium dense, brown fine to medium SAND,   
16 little non-plastic Silt, trace gravel (SM), wet
19

11 SS-6 24 6 6 0 Similar to SS-5.
7
7
7

Boring terminated at about 13 ft.

Drilling technique added water to boring.  Water levels may not 
be indicative of natural groundwater level.  

1. Split spoon SS-4 - Corrosion sample from bottom 4" and some of middle 6"; VOA vial sample from middle 6";  
Environmental jar sample from top 4" and some of middle 6"; geotech sample from middle 6"

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-6 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 3.7 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, in casing  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

8" Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles 1

1 SS-1 9 3 23 0 2" Dense, gray medium to coarse SAND, trace  2
50/3" gravel (SP), wet.

1" Very dense, brown fine to coarse SAND, trace 
gravel (SW), wet. Roller bit to 3 ft.

3 SS-2 3 1 50/3" 0 No recovery.
3.8 R-1 60 49 4 min/ft. Very hard, gray and black, slightly weathered, medium 

grained Granitic rock, moderately fractured, rust     
4 min/ft. staining in joints, thin silty sand seam in one joint near 

mid-run, joints near horizontal to vertical, some 
4 min/ft. healed joints with minear infilling

RQD = 25/60" = 42%
6 min/ft.

5 min/ft.

8.8 R-2 24 12 1 min/ft. Similar to R-1, except highly fractured
RQD =0%

4 min/ft.

10.8 R-3 12 15 6 min/ft. Similar to R-1, except top 5" highly fractured, bottom 
10" intact.
RQD = 10/12" = 83%

Boring terminated at about 11.8 ft.

1. Rock cut for Rte. 1 southbound observed just west of boring and shoulder.
2. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-7 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 1.6 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, casing removed  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
1

1 SS-1 20 16 22 0 5" Very dense, gray medium to coarse SAND, 2
52 (SP) little gravel, wet.
52 11" Very dense, brown, fine to coarse SAND and   

50/2" GRAVEL (SP-SM), trace silt, moist. Roller bit to 3 ft.
3 R-1 22 19 5 min/ft. Very hard, black and gray, slight pink, slightly  

weathered, fine to medium grained Granodioritic rock, 
8 min/10" highly fractured, fragments <3", rust stained. RQD=0%  

4.8 R-2 60 60 4 min/ft. Similar to R-1, except more pink near bottom of run, 
and fragments up to 12 in., healed joints with  

3 min/ft. minearal infilling.  
RQD = 22/60" = 37%

4 min/ft.

4 min/ft.

4 min/ft.

9.8 R-3 24 24 3 min/ft. Similar to R-1.  Top 16" highly fractured, fragments <1"
bottom 8" intact.

6 min/ft. RQD = 8/24" = 33%

Boring terminated at about 11.8 ft.

1. Rock cut for Rte. 1 southbound observed just west of boring and shoulder.
2. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-8 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 5.5 ft. 5.6 ft. (+22 hrs) Location: Project Number: Sheet 1 of 1
Time: Well installed 4/14/08 9:04 PM Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

8" Asphalt Driller adv. Roller bit to 1ft
Cobbles

1 SS-1 24 14 36 0 3" Very dense gray medium to coarse SAND (SP), wet.
52 11" Very dense, brown fine to coarse SAND, some  
54 Gravel (SW), wet.
45 Driller advanced roller bit to 3 ft. then drove casing

3 SS-2 24 8 23 0 Very dense, brown fine to coarse SAND, some  
25 Gravel (SW-SM), little (-) silt, wet
28
21

5 SS-3 24 0 17 0 No recovery.
6
11
9

7 SS-4 11 4 10 0 Very dense, brown and black GRAVEL, some fine to  
50/5" coarse Sand, trace non-plastic silt (GP), wet

8.5 R-1 45 29 Note 1 Driller cored ~2 in.- rock core jammed.  Set 3" casing  
and wash out.  No water return during coring.  

7 min/ft. 14" Very hard, black, fresh, fine grained Dioritic rock, one 
drilling fracture dipping ~60 deg., rust staining at bot. 

2 min/ft. 15" Very hard, pink and black (5") to gray and 
black (10"), fresh, medium grained Granitic rock, rust  

4 min/ft. staining at joints. RQD = 22/45" = 49%
Driller washed out to 13 ft. with roller bit.  Could not adv. 

casing because of boulders.  Attempted split spoon
13 SS-5 24 24 35 3 13" Very dense, gray medium to coarse SAND (SP), wet.  

43 0 11" Very dense, gray-brown, non-plastic SILT and fine 
36 SAND (ML), wet.
64 Driller drove spoon through ~1.5 ft. of blow-in

Boring terminated about 15 ft.

At end of boring hole stayed open to 12 ft., however, 
well could only be installed to 10.5 ft. - more blow-in 
occurred.  

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Core barrel jammed - Driller advanced rock core, paused, pulled back, and removed to clear barrel.  Time 
for first foot unclear.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-9-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 8.1 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, casing removed  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
Cobbles 1

1 SS-1 10 4 13 0 2" Dense, gray medium to coarse SAND (SP), wet.  
50/4" 2" Dense, brown fine to coarse SAND and  

GRAVEL (SW), wet.
*Driller adv. roller bit ahead of casing and through

boulder ~2-3.7 ft.

4 SS-2 2 1 50/2" 0 Piece of gravel in spoon tip
4.4 R-1 50 50 6 min 48" Very hard, black and gray, fresh to slightly weathered 

Granodioritic rock, joints spaced 2-16", dipping  
7 min ~30-45 deg.   

2" Very hard, pink and black , fresh to slightly weathered,
8 min medium grained Granitic rock.  

RQD = 24/50" = 48%
14 min No water return when rock coring   

8.6 R-2 48 48 10 min Very hard, black and gray, fresh, medium grained,  
Granodioritic rock, joints spaced 4-21 in., dipping 

7 min about 30-50 deg., slight rust staining in joints near 
core run bottom, healed joints with pink veins of  

7 min mineral infilling.   
RQD = 43/48" = 90%

8 min No water return when rock coring  

Boring terminated at about 12.6 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-10 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 4.7 6.8 ft. (+18 hrs) Location: Project Number: Sheet 1 of 1
Time: Well installed 4/10/08 9 PM Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
Cobbles 1

1 SS-1 24 13 9 2 2" Loose, gray medium SAND (SP), wet. 2
36 11" Very dense, brown fine to coarse SAND and  
49 GRAVEL, little non-plastic silt (SW-SM), wet
48 *Driller advanced roller bit to 3 ft. before driving casing. 

3 SS-2 24 2 21 2 Gravel.
18
26
26

5 SS-3 24 1 22 2 Medium dense, brown fine to coarse SAND, little 
15 non-plastic Silt, trace gravel (SM), wet
12 Driller noted mostly gravel in wash
3

7 SS-4 24 12 22 2 Dense, brown fine to medium SAND, some (+) non-plastic  
17 Silt, some Gravel (SM), wet.   
30
39

9 SS-5 15 10 30 2 Dense, brown fine to medium SAND, little (-) non-plastic 
21 Silt, trace coarse sand (SM), wet.   

50/3"
Driller advanced rollerbit ahead of casing and  
through boulder about 10.5 to 12 ft.

14 SS-6 5 0 50/5" No recovery.

Boring terminated at about 14 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Background PID readings 2 ppm.
2.  Road box well cover fit tightly in hole bored in asphalt.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-11-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 6 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling in casing Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

~6 in. Asphalt Driller adv. Roller bit to 1ft
Cobbles

1 SS-1 24 16 32 1 5" Very dense, gray medium to coarse SAND (SP), wet.  1
56 11" Very dense, brown GRAVEL and fine to coarse   2
46 SAND, trace non-plastic Silt (GP-GM), trace brick,  
39 moist.

3 SS-2 2 1 50/2" 1 Gravel - possible remaining from casing washout
3.5 R-1 12 11 4 min Boulders - 2 granitic pieces, 5" and 6"

5 SS-3 24 0 7 2 No recovery.  
3 Driller telescoped 3" casing and drove to 7 ft
2
2

7 SS-4 24 3 5 2 Dense, gray fine to medium SAND, some (-) non-plastic  
17 Silt, little Gravel (SM), trace organics including 
41 roots and organic odor.
33 Driller indicated wash appeared to be gray sand

Driller advanced roller bit through boulder from ~9-10 ft

10 SS-5 24 11 10 2 Dense, gray grading to olive-brown SILT and fine SAND
20 (ML), very slight cohesion, wet. 
27
26

Boring terminated at about 12 ft.

1. PID background readings 1-2 ppm.  Sample readings at background levels.
2. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-12 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 7.5 ft. 6.9 ft. (+20 hrs) Location: Project Number: Sheet 1 of 1
Time: End of Drilling 4/9/08 11:31 PM Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft 1
Cobbles

1 SS-1 24 14 39 3 Very dense, brown, fine to coarse SAND and GRAVEL,  2
57 trace silt (SP-SM), moist, possible fill
67 *Driller advanced roller bit to 3 ft. before driving casing. 
57

3 SS-2 24 11 26 2 Dense, brown, fine to coarse SAND, some Gravel,  
20 little silt (SM), wet
16
19

5 SS-3 24 3 16 2 Medium dense, brown GRAVEL, some fine to coarse     
14 SAND, trace silt (GW), wet.
13
10

7 SS-4 24 5 22 2 Dense, brown GRAVEL, some medium to coarse SAND  
30 (GW), wet. 
19
15

9 SS-5 8 1 27 5 Very dense GRAVEL (GP) - likey remaining from 
50/2" casing washout.

14 SS-6 24 7 16 5 Medium dense, gray-brown, medium to coarse  
13 SAND, some Gravel, trace fine sand (SP), wet.
13
12

19 SS-7 24 6 68 5 Very dense, gray-brown fine to coarse SAND, some  
55 Gravel, trace silt (SW), wet.
54
45

Boring terminated at about 21 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Road box well cover fit tightly in hole bored in asphalt.
2. PID backgound readings 2 to 3 ppm for SS-1 to SS-5, and 5 ppm for SS-5 to SS-7.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-13-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: Note 2 Location: Project Number: Sheet 1 of 1
Time: End of Drilling, casing removed  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

~6 in. Asphalt Driller adv. Roller bit to 1ft
Cobbles 1

1 SS-1 24 1 11 2 Dense, gray medium SAND, trace fine sand (SP), wet.  2
46
26
16

*Driller drove casing to 3 ft., and casing sank to 4
when washing out

4 SS-2 24 2 15 5 Loose, brown fine to medium SAND (SP), wet.
4
3
4

6 push SS-3 24 8 9 2 Medium dense, brown, fine to coarse SAND, some  
5 8 Gravel (SP), wet.  

16
19

8 SS-4 24 1 15 1 Piece of gravel in spoon tip
11
10
12

10 SS-5 24 7 18 1 Medium dense, red-brown fine SAND, trace   
15 silt (SP), wet.
11
8

Boring terminated at about 12 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Background PID readings 1-2 ppm.  Other than SS-2, sample readings at background levels.
2. Boring collapsed at 5.4 ft. with casing removed.  No water measured at depth of collapse.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-14 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 6 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling, casing removed  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

~6 in. Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles 1

1 SS-1 24 12 13 0 5" Dense, gray, medium to coarse SAND (SP), wet.
27 7" Dense, brown fine to coarse SAND, some Gravel, 
23 trace silt (SP-SM)
20

3 SS-2 24 3 19 0 Medium dense, brown, fine to medium SAND, little 
15 Gravel, trace silt, (SP-SM), wet.
17
17

5 SS-3 24 7 39 0 Similar to SS-2.
18
14
25

7 SS-4 24 9 15 0 Medium dense, brown, GRAVEL and fine to coarse SAND
13 (GW), wet.
25
33

9 SS-5 24 3 30 0 Very dense, brown, medium to coarse SAND and  
27 GRAVEL, little fine Sand (SP), wet
24
32

11 SS-6 24 0 20 No recovery.  Driller indicated mostly gravel in wash
12
12
22

Boring terminated at about 13 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-15 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 4.8 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling, casing removed  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

~6 in. Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles 1

1 SS-1 24 14 7 0 6" Dense, gray m to c SAND, some Gravel (SP), wet.
33 8" Very dense, brown, fine to medium SAND, little
70 Silt, little Gravel, trace brick (SM), wet
48 *Driller adv. Roller bit to 3', then drove casing to 3 ft

3 SS-2 24 5 17 1 Dense, brown, fine to coarse SAND, little Gravel, 
33 trace silt (SW), wet.
27
24

5 SS-3 24 10 21 0 Medium dense, brown, fine to coarse SAND,  
18 little gravel, trace silt (SW-SM), moist.    
24
27

7 SS-4 24 12 29 0 Very dense, brown fine to coarse SAND and GRAVEL,  
33 trace silt (SP-SM), wet.
41
57

9 SS-5 24 12 31 0 Similar to SS-4.
32
29
28

11 SS-6 24 8 18 0 Medium dense, brown, fine to coarse SAND, little 
20 Gravel (SW), wet.
13
11

Boring terminated at about 13 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-16 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 10.9 ft. 7.6 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling after well install Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

12" Asphalt Driller adv. Roller bit to 1ft

1 SS-1 8 4 36 0 Very dense, gray medium to coarse SAND (SP), wet.  
50/2" Driller advanced roller bit ahead to 3 ft., then attempted

4" casing, then 5" casing.  Boring skewed.  
No water return.

3 SS-2 0 0 50/0" No recovery.
Boulders 1-3 ft. skewed casing.  Boring offset 2.8 ft. 
north & continued, adv.  roller bit to 5 ft., drive 5"  
casing to 4' & 4" casing to 5', no water return.  

5 SS-3 0 0 50/0" No recovery.
5.5 R-1 10 5 4 min Boulder - very hard black Dioritic rock

No water return.
Driller drove 3" casing to ~7.5 ft. and advanced  roller 
bit to 8 ft. through another boulder, then sampled SS-4.

8 SS-4 24 11 8 0 1" Loose fine to coarse SAND and GRAVEL (SW), wet. 
2 2" Medium stiff, dark brown non-plastic SILT, little 
4 fine Sand, trace organics (ML) - likely former topsoil. 
28 8" Medium stiff, reddish brown non plastic SILT,

some fine to medium Sand (ML), wet (sample).
Driller removed 3" & 4" casing, advanced 5" roller bit  
through boulder at ~5.5 ft., then reinserted 4" casing 
to 9' and drove to 14'.   

14 SS-5 24 0 25 No Recovery.
26
25
24

Change based on casing blows

18 SS-6 24 12 30 0 Very dense, brown, fine to coarse SAND, little Gravel, 
32 trace (+) silt (SW-SM), wet.
20
30

Boring terminated at about 21 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-17-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 7 ft. in casing 7.0 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling 4/1/08  10:30 PM Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
Cobble 1

1 SS-1 24 15 20 0.9 3" Dense, gray coarse SAND, moist. 2
33 12" Dense, brown, fine to medium SAND, some   
18 Silt (SM), little Gravel, moist
14

3 SS-2 24 7 8 0.4 Medium dense, brown, fine to medium SAND, some  
7 Gravel, little Silt (SM), wet
8
10

5 SS-3 24 0.5 6 0.7 Pieces of gravel.
4
2
1

7 SS-4 24 7 13 0.4 Stiff, light brown, non-plastic SILT and fine to coarse 
10 SAND (ML), wet.
5
3

9 SS-5 15 10 20 0.4 Very dense, light brown, fine to coarse SAND, some   
47 non-plastic Silt, some Gravel (SM), wet.   

50/3"
Driller advanced roller bit ahead of casing to 14 ft.,   
then advanced casing to 14 ft. and sampled SS-6   

14 SS-6 11 6 38 0.4 Very dense, light brown, fine to medium SAND,  
100/5" little (-) non-plastic Silt (SP-SM), wet.  

Driller indicated top of rock about 15 ft. based on  
action of drilling equipment. Driller advanced   

16 R-1 42 42 3 min/ft roller bit to about 16 ft.   
Black, very hard, fresh to slightly weathered, aphanitic, 

4 min/ft meta-Dioritic rock, perhaps contact metamorphism,   
very closely spaced joints near horizontal, joint surface

4 min/ft undulating, no infilling observed, minor rust staining,  
also healed joints with veins of minearal infilling.  

3 min/6" Core barrel jamed ~19.5 ft.  RQD = 30/42" = 71%   
19.5 R-2 18 16 6 min/1.5 ft. Black, very hard, fresh, aphanitic, Dioritic rock, closely  

spaced near horizontal to low angle (~30 deg.)  
joints, joint surface undulating, no infilling observed, 
also healed joints with veins of minearal infilling.  
RQD = 15"/18" = 83%   
Boring terminated about 21 ft.   

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. PID backgound readings 0.3 to 0.4 ppm.
2. Road box well cover fit tightly in hole bored in asphalt.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-18-MW Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 8 ft. in casing Location: Project Number: Sheet 1 of 1
Time: End of Drilling Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles

1 SS-1 6 2 21 0.3 1" Dense gray medium to coarse SAND (SP), wet.  
50/1" 1" Dense gray-brown fine to coarse SAND, trace  1

silt, trace gravel (SW), wet. 2

3 SS-2 24 5 13 0 Medium Dense, light brown fine to medium SAND 
13 and GRAVEL, trace silt (SP-SM), wet.
14
16

5 SS-3 24 4 10 0 Medium Dense, light brown GRAVEL, some fine to
9 coarse Sand, trace silt (GW), wet.
9
5

7 SS-4 15 3 7 0 Dense, black GRAVEL (GP), wet.
13 Driller advanced 4" casing to 8 ft. then roller bit

50/3" Drilling water lost at 8-8.5 ft. Driller advanced
3" casing to 8.5 ft., roller bit to 9 ft.

9 R-1 36 12 9 min/3 ft. Very hard, moderately weathered, severely fractured, 
aphanitic, Dioritic rock (Gravel).  Core barrel   
jammed repeatedly.
RQD = 0%

Boring collapsed after rock core barrel removed.
Prescribed boring depth reached - boring   
terminated at about 12 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. PID backgound readings 0.3 to 0.4 ppm for S-1.  PID malfunction.  S-2,3,4 read 48 hrs. later with new PID.
2. Obstruction at ~2 ft.  Driller offset ~3 ft. west and continued.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-19 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 2.8 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling, casing removed Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

push 6" Asphalt Driller adv. Roller bit to 1ft
7 Gravel and Cobbles 1

1 SS-1 24 13 7 0 4" Very dense, gray medium to coarse SAND (SP), wet.  
60 9" Very dense, brown, fine to medium SAND and  
38 GRAVEL, little non-plastic Silt (SM), wet. 
28

3 SS-2 3 0.5 50/3" 0 Very dense, gray-brown piece of GRAVEL and fine to 
coarse SAND (GP), wet.
Driller advanced roller bit to 5 ft. before driving casing 
Driller noted boulders.

5 SS-3 8 5 55 0 Very dense, brown fine to medium SAND, some   
50/2" Gravel, little non-plastic Silt (SM), wet

Driller advanced roller bit to 7 ft. before driving casing 
Driller noted boulders.

7 SS-4 11 11 55 0 Very dense, gray-brown fine to medium SAND and   
100/5" non-plastic SILT (SM), trace coarse sand, wet

Driller advanced roller bit to 8.5 ft. before driving casing 
8.5 R-1 24 24 7 min Very hard, fresh, gray with light pink, medium to coarse  

grained Granitic rock, no joints, 2 drilling fractures
9 min RQD = 100%

10.5 R-2 24 22 12 min 14" similar to R-1.
8" Very hard, fresh, black, fine grained Dioritic rock, joints

9 min low angle (~30 deg.), undulating, no infilling
RQD = 20/24" = 83%

Boring terminated at about 12.5 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-20 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 3.2 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

7" Asphalt    Driller adv. Roller bit to 1ft
1

1 SS-1 7 7 51 0.9 3" Very dense, black and gray, medium to coarse  
50/1" SAND (SP), wet.

4" Very dense, brown fine to medium SAND, trace  
silt, SP), wet.  

3 SS-2 24 7 43 0 Dense, gray-brown, fine to medium SAND, some Silt,   
29 little Gravel (SM), wet.  
17
14

5 SS-3 24 8 19 0 6" Similar to S-2 - corrosion sample
36 2" Very stiff, dark brown SILT, some fine Sand, trace  
19 organics, (ML), likely former topsoil, wet - geo sample.  
12

7 SS-4 24 7 17 0 Very dense, gray fine to medium SAND and GRAVEL,  
24 little (-) Silt (SM), wet.  
46
30

9 SS-5 3 1 50/3" 0 Very dense, gray and black, fine to coarse SAND 
9.5 R-1 12 12 6 min/ft. and GRAVEL (SW), piece of gravel in spoon tip, wet.  

R-1 Very hard, black, fresh, fine to medium grained   
R-2 R-2 24 19 6 min/ft. Dioritic rock, joints near horiz. to near vertical,   

also healed joints with veins of minearal infilling.   
6 min/ft. Core barrel jammed. RQD = 0%

R-2 Very hard, black, fresh, fine grained Dioritic rock with
white veins of minear infilling in healed joints,  joints 
near horiz. to ~45 deg., spaced about 1-4 in. 
RQD = 4/24" = 17%   

Boring terminated at about 12.5 ft.  

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-21 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 3.1 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

7" Asphalt   Driller adv. Roller bit to 1ft
5" Concrete Concrete 1

1 SS-1 24 16 12 5" Dense, gray, medium SAND (SP), wet.   
37 11" Very dense, brown fine to medium SAND, some  
46 Gravel, little Silt (SM), moist
42

3 SS-2 24 14 33 Very dense, brown fine to medium SAND, trace gravel,  
41 trace silt (SP), moist.   
39
40

5 SS-3 24 9 33 Very dense, gray brown fine to coarse SAND and   
30 GRAVEL, little Silt (SM), rust staining over ~2"
47 length near middle of sample, wet.   
44

7 SS-4 3 0 50/3" No recovery.   

8 R-1 48 47 5 min/ft. Very hard, black, fresh, fine grained Dioritic rock,     
fractures spaced 15-32 in., dipping ~30 deg.

6 min/ft. RQD = 47/48" = 98%

5 min/ft.

5 min/ft.
Boring terminated at about 12 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-22 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: See boring B-23A Location: Project Number: Sheet 1 of 1
Time: Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt  Driller adv. Roller bit to 1ft
6" Gravel  1

1 SS-1 14 6 7 0 3" Dense gray medium SAND (SP), wet.  
30 53 3" Dense, brown medium SAND, trace fine sand,   

50/2" trace gravel (SP), wet.  

3 SS-2 14 7 83 0 Very dense, gray-brown fine to medium SAND,  
72 some Gravel, little Silt (SP-SM), wet.  

50/2"

5 SS-3 4 2 100/4" 0 Very dense, black, brown and gray GRAVEL, some    
coarse Sand (GP), wet - Fill.   
Driller noted boulders that skewed and bent casing

7 SS-4 24 8 28 0 2" Dense, dark brown non-plastic SILT and fine SAND,  
7 trace organics (ML) - former topsoil.  
64 6" Very dense, light brown  non-plastic SILT, some  
39 fine to medium SAND, little Gravel (ML), wet. 

Driller advanced roller bit ahead of casing to 9 ft. 
Casing broke with driving from 7 to 9 ft. Driller  
removed casing, abandoned boring, offset and   
advanced boring B-23A about 2 ft. south.   

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-23 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 7 ft. Location: Project Number: Sheet 1 of 1
Time: End of Drilling Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

1

Refer to log of boring B-23 for upper 9 ft.   

Driller advanced rollerbit to 4 ft., 4" casing to 4',  
roller bit to 9 ft., 3" casing to 9 ft.  Driller encountered  
numerous boulders - difficult drilling. 

Change indicated based on boring B-23    

9 S-5 16 0.5 34 Piece of gravel in spoon tip.   
64

50/4"
Driller advanced roller bit to 12.5 ft. then casing. 

Driller indicated top of rock at about 12 ft. based  
on roller bit action  

12.5 R-1 60 53 1 min Very hard, fresh to slightly weathered, black, fine  
grained Dioritic rock, closely spaced joints (~2-10"),   

5 min slight rust staining, joints near horizontal to low angle  
dipping up to ~30 degrees, undulating, no infilling 

4 min observed, also healed joints with veins of minearal  
infilling.  Fracture zone of gravel ~4 in. long near  

5 min middle of core.  
RQD = 35/60" = 58%   

4 min

17.5 R-2 36 31 3 min Very hard, fresh, black, fine grained Dioritic rock, white  
pegmatitic seam near bottom of run with joint at seam.  

2 min Healed joints with veins of mineral infilling.  No other  
joints in run.  Joints dip at ~10-30 deg., no infilling 

3 min observed.   
RQD = 30/36" = 83%   

Boring terminated at about 20.5 ft.   

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-23A Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: Note 1 Location: Project Number: Sheet 1 of 1
Time: Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt Driller adv. Roller bit to 1ft
Cobbles Cobbles 1

1 SS-1 14 8 3 0 4" Medium dense, gray medium SAND (SP).
20 4" Dense, brown fine to medium SAND, little Gravel, 

50/2" trace silt (SP), wet.

3 SS-2 4 2 50/4" 0 Very dense, light brown, fine to coarse SAND, little 
non-plastic Silt, little Gravel (SM), wet

5 SS-3 20 8 40 0 Very dense, light brown, fine to medium SAND and  
46 non-plastic SILT, (SM), wet
83 Driller advanced roller bit ahead of casing from 5-7'

50/2"
7 SS-4 2 2 50/2" 0 Similar to S-3, except 'and' Gravel

Driller advanced roller bit ahead of casing ~6 in. and 
lost water, then advanced casing to ~7.5 ft. and  
end for night.  Pull casing to ~5 ft. and cap

9 R-1 48 38 5 min Driller advanced roller bit to 9 ft. and set 3" casing
Driller indicated top of weathered rock ~8 ft

4 min 26" Very hard, fresh to slightly weathered, black, 
fine grained Dioritic rock, no joints or fractures

4 min 12" Very hard, moderately weathered, pink and gray,  
medium grained Granitic rock, highly fractured (gravel), 

3 min some rust staining. RQD = 54%
core barrel jammed at about 13 ft.

13 R-2 24 8 3 min/2 ft. Very hard, moderately weathered, medium grained  
orange and pink Granitic rock (gravel), some Dioritic  
fragments, highly fractured.  RQD = 0%
Core barrel jammed about 15 ft.

15 R-3 36 20 8" Gravel
12" Very hard, moderately weathered,  medium grained  

orange and pink Granitic rock, highly fractured, some 
rust staining in joints
RQD = 0%

Boring terminated about 18 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  
at 5 ft. - no water present.

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-24 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 5.9 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing. Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt   Driller adv. Roller bit to 1ft

1 SS-1 20 15 28 0 4" Dense, gray medium to coarse SAND (SP), wet.  
65 11" Very dense, brown fine to coarse SAND,   
66 little Gravel, little Silt, (SW-SM), moist.  

50/2" * Driller advanced rollerbit to 3 ft. then drove casing
3 SS-2 0 0 50/0" No recovery.

3.3 R-1 12 12 4 min/ft. Granitic boulder.
RQD=0%.

5 SS-3 24 14 27 49 10" Very dense, orange-brown, medium to coarse   1
57 SAND and GRAVEL (SP), wet. Note 1.
34 4" Very dense, brown fine to coarse SAND, little Gravel, 
47 some non-plastic Silt (SM), wet.  

7 SS-4 5 1 100/5" 2.7 Very dense, brown and black medium to coarse SAND  
and GRAVEL (SP/GP) - likely wash material.  

Driller adv. 3" casing then roller bit incrementally to 8.5 ft.  
8.5 R-2 48 26 5 min/ft. Very hard, black, fresh to slightly weathered, fine 

grained Dioritic rock, upper 20" one joint dipping  
4 min/ft. ~30 deg., lower 28 in. little recovery, fragments <2 in.,     

core barrel advanced rapidly, likely sand seam   
1 min/ft. or highly weathered rock.  

RQD = 20/48" = 42%
1 min/ft.

Boring terminated at about 12.5 ft.

Drilling technique added water to boring.  Water levels may   
not be indicative of natural groundwater level.  

1. Sample SS-3, environmental jar and VOA vial samples from top 10", geotech sample from bottom 4",  
corrosion sample from both top and bottom.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-25 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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Project: Boring No.
Depth: 9.5 ft.  Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing  Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

6" Asphalt  Driller adv. Roller bit to ~1.2ft
8" Concrete Concrete 1

1.2 SS-1 7 3 32 0 2" Dense, gray medium SAND (SP), wet.
50/1" 1" Very dense, brown GRAVEL and fine to coarse   

SAND (GW), wet.
*Driller adv. roller bit through boulder to 3 ft., then casing.  

3 SS-2 3 0 50/3" No recovery.

Driller advanced roller bit and casing incrementally 
through boulders from about 3 to 7 ft.
No return on drilling water

7 R-1 36 33 6 min/ft. Very hard, gray, white and black, slightly weathered to
fresh, coarse grained Granitic rock, staining in joints, 

4 min/ft. joints spaced 0.5 to 8 in., near horizontal to ~20 deg
No water return during coring

7 min/ft. RQD = 18/36" = 50%

10 R-2 24 24 7 min/ft. Similar to R-1.  
RQD=13/24" = 54%

5 min/ft.

Boring terminated at about 12 ft.  

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-26 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115

P
R

O
B

A
B

LE
 

B
O

U
LD

E
R

   
   

FI
LL

push

R
O

C
K

Asphalt

R
em

ar
ks

Stratum Installed

787080.0

4"

R
ec

. (
in

.)

GeoLogic

PI
D

 (p
pm

)

Description & Classification0

John Galvin 140 lb
4/21/2008 Drive&Wash

J. Turner

15

5

20

25

10

B-26

30"

R
em

ar
ks

B
lo

w
s/

6"
 o

r 
C

or
e 

Ti
m

e

111.1

Split spoon

D
ep

th
 (f

t.)

C
as

. B
lo

w
s

Sa
m

pl
e 

N
o.

Pe
n.

 (i
n.

)

Groundwater:

1.375"

Vert: BCB; Horiz. NAD83

4/22/2008 Mobile Drill Truck-mounted

Equipment

MWRA Pipeline Project, Contract No. 6905

63*

Saugus, MA 026-08-007

3008057.5



Project: Boring No.
Depth: 10.9 ft. Location: Project Number: Sheet 1 of 1
Time: End of drilling, inside casing Contractor: Sampler Type: ID OD 2"

Foreman: Hammer Wt.: Fall:
Start Date: Drill Technique: ID OD 4.5"
Finish Date: Rig Type:
SACE Staff: Northing: Easting:
Surface El.: + ft Datum:

4" Asphalt  Driller adv. Roller bit to 1ft
3" Concrete Concrete 1

1 SS-1 24 1 31 0 Very dense, fine to medium SAND and GRAVEL (SP),   
27 wet - gravel in spoon tip
26 *Driller adv. roller bit to 3 ft. then drove casing.  Casing  
61 skewed.  Driller removed and spun casing to 3 ft.  

3 SS-2 3 0 50/3" No recovery.

Driller adv. Roller bit through boulders to 5 ft., then 
spun casing to 5 ft.

5 R-1 60 60 6 min/ft. Very hard, brown, gray and black, slightly to moderately 
weathered, medium to coarse grained Granitic rock,  

4 min/ft. staining in joints, joints spaced 0-10 in., near 
horizontal to near vertical with most joints dipping 

5 min/ft. ~30-45 degrees.
RQD = 18/60" = 30%

6 min/ft. No water return when coring

7 min/ft.

10 R-2 24 24 5 min/2 ft. Similar to R-1, except moderately weathered, highly  
fractured, joint spacing <4".
RQD = 0%

Boring terminated at about 12 ft.

1. Drilling technique added water to boring.  Water levels may not be indicative of natural groundwater level.  

Soil/rock strata and groundwater surface, where indicated, are approximate. Transitions may be gradual.
Variations between exploration locations and over time should be expected.

Boring No.: B-27 Location: See Exploration Location Plan 668 Main Street, Wilmington, MA 01887  (978) 988-2115
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GEOTECHNICAL LABORATORY TEST RESULTS 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.6 0.0 100.01-1/2" 37.5 1.476" 501.6

J. Turner
R. Kline June 9, 2008

June 13, 2008

Black GRAVEL, some medium to coarse Sand

Grain Size Distribution

B-1 S-1 1-3'   Top 10"

GW

1.25
5

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

12

9.6
1.7

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

191.9

14.2

5.4

2.4

0.7
0.0

4.7 2.9

9.3
26.1

7.6

0.9

1.5
1.3340.4

476.9

340.8

303.1

421.5

305.6

341.7

450.8

410.5

339.9

301.6

416.8

303.7

401.2 410.5
418.1

38.6 66.8
565.2
527.7

595.8
571.9

30.6
44.2

50.8
27.8

12.5 0.492" 607.2 645.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

9.3

1.9 1.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.7 502.7 0.0 100.0
19.0 mm 3/4" 19 0.748" 596 621.2 25.2 86.9
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Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown GRAVEL and fine to medium SAND

Grain Size Distribution

B-1 S-4 9-11'

GP

0.225
1.2

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

16

71.1
0.4

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

171.8

35.2

22.4

11.1

4.1
0.0

16.4 12.9

7.7
9.4

14.3

3.0

5.4
7.0340.3

460.1

342.9

306.8

432.6

310.2

347.3

450.7

410.1

339.9

301.4

416.2

303.5

401.1 408.8
424.4

47.7 48.0
565.3
527.7

566.7
538.8

1.4
11.1

47.1
40.7

12.5 0.492" 607.6 655.3

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

30.7

6.7 7.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.6 529.2 26.6 84.5
19.0 mm 3/4" 19 0.748" 595.9 611 15.1 75.7

Grain-Size Distribution Plot
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1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

69
87.8

13
1.19

0.27372

70
1

Deq 0.004 0.0 946.9

250 µm 0.025 11.1

415.775 µm 0.008 4.1

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-1 S-4 9-11'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2262.1

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

69.8

0.200

2.8E-03 8.4E-03 2.5E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 7.2 260.0

0.81166

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

22.2
0.9
13.60.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

318.2

30.7
22.4
12.9

38.0
138.7

35.2

84.5
75.7

6.2
4.6

48.0

27.4

47.1
40.7

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray GRAVEL and fine to medium SAND, trace silt

Grain Size Distribution

B-2 S-1 1-3'  Bottom 7"

GW

0.165
1.75

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

15

90.9
1.2

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

150.1

31.8

20.8

12.6

5.9
0.0

10.2 14.0

7.2
10.0

9.4

2.1

5.0
8.9340.3

460.7

342.0

306.4

426.4

308.5

349.2

450.7

410.1

339.9

301.4

416.2

303.5

401.1 408.3
419.5

36.8 54.3
565.3
527.7

570.2
546.5

4.9
18.8

51.0
38.5

12.5 0.492" 607.6 644.4

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

27.0

5.0 9.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.6 502.6 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 627.7 31.8 78.8

Grain-Size Distribution Plot
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50
60
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90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to coarse SAND, some Gravel, little Silt

Grain Size Distribution

B-2 S-2 3-5'

SM

N/A
0.275

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

3.25

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

69.9

55.4

40.9

28.2

13.9
0.0

7.1 30.8

4.4
7.5

5.7

1.8

4.9
9.7340.5

458.4

341.8

306.7

423.7

308.9

350.2

450.9

410.4

340.0

301.8

416.6

303.8

401.3 405.7
416.1

12.8 81.7
565.2
527.7

569.5
534.3

4.3
6.6

75.5
66.1

12.5 0.492" 607.5 620.3

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

49.1

5.1 20.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.7 595.7 0.0 100.0

Grain-Size Distribution Plot

0
10
20
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40
50
60
70
80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

47
62.8

1.3
1.19

0.28769

70
1

Deq 0.004 0.0 3210.1

250 µm 0.025 28.2

931.675 µm 0.008 13.9

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-2 S-2 3-5'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

5353.6

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

103.0

0.200

5.7E-04 1.7E-03 5.1E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 20.9 486.4

0.79198

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

14.6
6.5
19.90.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

338.6

49.1
40.9
30.8

53.3
135.9

55.4

100.0
100.0

0.0
0.0

81.7

53.6

75.5
66.1

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray fine to medium SAND, trace silt

Grain Size Distribution

B-2 S-4 7-9'

SP-SM

0.075
0.175

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.28

3.7
1.5

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

57.9

97.8

90.7

50.9

10.0
0.0

16.0 63.0

0.6
0.3

3.5

7.0

7.2
5.8340.5

450.9

347.0

308.8

432.4

320.1

346.3

450.6

410.3

340.0

301.6

416.4

303.6

401.2 401.8
413.8

0.0 100.0
565.2
527.7

565.5
528.4

0.3
0.7

99.5
98.3

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

96.7

16.5 22.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
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By: Date:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.95
0.2

e=

48
44.9

0.25
1.19

0.24019

70
1

Deq 0.004 0.0 2313.4

250 µm 0.025 50.9

1658.075 µm 0.008 10.0

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-2 S-4 7-9'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

7391.2

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

483.6

0.200

1.8E-04 5.4E-04 1.6E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 22.5 1899.8

0.94641

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
0.5
2.50.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

921.1

96.7
90.7
63.0

8.8
100.7

97.8

100.0
100.0

0.0
0.0

100.0

2.6

99.5
98.3

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray fine to medium SAND, trace silt

Grain Size Distribution

B-2 S-5 9-11'

SP-SM

0.095
0.225

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.55

5.8
1.0

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

134.2

84.4

63.0

34.4

6.5
0.0

29.1 41.4

10.8
12.8

17.8

9.3

12.5
8.7340.6

463.6

349.4

314.3

445.7

328.8

349.3

450.8

410.4

340.1

301.8

416.6

303.8

401.3 412.1
428.2

0.0 100.0
565.4
527.9

565.4
536.1

0.0
8.2

100.0
93.9

12.5 0.492" 607.8 607.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

76.3

25.0 15.8150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
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50
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80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
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By: Date:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.95
0.2

e=

33
50.1

0.4
1.19

0.39227

70
1

Deq 0.004 0.0 1497.2

250 µm 0.025 34.4

1241.975 µm 0.008 6.5

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-2 S-5 9-11'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

5330.8

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

277.2

0.200

1.4E-03 4.1E-03 1.2E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 15.8 1241.9

0.74364

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
0.0
12.90.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

722.8

76.3
63.0
41.4

68.2
221.1

84.4

100.0
100.0

0.0
0.0

100.0

47.7

100.0
93.9

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray fine to medium SAND, some Silt

Grain Size Distribution

B-2 S-6 11-13'

SM

N/A
0.076

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.2

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

170.8

99.9

97.8

69.3

29.1
0.0

33.9 78.0

0.4
0.2

3.1

14.9

31.4
49.7340.5

450.8

354.9

333.0

450.3

340.8

390.2

450.6

410.3

340.0

301.6

416.4

303.6

401.2 401.6
413.4

0.0 100.0
565.2
527.7

565.2
527.7

0.0
0.0

100.0
100.0

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

99.6

37.2 47.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.9
0.3

e=

15
41.1

0.18
1.19

0.56794

70
1

Deq 0.004 0.0 6720.0

250 µm 0.025 69.3

2451.275 µm 0.008 29.1

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-2 S-6 11-13'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

11666.5

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

348.9

0.200

7.6E-04 2.3E-03 6.8E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 47.5 1452.0

0.55344

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
0.0
0.00.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

661.6

99.6
97.8
78.0

2.0
30.2

99.9

100.0
100.0

0.0
0.0

100.0

0.6

100.0
100.0

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray and black fine to coarse SAND, some Silt, little Gravel

Grain Size Distribution

B-4 S-1 1-3'  Bottom 9"

SM

N/A
0.1

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.9

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

108.1

71.3

54.0

42.1

25.5
0.0

11.0 43.8

8.1
11.5

10.6

1.9

11.8
27.6340.3

462.2

341.8

313.2

427.2

309.6

367.9

450.7

410.1

339.9

301.4

416.2

303.5

401.1 409.2
420.7

6.6 93.9
565.3
527.7

565.8
540.1

0.5
12.4

93.4
82.0

12.5 0.492" 607.6 614.2

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

63.8

6.1 36.4150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.6 502.6 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 595.9 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray fine to medium SAND, some Gravel, little Silt

Grain Size Distribution

B-4 S-4 7-9'

SM

N/A
0.225

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.65

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

108.2

62.7

47.2

31.6

12.7
0.0

14.5 33.8

6.2
7.0

10.5

2.4

12.5
13.7340.4

458.1

342.4

314.1

431.1

311.7

354.1

451.1

410.4

340.0

301.6

416.6

303.7

401.3 407.5
420.9

15.0 80.7
565.4
527.9

568.0
537.8

2.6
9.9

78.3
69.1

12.5 0.492" 607.7 622.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

56.9

8.0 24.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.6 502.6 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 601.8 5.9 94.5

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

19
56.6

0.73
1.19

0.4732

70
1

Deq 0.004 0.0 2924.1

250 µm 0.025 31.6

1540.475 µm 0.008 12.7

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-4 S-4 7-9'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

5771.2

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

88.7

0.200

1.9E-03 5.7E-03 1.7E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 24.2 492.9

0.5307

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

11.1
2.5
19.30.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

446.7

56.9
47.2
33.8

48.6
161.7

62.7

100.0
94.5

0.0
2.9

80.7

32.3

78.3
69.1

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 4, 2008

June 13, 2008

Brown slightly plastic SILT

Grain Size Distribution

B-4 S-5 9-11'  Bottom 4"

CL

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

N/A

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

99.2

100.0

99.7

99.0

97.1
0.0

0.5 99.2

0.1
0.0

0.2

0.2

1.1
96.3340.4

450.9

340.1

302.8

417.1

304.0

436.7

450.9

410.4

339.9

301.7

416.6

303.2

401.2 401.3
410.6

0.0 100.0
565.2
527.8

565.2
527.8

0.0
0.0

100.0
100.0

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

99.9

0.8 98.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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47.5

53.5
48

250 39.5

30
15 56.5

44.5
36.5

60

0.0750 97.1

11.30 27.7

0.0070

0.0027

0.0093
7.94
8.51

R. Kline June 4, 2008
June 13, 2008

Brown slightly plastic SILT

Hydrometer Analysis

9-11'

J. Turner

B-4 Sample Depth:S-5Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

99.1

51

% in suspension

7.03

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

54.0

Data from Sieve Analysis

30.5

0.0051 44.9

5.15

36.89.82

48.4

27.5 0.0012

652 68
5.725 61.5

20.0

0.0219 65.6
64.5 0.0146 62.1

0.01365
LReading (g/l) Diameter (mm)

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)

Pe
rc

en
t S

m
al

le
r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Container Number
Tare Weight (g)
Weight Wet Soil+Container Tare (g)
Weight Dry Soil+Container Tare (g)
Weight Water (g)
Weight Dry Soil (g)
Water Content (%)
Number of Blows, N

Container Number Natural Water Content
Tare Weight (g) Liquid Limit, LL
Weight Wet Soil+Container Tare (g) Plastic Limit, PL
Weight Dry Soil+Container Tare (g) Plasticity Index, PI
Weight Water (g) Liquidity Index, LI
Weight Dry Soil (g) USCS Classification
Water Content (%)

Copyright © 2008 Stephens Associates Consulting Engineers LLC
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1.591.42 1.60
23.89 24.53

19.4
7.69 8.23 CL

1925.31 26.13
11

16.20 16.30

5.88

Brown slightly plastic SILT

37
30

33 17

SUMMARY OF RESULTSPLASTIC LIMIT
15

5.89 7.25

14

1.75

26

23.71

29.7 31.2

2.26

24.20 23.92 25.97
16.45

1.77

29.6

16.28

22.17

29.6

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

22.43

5.98

16.46

Atterberg Limits

13
16.20
23.82
22.08
1.74

37

18.5

Boring Number: Sample Number:

R. Kline June 3, 2008
June 13, 2008J. Turner

21
LIQUID LIMIT

102

Sample Depth:S-5B-4 9-11'

Liquid Limit Flow Curve

29.0

29.5

30.0

30.5

31.0

31.5

10 100Number of Blows, N

W
at

er
 C

on
te

nt
 (%

)

25

Plasticity Chart

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100
Liquid Limit, LL (%)

Pl
as

tic
ity

 In
de

x,
 P

I

CL

ML or 
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CL-ML
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MH or OH



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Light brown non-plastic SILT and fine SAND

Grain Size Distribution

B-5 S-4 7-9'

ML

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.075

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

142.9

99.9

99.7

99.4

59.2
0.0

0.2 99.6

0.1
0.1

0.2

0.2

45.3
84.6340.4

451.0

340.2

347.0

416.8

315.9

425.0

450.9

410.4

340.0

301.7

416.6

303.7

401.3 401.4
410.6

0.0 100.0
565.4
527.9

565.4
527.9

0.0
0.0

100.0
100.0

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

99.9

12.2 90.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc
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t P
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 b

y 
W
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t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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0.0139
15.56
15.64

7
4
2

1.5

59.2Data from Sieve Analysis

15.73 0.6
250 3.5 0.0034

15 5

1

R. Kline June 3, 2008
June 13, 2008

Light brown SILT and fine Sand

Hydrometer Analysis

7-9'

J. Turner

B-5 Sample Depth:S-4Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

83.8

4.5

% in suspension

15.48

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2.4

0.0750

3.5

0.0070 1.2

14.66

0.615.73

1.8

0.5 0.0014
0.5

60 4
30 0.0098

2 10
15.155

20.0

0.0370 8.4
7 0.0238 4.8

0.01365
LReading (g/l) Diameter (mm)

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)
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Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.9
0.3

e=

1.19
70

1
0.82931

0.40241

25
30.5

0.07

Sample Depth:

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4 0.00.475

300 µm

8.40.00370

0.00014 0.6
Deq 0.00008 7423.1

Kozeny-Carman Formula

B-5 S-4 7-9'Boring Number: Sample Number:

J. Turner

0.00034

0.118
0.060
0.030

0.00238 4.8

0.00070 1.2

0.0

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA
R. Kline June 2, 2008

June 13, 2008

0.015 90.9

No. 50
0.025 99.4

Sieve Designation
Standard 

569.2

0.200

Hydrometer 0.00098

4226.7
13730.3

150 µm

0.0
1764.7

1512.6

Estimated range of k (cm/s)

32436.2

Nominal Sieve 
Opening (cm)

Sum:

5.6

0.3

612.2
857.1

3.5E-04

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

3.9E-05 1.2E-04

1726.6

0.6

1.8
0.00139 2.4

75 µm 0.008 59.2

No. 60
No. 100
No. 200

250 µm

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

99.6
2.399.7
0.6

4.7

99.9
99.9

Alternate
100.0

600 µm No. 30

2.00 mm No. 10
1.18 mm No. 16



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

25 0.984" 502.5 502.5

98.9

0.4 97.8150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18 0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

75 µm No. 200 0.075 0.0029"

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

12.5 0.492" 607.5 607.5 0.0 100.0
565.1
527.6

565.1
528.6

0.0
1.0

100.0
99.3

464.9

450.8

410.3

339.9

301.6

416.6

303.6

401.1 401.4
410.8

340.1

309.3

417.0

304.0

0.2

0.5

0.2

7.7
124.6340.3

451.0

135.3

99.1

98.5

98.1

92.1
0.0

0.4 98.2

0.3

9.5 0.374"
4.75 mm No. 4 4.75 0.187"
2.00 mm No. 10 2 0.078"

250 µm No. 60 0.25 0.0098"

Pan

N/A

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Light brown non-plastic SILT

Grain Size Distribution

B-5 S-5 9-11'

N/A
N/A

J. Turner
R. Kline June 6, 2008

June 13, 2008

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

Grain-Size Distribution Plot

0
10
20
30
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50
60
70
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90

100

0.010.1110100
Particle Diameter (mm)
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W
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t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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Data from Sieve Analysis 0.0750 92.1

20.6

0.013555
L

0.0286 31.9
28 0.0207 19.0

8.92
11.71

9.115 15
5

4.6
250 6 0.0034 2.315.32
60 9

0.0014 2.3

Reading (g/l) Diameter (mm) % in suspension

13.84
14.50
14.82

6

0.0067

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

131.6

1130

R. Kline June 11, 2008
June 13, 2008

Light brown non-plastic SILT

0.0094 6.1

2 45

0.0130

Sample Depth:S-5B-5

Hydrometer Analysis

9-11'

J. Turner

15.32

42
25
12
8
6
3
3
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Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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1

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

1.6

TABLE 1 - SUM OF (PNo D - PNo d)/d

0.36596

0.200

6.2
9.9

99.1

97.8

21046.0

Sieve Designation
Standard Alternate

3/8"

2.00 mm No. 10

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

75 µm

2.3

Hydrometer
0.00067 4.6
0.00094 6.1

9.1

0.00286

0.00130

98.9
98.5
98.2

6231.9
7615.4

19.7

0.0
0.0

4.75 mm No. 4
9.5

0.475

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing
100.0
99.3

0.0

1.19

0.7
1.9

70

23
24.4

0.04

5.5E-06 1.6E-05

Estimated range of k (cm/s)

0.89007
0.9
0.3

e=

4.9E-05

Probable 
measured 
lower bnd

Calculated 
Estimate

Kozeny-Carman Formula

B-5

Probable 
measured 
upper bnd

76348.0

28455.1

Nominal Sieve 
Opening (cm)

Sum:

0.950

5.90.025

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

S-5 9-11'Boring Number: Sample Number: Sample Depth:

J. Turner
R. Kline June 6, 2008

June 13, 2008

0.118
0.060
0.030

2.3
0.00034
0.00014

0.008 92.1
150 µm

0.00207 19.0

No. 60
No. 100
No. 200

0.015

31.9

98.1250 µm

3191.5
2238.8
6764.7

758.8

Deq 0.00008



Project: Number: Sheet of 
Name:
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to coarse SAND, little Gravel

Grain Size Distribution

B-6 S-4 7-9'  Middle 6"

SP

0.215
0.55

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.65

7.7
0.9

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

100.9

69.6

32.4

11.2

3.5
0.0

19.3 13.3

14.9
16.3

22.6

2.1

3.2
3.5340.5

467.0

342.1

304.8

435.7

308.2

344.0

450.7

410.3

340.0

301.6

416.4

303.6

401.2 416.1
432.9

0.0 100.0
565.4
527.8

573.3
534.3

7.9
6.5

92.2
85.7

12.5 0.492" 607.7 607.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

54.8

4.6 6.6150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:
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By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.95
0.2

e=

23
60

1
1.19

0.52473

70
1

Deq 0.004 0.0 801.1

250 µm 0.025 11.2

422.975 µm 0.008 3.5

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-6 S-4 7-9'  Middle 6"Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2849.7

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

83.3

0.200

1.0E-02 3.1E-02 9.3E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 6.6 303.9

0.56703

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
8.2
13.60.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

637.6

54.8
32.4
13.3

125.1
373.3

69.6

100.0
100.0

0.0
0.0

100.0

80.8

92.2
85.7

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND, little Silt

Grain Size Distribution

B-6 S-5 9-11'

SM

N/A
0.12

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.26

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

173.5

90.8

82.8

59.3

17.2
0.0

28.0 66.6

5.3
7.9

8.6

12.8

36.4
29.9340.5

458.7

352.8

338.0

444.5

340.2

370.4

450.8

410.3

340.0

301.6

416.5

303.7

401.2 406.5
418.9

0.0 100.0
565.4
527.8

565.4
535.9

0.0
8.1

100.0
95.3

12.5 0.492" 607.7 607.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

87.7

36.5 38.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.9

Percent 
Passing

1.190.475 95.3

23
42.5

0.2
0.0
0.0

70
1

0.67352

3979.9

250 µm 0.025 59.3 0.3
e=

Deq 0.004 0.0
No. 200

R. Kline

150 µm

Boring Number:

9.5

Sieve Designation
Standard Alternate

75 µm

37.5 mm

June 2, 2008
June 13, 2008

0.118
0.060
0.030

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4

Kozeny-Carman Formula

B-6 S-5 9-11'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

9153.8

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

295.1

0.200

8.6E-04 2.6E-03 7.8E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 38.2 1402.5
2797.30.008 17.2

--
1" 100.0

0.49589
No. 60

No. 100

0.0
0.0

22.8
9.8

25.0 mm
1-1/2"

100.0

100.0

100.0
100.0

(PNoD-PNod)/ d 
(1/cm)

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

25.9

537.9

90.8
87.7
82.8
66.6

82.6

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 9, 2008

June 13, 2008

Gray medium to coarse SAND, little Gravel

Grain Size Distribution

B-8 S-1 1-3'   Top 5"

SP

0.45
0.975

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2.4

5.3
0.9

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

207.3

54.6

14.7

1.8

0.3
0.0

24.9 2.7

38.9
53.2

43.7

1.8

1.0
0.7340.4

504.0

341.7

302.6

441.7

305.8

341.1

450.8

410.5

339.9

301.6

416.8

303.7

401.2 440.1
454.2

4.8 97.7
565.2
527.7

569.9
559.2

4.7
31.5

95.4
80.2

12.5 0.492" 607.2 612.0

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

35.8

2.1 0.8150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 596 596 0.0 100.0

Grain-Size Distribution Plot

0
10
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50
60
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90
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0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND and GRAVEL, trace silt

Grain Size Distribution

B-8 S-1 1-3'  Bottom 11"

SP-SM

0.14
0.5

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

3.8

27.1
0.5

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

242.9

53.1

33.6

16.2

6.3
0.0

35.8 18.8

18.5
22.3

29.1

6.4

10.8
15.3340.4

473.2

346.3

312.5

452.4

316.9

355.7

450.9

410.4

339.9

301.7

416.6

303.7

401.2 419.7
439.5

16.9 75.6
565.2
527.8

570.9
554.4

5.7
26.6

73.3
62.3

12.5 0.492" 607.6 624.5

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

45.5

13.2 10.7150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 544.8 42.3 82.6
19.0 mm 3/4" 19 0.748" 595.9 595.9 0.0 82.6

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Name:
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to coarse SAND, some Gravel, little Silt

Grain Size Distribution

B-9 S-2 3-5'

SW-SM

N/A
0.35

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.8

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

130.4

63.2

43.6

23.7

10.9
0.0

22.1 26.7

9.8
17.6

15.7

3.9

8.3
14.2340.5

468.5

343.9

310.1

438.7

312.2

354.7

450.9

410.4

340.0

301.8

416.6

303.8

401.3 411.1
426.1

0.0 100.0
565.2
527.7

574.5
548.8

9.3
21.1

92.9
76.7

12.5 0.492" 607.5 607.5

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

55.7

8.4 17.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

54
58.2

0.85
1.19

0.22385

70
1

Deq 0.004 0.0 2514.8

250 µm 0.025 23.7

848.775 µm 0.008 10.9

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-9 S-2 3-5'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

4850.9

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

119.6

0.200

3.5E-04 1.0E-03 3.1E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 17.3 429.4

0.8819

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
7.5
34.10.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

564.9

55.7
43.6
26.7

63.7
200.7

63.2

100.0
100.0

0.0
0.0

100.0

67.5

92.9
76.7

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND and GRAVEL, little Silt

Grain Size Distribution

B-11 S-1 1-3'  Bottom 11"

SW-SM

N/A
0.4

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

6.75

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

275.1

48.3

35.7

23.2

10.7
0.0

28.2 25.5

14.7
20.3

19.8

6.2

18.3
29.3340.5

471.2

346.2

320.1

444.8

320.1

369.8

450.9

410.4

340.0

301.8

416.6

303.8

401.3 416.0
430.2

12.3 69.3
565.2
527.2

578.5
551.4

13.3
24.2

64.4
55.7

12.5 0.492" 607.5 619.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

42.9

16.3 17.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.4 546.8 44.4 83.9
19.0 mm 3/4" 19 0.748" 595.7 623.5 27.8 73.8

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND, some Gravel, some Silt

Grain Size Distribution

B-11 S-4 7-9'

SM

N/A
0.83

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.4

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

107.5

63.8

52.0

42.6

28.7
0.0

8.2 44.4

5.5
7.2

7.2

1.9

8.4
30.9340.4

458.3

342.1

310.3

425.1

310.3

371.3

451.1

410.6

340.2

301.9

416.9

303.8

401.4 406.9
417.8

21.5 80.0
565.4
527.9

565.4
538.1

0.0
10.2

80.0
70.5

12.5 0.492" 607.7 629.2

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

58.7

6.5 36.6150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.7 502.7 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 595.9 0.0 100.0

Grain-Size Distribution Plot

0
10
20
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50
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70
80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

70
1

0.78954
0.85

39
52.5

0.5
1.19

0.004Deq

75 µm 0.008 28.7

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

150 µm

80.0

2.00 mm No. 10

3/8"
12.5 mm

250 µm

0.118
0.060
0.030
0.025

0.475 70.5
63.8

100.0

Boring Number: Sample Number: Sample Depth:

J. Turner Kozeny-Carman Formula

B-11 S-4 7-9'

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

8632.6

Nominal Sieve 
Opening (cm)

Sum:

1.900
1.250
0.950

70.7

33.5
20.0

0.200

2.2E-04 6.7E-04 2.0E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 36.6 403.1
0.14

e= 0.28943

111.6

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

16.0
0.0

0.0

Sieve Designation
Standard Alternate

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

19.0 mm 3/4"
1/2"

43.4

254.3

80.0

58.7
52.0
44.4

0.0

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

6638.2

42.6

1041.9
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray GRAVEL and fine to medium SAND, trace silt

Grain Size Distribution

B-12 S-1 1-3'

GP-GM

0.2
1.08

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

8.6

43.0
0.7

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

252.4

38.1

22.1

11.3

5.0
0.0

23.4 12.9

16.2
18.9

24.1

3.9

7.6
12.7340.4

469.6

343.8

309.5

439.8

312.0

353.1

450.7

410.2

339.9

301.9

416.4

303.7

401.1 417.3
434.3

48.0 70.0
565.1
527.7

584.5
570.0

19.4
42.3

62.4
45.6

12.5 0.492" 607.6 655.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

31.7

8.3 8.0150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 623.5 27.6 89.1

Grain-Size Distribution Plot
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 5, 2008

June 13, 2008

Gray to olive brown non-plastic SILT and fine SAND

Grain Size Distribution

B-12 S-5 10-12'

ML

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.085

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

133.3

99.4

96.1

84.5

56.9
0.0

10.9 87.9

1.1
0.8

3.3

4.5

20.8
75.8340.4

451.6

344.5

322.4

427.5

319.8

416.2

450.8

410.3

340.0

301.6

416.6

303.7

401.2 402.3
413.6

0.0 100.0
565.6
527.9

565.6
527.9

0.0
0.0

100.0
100.0

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

98.6

16.1 72.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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14.66

62
59
51

43.5
35
17
7

Sample Depth:S-5B-12

Hydrometer Analysis

10-12'

J. Turner

30

R. Kline June 6, 2008
June 13, 2008

Grey to olive brown non-plastic SILT and fine SAND

0.0073 32.9

2 65

0.0096

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

132.1

46.5

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.0014 5.3

Reading (g/l) Diameter (mm) % in suspension

7.44
8.67

10.07

10

0.0056 26.5
250 20 0.0031 12.913.02
60 38

38.615 54
5

0.0229 46.9
62 0.0151 44.7

5.64
6.13

Data from Sieve Analysis 0.0750 56.9

20.0

0.01365
L

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)

Pe
rc

en
t S

m
al

le
r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= > 1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

1.8
0.25

e=

1.19
70

1
1.18241

0.25

38
22.8

0.03

Sample Depth:

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4 0.00.475

300 µm

46.90.00229

0.00014 5.3
Deq 0.00008 65570.5

Kozeny-Carman Formula

B-12 S-5 10-12'Boring Number: Sample Number:

J. Turner

0.00031

0.118
0.060
0.030

0.00151 44.7

0.00056 26.5

0.0

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA
R. Kline June 5, 2008

June 13, 2008

0.015 72.5

No. 50
0.025 84.5

Sieve Designation
Standard 

805.2

0.200

Hydrometer 0.00073

2080.5
4351.2

150 µm

54285.7
43871.0

1457.0

Estimated range of k (cm/s)

198470.9

Nominal Sieve 
Opening (cm)

Sum:

135.0

3.0

7808.2
11428.6

2.5E-06

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

2.8E-07 8.4E-07

6354.2

12.9

32.9
0.00096 38.6

75 µm 0.008 56.9

No. 60
No. 100
No. 200

250 µm

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

87.9
41.396.1
7.0

272.6

98.6
99.4

Alternate
100.0

600 µm No. 30

2.00 mm No. 10
1.18 mm No. 16



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Container Number
Tare Weight (g)
Weight Wet Soil+Container Tare (g)
Weight Dry Soil+Container Tare (g)
Weight Water (g)
Weight Dry Soil (g)
Water Content (%)
Number of Blows, N

Container Number Natural Water Content
Tare Weight (g) Liquid Limit, LL
Weight Wet Soil+Container Tare (g) Plastic Limit, PL
Weight Dry Soil+Container Tare (g) Plasticity Index, PI
Weight Water (g) Liquidity Index, LI
Weight Dry Soil (g) USCS Classification
Water Content (%)
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N/A0.87 0.80
26.59 22.90

12.3
6.92 6.52 ML

1227.46 23.70
N/A

19.67 16.38

Grey to olive brown non-plastic SILT and fine SAND

16
N/A

SUMMARY OF RESULTSPLASTIC LIMIT
7 1

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Atterberg Limits

12.6

Boring Number: Sample Number:

R. Kline June 3, 2008
June 13, 2008J. Turner

LIQUID LIMIT

Sample Depth:S-5B-12 10-12'

Liquid Limit Flow Curve

0

0

0

1

1

1

1

10 100Number of Blows, N

W
at

er
 C

on
te

nt
 (%

)

25

Plasticity Chart

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100
Liquid Limit, LL (%)

Pl
as

tic
ity

 In
de

x,
 P

I

CL

ML or 
OL

CL-ML

CH

MH or OH

*Non Plastic.  Liquid Limit test 
could not be performed.  



Project: Number: Sheet of 
Name:
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 9, 2008

June 13, 2008

Brown fine to medium SAND and GRAVEL, trace silt

Grain Size Distribution

B-13 S-1 1-3'

SP-SM

0.091
0.485

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

9.25

101.6
0.3

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

188.8

46.1

33.8

18.4

9.0
0.0

24.0 21.1

8.5
13.7

14.8

5.1

7.5
16.9340.4

464.5

345.1

309.1

440.6

314.0

357.3

450.8

410.3

340.0

301.6

416.6

303.7

401.2 409.7
425.1

31.1 66.0
565.3
527.7

576.0
540.8

10.7
13.1

60.3
53.4

12.5 0.492" 607.6 638.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

41.6

10.3 12.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.8 502.8 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 628.9 33.1 82.5

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND, some Gravel, little Silt

Grain Size Distribution

B-13 S-2 3-5'

SM

N/A
0.25

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.7

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

157.7

62.1

46.7

30.4

15.3
0.0

21.6 33.0

8.9
11.9

15.4

4.1

14.8
24.2340.6

462.7

344.2

316.6

438.2

312.7

364.8

450.8

410.4

340.1

301.8

416.6

303.8

401.3 410.2
425.8

6.4 79.5
565.4
527.9

573.8
535.1

8.4
7.2

74.2
69.6

12.5 0.492" 607.8 614.2

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

56.4

8.9 24.7150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.9 621.8 25.9 83.6

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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rc
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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Composite

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown GRAVEL, some fine to medium Sand

Grain Size Distribution

B-13 S-3 & S-4 3-7'

GW

0.21
2.6

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

17.5

83.3
1.8

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

227

27.9

18.0

10.8

4.8
0.0

13.9 11.9

9.6
13.7

12.8

2.4

6.3
10.9340.3

464.5

342.3

308.3

430.4

311.0

351.2

450.8

410.3

339.9

302.0

416.5

303.6

401.1 410.7
423.1

56.5 44.2
565.2
527.7

576.9
539.4

11.7
11.7

39.1
33.9

12.5 0.492" 607.5 664.0

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

23.7

7.4 7.6150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 665.9 70.1 69.1

Grain-Size Distribution Plot

0
10
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90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
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By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

34.5
89.4

15
1.19

0.44607

70
1

Deq 0.004 0.0 1108.9

250 µm 0.025 10.8

370.075 µm 0.008 4.8

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-13 S-3 & S-4 3-7'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2155.1

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

42.3

0.200

1.2E-02 3.5E-02 1.1E-01

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 7.6 217.3

0.56892

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

19.9
5.4
10.90.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

204.1

23.7
18.0
11.9

35.8
94.0

27.9

100.0
69.1

0.0
16.3

44.2

30.2

39.1
33.9

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Gray/brown fine to coarse SAND, some Gravel

Grain Size Distribution

B-13 S-6 14-16'

SP

0.3
0.76

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

3.25

10.8
0.6

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

127.8

52.6

23.6

8.1

2.7
0.0

17.5 9.9

15.0
18.3

22.1

2.3

3.4
3.4340.5

469.2

342.3

305.2

434.1

307.3

343.9

450.9

410.4

340.0

301.8

416.6

303.8

401.3 416.3
432.5

4.9 87.2
565.2
527.2

577.2
541.1

12.0
13.9

77.8
66.9

12.5 0.492" 607.5 612.4

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

40.8

3.5 5.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.6 502.6 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 607.3 11.5 91.0

Grain-Size Distribution Plot
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Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.9
0.3

e=

22
66.4

1.8
1.19

0.58366

70
1

Deq 0.004 0.0 614.4

250 µm 0.025 8.1

354.775 µm 0.008 2.7

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-13 S-6 14-16'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2180.0

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

72.0

0.200

2.3E-02 7.0E-02 2.1E-01

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 5.3 182.6

0.52723

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

3.1
9.9
22.90.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

456.4

40.8
23.6
9.9

99.5
288.2

52.6

100.0
91.0

0.0
4.7

87.2

71.6

77.8
66.9

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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Revisions:
By: Date:
By: Date:
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501.2 0.0 100.01-1/2" 37.5 1.476" 501.2

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to coarse SAND, some Gravel

Grain Size Distribution

B-14 S-3 6-8'

SP

0.225
0.7

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

3.25

14.4
0.7

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

92.1

53.1

26.5

11.0

3.5
0.0

12.0 13.5

10.8
14.8

13.7

2.3

2.6
3.2340.4

465.5

342.2

304.5

428.4

308.0

343.6

450.7

410.2

339.9

301.9

416.4

303.7

401.1 411.9
423.9

16.8 81.8
565.1
527.7

567.6
536.8

2.5
9.1

79.0
69.2

12.5 0.492" 607.6 624.4

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

41.4

4.3 6.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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Revisions:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

22
66.4

1.8
1.19

0.47566

70
1

Deq 0.004 0.0 802.4

250 µm 0.025 11.0

376.475 µm 0.008 3.5

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-14 S-3 6-8'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2490.2

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

99.9

0.200

1.0E-02 3.1E-02 9.4E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 6.3 311.3

0.52723

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

14.6
2.9
20.80.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

434.3

41.4
26.5
13.5

99.4
247.9

53.1

100.0
100.0

0.0
0.0

81.8

80.3

79.0
69.2

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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307.1

501.3 0.0 100.0

343.3
435.6

310.8

23.1 81.8
5.9

1-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to coarse SAND, some Gravel, trace silt

Grain Size Distribution

B-15 S-1 1-3'  Bottom 7"

SP-SM

0.13
0.5

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

3

23.1
0.6

Pan

0.078"

250 µm No. 60 0.25 0.0098"

0.0464"

300 µm No. 50 0.3 .0118"

11.7

9.5 0.374"
4.75 mm No. 4 4.75 0.187"
2.00 mm No. 10 2 464.0

127

57.2

33.9

16.5

6.8
0.0

19.0 19.0
428.2

13.2

17.8

3.2

5.3
8.6340.6

540.1

349.2

450.8

410.4

340.1

301.8

416.6

303.8

401.3 413.0

12.2
77.2
67.6

12.5 0.492" 607.8 630.9
565.4
527.9

571.3

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

600 µm No. 30 0.6 0.0236"
48.0

7.0 10.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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Composite

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Brown fine to medium SAND, little Gravel, trace silt

Grain Size Distribution

B-15 S-2 & S-3 3-7'

SP-SM

0.15
0.35

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.75

5.0
1.1

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

170.1

73.1

56.4

17.3

6.5
0.0

56.2 23.4

10.6
13.4

17.8

10.4

6.5
11.0340.3

464.2

350.3

308.5

472.7

315.5

351.3

450.8

410.3

339.9

302.0

416.5

303.6

401.1 411.7
428.1

9.3 88.0
565.2
527.7

568.5
536.3

3.3
8.6

86.1
81.0

12.5 0.492" 607.5 616.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

66.9

11.9 10.3150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.7 606.8 11.1 93.5

Grain-Size Distribution Plot

0
10
20
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50
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70
80
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
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By: Date:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

32
53

0.53
1.19

0.34476

70
1

Deq 0.004 0.0 1493.4

250 µm 0.025 17.3

509.575 µm 0.008 6.5

No. 60
No. 100
No. 200

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-15 S-2 & S-3 3-7'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

4102.3

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

244.6

0.200

1.6E-03 4.8E-03 1.4E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 10.3 466.4

0.7116

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

4.4
2.0
10.60.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

1101.3

66.9
56.4
23.4

52.8
174.4

73.1

100.0
93.5

0.0
3.4

88.0

39.4

86.1
81.0

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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By: Date:
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501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown GRAVEL, some fine to medium Sand

Grain Size Distribution

B-15 S-4 7-9'

GW

0.21
2.25

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

19

90.5
1.3

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

142.7

28.2

17.0

10.9

4.5
0.0

7.4 11.8

7.5
13.4

8.5

1.3

4.5
6.4340.3

464.2

341.2

306.5

423.9

308.3

346.7

450.8

410.3

339.9

302.0

416.5

303.6

401.1 408.6
418.8

7.3 53.0
565.2
527.7

573.9
541.0

8.7
13.3

47.0
37.6

12.5 0.492" 607.5 614.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

23.0

4.7 7.6150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 533.3 30.8 78.4
19.0 mm 3/4" 19 0.748" 595.8 624.7 28.9 58.2

Grain-Size Distribution Plot
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
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By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

34
87

12
1.19

0.44346

70
1

Deq 0.004 0.0 1035.8

250 µm 0.025 10.9

420.575 µm 0.008 4.5

No. 60
No. 100
No. 200

R. Kline June 3, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-15 S-4 7-9'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2125.3

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

36.4

0.200

1.2E-02 3.6E-02 1.1E-01

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 7.6 219.6

0.57259

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

4.1
6.4
19.60.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

172.9

23.0
17.0
11.8

44.5
99.3

28.2

78.4
58.2

8.6
10.7

53.0

47.0

47.0
37.6

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"
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Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 9, 2008

June 13, 2008

Gray medium to coarse SAND, some Gravel

Grain Size Distribution

B-16 S-1 1-3'  Top 6"

SP

0.44
0.96

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2.7

6.1
0.8

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

167

52.8

15.1

2.7

0.4
0.0

19.0 3.7

28.9
36.0

34.1

1.7

1.3
0.7340.4

486.8

341.6

302.9

435.8

306.2

341.1

450.8

410.5

339.9

301.6

416.8

303.7

401.2 430.1
444.6

26.7 84.0
565.2
527.7

567.2
541.8

2.0
14.1

82.8
74.4

12.5 0.492" 607.2 633.9

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

35.5

2.5 1.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 596 596 0.0 100.0

Grain-Size Distribution Plot

0
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0.010.1110100
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown fine to medium SAND, little Gravel, little Silt

Grain Size Distribution

B-16 S-1 1-3'  Bottom 8"

SM

N/A
0.18

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.525

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

107.1

82.4

64.0

39.1

12.7
0.0

20.0 45.3

7.4
7.8

12.4

6.6

12.0
13.6340.3

458.6

346.5

313.6

436.5

319.9

353.9

450.8

410.3

339.9

301.6

416.5

303.6

401.1 408.5
422.7

0.0 100.0
565.2
527.8

571.4
532.6

6.2
4.8

94.2
89.7

12.5 0.492" 607.5 607.5

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

75.5

16.3 23.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown fine to coarse SAND, little Gravel, trace silt

Grain Size Distribution

B-16 S-3 5-7'

SW-SM

0.085
0.365

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.94

11.1
1.7

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

146.9

77.1

47.8

19.5

8.9
0.0

35.6 23.6

16.4
17.4

26.6

5.9

6.1
13.1340.4

468.3

345.9

307.8

452.2

313.2

353.5

450.9

410.4

340.0

301.7

416.6

303.7

401.3 417.7
437.0

0.0 100.0
565.4
527.9

570.7
538.9

5.3
11.0

96.4
88.9

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

65.9

9.5 13.1150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

40
55.3

0.65
1.19

0.29709

70
1

Deq 0.004 0.0 2059.4

250 µm 0.025 19.5

553.775 µm 0.008 8.9

No. 60
No. 100
No. 200

R. Kline June 3, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-16 S-3 5-7'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

4487.9

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

160.7

0.200

8.9E-04 2.7E-03 8.0E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 13.1 431.1

0.77874

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
3.8
15.80.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

807.8

65.9
47.8
23.6

94.6
301.8

77.1

100.0
100.0

0.0
0.0

100.0

59.2

96.4
88.9

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.5 0.0 100.01-1/2" 37.5 1.476" 501.5

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown fine to coarse SAND and GRAVEL, trace silt

Grain Size Distribution

B-16 S-4 7-9'

SP-SM

0.16
0.825

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

7.6

47.5
0.6

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

238.3

40.1

25.8

12.7

5.6
0.0

27.4 14.4

14.9
26.0

19.1

3.9

9.1
13.3340.5

476.8

343.9

310.7

443.9

311.6

353.8

450.8

410.3

340.0

301.6

416.5

303.7

401.2 416.1
429.4

23.3 74.2
565.4
527.8

589.5
558.9

24.1
31.1

64.1
51.0

12.5 0.492" 607.7 631.0

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

33.9

7.9 9.4150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 528 25.5 89.3
19.0 mm 3/4" 19 0.748" 595.9 608.6 12.7 84.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

66
76.1

4.4
1.19

0.24439

70
1

Deq 0.004 0.0 1288.9

250 µm 0.025 12.7

509.275 µm 0.008 5.6

No. 60
No. 100
No. 200

R. Kline June 3, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-16 S-4 7-9'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2762.0

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

65.5

0.200

1.4E-03 4.1E-03 1.2E-02

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 9.4 221.0

0.85297

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

7.8
10.6
27.50.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

383.3

33.9
25.8
14.4

53.0
133.6

40.1

89.3
84.0

4.3
2.8

74.2

54.6

64.1
51.0

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 2, 2008

June 13, 2008

Red/brown non-plastic SILT, little fine to medium Sand

Grain Size Distribution

B-17 S-4 8-10'  Bottom 8"

ML

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

N/A

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

50

94.4

87.0

79.2

69.0
0.0

3.2 80.6

1.1
1.2

2.6

0.7

3.4
34.5340.4

452.1

340.7

305.1

419.8

305.4

374.9

450.9

410.4

340.0

301.7

416.6

303.7

401.3 402.4
413.0

0.0 100.0
565.4
527.9

565.4
529.5

0.0
1.6

100.0
96.8

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

92.2

1.7 75.8150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
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15.89

18.5
12
6
4
2
0
0

Sample Depth:S-4B-17

Hydrometer Analysis

8-10'  Bottom 8"

J. Turner

30

R. Kline June 3, 2008
June 13, 2008

Red/brown non-plastic SILT, little fine to medium Sand

0.0097 8.5

2 21.5

0.0136

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

46.9

7

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.0014 0.0

Reading (g/l) Diameter (mm) % in suspension

14.82
15.15
15.48

2.5

0.0069 4.3
250 3 0.0034 0.015.81
60 5

12.815 9
5

0.0345 39.4
15 0.0227 25.6

12.77
13.84

Data from Sieve Analysis 0.0750 69

20.0

0.01365
L

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)

Pe
rc

en
t S

m
al

le
r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.3
e=

70
1

0.39909
0.9

0.66055

5
26.3

0.05
1.19

0.00034 0.0

Hydrometer
0.00069 4.3
0.00097 8.5
0.00136 12.8
0.00227

0.00014 0.0 0.0

R. Kline June 2, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-17 S-4 8-10'  Bottom 8"Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

48764.5

Nominal Sieve 
Opening (cm)

Sum:

0.950

56.0

12.0
0.475

87.0

0.200

6.5E-05 1.9E-04 5.8E-04

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 75.8 226.7

25.6

12647.1

6079.3
9411.8
4433.0
6087.0

69.0

86.7

No. 60
No. 100
No. 200

0.025

Sieve Designation

79.2

906.7
0.00345 39.4 8579.7

250 µm

(PNoD-PNod)/ d 
(1/cm)

75 µm 0.008

600 µm No. 30

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5 0.0

6.7

Standard 
Percent 
Passing

2.00 mm No. 10

3/8"

213.3

100.0
96.8
94.4

300 µm No. 50

1.18 mm 92.2 18.6

80.6

Alternate

No. 16



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown fine to medium SAND, little Gravel, some Silt

Grain Size Distribution

B-18 S-1 1-3'  Bottom 12"

SM

N/A
0.13

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.74

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

208.5

76.8

56.2

39.5

23.7
0.0

28.7 42.4

16.8
19.4

26.1

6.2

17.1
49.5340.4

470.5

346.4

319.0

445.6

319.5

389.9

451.1

410.6

340.2

301.9

416.9

303.8

401.4 418.2
436.7

0.0 100.0
565.4
527.9

577.5
544.8

12.1
16.9

94.2
86.1

12.5 0.492" 607.7 607.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

68.7

15.7 31.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 3, 2008

June 13, 2008

Brown fine to medium SAND, some Gravel, little Silt

Grain Size Distribution

B-18 S-2 3-5'

SM

N/A
0.25

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

2.5

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

83.5

58.2

42.6

29.9

18.4
0.0

8.9 32.0

5.0
6.6

8.0

1.7

4.8
15.4340.3

457.4

341.6

306.4

425.4

308.4

355.7

450.8

410.3

339.9

301.6

416.5

303.6

401.1 406.1
418.3

17.0 79.6
565.2
527.8

572.2
532.1

7.0
4.3

71.3
66.1

12.5 0.492" 607.5 624.5

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

52.2

4.8 24.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
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t P
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:
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By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 3, 2008

June 13, 2008

Light brown non-plastic SILT and fine to coarse SAND

Grain Size Distribution

B-18 S-4 7-9'

ML

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.16

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

49.8

80.3

69.5

63.3

53.2
0.0

2.6 64.3

2.7
5.4

2.7

0.5

3.3
26.5340.4

456.1

340.4

304.9

419.3

305.4

366.9

450.7

410.3

339.9

301.6

416.7

303.7

401.2 403.9
413.0

0.0 100.0
565.2
527.7

565.2
532.1

0.0
4.4

100.0
91.2

12.5 0.492" 607.6 607.6

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

74.9

1.7 59.8150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W
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t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:

Copyright © 2008 Stephens Associates Consulting Engineers LLC

Revisions:
By: Date:
By: Date:

www.stephensengineers.com 668 Main Street, Wilmington, MA 01887 (978) 988-2115

15.40

14
10
8

6.5
4.5
3

2.5

Sample Depth:S-4B-18

Hydrometer Analysis

7-9'

J. Turner

30

R. Kline June 5, 2008
June 13, 2008

Light brown non-plastic SILT and fine to coarse SAND

0.0095 21.2

2 17

0.0134

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

30.6

9.5

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.0014 8.2

Reading (g/l) Diameter (mm) % in suspension

14.50
14.74
15.07

5.5

0.0068 14.7
250 6 0.0034 9.815.32
60 7.5

26.115 11
5

0.0354 45.8
13 0.0229 32.7

13.51
14.17

Data from Sieve Analysis 0.0750 53.2

20.3

0.013603
L

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)

Pe
rc

en
t S

m
al
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r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.25
e=

70
1

0.59951
1.8

0.87076

12
28

0.05
1.19

0.00034 9.8

Hydrometer
0.00068 14.7
0.00095 21.2
0.00134 26.1
0.00229

Deq 0.00008 0.0 101448.7
0.00014 8.2 11428.6

R. Kline June 3, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-18 S-4 7-9'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

156280.1

Nominal Sieve 
Opening (cm)

Sum:

0.950

40.2

54.2
0.475

69.5

0.200

1.3E-05 3.8E-05 1.2E-04

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 59.8 227.6

32.7

14411.8

5720.5
4925.4
5157.9
9558.8

53.2

90.4

No. 60
No. 100
No. 200

0.025

Sieve Designation

63.3

883.5
0.00354 45.8 2094.0

250 µm

(PNoD-PNod)/ d 
(1/cm)

75 µm 0.008

600 µm No. 30

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5 0.0

18.6

Standard 
Percent 
Passing

2.00 mm No. 10

3/8"

174.0

100.0
91.2
80.3

300 µm No. 50

1.18 mm 74.9 45.9

64.3

Alternate

No. 16



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 4, 2008

June 13, 2008

Light brown fine to medium SAND, some Gravel, some non-plastic Silt

Grain Size Distribution

B-18 S-5 9-11'

SM

N/A
0.08

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.86

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

176.1

70.2

55.6

45.0

28.8
0.0

15.0 47.1

11.5
16.4

14.2

3.7

16.5
50.7340.6

467.3

343.9

318.3

431.8

315.8

391.3

450.9

410.5

340.2

301.8

416.8

303.8

401.3 412.8
424.7

18.2 89.7
565.4
527.9

568.4
542.8

3.0
14.9

88.0
79.5

12.5 0.492" 607.8 626.0

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

63.7

12.0 38.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
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50
60
70
80
90
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0.010.1110100
Particle Diameter (mm)
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as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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14.99

31.5
26.5
19
16
13
7.5
5

Sample Depth:S-5B-18

Hydrometer Analysis

9-11'

J. Turner

30

R. Kline June 5, 2008
June 13, 2008

Light brown fine to medium SAND, some Gravel, some non-plastic Silt

0.0088 13.2

2 34.5

0.0122

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

121.3

19

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.0014 4.1

Reading (g/l) Diameter (mm) % in suspension

12.69
13.18
13.68

8

0.0063 10.7
250 10.5 0.0032 6.214.58
60 16

15.715 22
5

0.0306 26.0
29.5 0.0201 21.8

10.64
11.46

Data from Sieve Analysis 0.0750 28.8

22.2

0.013287
L

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)
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t S

m
al

le
r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= >1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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0.14

5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

70
1

1.14397
0.85

77
49.4

0.38
1.19

0.00014

0.00306

15000.0
6.2 14062.5

0.00063
0.00032

3968.3

4.1

10.7

No. 100

26.0 911.9
0.00201 21.8 2089.6

1249.3

Hydrometer
0.00122
0.00088

250 µm 0.025 45.0No. 60

75 µm 0.008 28.8No. 200

R. Kline June 4, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-18 S-5 9-11'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

96933.2

Nominal Sieve 
Opening (cm)

Sum:

1.900
1.250
0.950

84.0

46.6
17.8

0.200

2.3E-07 6.8E-07 2.0E-06

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 38.2 454.3

13.2
5000.0
2840.9

15.7

0.14
e=

134.4

8.3
1.8

0.475

100.0
89.7

0.0

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

55.3

283.9

63.7

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
88.0
79.5
70.2

55.6
47.1

Sieve Designation
Standard Alternate

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"

9.5

0.00008 0.0 50724.3Deq
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Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.4 0.0 100.01-1/2" 37.5 1.476" 501.4

J. Turner
R. Kline June 4, 2008

June 13, 2008

Light brown fine to medium SAND and GRAVEL, trace silt

Grain Size Distribution

B-19 S-2 3-5'

SP-SM

0.09
0.525

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

8

88.9
0.4

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

103.8

45.8

31.7

19.4

8.3
0.0

10.5 21.6

5.5
5.6

9.1

2.3

5.4
8.6340.4

456.5

342.2

307.1

427.1

309.8

349.0

450.9

410.4

339.9

301.7

416.6

303.7

401.2 406.7
419.5

10.1 64.7
565.2
527.8

567.4
539.7

2.2
11.9

62.6
51.2

12.5 0.492" 607.6 617.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

40.5

6.1 13.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 529 26.5 74.5
19.0 mm 3/4" 19 0.748" 595.6 595.6 0.0 74.5

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
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t P
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y 
W
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gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 4, 2008

June 13, 2008

Gray-brown fine to medium SAND and non-plastic SILT

Grain Size Distribution

B-20 S-4 7-9'

SM

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.175

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

88.1

86.5

78.3

69.8

46.7
0.0

5.8 71.7

3.1
5.9

4.1

1.7

13.3
41.1340.6

456.8

341.9

315.1

422.6

310.9

381.7

450.9

410.5

340.2

301.8

416.8

303.8

401.3 404.4
414.6

0.0 100.0
565.4
527.9

567.6
531.7

2.2
3.8

97.5
93.2

12.5 0.492" 607.8 607.8

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

83.0

7.1 61.7150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
30
40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)

Pe
rc

en
t P

as
si

ng
 b

y 
W

ei
gh

t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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15.48

23.75
17

10.5
8
6

3.5
2

Sample Depth:S-4B-20

Hydrometer Analysis

7-9'

J. Turner

30

R. Kline June 5, 2008
June 13, 2008

Gray-brown fine to medium SAND and non-plastic SILT

0.0093 10.8

2 26.75

0.0130

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

74.4

11

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.0014 2.7

Reading (g/l) Diameter (mm) % in suspension

14.09
14.50
14.82

5

0.0066 8.1
250 6.5 0.0033 4.715.23
60 9

14.115 13.5
5

0.0326 31.9
20 0.0216 22.8

11.91
13.02

Data from Sieve Analysis 0.0750 46.7

21.7

0.013373
L

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)

Pe
rc

en
t S

m
al

le
r

Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= >1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

1.19
70

1
1.53687

95
33.7

0.09
0.200
0.475 93.2

86.5
29.8
33.5

97.5

Deq

0.00014 2.7
0.00008

Hydrometer

0.00216 22.8
0.00326 31.9

14285.7
0.00033 4.7 10303.0

4525.0

537.3

R. Kline June 4, 2008
June 13, 2008

150 µm

Kozeny-Carman Formula

B-20 S-4 7-9'Boring Number:

0.118
0.060
0.030

0.00093 10.8
0.00066 8.1

0.008

Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

84061.5

Nominal Sieve 
Opening (cm)

Sum:

1.250
0.950

77.20.025 69.8

2012.9

77.6

3.0E-07 9.1E-07 2.7E-06

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.14

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
2.6
9.1

100.0

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

33403.8

83.0
78.3
71.7

0.0

4213.0
6692.3
3548.4
4090.9

219.4

Sieve Designation
Standard Alternate

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

2.00 mm No. 10

3/8"
12.5 mm 1/2"

250 µm

75 µm

0.00130 14.1

46.7

No. 60
No. 100
No. 200

0.015 61.7



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 6, 2008

June 13, 2008

Gray-brown fine to medium SAND, some Silt, little Gravel

Grain Size Distribution

B-21 S-2 3-5'

SM

N/A
0.075

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.75

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

139

73.9

56.8

45.7

29.3
0.0

12.5 47.8

10.5
12.5

13.2

3.0

13.4
40.7340.4

463.3

342.9

315.0

429.3

313.1

381.1

450.8

410.5

339.9

301.6

416.8

303.7

401.2 411.7
423.7

9.9 92.9
565.2
527.7

572.4
534.4

7.2
6.7

87.7
82.9

12.5 0.492" 607.2 617.1

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

66.3

9.4 38.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 596 596 0.0 100.0

Grain-Size Distribution Plot

0
10
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40
50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 9, 2008

June 13, 2008

Gray fine to medium SAND, some Gravel, little Silt

Grain Size Distribution

B-22 S-1 1-3'   Bottom 11"

SM

N/A
0.175

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.1

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

139.6

68.1

52.4

36.6

18.0
0.0

17.6 39.8

9.0
11.1

13.0

4.4

14.3
25.1340.4

461.9

344.4

315.9

434.2

315.4

365.5

450.8

410.3

340.0

301.6

416.6

303.7

401.2 410.2
423.3

11.1 92.0
565.3
527.7

577.5
537.8

12.2
10.1

83.3
76.1

12.5 0.492" 607.6 618.7

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

61.7

11.7 28.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
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90
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0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 5, 2008

June 13, 2008

Gray-brown fine to medium SAND and GRAVEL, little Silt

Grain Size Distribution

B-22 S-3 5-7'

SM

N/A
0.41

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

8.05

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

166.6

42.6

32.4

26.1

14.2
0.0

8.4 27.4

8.3
13.6

8.6

2.2

12.9
23.6340.5

464.7

342.3

314.7

425.3

310.7

364.1

451.1

410.6

340.1

301.8

416.9

303.8

401.4 409.7
419.2

30.6 71.9
565.4
527.9

581.0
547.6

15.6
19.7

62.5
50.7

12.5 0.492" 607.8 638.4

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

37.6

6.9 21.9150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.7 502.7 0.0 100.0
19.0 mm 3/4" 19 0.748" 596 612.2 16.2 90.3

Grain-Size Distribution Plot

0
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0.010.1110100
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"
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According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr=
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

78
76.3

4.5
1.19

0.19269

70
1

Deq 0.004 0.0 3271.4

250 µm 0.025 26.1

1032.475 µm 0.008 14.2

No. 60
No. 100
No. 200

R. Kline June 5, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

Boring Number:

Kozeny-Carman Formula

B-22 S-3 5-7'Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

5024.5

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

52.8

0.200

2.1E-04 6.3E-04 1.9E-03

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 21.9 276.1

0.92579

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

14.7
9.9
24.90.475

37.5 mm

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

168.1

37.6
32.4
27.4

42.2
86.0

42.6

100.0
90.3

0.0
5.1

71.9

40.8

62.5
50.7

Alternate
(PNoD-PNod)/ d 

(1/cm)
Percent 
Passing

25.0 mm 1"
--

Sieve Designation
Standard 

1-1/2" 100.0

2.00 mm No. 10

3/8"

19.0 mm 3/4"
12.5 mm 1/2"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 5, 2008

June 13, 2008

Gray-brown fine to medium SAND, some Gravel, little Silt

Grain Size Distribution

B-23 S-2 3-5'

SP-SM

N/A
0.265

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

1.25

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

98.3

67.4

46.4

28.8

11.5
0.0

14.2 31.9

8.3
6.5

12.4

3.1

8.9
11.3340.4

457.4

343.0

310.6

430.8

311.8

351.7

450.9

410.4

339.9

301.7

416.6

303.7

401.2 409.5
422.8

14.3 85.5
565.2
527.8

571.5
532.7

6.3
4.9

79.0
74.1

12.5 0.492" 607.6 621.9

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

59.0

8.1 20.5150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

Grain-Size Distribution Plot

0
10
20
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50
60
70
80
90

100

0.010.1110100
Particle Diameter (mm)
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

25 0.984" 502.5 502.5

73.6

3.2 59.0150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18 0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

75 µm No. 200 0.075 0.0029"

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

12.5 0.492" 607.5 607.5 0.0 100.0
565.1
527.6

567.6
537.0

2.5
9.4

96.3
82.5

375.2

450.8

410.3

339.9

301.6

416.6

303.6

401.1 403.1
412.8

340.9

306.9

419.8

306.8

4.1

2.5

1.0

5.3
34.9340.3

454.9

68.1

76.5

69.9

63.7

51.2
0.0

3.2 65.2

2.0

9.5 0.374"
4.75 mm No. 4 4.75 0.187"
2.00 mm No. 10 2 0.078"

250 µm No. 60 0.25 0.0098"

Pan

0.175

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Light brown non-plastic SILT, some fine to medium Sand, little Gravel

Grain Size Distribution

B-23 S-4 7-9'  Bottom 6"

N/A
N/A

J. Turner
R. Kline June 5, 2008

June 13, 2008

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

Grain-Size Distribution Plot

0
10
20
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40
50
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80
90
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0.010.1110100
Particle Diameter (mm)
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t P
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t

20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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By: Date:
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22.2

0.0335 40.1
16 0.0220 27.4

0.013287
LReading (g/l) Diameter (mm)

2 22
13.685 13

5.5

0.0066 10.5

12.69

7.415.23

14.8

2.5 0.0014

19

% in suspension

14.33

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

19.0

Data from Sieve Analysis

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

47.4

10

R. Kline June 9, 2008
June 13, 2008

Light brown non-plastic SILT, some fine to medium Sand, little Gravel

Hydrometer Analysis

7-9'  Bottom 6"

J. Turner

B-23 Sample Depth:S-4

60

0.0750 51.2

15.40 5.3

0.0093

0.0033

0.0130
14.66
14.998

9
7

250 6.5

30
15 12

5
3.5

0

20

40

60

80

100

0.0010.0100.100
Particle Diameter (mm)
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Sand ClaySilt



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= >1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

1.19
70

1
1.26404

31
0.07

12.5 mm 1/2"

76.5
24.9

0.200 30.1

96.3

2.00 mm

(PNoD-PNod)/ d 
(1/cm)

59

65570.5

73.6
69.9
65.2

0.0

5772.7
6461.5
4516.1
6515.2

156.6
250 µm

75 µm 0.008

No. 60
No. 100
No. 200

40.1

Percent 
Passing

Sieve Designation
Standard Alternate

No. 10

3/8"

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5

0.0
3.9
29.1

Nominal Sieve 
Opening (cm)

100.0

0.475

Estimated range of k (cm/s)

0.015 59.0 313.3

10.5

0.00130

51.2 1.8
0.25

e=

61.2

0.25

7.9E-07 2.4E-06118273.2

58.7

1037.7
3327.8

15000.0
9393.9

7.1E-06

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Sum:

1.250
0.950

0.025 63.7

27.4

0.00033 7.4
0.00066

82.5

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Boring Number: Sample Number: Sample Depth:

J. Turner Kozeny-Carman Formula

B-23 S-4 7-9'  Bottom 6"

R. Kline June 5, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

0.00220

Deq

0.00014 5.3
0.00008

Hydrometer
19.0

0.00093 14.8

0.00335



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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0.0 100.0
19.0 mm 3/4" 19 0.748" 595.8 595.8 0.0 100.0

25 0.984" 502.5 502.5

88.8

10.4 61.6150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18 0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

75 µm No. 200 0.075 0.0029"

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

12.5 0.492" 607.5 607.5 0.0 100.0
565.1
527.6

565.1
531.2

0.0
3.6

100.0
96.5

386.9

450.8

410.3

339.9

301.6

416.6

303.6

401.1 404.8
416.1

342.6

318.2

425.6

314.0

4.2

5.8

2.7

16.6
46.6340.3

455.0

102.6

92.4

83.1

71.7

45.4
0.0

9.0 74.4

3.7

9.5 0.374"
4.75 mm No. 4 4.75 0.187"
2.00 mm No. 10 2 0.078"

250 µm No. 60 0.25 0.0098"

Pan

0.15

N/A
N/A

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Light brown fine to medium SAND and non-plastic SILT

Grain Size Distribution

B-24 S-3 5-7'

SM

N/A
N/A

J. Turner
R. Kline June 5, 2008

June 13, 2008

501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

Grain-Size Distribution Plot

0
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20010060301684 Standard Sieve Sizes2" 1" 3/8"
1/2" 503" 10 203/4"

*See Hydrometer 
Test data for 
particle sizes 
smaller than 0.075 
mm. 



Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

Sample Description:

Calculation for Percent of Soil in Suspension: P = (R*a/W)*100
P = percent of soil in suspension at the level of the hydrometer, i.e. percent smaller diameter
R = Hydrometer reading with composite correction
a = correction factor for specific gravity of soil solids other than 2.65

Calculation for Particle Diameter: D = K (L/T)0.5

D = particle diameter, mm T = time, min.
L = distance from the suspension surface to the level at which the density of the suspension is measured, cm
K = constant depending on the temperature of the suspension and the specific gravity of the soil particles.

Values of K for a range of temperatures and specific gravities are given in Table 3 of ASTM D-422
The value of K does not change for a series of readings constituting a test, while values of L and T do vary.

Test Constants: Hydrometer Type: 152H
Reading of Hydrometer in Solution Only (g/l): Temperature of Solution (oC)
Specific Gravity of Soil Solids (Assumed): 2.65 a: 1.00
Dry Soil Weight, W (g): K:
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22.2

0.0312 31.7
25 0.0208 24.0

0.013287
LReading (g/l) Diameter (mm)

2 32
12.205 22

6

0.0065 10.9

11.05

6.614.82

15.8

3 0.0014

29

% in suspension

13.02

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

18.6

Data from Sieve Analysis

Boring Number: Sample Number:

Corrected Reading (g/l)

1440

Time (min)

3.0

91.5

17.5

R. Kline June 9, 2008
June 13, 2008

Light brown fine to medium SAND and non-plastic SILT

Hydrometer Analysis

5-7'

J. Turner

B-24 Sample Depth:S-3

60

0.0750 45.4

15.32 3.3

0.0089

0.0032

0.0124
13.43
14.1713

17
14.5

250 9
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15 20
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Project: Number: Sheet of 
Name:

Original Work:
By: Date: Subject:
Checked By: Date:

According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= >1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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5

7.5

(Note: Reference List at end of data sheets)

62.4 9800
0.00131 10

0.85
0.14

e=

1.19
70

1
1.73851

0.14

122
33.9

0.09

Sieve Designation
Standard Alternate

100.0
96.5

2.00 mm No. 10

Hydrometer
0.00065 10.9

0.00124 18.6
0.00089 15.8

0.00312

3.3

31.7

30.6
20.5

292.4

Estimated range of k (cm/s)

675.8

3701.9
4354.8
3146.1
7538.5
13437.5

300 µm No. 50

1.18 mm No. 16
600 µm No. 30

250 µm

75 µm 45.4

TABLE 1 - SUM OF (PNo D - PNo d)/d

4.75 mm No. 4
9.5 0.0

7.40.475

(PNoD-PNod)/ d 
(1/cm)

Percent 
Passing

3/8"

No. 60

0.200

94.2

92.4
88.8
83.1
74.4

No. 100
No. 200

0.015 61.6

0.00208 24.0

2.0E-07104357.6

23571.4
0.00032 6.6

5.9E-07 1.8E-06

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Nominal Sieve 
Opening (cm)

Sum:

0.950

105.30.025 71.7

2157.20.008

40826.9

4397.1

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

Boring Number: Sample Number: Sample Depth:

J. Turner Kozeny-Carman Formula

B-24 S-3 5-7'

R. Kline June 5, 2008
June 13, 2008

0.118
0.060
0.030

150 µm

0.00014
Deq 0.00008 0.0
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 5, 2008

June 13, 2008

Brown fine to medium SAND, little Gravel, little Silt

Grain Size Distribution

B-25 S-1 1-3'  Bottom 11"

SW-SM

N/A
0.275

1

Laboratory Testing

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

0.76

N/A
N/A

Pan

250 µm No. 60 0.25 0.0098"

2.00 mm No. 10 2 0.078"

9.5 0.374"
4.75 mm No. 4 4.75 0.187"

207.8

78.6

53.9

27.6

11.2
0.0

45.4 32.1

17.5
18.9

33.8

9.3

14.6
23.2340.4

470.0

349.5

316.5

462.3

323.4

363.6

451.1

410.6

340.2

301.9

416.9

303.8

401.4 418.9
444.4

5.4 97.4
565.4
527.9

567.5
545.9

2.1
18.0

96.4
87.7

12.5 0.492" 607.7 613.1

Sieve Designation
Standard Alternate

9.5
12.5 mm 1/2"

3/8"

25.0 mm 1"
37.5 mm

75 µm No. 200 0.075 0.0029"

Boring Number: Sample Number: Sample Depth:

Percent 
PassingSoil Weight (g)Sieve+Soil Wt. 

(g)
Tare Weight 

(g)
Nominal Sieve Opening

mm inches

0.0464"

300 µm No. 50 0.3 .0118"
600 µm No. 30 0.6 0.0236"

70.2

19.6 18.2150 µm No. 100 0.15 0.0059"

1.18 mm No. 16 1.18

25 0.984" 502.5 502.5 0.0 100.0
19.0 mm 3/4" 19 0.748" 595.7 595.7 0.0 100.0

Grain-Size Distribution Plot
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1/2" 503" 10 203/4"
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Sample Description:

Soil Wt. Sum (g):

D10 = mm Cu = 
D30 = mm Cc =
D60 = mm USCS Classification = 
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501.3 0.0 100.01-1/2" 37.5 1.476" 501.3

J. Turner
R. Kline June 5, 2008
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According to References 1 and 3,
Permeability may be estimated as k = (γ/µ)(1/CK-C)(1/S2)[e3/(1+e)]

γ = assumed unit weight of water in situ, lb/ft3 = = N/m3

µ = viscosity of water, Ns/m2 = at oC
CK-C = Kozeny-Carman empirical coefficient; reported as 4.8±0.3, usually taken as 5, = 
S = specific surface area per unit volume of particles = SF*Σ((PNo D-PNo d)/d)

PNo D = percentage by weight smaller than size D
PNo d = percentage by weight larger than the next size d
Deq = equivalent grain size for particles smaller than Dmin of gradation = Dmin/3

0.5

SF = Shape Factor for particle angularity = 
SF = 6.6 for rounded particles; 7.5 for medium angularity; 8.4 for angular (after Loudon, presented in Ref. 1)

thus, Permeability, may be estimated as k = (γ/µ)(1/CK-C){1/Σ[(PNo D-PNo d)/d]}2(1/SF2)[e3/(1+e)], Table 1 below

Further, according Ref. 2, measured permeability typically varies from 1/3 to 3 times the estimated permeability.
The references also note that this method may overpredict permeability when soil is gravel, and the results
present an upper bound.  The formula is not suitable for plastic soils.

Estimate Void Ratio (e) from
Relative Density (Ref. 4)

Dr²=(N1)60/CPCACOCR

(N1)60=
CP=60+25logD50=
D50= mm
CA=1.2+0.05log(t/100)=
t(yr)=
COCR=OCR0.18=

Dr= >1, use 1.0
emax=

e=emax-(Dr)(emax-emin) emin=

thus, range of permeability is estimated as:
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(Note: Reference List at end of data sheets)

62.4 9800
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Deq 0.004 0.0 7075.8
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1065.275 µm 0.008 30.6
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No. 100
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R. Kline June 5, 2008
June 13, 2008
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150 µm

Boring Number:

Kozeny-Carman Formula

B-25 S-3 5-7'  Bottom 4"Sample Number: Sample Depth:

J. Turner

1

Permeability Estimate by

1026-08-007
MWRA Contract No. 6905, Pipeline

Rte. 1, Saugus, MA

9165.4

Nominal Sieve 
Opening (cm)

Sum:

3.750
2.500
1.900
1.250
0.950

67.7

0.200

2.5E-05 7.6E-05 2.3E-04

Probable 
measured 
lower bnd

Calculated 
Estimate

Probable 
measured 
upper bnd

Estimated range of k (cm/s)

0.015 38.6 369.7

1.19418

TABLE 1 - SUM OF (PNo D - PNo d)/d
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Sieve Designation
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Ref 2.  Aubertin et al. (2005), Discussion of "Goodbye, Hazen; Hello, Kozeny-Carman," Journal of Geotechnical and 
Geoenvironmental Egnineering,  Vol. 131, No. 8, August 2005, American Society of Civil Engineers

Kozeny-Carman Formula - References

Ref 1.  Carrier III, W.D. (2003), "Goodbye, Hazen; Hello, Kozeny-Carman," Journal of Geotechnical and 
Geoenvironmental Egnineering,  Vol. 129, No. 11, November 2003, American Society of Civil Engineers

Ref 3. Chapuis, R.P., and Aubertin, M. (2003) "Evaluation of the Kozeny-Carman's Equation to Predict the Hydraulic 
Conductivity of a Soil," Canadian Geotechnical Journal, 40(3), 616-628.

Ref 4. EPRI EL-6800 (1990),  Manual on Estimating Soil Properties for Foundation Design, Electric Power Research 
Institute, prepared by Cornell University, Ithaca, NY, page 2-38.
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APPENDIX D - EXCAVATIONS  
 
Stephens Associates Consulting Engineers, LLC (SA) is providing this information solely as a service to our Client. 
Under no circumstances should the information provided below be interpreted to mean that SA is assuming 
responsibility for construction site safety or the contractor's activities; such responsibility is not being implied and 
should not be inferred. 
 
The Owner and the Contractor should make themselves aware of and become familiar with applicable local, state, and 
federal regulations, including, but not limited to, the current Occupational Safety and Health Administration 
Excavation and Trench Standards. In Federal Register, Volume 54, No. 209 (October 1989), the United States 
Department of Labor, Occupational Safety and Health Administration (OSHA) amended its "Construction Standards 
for Excavations, 29 CFR, Part 1926, Subpart P".  This document was issued to reduce the risk of death or injury from 
collapse of trenches and excavations. This generally is the sole responsibility of the Contractor, who shall also be 
solely responsible for the means, methods, and sequencing of construction operations.  
 
Excavations and Slopes 

 
The Contractor is solely responsible for designing and constructing stable, temporary excavations and should shore, 
slope, or bench the sides of the excavations as required to maintain stability of the excavation sides and bottom. Slope 
height, slope inclination, or excavation depths (including utility trench excavations) should in no case exceed those 
specified in local, state, or federal safety regulations (e.g., OSHA Health and Safety Standards for Excavations, 29 
CFR Part 1926, or successor regulations, etc.). The Owner and Contractor should be aware that such regulations are 
strictly enforced and, if they are not followed, could endanger worker and public health, safety and property, and be 
liable for substantial penalties. 

 
The Contractor's responsible person, as defined in 29 CFR Part 1926, should evaluate the soil exposed in the 
excavations as part of the Contractor's safety procedures. The exposed slope face should be protected against the 
elements.  If any excavation, including a utility trench, is extended to a depth of more than twenty (20) feet, it will be 
necessary to have the side slopes designed by a professional engineer registered in the state where construction is 
occurring.  Vehicles and soil piles should be kept a minimum lateral distance from the crest of the slope equal to no 
less than 1.5 times the slope height. 

 
Important note on Soil Variability 
 
The soils to be excavated may vary significantly across the Site.  Exploratory Borings performed as part of this Report 
indicate that near-surface soils are generally classified as Sand and Gravel based on ASTM D2488 – the Visual-
Manual Procedure. This is considered Type C soil when applying the OSHA regulations.  OSHA mandates that slope 
inclinations not exceed 1 ½ : 1, horizontal : vertical, for Type C soils for excavations of 20 feet or less. Excavations 
should be evaluated by the Contractor’s responsible person.  Our preliminary soil classification is based solely on the 
our soil borings. The Contractor should verify that these soil conditions exist throughout the proposed area of 
excavation. The Contractor's responsible person, as defined in 29 CFR Part 1926, should evaluate the soil exposed in 
the excavations in accordance with OSHA requirements as part of the Contractor's regular procedures. 

 
Temporary Shoring 

 
Where excavations encroach on, or may undermine nearby structures, such as roadways and utilities, etc. or as an 
alternative to sloping, vertical excavations less than 20 feet in height can be temporarily shored. The Contractor or the 
Contractor's specialty subcontractor should be responsible for the design of the temporary shoring in accordance with 
applicable regulatory requirements and the Contract Documents. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
Dilution Factor Calculations and Saugus River Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dilution Factor (DF) Calculations

The DF that was utilized in finding the appropriate DRCs was calculated as follows:

Where: Qd is the maximum discharge flow rate
Qs is the receiving water flow rate (minimum for 7 consecutive days with a recurrence intercal of 10 years – 7Q10)

Note:        Qs for the Saugus River was not available, therefore Qs was modified to represent the lowest flow over
the 16 year period of availble data for the Saugus River.

Qd = 210 gpm
Coversion 1.0 gpm     = 0.00223 ft 3 /s

210 x 0.00223 = 0.4683 ft3/s

0.4683 ft3/s

Qs = 33.6 ft3/s (Average flow recorded over a 16 year period)
From: http://waterdata.usgs.gov/ma/nwis/uv?

DF = 72.75  (See Table 1)

The calculated DF was then used to find the appropriate Dilution Range Concentrations (DRCs) contained in MAG91000, Appendix IV.

Therefore, Qd = 

DF = (Qd + Qs)/Qd

(Qd + Qs)/Qd =



 Water-Data Report 2009 

 01102345 SAUGUS RIVER AT SAUGUS IRONWORKS AT SAUGUS, MA—Continued 

— 3 — 

SUMMARY STATISTICS 

 Calendar Year 2008 Water Year 2009 Water Years 1994 - 2009 
Annual total  15,979.6    12,508.5    
Annual mean  43.7    34.3    33.6   
Highest annual mean    56.5 2006  
Lowest annual mean    14.5 2002  
Highest daily mean  253 Dec 12   253 Dec 12   1,220 May 15, 2006  
Lowest daily mean  3.6 Jul 19   3.9 Aug 28   0.50 Sep   5, 1999  
Annual seven-day minimum  5.5 Jul 14   5.0 Jun   3   0.53 Aug 31, 1999  
Maximum peak flow   319 Dec 12   1,420 May 14, 2006  
Maximum peak stage   4.75 Dec 12   7.39 May 14, 2006  
Instantaneous low flow   3.7 Aug 28   0.46 Sep   5, 1999  
Annual runoff (cfsm)  2.10    1.65    1.61   
Annual runoff (inches)  28.58    22.37    21.93   
10 percent exceeds  93    65    75   
50 percent exceeds  33    30    20   
90 percent exceeds  7.8    7.0    3.3   
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Appendix D 

Material Safety Data Sheets 
 



MSDS Number: C0418 * * * * * Effective Date: 11/21/08 * * * * * Supercedes: 02/16/06 

  

Calcium Hypochlorite  

1. Product Identification 
Synonyms: Hypochlorous Acid, Calcium Salt; Losantin; Calcium Hypochloride; Chlorinated lime  
CAS No.: 7778-54-3  
Molecular Weight: 142.98  
Chemical Formula: CaCl2O2  
Product Codes: 1378  

2. Composition/Information on Ingredients 
 
  Ingredient                                CAS No         Percent        Hazardous                                   
  ---------------------------------------   ------------   ------------   ---------    
  
  Calcium Hypochlorite                      7778-54-3          100%          Yes                                                                 
  

3. Hazards Identification 
Emergency Overview  
--------------------------  
DANGER! STRONG OXIDIZER. CONTACT WITH OTHER MATERIAL MAY CAUSE FIRE. CORROSIVE. CAUSES BURNS TO ANY AREA 
OF CONTACT. HARMFUL IF SWALLOWED OR INHALED. WATER REACTIVE.  
 
SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-----------------------------------------------------------------------------------------------------------  
Health Rating: 2 - Moderate  
Flammability Rating: 0 - None  
Reactivity Rating: 3 - Severe (Oxidizer)  
Contact Rating: 2 - Moderate  
Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES  
Storage Color Code: Yellow (Reactive)  
-----------------------------------------------------------------------------------------------------------  
 
Potential Health Effects  
----------------------------------  
 
Inhalation:  
Corrosive. Extremely destructive to tissues of the mucous membranes and upper respiratory tract. Symptoms may include burning sensation, coughing, wheezing, 
laryngitis, shortness of breath, headache, nausea and vomiting. Inhalation may be fatal as a result of spasm inflammation and edema of the larynx and bronchi, 
chemical pneumonitis and pulmonary edema.  
Ingestion:  
Corrosive. Swallowing can cause severe burns of the mouth, throat, and stomach. Can cause sore throat, vomiting, diarrhea.  
Skin Contact:  
Corrosive. Symptoms of redness, pain, and severe burn can occur.  
Eye Contact:  
Corrosive. Contact can cause blurred vision, redness, pain and severe tissue burns.  
Chronic Exposure:  
Repeated exposures to calcium hypochlorite may cause bronchitis to develop with cough and/or shortness of breath.  
Aggravation of Pre-existing Conditions:  
No information found.  

4. First Aid Measures 
Inhalation:  



Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical attention immediately.  
Ingestion:  
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. Get medical attention 
immediately.  
Skin Contact:  
Immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes. Get medical attention immediately. Wash 
clothing before reuse. Thoroughly clean shoes before reuse.  
Eye Contact:  
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper eyelids occasionally. Get medical attention immediately.  

5. Fire Fighting Measures 
Fire:  
Not combustible, but substance is a strong oxidizer and its heat of reaction with reducing agents or combustibles may cause ignition. Thermally unstable; at 
higher temperatures, may undergo accelerated decomposition with release of heat and oxygen.  
Explosion:  
Sealed containers may rupture when heated. An explosion can occur if either a carbon tetrachloride or a dry ammonium compound fire extinguisher is used to 
extinguish a fire involving calcium hypochlorite. Sensitive to mechanical impact.  
Fire Extinguishing Media:  
Use flooding quantities of water as fog or spray. Use water spray to keep fire-exposed containers cool. Avoid direct contact with water; reacts with water 
releasing chlorine gas. Fight fire from protected location or maximum possible distance. Do not use dry chemical fire extinguishers containing ammonium 
compounds. Do not use carbon tetrachloride fire extinguishers. Do not allow water runoff to enter sewers or waterways.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing apparatus with full facepiece operated in the pressure demand 
or other positive pressure mode.  

6. Accidental Release Measures 
Remove all sources of ignition. Keep water away from spilled material. Ventilate area of leak or spill. Wear appropriate personal protective equipment as 
specified in Section 8. Spills: Clean up spills in a manner that does not disperse dust into the air. Use non-sparking tools and equipment. Pick up spill for recovery 
or disposal and place in a closed container. Do not seal tightly. 
 
 

7. Handling and Storage 
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against physical damage and moisture. Isolate from any source of heat or ignition. 
Avoid storage on wood floors. Separate from incompatibles, combustibles, organic or other readily oxidizable materials. Containers of this material may be 
hazardous when empty since they retain product residues (dust, solids); observe all warnings and precautions listed for the product.  

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
None established.  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee exposures as low as possible. Local exhaust ventilation is generally preferred because 
it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area. Please refer to the ACGIH document, 
Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for details.  
Personal Respirators (NIOSH Approved):  
For conditions of use where exposure to the dust or mist is apparent, a half-face dust/mist respirator may be worn. For emergencies or instances where the 
exposure levels are not known, use a full-face positive-pressure, air-supplied respirator. WARNING: Air-purifying respirators do not protect workers in oxygen-
deficient atmospheres.  
Skin Protection:  
Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as appropriate, to prevent skin contact.  
Eye Protection:  
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain eye wash fountain and quick-drench facilities in work area.  

9. Physical and Chemical Properties 
Appearance:  
White or grayish-white powder.  
Odor:  
Chlorine-like odor.  
Solubility:  
Soluble in water; reacts, releasing chlorine gas.  
Specific Gravity:  
2.35 @ 20C  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
0  
Boiling Point:  
No information found.  



Melting Point:  
Decomposes above 177C (350F), releasing oxygen.  
Vapor Density (Air=1):  
6.9  
Vapor Pressure (mm Hg):  
Not applicable.  
Evaporation Rate (BuAc=1):  
No information found.  

10. Stability and Reactivity 
Stability:  
Rapidly decomposes on expsure to air. May decompose violently if exposed to heat or direct sunlight. Thermally unstable; decomposes at 177C (350F).  
Hazardous Decomposition Products:  
Calcium hypochlorite gives off oxygen, chlorine and chlorine monoxide.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Calcium hypochlorite is a strong oxidizer. Reacts with water and acids giving off chlorine gas. Forms explosive compounds with ammonia and amines. 
Incompatable with organic materials, nitrogen compounds and combustible materials.  
Conditions to Avoid:  
Heat, flame, moisture, dusting, sources of ignition and shock, and incompatibles.  

11. Toxicological Information 
 
Calcium hypochlorite: LD50 oral rat 850 mg/kg. Investigated as a tumorigen and mutagen.  

  --------\Cancer Lists\------------------------------------------------------ 
                                         ---NTP Carcinogen--- 
  Ingredient                             Known    Anticipated    IARC Category 
  ------------------------------------   -----    -----------    ------------- 
  Calcium Hypochlorite (7778-54-3)        No          No              3 

12. Ecological Information 
Environmental Fate:  
No information found.  
Environmental Toxicity:  
No information found.  

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste and sent to a RCRA approved waste facility. Processing, use or 
contamination of this product may change the waste management options. State and local disposal regulations may differ from federal disposal regulations. 
Dispose of container and unused contents in accordance with federal, state and local requirements.  

14. Transport Information 
Domestic (Land, D.O.T.)  
-----------------------  
Proper Shipping Name: CALCIUM HYPOCHLORITE MIXTURE, DRY  
Hazard Class: 5.1  
UN/NA: UN1748  
Packing Group: II  
Information reported for product/size: 2.5KG  
 
International (Water, I.M.O.)  
-----------------------------  
Proper Shipping Name: CALCIUM HYPOCHLORITE, DRY  
Hazard Class: 5.1  
UN/NA: UN1748  
Packing Group: II  
Information reported for product/size: 2.5KG  
 

15. Regulatory Information 
  --------\Chemical Inventory Status - Part 1\--------------------------------- 
  Ingredient                                       TSCA  EC   Japan  Australia 
  -----------------------------------------------  ----  ---  -----  --------- 
  Calcium Hypochlorite (7778-54-3)                  Yes  Yes   Yes      Yes                                       



  
  --------\Chemical Inventory Status - Part 2\--------------------------------- 
                                                          --Canada-- 
  Ingredient                                       Korea  DSL   NDSL  Phil. 
  -----------------------------------------------  -----  ---   ----  ----- 
  Calcium Hypochlorite (7778-54-3)                  Yes   Yes   No     Yes              
  
  --------\Federal, State & International Regulations - Part 1\---------------- 
                                             -SARA 302-    ------SARA 313------ 
  Ingredient                                 RQ    TPQ     List  Chemical Catg. 
  -----------------------------------------  ---   -----   ----  -------------- 
  Calcium Hypochlorite (7778-54-3)           No    No      No         No 
  
  --------\Federal, State & International Regulations - Part 2\---------------- 
                                                        -RCRA-    -TSCA- 
  Ingredient                                 CERCLA     261.33     8(d)  
  -----------------------------------------  ------     ------    ------ 
  Calcium Hypochlorite (7778-54-3)           10         No         No            
  
  
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: Yes Pressure: No 
Reactivity: Yes         (Pure / Solid)   

 
 
Australian Hazchem Code: 2PE  
Poison Schedule: S5  
WHMIS:  
This MSDS has been prepared according to the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS contains all of the information 
required by the CPR.  

16. Other Information 
NFPA Ratings: Health: 3 Flammability: 0 Reactivity: 1 Other: Oxidizer  
Label Hazard Warning:  
DANGER! STRONG OXIDIZER. CONTACT WITH OTHER MATERIAL MAY CAUSE FIRE. CORROSIVE. CAUSES BURNS TO ANY AREA OF 
CONTACT. HARMFUL IF SWALLOWED OR INHALED. WATER REACTIVE.  
Label Precautions:  
Keep from contact with clothing and other combustible materials. 
Store in a tightly closed container. 
Remove and wash contaminated clothing promptly. 
Do not store near combustible materials. 
Do not get in eyes, on skin, or on clothing. 
Do not breathe dust or vapor. 
Keep container closed. 
Use only with adequate ventilation. 
Wash thoroughly after handling. 
Do not contact with water.  
Label First Aid:  
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. If inhaled, remove to 
fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. In case of contact, immediately flush eyes or skin with plenty of water 
for at least 15 minutes while removing contaminated clothing and shoes. Wash clothing before reuse. In all cases get medical attention immediately.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
MSDS Section(s) changed since last revision of document include: 3.  
Disclaimer:  
************************************************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. 
This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. 
Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. 
MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING 
WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO 
THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, 
MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS 
INFORMATION.  
************************************************************************************************  
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  



MSDS Number: S5230 * * * * * Effective Date: 09/16/09 * * * * * Supercedes: 08/02/07 

  

SODIUM THIOSULFATE  

1. Product Identification 
Synonyms: Sodium thiosulfate, pentahydrate; thiosulfuric acid, disodium salt, pentahydrate  
CAS No.: 7772-98-7 (Anhydrous) 10102-17-7 (Pentahydrate)  
Molecular Weight: 248.17  
Chemical Formula: Na2S2O3.5H2O  
Product Codes:  
J.T. Baker: 3945, 3946, 3951  
Mallinckrodt: 7763, 7802, 8100  

2. Composition/Information on Ingredients 
 
  Ingredient                                CAS No         Percent        Hazardous                                   
  ---------------------------------------   ------------   ------------   ---------    
  
  Sodium Thiosulfate                        7772-98-7          100%          Yes                                                                 
  

3. Hazards Identification 
Emergency Overview  
--------------------------  
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY CAUSE IRRITATION TO SKIN, EYES, AND RESPIRATORY TRACT.  
 
SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-----------------------------------------------------------------------------------------------------------  
Health Rating: 1 - Slight  
Flammability Rating: 0 - None  
Reactivity Rating: 1 - Slight  
Contact Rating: 1 - Slight  
Lab Protective Equip: GOGGLES; LAB COAT; PROPER GLOVES  
Storage Color Code: Green (General Storage)  
-----------------------------------------------------------------------------------------------------------  
 
Potential Health Effects  
----------------------------------  
 
Inhalation:  
May cause irritation to the respiratory tract. Symptoms may include coughing and shortness of breath.  
Ingestion:  
Low level of toxicity by ingestion. Diarrhea may occur by ingestion of large quantities.  
Skin Contact:  
Irritation may occur from prolonged skin contact.  
Eye Contact:  
Contact may cause mechanical irritation.  
Chronic Exposure:  
Chronic exposure may cause skin effects.  
Aggravation of Pre-existing Conditions:  
No information found.  

4. First Aid Measures 
Inhalation:  



Remove to fresh air. Get medical attention for any breathing difficulty.  
Ingestion:  
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention.  
Skin Contact:  
Wash exposed area with soap and water. Get medical advice if irritation develops.  
Eye Contact:  
Wash thoroughly with running water. Get medical advice if irritation develops.  

5. Fire Fighting Measures 
Fire:  
Not considered to be a fire hazard.  
Explosion:  
Not considered to be an explosion hazard.  
Fire Extinguishing Media:  
Use any means suitable for extinguishing surrounding fire.  
Special Information:  
Use protective clothing and breathing equipment appropriate for the surrounding fire.  

6. Accidental Release Measures 
Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in Section 8. Spills: Sweep up and containerize for reclamation or 
disposal. Vacuuming or wet sweeping may be used to avoid dust dispersal.  
 
 
 
 

7. Handling and Storage 
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against physical damage. Isolate from incompatible substances. Containers of this 
material may be hazardous when empty since they retain product residues (dust, solids); observe all warnings and precautions listed for the product.  

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
None established.  
Ventilation System:  
In general, dilution ventilation is a satisfactory health hazard control for this substance. However, if conditions of use create discomfort to the worker, a local 
exhaust system should be considered.  
Personal Respirators (NIOSH Approved):  
For conditions of use where exposure to dust or mist is apparent and engineering controls are not feasible, a particulate respirator (NIOSH type N95 or better 
filters) may be worn. If oil particles (e.g. lubricants, cutting fluids, glycerine, etc.) are present, use a NIOSH type R or P filter. For emergencies or instances where 
the exposure levels are not known, use a full-face positive-pressure, air-supplied respirator. WARNING: Air-purifying respirators do not protect workers in 
oxygen-deficient atmospheres.  
Skin Protection:  
Wear protective gloves and clean body-covering clothing.  
Eye Protection:  
Safety glasses. Maintain eye wash fountain and quick-drench facilities in work area.  

9. Physical and Chemical Properties 
Appearance:  
Monoclinic, colorless crystals.  
Odor:  
Odorless.  
Solubility:  
79g/100 ml water @ 4C (39F)  
Density:  
1.75  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
0  
Boiling Point:  
> 100C (> 212F)  
Melting Point:  
48C (118F) Loses water @ 100C (212F)  
Vapor Density (Air=1):  
No information found.  
Vapor Pressure (mm Hg):  
No information found.  
Evaporation Rate (BuAc=1):  



No information found.  

10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage. Stability limited in solution.  
Hazardous Decomposition Products:  
Oxides of sulfur and hydrogen sulfide.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Sodium nitrate, halogens, and oxidizing agents. Reacts with acids to release sulfur dioxide.  
Conditions to Avoid:  
Incompatibles.  

11. Toxicological Information 
 
No LD50/LC50 information found relating to normal routes of occupational exposure.  

  --------\Cancer Lists\------------------------------------------------------ 
                                         ---NTP Carcinogen--- 
  Ingredient                             Known    Anticipated    IARC Category 
  ------------------------------------   -----    -----------    ------------- 
  Sodium Thiosulfate (7772-98-7)          No          No            None 

12. Ecological Information 
Environmental Fate:  
No information found.  
Environmental Toxicity:  
No information found.  

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be managed in an appropriate and approved waste disposal facility. Processing, use or contamination 
of this product may change the waste management options. State and local disposal regulations may differ from federal disposal regulations. Dispose of container 
and unused contents in accordance with federal, state and local requirements.  

14. Transport Information 
Not regulated.  

15. Regulatory Information 
  --------\Chemical Inventory Status - Part 1\--------------------------------- 
  Ingredient                                       TSCA  EC   Japan  Australia 
  -----------------------------------------------  ----  ---  -----  --------- 
  Sodium Thiosulfate (7772-98-7)                    Yes  Yes   Yes      Yes                                       
  
  --------\Chemical Inventory Status - Part 2\--------------------------------- 
                                                          --Canada-- 
  Ingredient                                       Korea  DSL   NDSL  Phil. 
  -----------------------------------------------  -----  ---   ----  ----- 
  Sodium Thiosulfate (7772-98-7)                    Yes   Yes   No     Yes            
  
  --------\Federal, State & International Regulations - Part 1\---------------- 
                                             -SARA 302-    ------SARA 313------ 
  Ingredient                                 RQ    TPQ     List  Chemical Catg. 
  -----------------------------------------  ---   -----   ----  -------------- 
  Sodium Thiosulfate (7772-98-7)             No    No      No         No 
  
  --------\Federal, State & International Regulations - Part 2\---------------- 
                                                        -RCRA-    -TSCA- 
  Ingredient                                 CERCLA     261.33     8(d)  
  -----------------------------------------  ------     ------    ------ 
  Sodium Thiosulfate (7772-98-7)             No         No         No          
  
  
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: No   Fire: No  Pressure: No 
Reactivity: No          (Pure / Solid)  

 
 



Australian Hazchem Code: None allocated.  
Poison Schedule: None allocated.  
WHMIS:  
This MSDS has been prepared according to the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS contains all of the information 
required by the CPR.  

16. Other Information 
NFPA Ratings: Health: 1 Flammability: 0 Reactivity: 0  
Label Hazard Warning:  
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY CAUSE IRRITATION TO SKIN, EYES, AND RESPIRATORY TRACT.  
Label Precautions:  
Avoid contact with eyes, skin and clothing. 
Wash thoroughly after handling. 
Avoid breathing dust. 
Keep container closed. 
Use with adequate ventilation.  
Label First Aid:  
If inhaled, remove to fresh air. Get medical attention for any breathing difficulty. In case of contact, immediately flush eyes or skin with plenty of water for at 
least 15 minutes. Get medical attention if irritation develops or persists. If swallowed, induce vomiting immediately as directed by medical personnel. Never give 
anything by mouth to an unconscious person.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
No Changes.  
Disclaimer:  
************************************************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. 
This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. 
Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. 
MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING 
WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO 
THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, 
MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS 
INFORMATION.  
************************************************************************************************  
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  








