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1.0 INTRODUCTION 
 
1.1 Background 

TRC Environmental Corporation conducted emissions testing on the U4 Fluid Catalytic 
Cracking Unit (E263) Wet Gas Scrubber (CD33) D-601 (South) and D-602 (North) Stacks 
(PT36 and PT35) at the Bayway Refinery located in Linden, New Jersey.    The purpose of this 
testing was to demonstrate compliance with the Fluid Catalytic Cracking Unit/Carbon Monoxide 
Boilers/Wet Gas Scrubber Unit emissions limits specified in the Title V Air Permit for 
particulate matter and HCN.  
 
1.2 Outline of Test Program 

Compliance sampling runs were conducted for emission rates of particulate matter (TSP) 
and hydrogen cyanide (HCN).  The sampling runs were conducted on September 16, 2010 
simultaneously at both of the D-601 and D-602 Scrubber Stacks.  All tests were conducted while 
the unit was operating at the highest achievable load that day. 

Tables 1-1 and 1-2 are test logs that present the sampling locations, sampling objectives, 
sampling methods, test dates, and run numbers for the test program.   

 
1.3 Test Participants 

Table 1-3 lists the personnel involved in the test program. 
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TABLE 1-1 
TEST LOG 

D-601 SCRUBBER STACK 
SEPTEMBER 2010 

 
Sampling 
Objective 

Test 
Method 

Test 
Date 

Run 
Numbers 

Particulate 
Matter 

NJATM1 09/16/10 
09/16/10 
09/16/10 

601-NJ1-1 
601-NJ1-2 
601-NJ1-3 

Hydrogen 
Cyanide 

CTM-033 
(mod) 

09/16/10 
09/16/10 
09/16/10 

601-CTM033-1 
601-CTM033-2 
601-CTM033-3 

 
 

TABLE 1-2 
TEST LOG 

D-602 SCRUBBER STACK 
SEPTEMBER 2010 

 
Sampling 
Objective 

Test 
Method 

Test 
Date 

Run 
Numbers 

Particulate 
Matter 

NJATM1 09/16/10 
09/16/10 
09/16/10 

602-NJ1-1 
602-NJ1-2 
602-NJ1-3 

Hydrogen 
Cyanide 

CTM-033 
(mod) 

09/16/10 
09/16/10 
09/16/10 

602-CTM033-1 
602-CTM033-2 
602-CTM033-3 
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TABLE 1-3 
TEST PARTICIPANTS 

SEPTEMBER 2010 
 

ConocoPhillips Ankush Agarwal 
Test Coordinator 

 Doug LaFayette 
Test Coordinator 

New Jersey Department of Environmental 
Protection 

Neil Nissim 
Test Observer 

 Peter Madan 
Test Observer 

TRC Environmental Corporation Jeff Kunstling 
Project Manager 

 Derek Brewster 
Laboratory Technician 

 Jason Pennington 
Sampling Team Leader 

 Mike Worthy 
Sampling Team Leader 

 Greg Byrd 
Engineering Technician 

 Jay Evans 
Engineering Technician 



 
ConocoPhillips  
Linden, New Jersey 

 

 
 

 
2-1 

 

2.0 SUMMARY OF RESULTS 
 
2.1 Presentation 
 Table 2-1 presents a summary of the test results.  Detailed test results are presented in 
Appendix A, field data are presented in Appendix B, and the analytical reports are presented in 
Appendix C.  Equipment calibrations are presented in Appendix D.  Process data collected by 
ConocoPhillips is presented in Appendix E. 
 
2.2 Cyclonic Flow Check 
 A cyclonic flow check was performed at the D-601 and D-602 sampling locations to 
determine if any cyclonic flow existed.  Average yaw angles of less than 20° were measured, 
indicating acceptable locations with respect to EPA Method 1 requirements. 
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TABLE 2-1 

TEST RESULTS VERSUS PERMIT LIMITS 
D-601 AND D-602 SCRUBBER STACKS 

SEPTEMBER 2010 
 

 Rep 1 Rep 2 Rep 3 Average Permit Limit

PARTICULATE MATTER 

 Concentration, gr/dscf 1 
D-601 0.00609 0.00683 0.00775 0.00689 -- 
D-602 0.00792 0.00609 0.00604 0.00668 -- 

 Emission Rate, lb/hr 
D-601 9.38 10.3 11.8 10.5 -- 
D-602 12.0 9.04 8.82 10.0 -- 
Total (D-601 + D-602) 21.4 19.3 20.6 20.5 50.2 

Emission Rate, lb/klb coke burn 
D-601 0.0852 0.0950 0.109 0.0963 -- 
D-602 0.109 0.0832 0.0815 0.0912 -- 
Total (D-601 + D-602) 0.194 0.178 0.191 0.188 1.02 ,  0.53 

HYDROGEN CYANIDE 

 Concentration, mg/dscm 
D-601 5.28 5.25 5.75 5.43 -- 
D-602 4.49 5.39 5.44 5.11 -- 

 Emission Rate, lb/hr 
D-601 3.53 3.49 3.84 3.62 -- 
D-602 2.90 3.47 3.51 3.30 -- 
Total (D-601 + D-602) 6.43 6.96 7.35 6.92 20 

1 The concentrations presented here are measured in terms of gr/dscf of WGS flue gas as determined by the     
emissions test. 

2 Permit limit of 1.0 lb PM/1000 lb coke burn from Refinery MACT / NSPS Subpart J 
3 Permit limit of 0.5 lb PM/1000 lb coke burn from Consent Decree agreement with EPA and NJDEP 
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3.0 PROCESS DESCRIPTION AND OPERATION 
 
3.1 General 
 The Bayway Refinery refines petroleum using a Class 3 catalytic cracking plant.  The U4 
Fluid Catalytic Cracking Unit (E263) uses a fluidized catalyst that is continuously being 
contaminated by coke.  The catalyst is regenerated by incinerating the catalyst at approximately 
1,325° F, which burns off the coke and carbon.  Flue gases from the regeneration unit 
(containing catalyst dust, hydrocarbons, and possibly other impurities) flow to two carbon 
monoxide (CO) boilers (CD1 and CD2) that burn the CO and hydrocarbons.  The gases leaving 
the combustion zone of each boiler are treated by an enhanced Selective non-Catalytic Reduction 
Unit (SNCR) to convert NOX emissions back to nitrogen and water via reaction of NOX with 
ammonia in the temperature range of 1400 oF to 1900 oF.  From there, the flue gases pass 
through a mixing tee, a series of venturies, and two drum scrubbers (Wet Gas Scrubber - CD33) 
before being exhausted through the D-601 and D-602 stacks (PT36 and PT35).  The testing 
covered in this report was conducted at the D-601 and D-602 scrubber stacks. 
 
3.2 Source Air Flow 
 Figure 3-1 is an air flow schematic that shows the passage of the flue gases exhausted 
from the catalytic regenerator. 
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Figure 3-1. Catalytic Regenerator Air Flow Schematic 
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4.0 SAMPLING AND ANALYTICAL PROCEDURES 
 
4.1 General 
 All sampling and analytical procedures were those recommended by the United States 
Environmental Protection Agency and the New Jersey Department of Environmental Protection.  
This section provides brief descriptions of the sampling and analytical procedures. 
 
4.2 Sampling Points 
 The number and location of the sampling points were determined according to the 
procedures outlined in EPA Method 1.  As shown in Figure 4-1, the D-601 and D-602 Scrubber 
Stack cross sections were divided into 12 equal areas, with three sampling points on each of four 
half-axes. 
 
4.3 Cyclonic Flow Check 
 A Type S Pitot tube assembly, inclined oil manometer, and a universal protractor (angle 
finder) were used to determine the flow angles at each of the sampling or velocity traverse 
points.  At each point, the Pitot tube was positioned at a right angle to the air flow.  The angles 
were determined by rotating the Pitot tube until a null reading was obtained on the manometer.  
When the null reading was obtained, the angle of the Pitot tube was recorded. 
 
4.4 Volumetric Air Flow Rates 
 
 4.4.1 Flue Gas Velocity 
 The flue gas velocity and volumetric flow rate were determined according to the 
procedures outlined in EPA Method 2.  Velocity head measurements (delta P) were made using 
Type S Pitot tubes conforming to the geometric specifications outlined in EPA Method 2.  
Accordingly, each has been assigned a coefficient of 0.84.  Differential pressures were measured 
with inclined/oil manometers of appropriate range.  Flue gas temperatures were measured with 
chromel-alumel thermocouples equipped with digital readouts. 
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4.4.2 Flue Gas Composition 
 Flue gas samples were collected using the multipoint, integrated sampling technique 
outlined in EPA Method 3.  A stainless steel probe and a pump delivering 500 – 750 ml/min of 
flue gas were used to fill a Tedlar bag.  Moisture was removed by means of a knockout jar 
located prior to the pump.  Sampling was for the same duration as the isokinetic sampling runs.    
Analysis for carbon dioxide and oxygen was performed using an Orsat apparatus.  The analytical 
results were used to determine the flue gas composition and molecular weight. 
 
 4.4.3 Flue Gas Moisture Content 
 The moisture content was determined in conjunction with the various isokinetic sampling 
methods discussed in the following sections. 
 
4.5 Particulate Matter Emissions Determinations 
 Samples were withdrawn isokinetically from the source using an NJATM1 sampling 
train.  As outlined in New Jersey Air Test Method 1 (NJATM1), the probe exit and filter exit 
temperatures were monitored during testing.  The sampling train consisted of a glass nozzle, a 
heated glass probe with a Type S Pitot tube attached, a filter, four chilled impingers, a metering 
console, and pump.  The particulate sample was collected on a Whatman EPM2000 glass fiber 
filter maintained at a temperature that did not exceed 225°F.  The first two impingers each 
contained 100 ml of deionized, distilled (DI) water, the third remained empty, and the fourth 
contained pre-weighed silica gel.  Each of the 12 traverse points was sampled for 5 minutes, 
resulting in a net run time of 60 minutes.  
 The filter was removed from the filter holder and placed in a petri dish.  The impingers 
were weighed and the DI water reagent was returned to a 1000 ml glass jar.  The silica gel was 
returned to the original container.  The volume of water vapor condensed in the impingers and 
the volume of water vapor collected in the silica gel were summed and entered into moisture 
content calculations.  The nozzle, probe, and front-half of the filter holder were rinsed with 
acetone into a 500 ml glass jar. 
   NJATM1 analytical procedures were used to analyze the filter and front-half acetone 
rinse for filterable particulate.  During the analysis, the particulate filter was not subjected to 
temperatures exceeding the temperatures that were measured across the filter during the sample 
run.  The front-half filterable particulate as determined by the NJATM1 procedures was 
presented as the particulate matter emissions.   
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4.6 Hydrogen Cyanide Emissions Determinations 
Cyanide compounds in the form of hydrogen cyanide were collected from the source 

using a modified version of the EPA CTM-033 sampling train.  The sampling train consisted of a 
glass nozzle, a heated glass probe with a Type S Pitot tube attached, a filter, at least five chilled 
impingers, and a metering console.  The first three impingers were of 2-liters in volume and each 
contained 500 mL of 6.0N sodium hydroxide (NaOH), and the fourth contained silica gel. 
During the run, the pH of the impingers was monitored with color indicator to verify that the pH 
remained 12 or higher.   

As the 6.0N NaOH reagent was expected to remove a significant portion of the CO2 
present in the sample, the volume metered was adjusted to account for the reduced volume of gas 
reaching the dry gas meter.  A Tedlar bag sample will be collected from the dry gas meter outlet 
in addition to the sample collected from the stack.  The difference in the CO2 readings was 
considered the amount of CO2 collected in the reagent.  The sample volume metered was 
adjusted for the amount of CO2 removed in the reagent.   

At the conclusion of each test run, the filter was removed from the filter holder and 
placed in a petri dish.  The impingers were weighed, had the pH checked, and the NaOH reagent 
was placed in a polyethylene sample jar, and the liquid level marked.  The first two impingers 
were recovered and analyzed together, and the third impinger was recovered and analyzed 
separately for breakthrough.  The silica gel was returned to the original container.  Due to the 
collection of a sodium carbonate precipitate in the impingers, the moisture content from the 
simultaneous NJATM1 sampling runs was used for each CTM-033 sampling run.   

The first impinger through the third impinger along with connecting glassware were 
rinsed with 6.0N NaOH into the reagent jar.  The 6.0N NaOH reagent from each run along with a 
field spike were analyzed for HCN using ion chromatography. 
 
4.7 Equipment Calibration 
 Pertinent calibration data are provided in Appendix D. 
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5.0 QA/QC PROCEDURES AND RESULTS 
 
5.1 General 
 The objective of a QA/QC program is to assure that the precision and accuracy of all data 
generated is scientifically sound and documented to be "in control".  To accomplish this, 
standardized methods or procedures were used.  They must be validated for their intended use, 
rigorously followed, and data reported with quality indicators (precision, accuracy, completeness, 
representativeness, etc.). 
 As a guide, TRC uses the EPA document Quality Assurance Handbook for Air Pollution 
Measurement Systems, Volume III (EPA-600/4-77-027b).  TRC's QA/QC plan has incorporated 
certain considerations to the production of quality data in all of its sampling work regardless of the 
scope and purpose of the testing.  These considerations include: 
 
• Planning the testing program; 

 
• Use of reliable and well-maintained equipment; 
 
• Use of appropriate forms for recording sampling data; 
 
• Establishing a sample coding system to ensure proper chain of custody (i.e., sample 

identification, laboratory tracing and storage, analysis and reporting); 
  
• Use of calibration and audit gases traceable to the National Institute of Standards and 

Technology (NIST); 
 
• Control errors by checking data inputs and performing redundant calculations;  
  
• Adherence to established protocol. 

 

5.2 Barometer 
 The barometric pressure for the testing period was recorded from a calibrated barometer on-
site.  The accuracy of this calibrated barometer was verified by comparison to a mercurial barometer 
located in the TRC Field Office in Raleigh, NC. 
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5.3 Probe Nozzle 
 The probe nozzle used in this test was calibrated initially by the manufacturer and thereafter 
by the field sampling crew by checking for dimension roundness.  This was done by making three 
separate measurements using alternative inside diameters and calculating the average.  A 
micrometer with a minimum tolerance of 0.001 inch was used for measuring.  If a deviation of more 
than 0.004 inch is found between any measurements, the nozzle is either discarded or repaired and 
re-measured. 
 
5.4 Pitot Tubes 
 Each Pitot tube used in this sampling protocol meets the design specifications for Type S 
Pitot tubes in EPA Method 2.  Therefore in accordance with Method 2 procedures, a baseline 
coefficient (Cp) of 0.84 was assigned to each Pitot tube.  Calibration at the manufacturer for Pitot 
face-opening alignment included measuring the external tubing diameter (dimension Dt), the base-
to-opening misalignment angles, with all terms as described in Figures 2-2 and 2-3 of EPA Method 
2.  Pitot tubes were visually inspected at the completion of the test to insure structural integrity.   
 
5.5 Calibration Meter And Metering System 
 The meter box calibration was done in accordance with EPA Method 5 section 16, using 
critical orifices.  The meter is allowed to warm up and is then leak checked using the 
specifications in Method 5 of no detectable leak for a period of one minute.  The dry gas meter is 
then calibrated at five points using an individual orifice for each point.    Each point is run two 
times and averaged to determine the meter coefficient (γ or gamma) and the orifice pressure 
differential (Delta H@).  The criterion for the gamma is the difference for each point is not to 
exceed ± 0.02 of the average of all the points.  The orifice pressure differential that equates to 
0.75 cfm at standard conditions (Delta H@) was then calculated for each point and then 
averaged.  A copy of the metering system calibration is included in Appendix D. 
 
5.6 Post-Test Meter Calibration  
 Post-test meter calibrations to determine the γ (or Yqa) were conducted on the dry gas meter 
after the test to check their accuracy against the original pretest calibration.  This post-test 
calibration was made using the alternative procedure defined by EPA as ALT-009.  This procedure 
is performed on-site using the data collected for each of the test runs.  It is preferred by EPA over 
the post test procedure identified in Method 5 Section 10.3.2 because it 1) eliminates the question of 
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possible meter damage during transport after the emission test; and, 2) because the calibration data 
are available in the field immediately following the test, it eliminates the costly travel, 
remobilization, and scheduling of a retest should the meter fail the post-test calibration.  A copy of 
the post-test calibration is included in Appendix D of this Test Report.  A complete copy of EPA 
ALT-009 is available from EPA from the EMC website at http://www.epa.gov/ttn/emc/. 
 
5.7 Thermocouples And Digital Indicators 
 Thermocouples were calibrated by comparing them against an ASTM-3F mercury-in-glass 
thermometer at approximately 32oF (ice water), ambient temperature and approximately 212oF 
(boiling water).  Each thermocouple was calibrated against temperature ranges to which it was to be 
typically exposed during test conditions, and they must agree within 1.5 percent (expressed in oR) of 
the reference thermometer throughout the entire calibration range.  A post calibration was 
performed in accordance with EPA ALT-011 using a single point calibration against an ASTM 
mercury-in-glass thermometer in addition to a continuity check of the thermocouple.  The continuity 
check involved verifying that the thermocouple read-out trended in the appropriate direction when 
exposed to a temperature change.  Digital indicators were checked by introducing a series of 
millivolt signal strengths to the input and comparing the indicator reading with the actual signal 
strength.  Calibration is considered acceptable when the calibration error does not exceed 0.5 
percent when temperatures are expressed in oR.  
 
5.8 Reagent Blanks 
 Samples of each reagent used for collecting samples and rinsing the sample trains were 
collected and analyzed along with the actual field samples.  These data are reported in the lab 
results.   
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