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INTRODUCTION 
Marathon Petroleum Company (MPC) contracted Clean Air Engineering (CleanAir) to 
perform particulate matter and ammonia testing at its facility, located in Detroit, 
Michigan, for compliance and diagnostic purposes.  This was the tenth test 
mobilization for the Fluid Catalytic Cracking Unit (FCCU) particulate matter study. 
 
All testing was conducted in accordance with the regulations set-forth by the United 
States Environmental Protection Agency (USEPA) and the Michigan Department of 
Environmental Quality (DEQ).  These regulations are referenced in EPA Title 40 of the 
Code of Federal Regulations, Part 60, (40 CFR 60) Subpart J. 

Project Objectives 
The primary goal of the test program was to determine if the facility is in compliance 
with the particulate emission limit for the FCCU specified in the New Source 
Performance Standard (NSPS), Subpart J, during maximum operating capacity. 
 
The secondary goals were: 

• to determine the maximum operating capacity of the FCCU with reduced ESP 
operation that is compliant with particulate emission limits; and 

• to collect additional diagnostic condensable particulate matter (CPM),  
ammonia (NH3) and hydrogen cyanide (HCN) data at the FCCU Stack. 

Key Project Participants 
Individuals responsible for coordinating and conducting the test program were: 
 
   Tabetha Daum – MPC 

Joe Reidy – MPC 
Kevin O’Halloren – CleanAir 

   Ken Sullivan – CleanAir 
 

1 Project Overview 
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SCOPE OF WORK 

Test Program Parameters 
Testing was performed at the FCCU Regenerator Stack on Tuesday, April 24 through 
Friday, April 27, 2012.  The primary test parameters were: 
• non-sulfate filterable particulate matter (NSFPM) 
• flue gas flow rate 
• flue gas velocity decay (wall effects) 

 
The following secondary test parameters were also determined at the FCCU 
Regenerator Stack: 

• condensable particulate matter (CPM) 
• ammonia (NH3) 
• hydrogen cyanide (HCN) 
• flue gas composition and moisture content (O2, CO2, H2O) 
• flue gas temperature 

 
Coke burn rates, FCC charge rates, NH3 injection into the ESP and ESP operation were 
varied in the following manner during the test program: 

• Condition 1, 4/24: Coke burn rate ≈ 18,300 lb/hr, FCC charge rate ≈ 33,000 
barrels per day (bpd), NH3 injection ≈ 8 lb/hr, west ESP bank operational with 
medium power reduction (MPR) 

• Condition 2, 4/25: Coke burn rate ≈ 18,100 lb/hr, FCC charge rate ≈ 32,500 
bpd, NH3 injection ≈ 8 lb/hr, full ESP in operation with medium power 
reduction (MPR) 

• Condition 3, 4/26: Coke burn rate ≈ 18,100 lb/hr, FCC charge rate ≈ 32,500 
bpd, NH3 injection ≈ 8 lb/hr, full ESP in operation with low power reduction 
(LPR) 

• Condition 3, 4/27: Coke burn rate ≈ 17,900 lb/hr, FCC charge rate ≈ 32,500 
bpd, NH3 injection ≈ 8 lb/hr, full ESP in operation with unknown power 
reduction 
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TEST PROGRAM SYNOPSIS 

Test Schedule 
The schedule followed during the test program is outlined in Table 1-1 (organized 
chronologically) below and Table 1-2 (organized by test method) on page 1-4. 
 

Table 1-1: 
Schedule of Activities – Chronological 

Run 
Number Location Method Analyte Date

Start 
Time

End 
Time

1 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/24/12 09:30 09:45
1 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 10:33 11:43
1 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 10:33 11:33
1 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 10:34 11:34
2 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 12:48 13:53
2 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 12:48 13:48
2 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 12:49 13:44
3 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 14:33 15:55
3 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 14:33 15:33
3 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 14:37 15:43

2 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/25/12 08:40 08:56
4 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 09:08 10:12
4 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 09:08 10:08
4 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 09:09 10:00
5 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 12:07 13:14
5 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 12:07 13:07
5 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 12:08 13:02
6 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 14:06 15:23
6 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 14:06 15:06
6 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 14:09 15:11

3 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/26/12 08:02 08:12
7 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 08:24 09:31
7 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 08:24 09:24
7 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 08:26 09:19
8 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 10:10 11:17
8 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 10:10 11:10
8 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 10:11 11:06
9 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 11:58 13:17
9 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 11:58 12:58
9 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 12:01 13:06

4 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/27/12 08:52 09:05
10 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 09:28 10:28
1 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 09:28 10:34

10 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 09:36 10:30
11 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 11:12 12:12
2 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 11:12 12:17

11 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 11:18 12:07
12 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 12:45 13:45
3 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 12:45 14:00

12 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 12:49 13:51
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Table 1-2: 
Schedule of Activities – Test Method 

Run 
Number Location Method Analyte Date

Start 
Time

End 
Time

1 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 10:33 11:43
2 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 12:48 13:53
3 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/24/12 14:33 15:55

4 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 09:08 10:12
5 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 12:07 13:14
6 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/25/12 14:06 15:23

7 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 08:24 09:31
8 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 10:10 11:17
9 FCCU Regenerator Stack USEPA Method 5F/202 NSFPM/CPM 04/26/12 11:58 13:17

1 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 10:33 11:33
2 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 12:48 13:48
3 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/24/12 14:33 15:33

4 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 09:08 10:08
5 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 12:07 13:07
6 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/25/12 14:06 15:06

7 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 08:24 09:24
8 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 10:10 11:10
9 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/26/12 11:58 12:58

10 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 09:28 10:28
11 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 11:12 12:12
12 FCCU Regenerator Stack USEPA Mod. CTM-027 NH3 04/27/12 12:45 13:45

1 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 09:28 10:34
2 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 11:12 12:17
3 FCCU Regenerator Stack USEPA OTM-29 HCN 04/27/12 12:45 14:00

1 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 10:34 11:34
2 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 12:49 13:44
3 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/24/12 14:37 15:43

4 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 09:09 10:00
5 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 12:08 13:02
6 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/25/12 14:09 15:11

7 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 08:26 09:19
8 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 10:11 11:06
9 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/26/12 12:01 13:06

10 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 09:36 10:30
11 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 11:18 12:07
12 FCCU Regenerator Stack USEPA Method 2F 3-D Velocity & Flow Rate 04/27/12 12:49 13:51

1 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/24/12 09:30 09:45
2 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/25/12 08:40 08:56
3 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/26/12 08:02 08:12
4 FCCU Regenerator Stack USEPA Method 2H Wall Effects 04/27/12 08:52 09:05
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Results Summary 
Table 1-3 summarizes the NSFPM and CPM results from the Method 5F/202 tests.  
Table 1-4 (on page 1-6) presents the NH3 results from the Modified EPA Conditional 
Test Method (CTM) 027 tests in several different units of measurement.  Table 1-5 (on 
page 1-6) presents the HCN results from the OTM-29 tests in several different units of 
measurement. 
 
Figures 1-1 and 1-2 (on page 1-7) present the results of the test program graphically. 
 
A more detailed presentation of the test conditions, results and uncertainty analyses are 
shown in Tables 2-1 through 2-15 on pages 2-1 through 2-15. 
 

Table 1-3: 
Summary of NSFPM and CPM Results (M-5/202) 

FCCU Stack NSFPM Rate CPM Rate Total NSPM Rate

Condition 1 4/24/2012
Coke Burn Rate (Mlb coke/hr) 18.3 Run 1 0.303 0.577 0.881
FCC Rate (bpd) 33,000 Run 2 0.303 0.599 0.902
NH3 Injection (lb/hr) 8 Run 3 0.305 0.589 0.894
ESP Operation West / MPR Average 0.304 0.588 0.892

Condition 2 4/25/2012
Coke Burn Rate (Mlb coke/hr) 18.1 Run 4 0.157 0.510 0.666
FCC Rate (bpd) 32,500 Run 5 0.161 0.531 0.692
NH3 Injection (lb/hr) 8 Run 6 0.189 0.526 0.715
ESP Operation Both / MPR Average 0.169 0.522 0.691

Condition 3 4/26/2012
Coke Burn Rate (Mlb coke/hr) 18.1 Run 7 0.194 0.490 0.684
FCC Rate (bpd) 32,500 Run 8 0.196 0.530 0.726
NH3 Injection (lb/hr) 8 Run 9 0.159 0.536 0.695
ESP Operation Both / LPR Average 0.183 0.519 0.702

6/4/2012 10:04

(all in lb/Mlb coke)

 



 
 
MARATHON PETROLEUM COMPANY Client Reference No: CN00076641 
DETROIT REFINERY CleanAir Project No: 12010 
 
 
PROJECT OVERVIEW 1-6 

Revision 0, Final Report 

Table 1-4: 
Summary of NH3 Results (Mod. CTM-027) 

FCCU Stack NH3 Conc. NH3 Slip NH3 Slip
(ppmdv) (lb/hr) (lb/Mlb coke)

Condition 1 4/24/2012
Coke Burn Rate (Mlb coke/hr) 18.3 Run 1 29.0 4.41 0.240
FCC Rate (bpd) 33,000 Run 2 29.1 4.42 0.242
NH3 Injection (lb/hr) 8 Run 3 29.1 4.39 0.241
ESP Operation West / MPR Average 29.1 4.41 0.241

Condition 2 4/25/2012
Coke Burn Rate (Mlb coke/hr) 18.1 Run 4 15.4 2.40 0.132
FCC Rate (bpd) 32,500 Run 5 15.2 2.37 0.131
NH3 Injection (lb/hr) 8 Run 6 14.5 2.24 0.124
ESP Operation Both / MPR Average 15.0 2.34 0.129

Condition 3 4/26/2012
Coke Burn Rate (Mlb coke/hr) 18.1 Run 7 15.5 2.41 0.133
FCC Rate (bpd) 32,500 Run 8 13.9 2.13 0.118
NH3 Injection (lb/hr) 8 Run 9 15.3 2.33 0.129
ESP Operation Both / LPR Average 14.9 2.29 0.126

Condition 4 4/27/2012
Coke Burn Rate (Mlb coke/hr) 17.9 Run 10 15.4 2.33 0.130
FCC Rate (bpd) 32,500 Run 11 16.2 2.51 0.140
NH3 Injection (lb/hr) 8 Run 12 16.6 2.49 0.139
ESP Operation Both Average 16.1 2.44 0.136

6/4/2012 10:04

 
 

Table 1-5: 
Summary of HCN Results (OTM-29) 

FCCU Stack HCN Conc. HCN Rate HCN Rate
(ppmdv) (lb/hr) (lb/1000 lb coke)

Condition 4 4/27/2012
Coke Burn Rate (Mlb coke/hr) 17.9 Run 10 16.0 3.82 0.213
FCC Rate (bpd) 32,500 Run 11 15.7 3.85 0.214
NH3 Injection (lb/hr) 8 Run 12 16.6 3.95 0.220
ESP Operation Both Average 16.1 3.87 0.216

6/4/2012 10:04
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Figure 1-1: NSFPM, CPM and Total Results 
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Figure 1-2: CPM and NH3 Results 
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Discussion of Test Program 

Flow Rate Measurements 
A wall-effects correction factor (WEF) was determined per Method 2H for each test 
condition prior to the start of the first run. 
 
A 3-D flow traverse was performed per Method 2F concurrent with the Method 5F/202 
and OTM-29 test runs.   
 
As expected, the Method 2F flow results were found to be slightly lower than the 
Method 2 flow results obtained from each Method 5F/202 and OTM-29 sample train.  
Table 1-6 compares these results. 
 

Table 1-6: 
Summary of M-2 and M-2F Flow Rate Measurements 

Method 
(USEPA) Run

Date 
(2012) Start

Flow Rate 
(dscfm)

Method 
(USEPA) Run

Date 
(2012) Start

Flow Rate 
(dscfm) %Δ

M-5F / 202 1 4/24 10:33 65,328 M-2F / 2H 1 4/24 10:34 57,622 -11.8
M-5F / 202 2 4/24 12:48 65,696 M-2F / 2H 2 4/24 12:49 57,757 -12.1
M-5F / 202 3 4/24 14:33 65,013 M-2F / 2H 3 4/24 14:37 57,124 -12.1

Average 65,346 Average 57,501 -12.0

M-5F / 202 4 4/25 9:08 63,278 M-2F / 2H 4 4/25 9:09 58,845 -7.0
M-5F / 202 5 4/25 12:07 63,411 M-2F / 2H 5 4/25 12:08 58,737 -7.4
M-5F / 202 6 4/25 14:06 63,551 M-2F / 2H 6 4/25 14:09 58,374 -8.1

Average 63,414 Average 58,652 -7.5

M-5F / 202 7 4/26 8:24 63,664 M-2F / 2H 7 4/26 8:26 58,932 -7.4
M-5F / 202 8 4/26 10:10 63,766 M-2F / 2H 8 4/26 10:11 57,654 -9.6
M-5F / 202 9 4/26 11:58 63,277 M-2F / 2H 9 4/26 12:01 57,389 -9.3

Average 63,569 Average 57,992 -8.8

OTM-29 1 4/27 9:28 64,365 M-2F / 2H 10 4/27 9:36 57,410 -10.8
OTM-29 2 4/27 11:12 64,413 M-2F / 2H 11 4/27 11:18 57,326 -11.0
OTM-29 3 4/27 12:45 64,230 M-2F / 2H 12 4/27 12:49 56,878 -11.4

Average 64,336 Average 57,204 -11.1

5/29/2012 13:25

 
While the Method 2 flow data obtained directly from each sample train was used to 
calculate isokinetic sampling conditions for Method 5F/202, Modified CTM-027, and 
OTM-29, the Method 2F flow data was used to calculate the mass-based emission 
results.  The WEFs calculated per Method 2H were applied to the Method 2F data. 
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Notable Events – Method 2F 
The Method 2F Run 3 flow traverse (performed during Method 5/202 and Mod.  
CTM-027, Run 3 on 4/23) mistakenly collected erroneous data at traverse point 1-1 due 
to operator oversight.  The erroneous data was removed from the average results; the 
effect on data quality appears to be negligible.   

Notable Events – Mod. CTM-027 
Due to an oversight, the samples were stored at room temperature rather than 
refrigerated during the time interval between sample delivery to the laboratory and 
sample receipt by the laboratory (4/28 to 4/30).  The samples were logged in by the 
laboratory at 23°C, rather than 4°C as required by the method. 
 
The theoretical effect of elevating the temperature of the samples would be to bias the 
results low.  This assumes that some of the ammonium ions in solution reformed into 
ammonia and off-gassed from the samples.  It is unknown to what degree this actually 
occurred, or if it actually occurred at all.  It is the analytical laboratory’s opinion that 
the samples should not need refrigeration whatsoever at a pH below 4.5.  The impinger 
train sample fractions (where the majority of the sample was collected) all had 
measured pH values well below 4.5.  The probe liner rinse sample fractions had 
measured pH values that were acidic, but above 4.5. 

Evaluation of Final Results 
Emission results were calculated in units of pounds per hour (lb/hr) using the flue gas 
flow rate determined with a separate 3D probe traverse per EPA Method 2F and 
corrected for wall effects per EPA Method 2H.  The lb/hr emission rate was converted 
to units of pounds per 1000 pounds of coke burn (lb/Mlb coke) using process data 
collected by MPC. 
 
Average NSFPM results, as well as all individual NSFPM results, were below 0.8 
lb/Mlb coke burn.  Average Total NSPM (NSFPM plus CPM) results, as well as all 
individual Total NSPM results were below 1.1 lb/Mlb coke burn. 
 
NH3 results obtained during similar test conditions were very consistent from run to run 
and were of the same order of magnitude as data collected during past test programs 
with similar process conditions.   
 
HCN results appeared to be consistent from run to run. 
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QA/QC performed by the analytical laboratories were within method specifications for 
all samples.  All field train blank and reagent blank analyses contained minimal to non-
detectable levels of background contamination. 
 
Where applicable in calculating the final results, the analytical method detection limits 
(MDLs) were utilized as the minimum measurable quantity of each constituent, rather 
than the laboratory’s specified “limit of quantification” (LOQ).  The LOQ is calculated 
by multiplying the calculated MDL by an arbitrary multiplier (3, 5, 7, 10, etc.); the 
multipliers selected by each laboratory vary and are not selected in consistent fashion. 
 
 
 

End of Section 1 – Project Overview 
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Table 2-1: 
NSFPM, CPM and Total Non-Sulfate PM (M-5F/202) – Condition 1 

Run No. 1 2 3 Average

Date (2012) Apr 24 Apr 24 Apr 24
Start Time (approx.) 10:33 12:48 14:33
Stop Time (approx.) 11:43 13:53 15:55

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.4 18.2 18.2 18.3
P1 FCC charge rate (bpd) 33,000 33,000 33,000 33,000
P2 ESP operation West / MPR West / MPR West / MPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.0 2.0 2.2 2.1
CO2 Carbon dioxide (dry volume %) 16.3 16.3 16.2 16.3
Ts Sample temperature (°F) 569 568 566 568
Bw Actual water vapor in gas (% by volume) 9.5 9.3 9.4 9.4

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 129,000 129,000 127,000 128,000
Qs Volumetric flow rate, standard (scfm) 63,700 63,700 63,100 63,500
Qstd Volumetric flow rate, dry standard (dscfm) 57,600 57,800 57,100 57,500
Qa Volumetric flow rate, actual (acf/hr) 7,720,000 7,720,000 7,630,000 7,690,000
Qs Volumetric flow rate, standard (scf/hr) 3,820,000 3,820,000 3,780,000 3,810,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,460,000 3,470,000 3,430,000 3,450,000

Sampling Data
Vmstd Volume metered, standard (dscf) 36.01 33.86 36.26 35.38
%I Isokinetic sampling (%)1 99.5 93.0 100.7 97.7

Laboratory Data
mn Total NSFPM (g) 0.02630 0.02447 0.02664
mCPM Total CPM (g) 0.05004 0.04841 0.05142
mPart Total non-sulfate particulate matter (g) 0.07634 0.07289 0.07806
nMDL Number of non-detectable fractions N/A N/A N/A 
DLC Detection level classification ADL ADL ADL 

NSFPM Results
Csd Particulate Concentration (lb/dscf) 1.61E-06 1.59E-06 1.62E-06 1.61E-06
Elb/hr Particulate Rate (lb/hr) 5.57 5.52 5.55 5.55
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.303 0.303 0.305 0.304

CPM Results
Csd Particulate Concentration (lb/dscf) 3.06E-06 3.15E-06 3.13E-06 3.11E-06
Elb/hr Particulate Rate (lb/hr) 10.6 10.9 10.7 10.7
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.577 0.599 0.589 0.588

Total Non-Sulfate Particulate Matter Results
Csd Particulate Concentration (lb/dscf) 4.67E-06 4.75E-06 4.75E-06 4.72E-06
Elb/hr Particulate Rate (lb/hr) 16.2 16.4 16.3 16.3
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.881 0.902 0.894 0.892

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

Detection level classifications are defined as follows:
     ADL = Above Detection Level - all fractions are above detection limit 052912  135657

 

2 Results 
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Table 2-2: 
NSFPM, CPM and Total Non-Sulfate PM (M-5F/202) – Condition 2 

Run No. 4 5 6 Average

Date (2012) Apr 25 Apr 25 Apr 25
Start Time (approx.) 09:08 12:07 14:06
Stop Time (approx.) 10:12 13:14 15:23

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.1 18.1 18.1 18.1
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both / MPR Both / MPR Both / MPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.4 2.5 2.3 2.4
CO2 Carbon dioxide (dry volume %) 16.1 16.0 16.2 16.1
Ts Sample temperature (°F) 557 557 557 557
Bw Actual water vapor in gas (% by volume) 9.6 9.9 9.7 9.7

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 129,000 129,000 128,000 128,000
Qs Volumetric flow rate, standard (scfm) 65,100 65,200 64,600 65,000
Qstd Volumetric flow rate, dry standard (dscfm) 58,800 58,700 58,400 58,700
Qa Volumetric flow rate, actual (acf/hr) 7,710,000 7,730,000 7,660,000 7,700,000
Qs Volumetric flow rate, standard (scf/hr) 3,910,000 3,910,000 3,880,000 3,900,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,530,000 3,520,000 3,500,000 3,520,000

Sampling Data
Vmstd Volume metered, standard (dscf) 35.40 35.60 35.65 35.55
%I Isokinetic sampling (%)1 101.0 101.4 101.3 101.2

Laboratory Data
mn Total NSFPM (g) 0.01293 0.01333 0.01576
mCPM Total CPM (g) 0.04205 0.04405 0.04385
mPart Total non-sulfate particulate matter (g) 0.05498 0.05738 0.05961
nMDL Number of non-detectable fractions N/A N/A N/A 
DLC Detection level classification ADL ADL ADL 

NSFPM Results
Csd Particulate Concentration (lb/dscf) 8.05E-07 8.25E-07 9.75E-07 8.69E-07
Elb/hr Particulate Rate (lb/hr) 2.84 2.91 3.41 3.06
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.157 0.161 0.189 0.169

CPM Results
Csd Particulate Concentration (lb/dscf) 2.62E-06 2.73E-06 2.71E-06 2.69E-06
Elb/hr Particulate Rate (lb/hr) 9.25 9.61 9.50 9.45
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.510 0.531 0.526 0.522

Total Non-Sulfate Particulate Matter Results
Csd Particulate Concentration (lb/dscf) 3.42E-06 3.55E-06 3.69E-06 3.55E-06
Elb/hr Particulate Rate (lb/hr) 12.1 12.5 12.9 12.5
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.666 0.692 0.715 0.691

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

Detection level classifications are defined as follows:
     ADL = Above Detection Level - all fractions are above detection limit 052912  135657
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Table 2-3: 
NSFPM, CPM and Total Non-Sulfate PM (M-5F/202) – Condition 3 

Run No. 7 8 9 Average

Date (2012) Apr 26 Apr 26 Apr 26
Start Time (approx.) 08:24 10:10 11:58
Stop Time (approx.) 09:31 11:17 13:17

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.1 18.1 18.1 18.1
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both / LPR Both / LPR Both / LPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.3 2.3 2.4 2.3
CO2 Carbon dioxide (dry volume %) 16.0 16.0 15.8 15.9
Ts Sample temperature (°F) 560 558 556 558
Bw Actual water vapor in gas (% by volume) 10.0 10.1 10.0 10.0

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 130,000 127,000 126,000 128,000
Qs Volumetric flow rate, standard (scfm) 65,500 64,100 63,700 64,500
Qstd Volumetric flow rate, dry standard (dscfm) 58,900 57,700 57,400 58,000
Qa Volumetric flow rate, actual (acf/hr) 7,830,000 7,650,000 7,580,000 7,690,000
Qs Volumetric flow rate, standard (scf/hr) 3,930,000 3,850,000 3,820,000 3,870,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,540,000 3,460,000 3,440,000 3,480,000

Sampling Data
Vmstd Volume metered, standard (dscf) 36.79 36.53 35.97 36.43
%I Isokinetic sampling (%)1 104.3 103.4 102.6 103.5

Laboratory Data
mn Total NSFPM (g) 0.01655 0.01699 0.01364
mCPM Total CPM (g) 0.04177 0.04585 0.04593
mPart Total non-sulfate particulate matter (g) 0.05832 0.06284 0.05957
nMDL Number of non-detectable fractions N/A N/A N/A 
DLC Detection level classification ADL ADL ADL 

NSFPM Results
Csd Particulate Concentration (lb/dscf) 9.92E-07 1.03E-06 8.36E-07 9.51E-07
Elb/hr Particulate Rate (lb/hr) 3.51 3.55 2.88 3.31
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.194 0.196 0.159 0.183

CPM Results
Csd Particulate Concentration (lb/dscf) 2.50E-06 2.77E-06 2.82E-06 2.70E-06
Elb/hr Particulate Rate (lb/hr) 8.85 9.57 9.69 9.37
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.490 0.530 0.536 0.519

Total Non-Sulfate Particulate Matter Results
Csd Particulate Concentration (lb/dscf) 3.50E-06 3.79E-06 3.65E-06 3.65E-06
Elb/hr Particulate Rate (lb/hr) 12.4 13.1 12.6 12.7
ERp Particulate Rate - Production-based (lb/Mlb coke) 0.684 0.726 0.695 0.702

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

Detection level classifications are defined as follows:
     ADL = Above Detection Level - all fractions are above detection limit 052912  135657
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Table 2-4: 
NH3 (Mod. CTM-027) – Condition 1 

Run No. 1 2 3 Average

Date (2012) Apr 24 Apr 24 Apr 24
Start Time (approx.) 10:33 12:48 14:33
Stop Time (approx.) 11:33 13:48 15:33

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.4 18.2 18.2 18.3
P1 FCC charge rate (bpd) 33,000 33,000 33,000 33,000
P2 ESP operation West / MPR West / MPR West / MPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.0 2.0 2.2 2.1
CO2 Carbon dioxide (dry volume %) 16.4 16.4 16.2 16.3
Ts Sample temperature (°F) 568 567 567 567
Bw Actual water vapor in gas (% by volume) 9.9 10.1 9.7 9.9

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 129,000 129,000 127,000 128,000
Qs Volumetric flow rate, standard (scfm) 63,700 63,800 63,000 63,500
Qstd Volumetric flow rate, dry standard (dscfm) 57,400 57,300 56,900 57,200
Qa Volumetric flow rate, actual (acf/hr) 7,720,000 7,720,000 7,630,000 7,690,000
Qs Volumetric flow rate, standard (scf/hr) 3,820,000 3,830,000 3,780,000 3,810,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,440,000 3,440,000 3,410,000 3,430,000

Sampling Data
Vmstd Volume metered, standard (dscf) 34.66 35.47 36.12 35.41
%I Isokinetic sampling (%)1 98.9 101.2 100.6 100.2

Laboratory Data
mn Total NH3 collected (mg) 20.1313 20.6721 21.0722

Ammonia (NH3) Results
Csd Ammonia Concentration (lb/dscf) 1.28E-06 1.29E-06 1.29E-06 1.28E-06
Csd Ammonia Concentration (ppmdv) 29.0 29.1 29.1 29.1
Elb/hr Ammonia Rate (lb/hr) 4.41 4.42 4.39 4.41
ERp Ammonia Rate - Production-based (lb/Mlb coke) 0.240 0.242 0.241 0.241

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

060412  100420
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Table 2-5: 
NH3 (Mod. CTM-027) – Condition 2 

Run No. 4 5 6 Average

Date (2012) Apr 25 Apr 25 Apr 25
Start Time (approx.) 09:08 12:07 14:06
Stop Time (approx.) 10:08 13:07 15:06

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.1 18.1 18.1 18.1
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both / MPR Both / MPR Both / MPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.7 2.5 2.6 2.6
CO2 Carbon dioxide (dry volume %) 15.9 16.0 15.9 15.9
Ts Sample temperature (°F) 555 555 554 555
Bw Actual water vapor in gas (% by volume) 9.7 9.6 9.7 9.7

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 129,000 129,000 128,000 128,000
Qs Volumetric flow rate, standard (scfm) 65,200 65,300 64,800 65,100
Qstd Volumetric flow rate, dry standard (dscfm) 58,900 59,100 58,500 58,800
Qa Volumetric flow rate, actual (acf/hr) 7,710,000 7,730,000 7,660,000 7,700,000
Qs Volumetric flow rate, standard (scf/hr) 3,910,000 3,920,000 3,890,000 3,910,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,530,000 3,550,000 3,510,000 3,530,000

Sampling Data
Vmstd Volume metered, standard (dscf) 34.28 34.82 33.03 34.04
%I Isokinetic sampling (%)1 99.9 101.6 99.6 100.4

Laboratory Data
mn Total NH3 collected (mg) 10.5610 10.5713 9.5688

Ammonia (NH3) Results
Csd Ammonia Concentration (lb/dscf) 6.79E-07 6.69E-07 6.39E-07 6.63E-07
Csd Ammonia Concentration (ppmdv) 15.4 15.2 14.5 15.0
Elb/hr Ammonia Rate (lb/hr) 2.40 2.37 2.24 2.34
ERp Ammonia Rate - Production-based (lb/Mlb coke) 0.132 0.131 0.124 0.129

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

060412  100420
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Table 2-6: 
NH3 (Mod. CTM-027) – Condition 3 

Run No. 7 8 9 Average

Date (2012) Apr 26 Apr 26 Apr 26
Start Time (approx.) 08:24 10:10 11:58
Stop Time (approx.) 09:24 11:10 12:58

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 18.1 18.1 18.1 18.1
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both / LPR Both / LPR Both / LPR 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 2.4 2.5 2.5 2.5
CO2 Carbon dioxide (dry volume %) 15.9 15.8 15.9 15.9
Ts Sample temperature (°F) 558 556 553 555
Bw Actual water vapor in gas (% by volume) 10.7 9.9 10.3 10.3

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 130,000 127,000 126,000 128,000
Qs Volumetric flow rate, standard (scfm) 65,700 64,200 63,900 64,600
Qstd Volumetric flow rate, dry standard (dscfm) 58,700 57,900 57,300 58,000
Qa Volumetric flow rate, actual (acf/hr) 7,830,000 7,650,000 7,580,000 7,690,000
Qs Volumetric flow rate, standard (scf/hr) 3,940,000 3,850,000 3,840,000 3,880,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,520,000 3,470,000 3,440,000 3,480,000

Sampling Data
Vmstd Volume metered, standard (dscf) 34.33 35.18 34.08 34.53
%I Isokinetic sampling (%)1 100.5 101.1 102.3 101.3

Laboratory Data
mn Total NH3 collected (mg) 10.6365 9.7750 10.4514

Ammonia (NH3) Results
Csd Ammonia Concentration (lb/dscf) 6.83E-07 6.13E-07 6.76E-07 6.57E-07
Csd Ammonia Concentration (ppmdv) 15.5 13.9 15.3 14.9
Elb/hr Ammonia Rate (lb/hr) 2.41 2.13 2.33 2.29
ERp Ammonia Rate - Production-based (lb/Mlb coke) 0.133 0.118 0.129 0.126

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

060412  100420
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Table 2-7: 
NH3 (Mod. CTM-027) – Condition 4 

Run No. 10 11 12 Average

Date (2012) Apr 27 Apr 27 Apr 27
Start Time (approx.) 09:28 11:12 12:45
Stop Time (approx.) 10:28 12:12 13:45

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 17.9 17.9 17.9 17.9
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both Both Both 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 3.8 2.8 3.1 3.2
CO2 Carbon dioxide (dry volume %) 14.7 15.6 15.4 15.2
Ts Sample temperature (°F) 551 552 552 552
Bw Actual water vapor in gas (% by volume) 9.8 9.7 9.3 9.6

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 123,000 126,000 121,000 123,000
Qs Volumetric flow rate, standard (scfm) 63,200 64,800 62,500 63,500
Qstd Volumetric flow rate, dry standard (dscfm) 57,100 58,600 56,700 57,400
Qa Volumetric flow rate, actual (acf/hr) 7,360,000 7,550,000 7,280,000 7,400,000
Qs Volumetric flow rate, standard (scf/hr) 3,790,000 3,890,000 3,750,000 3,810,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,420,000 3,510,000 3,400,000 3,450,000

Sampling Data
Vmstd Volume metered, standard (dscf) 34.70 34.61 34.17 34.49
%I Isokinetic sampling (%)1 100.7 100.5 99.5 100.2

Laboratory Data
mn Total NH3 collected (mg) 10.7336 11.1983 11.3417

Ammonia (NH3) Results
Csd Ammonia Concentration (lb/dscf) 6.82E-07 7.14E-07 7.32E-07 7.09E-07
Csd Ammonia Concentration (ppmdv) 15.4 16.2 16.6 16.1
Elb/hr Ammonia Rate (lb/hr) 2.33 2.51 2.49 2.44
ERp Ammonia Rate - Production-based (lb/Mlb coke) 0.130 0.140 0.139 0.136

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

060412  100420
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Table 2-8: 
HCN (OTM-29) – Condition 4 

Run No. 1 2 3 Average

Date (2012) Apr 27 Apr 27 Apr 27
Start Time (approx.) 09:28 11:12 12:45
Stop Time (approx.) 10:34 12:17 14:00

Process Conditions
RP Coke burn-off rate (Mlb coke/hr) 17.9 17.9 17.9 17.9
P1 FCC charge rate (bpd) 32,500 32,500 32,500 32,500
P2 ESP operation Both Both Both 
P3 NH3 injection (lb/hr) 8 8 8

Gas Conditions
O2 Oxygen (dry volume %) 3.0 2.9 4.9 3.6
CO2 Carbon dioxide (dry volume %) 11.6 11.7 12.2 11.8
Ts Sample temperature (°F) 554 554 555 554
Bw Actual water vapor in gas (% by volume) 9.8 9.7 9.3 9.6

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 123,000 126,000 121,000 123,000
Qs Volumetric flow rate, standard (scfm) 63,100 64,700 62,300 63,400
Qstd Volumetric flow rate, dry standard (dscfm) 56,900 58,400 56,500 57,300
Qa Volumetric flow rate, actual (acf/hr) 7,360,000 7,550,000 7,280,000 7,400,000
Qs Volumetric flow rate, standard (scf/hr) 3,780,000 3,880,000 3,740,000 3,800,000
Qstd Volumetric flow rate, dry standard (dscf/hr) 3,410,000 3,510,000 3,390,000 3,440,000

Sampling Data
Vmstd Volume metered, standard (dscf) 32.54 33.06 32.13 32.58
%I Isokinetic sampling (%)1 104.2 105.7 103.1 104.3

Laboratory Data
mn Total HCN collected (μg) 16,533 16,450 16,954 16,646

Hydrogen Cyanide (HCN) Results
Csd HCN Concentration (lb/dscf) 1.12E-06 1.10E-06 1.16E-06 1.13E-06
Csd HCN Concentration (ppmdv) 16.0 15.7 16.6 16.1
Elb/hr HCN Rate (lb/hr) 3.82 3.85 3.95 3.87
ERp HCN Rate - Production-based (lb/Mlb coke) 0.213 0.214 0.220 0.216

Average includes 3 runs.
1 Sample flow rates as determined by EPA Method 2 were used to calculate isokinetic sampling conditions.

052912  135657
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Table 2-9: 
Uncertainty Analysis – NSFPM (M-5F) 

Condition 1 Condition 2 Condition 3
Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr

Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR

NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

NSFPM Results NSFPM Results NSFPM Results
(lb/Mlb coke) (lb/Mlb coke) (lb/Mlb coke)

Method 5F/202 5F/202 5F/202
Run No. 1 0.303 4 0.157 7 0.194

2 0.303 5 0.161 8 0.196
3 0.305 6 0.189 9 0.159

SD 0.001 0.018 0.021
AVG 0.304 0.169 0.183
RSD 0.4% 10.5% 11.3%
N 3 3 3
SE 0.001 0.010 0.012
RSE 0.2% 6.0% 6.6%
P 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303

CI + 0.307 0.213 0.235
AVG 0.304 0.169 0.183
CI - 0.301 0.125 0.132

TB + 0.313 0.304 0.342

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected 
to fall within the interval (CI- to CI+) about 95% of the time.

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same 
conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.
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Table 2-10: 
Uncertainty Analysis – CPM (M-202) 

Condition 1 Condition 2 Condition 3
Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr

Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR

NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

CPM Results CPM Results CPM Results
(lb/Mlb coke) (lb/Mlb coke) (lb/Mlb coke)

Method 5F/202 5F/202 5F/202
Run No. 1 0.577 4 0.510 7 0.490

2 0.599 5 0.531 8 0.530
3 0.589 6 0.526 9 0.536

SD 0.011 0.011 0.025
AVG 0.588 0.522 0.519
RSD 1.8% 2.1% 4.8%
N 3 3 3
SE 0.006 0.006 0.014
RSE 1.1% 1.2% 2.8%
P 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303

CI + 0.615 0.550 0.580
AVG 0.588 0.522 0.519
CI - 0.562 0.494 0.457

TB + 0.671 0.608 0.709

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected 
to fall within the interval (CI- to CI+) about 95% of the time.

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same 
conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

 



 
 
MARATHON PETROLEUM COMPANY Client Reference No: CN00076641 
DETROIT REFINERY CleanAir Project No: 12010 
 
 
RESULTS 2-11 

Revision 0, Final Report 

Table 2-11: 
Uncertainty Analysis – Total Non-Sulfate PM (M-5F/202) 

Condition 1 Condition 2 Condition 3
Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr

Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR

NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

Total NSPM Results Total NSPM Results Total NSPM Results
(lb/Mlb coke) (lb/Mlb coke) (lb/Mlb coke)

Method 5F/202 5F/202 5F/202
Run No. 1 0.881 4 0.666 7 0.684

2 0.902 5 0.692 8 0.726
3 0.894 6 0.715 9 0.695

SD 0.011 0.024 0.022
AVG 0.892 0.691 0.702
RSD 1.2% 3.5% 3.1%
N 3 3 3
SE 0.006 0.014 0.012
RSE 0.7% 2.0% 1.8%
P 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303

CI + 0.919 0.752 0.755
AVG 0.892 0.691 0.702
CI - 0.866 0.630 0.648

TB + 0.974 0.878 0.867

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected 
to fall within the interval (CI- to CI+) about 95% of the time.

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same 
conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.
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Table 2-12: 
Uncertainty Analysis – NH3, ppmdv (Mod. CTM-027) 

Condition 1 Condition 2 Condition 3 Condition 4
Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 17.9 Mlb/hr

Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR ESP Operation = Both

NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

NH3 Results NH3 Results NH3 Results NH3 Results
(ppmdv) (ppmdv) (ppmdv) (ppmdv)

Method Mod. CTM-027 Mod. CTM-027 Mod. CTM-027 Mod. CTM-027
Run No. 1 29.0 4 15.4 7 15.5 10 15.4

2 29.1 5 15.2 8 13.9 11 16.2
3 29.1 6 14.5 9 15.3 12 16.6

SD 0.067 0.480 0.879 0.571
AVG 29.1 15.0 14.9 16.1
RSD 0.2% 3.2% 5.9% 3.6%
N 3 3 3 3
SE 0.039 0.277 0.508 0.330
RSE 0.1% 1.8% 3.4% 2.1%
P 95.0% 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303 4.303

CI + 29.2 16.2 17.1 17.5
AVG 29.1 15.0 14.9 16.1
CI - 28.9 13.8 12.7 14.6

TB + 29.6 18.7 21.6 20.4

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected to fall within the 
interval (CI- to CI+) about 95% of the time.
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Table 2-13: 
Uncertainty Analysis – NH3, lb/hr (Mod. CTM-027) 

Condition 1 Condition 2 Condition 3 Condition 4
Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 17.9 Mlb/hr

Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR ESP Operation = Both

NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

NH3 Results NH3 Results NH3 Results NH3 Results
(lb/hr) (lb/hr) (lb/hr) (lb/hr)

Method Mod. CTM-027 Mod. CTM-027 Mod. CTM-027 Mod. CTM-027
Run No. 1 4.41 4 2.40 7 2.41 10 2.33

2 4.42 5 2.37 8 2.13 11 2.51
3 4.39 6 2.24 9 2.33 12 2.49

SD 0.015 0.084 0.143 0.095
AVG 4.41 2.34 2.29 2.44
RSD 0.3% 3.6% 6.3% 3.9%
N 3 3 3 3
SE 0.009 0.048 0.083 0.055
RSE 0.2% 2.1% 3.6% 2.2%
P 95.0% 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303 4.303

CI + 4.45 2.55 2.64 2.68
AVG 4.41 2.34 2.29 2.44
CI - 4.37 2.13 1.93 2.21

TB + 4.53 2.98 3.38 3.17

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected to fall within the 
interval (CI- to CI+) about 95% of the time.
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Table 2-14: 
Uncertainty Analysis – NH3, lb/Mlb coke burn (Mod. CTM-027) 
Condition 1 Condition 2 Condition 3 Condition 4

Coke Burn = 18.3 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 18.1 Mlb/hr Coke Burn = 17.9 Mlb/hr
Charge = 33,000 bpd Charge = 32,500 bpd Charge = 32,500 bpd Charge = 32,500 bpd

ESP Operation = West / MPR ESP Operation = Both / MPR ESP Operation = Both / LPR ESP Operation = Both
NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

NH3 Results NH3 Results NH3 Results NH3 Results
(lb/Mlb coke) (lb/Mlb coke) (lb/Mlb coke) (lb/Mlb coke)

Method Mod. CTM-027 Mod. CTM-027 Mod. CTM-027 Mod. CTM-027
Run No. 1 0.240 4 0.132 7 0.133 10 0.130

2 0.242 5 0.131 8 0.118 11 0.140
3 0.241 6 0.124 9 0.129 12 0.139

SD 0.001 0.004 0.008 0.005
AVG 0.241 0.129 0.126 0.136
RSD 0.4% 3.4% 6.3% 3.9%
N 3 3 3 3
SE 0.001 0.003 0.005 0.003
RSE 0.2% 2.0% 3.6% 2.2%
P 95.0% 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303 4.303

CI + 0.244 0.140 0.146 0.149
AVG 0.241 0.129 0.126 0.136
CI - 0.239 0.118 0.107 0.123

TB + 0.249 0.163 0.187 0.177

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected to fall within the 
interval (CI- to CI+) about 95% of the time.
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Table 2-15: 
Uncertainty Analysis – HCN (OTM-29) 

Condition 4 Condition 4 Condition 4
Coke Burn = 17.9 Mlb/hr Coke Burn = 17.9 Mlb/hr Coke Burn = 17.9 Mlb/hr

Charge = 32,500 bpd Charge = 32,500 bpd Charge = 32,500 bpd
ESP Operation = Both ESP Operation = Both ESP Operation = Both
NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr NH3 Injection = 8 lb/hr

HCN Results HCN Results HCN Results
(ppmdv) (lb/hr) (lb/Mlb coke)

Method OTM-29 OTM-29 OTM-29
Run No. 10 16.0 10 3.82 10 0.213

11 15.7 11 3.85 11 0.214
12 16.6 12 3.95 12 0.220

SD 0.480 0.065 0.004
AVG 16.1 3.87 0.216
RSD 3.0% 1.7% 1.7%
N 3 3 3
SE 0.277 0.037 0.002
RSE 1.7% 1.0% 1.0%
P 95.0% 95.0% 95.0%
TINV 4.303 4.303 4.303

CI + 17.3 4.03 0.225
AVG 16.1 3.87 0.216
CI - 14.9 3.71 0.207

TB + 19.7 4.37 0.245

P (probability) is the confidence level associated with the two-tailed Student's t-distribution.

TINV (t-value) is the value of the Student's t-distrubution as a function of P (probability) and N-1 (degrees of freedom).

CI (confidence interval) indicates that if the test is conducted again under the same conditions, the average would be expected to fall 
within the interval (CI- to CI+) about 95% of the time.

TB+ (upper tolerance bound) is the value below which 95% of future runs are expected to fall (assuming testing at the same 
conditions).

AVG (average) is the mean value of the runs; N is the number of individual runs.

SD (standard deviation) and RSD (relative standard deviation) are measures of the variability of individual runs.

SE (standard error) and RSE (relative standard error) are measures of the variability of the average of the runs.

 
 
 

End of Section 2 – Results 
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PROCESS DESCRIPTION 
MPC’s facility in Detroit, Michigan, produces refined petroleum products from crude 
oil.  The Fluid Catalytic Cracking Unit (FCCU) utilizes a primary reactor, a distillation 
column and a catalyst regeneration unit to continuously generate light hydrocarbon 
products from heavy crude oil feeds. 
 
The FCCU is equipped with an ESP with two (2) bays and variable aqueous NH3 
injection to control emissions.  The testing described in this document was performed 
at the FCCU Regenerator Stack. 
 
DESCRIPTION OF SAMPLING LOCATIONS 
Sampling point locations were determined according to EPA Methods 1 and 2H, where 
applicable. 
 
Table 3-1 outlines the sampling point configurations.  Figures 3-1 through 3-3 (on 
pages 3-2 through 3-4) illustrate the sampling points and orientation of sampling ports 
for each of the sources tested in the program. 
 

Table 3-1: 
Sampling Points 

Source
Constituent

FCCU Regenerator Stack
Velocity Decay 2H 1-4 2 6 Varied Varied 3-1
NSFPM/CPM M-5F/202 1-9 2 12 2.5 60 3-2
3-D Flow 2F 1-12 2 12 Varied Varied 3-2
HCN OTM-29 1-3 2 12 2.5 60 3-2
NH3 Mod. CTM-027 1-12 1 1 60 60 3-3

Minutes 
per Point

Total 
Minutes FigureMethod (USEPA) Run No.

Points per 
PortPorts

 

3 Description of Installation 
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Sampling Point Port to Point Distance (in.) 
1 81.25 
2 80.25 
3 79.25 
4 3.0 
5 2.0 
6 1.0 

 
Duct diameters upstream from flow disturbance (A): 2.2 Limit:  0.5 
Duct diameters downstream from flow disturbance (B): 3.4 Limit:  2.0 

 
 

Figure 3-1: FCCU Regenerator Stack Sampling Points (EPA M-2H) 



 
 
MARATHON PETROLEUM COMPANY Client Reference No: CN00076641 
DETROIT REFINERY CleanAir Project No: 12010 
 
 
DESCRIPTION OF INSTALLATION 3-3 

Revision 0, Final Report 

 
 

 
 

Sampling Point Port to Point Distance (in.) 
1 80.5  
2 76.7 
3 72.5 
4 67.7 
5 61.7 
6 53.0 
7 29.3 
8 20.6 
9 14.6 

10 9.7 
11 5.5  
12 1.7  

 
Duct diameters upstream from flow disturbance (A): 2.2 Limit:  0.5 
Duct diameters downstream from flow disturbance (B): 3.4 Limit:  2.0 

 
 
Figure 3-2: FCCU Regenerator Stack Sampling Points (EPA M-5F/202, M-2F, and OTM-29) 
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Sampling Point Approximate Port to Point Distance (in.) 
1 36.0  

 
Duct diameters upstream from flow disturbance (A): 2.2 Limit:  0.5 
Duct diameters downstream from flow disturbance (B): 3.4 Limit:  2.0 

 
 

Figure 3-3: FCCU Regenerator Stack Sampling Points (EPA Mod. CTM-027) 
 
 
 

End of Section 3 – Description of Installation 
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Clean Air Engineering followed or referenced procedures as detailed in USEPA 
Methods 1, 2, 2F, 2H, 3, 3A, 4, 5F, 202, Conditional Test Method (CTM) 027, 
Alternative Methods (ALT) 009 and 031, and Other Test Method (OTM) 29.  The 
following table summarizes the methods and their respective sources. 
 

Table 4-1: 
Summary of Sampling Procedures 

 
Title 40 CFR Part 60 Appendix A 
Method 1 “Sample and Velocity Traverses for Stationary Sources” 
Method 2 “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot Tube)” 
Method 2F “Determination of Stack Gas Velocity And Volumetric Flow Rate with Three-Dimensional 

Probes” 
Method 2H “Deternination of Stack Gas Velocity Taking into Account Velocity Decay near the Stack 

Wall” 
Method 3 “Gas Analysis for the Determination of Dry Molecular Weight” 
Method 3A “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from 

Stationary Sources (Instrumental Analyzer Procedure)” 
Method 4 “Determination of Moisture Content in Stack Gases” 
Method 5F “Determination of Nonsulfate Particulate Matter Emissions from Stationary Sources” 
 
Title 40 CFR Part 51 Appendix M 
Method 202 “Dry Impinger Method for Determining Condensable Particulate Emissions from 

Stationary Sources” 
 
Conditional Test Methods (CTM) 
CTM-027 “Procedure for Collection and Analysis of Ammonia in Stationary Sources” 
 
Alternative Methods 
ALT-009 “Alternative Method 5 Post-Test Calibration” 
ALT-031 “Approval of Method 2F, 2G and 2H as alternatives to Method 2 in 40 CFR Part 60, 61, 

or 63” 
 
Other Test Methods 
OTM-29 “Sampling and Analysis for Hydrogen Cyanide Emissions from Stationary Sources” 
 
 
These methods appear in detail in Title 40 of the Code of Federal Regulations (CFR) 
and on the World Wide Web at http://ecfr.gpoaccess.gov. 
 
Diagrams of the sampling apparatus and major specifications of the sampling, recovery 
and analytical procedures are summarized for each method in Appendix A. 
 
CleanAir followed specific quality assurance and quality control (QA/QC) procedures 
as outlined in the individual methods and as prescribed in CleanAir’s internal Quality 
Manual.  Results of all QA/QC activities performed by CleanAir are summarized in 
Appendix D. 

4 Methodology 
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NSFPM/CPM Testing – FCCU Regenerator Stack 
Three (3) 60-minute non-sulfate filterable particulate matter/condensable particulate 
matter (NSFPM/CPM) test runs were performed per EPA Method 5F/202 at the FCCU 
Regenerator Stack during each condition.  The front-half (Method 5F portion) of the 
sampling train consisted of a glass nozzle, glass probe liner heated to 320°F, and a 
quartz filter heated to 320°F.  Samples were collected isokinetically; nozzle and probe 
liner recoveries were performed using de-ionized water (DI H2O) as the recovery 
solvent. 
 
Method 202 was used as the back-half of the sample train to determine condensable 
particulate matter (CPM).  Method 202 is typically paired with EPA Method 5 (or 
equivalent) to remove FPM in the front-half of the sample train prior to measurement in 
the impinger train. 
 
The method is designed to mimic ambient conditions and collect only the particles that 
truly form CPM in the atmosphere by minimizing the sulfur dioxide (SO2) and nitrogen 
oxide (NOX) interferences observed with earlier versions of this method, where flue gas 
containing these compounds was bubbled through cold water and SO2/NOX was 
absorbed and partially oxidized before it could be purged out with nitrogen (N2). 
 
After passing through the front half (Method 5F) portion of the sample train, the flue 
gas passed through a coiled condenser and dry impinger system jacketed by water 
continually circulated at ambient temperature.  Moisture was removed from the flue gas 
without bubbling it through the condensed water.  Flue gas then passed through a 
tetrafluoroethylene (TFE) membrane filter at ambient temperature.  The temperature of 
the flue gas at the exit of the filter was directly measured with an in-line thermocouple 
and maintained in the temperature range of 65 to 85°F. 
 
After exiting the ambient filter, the flue gas passed through two (2) additional 
impingers surrounded by ice in a “cold” section of the impinger bucket  The moisture 
collected in these impingers was not analyzed and was only collected to more 
accurately determine flue gas moisture and thoroughly dry the gas prior to the metering 
device. 
 
The front-half portion of the sample train (nozzle, probe and heated filter) was 
recovered per Method 5F requirements; the back-half of the sample train (heated filter 
outlet, condenser, dry impingers and TFE membrane filter) were recovered per Method 
202 requirements.  The impinger train was purged with nitrogen (N2) at a rate of 14 
liters per minute (lpm) for one (1) hour following each test run and prior to recovery. 
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A field train blank was assembled, purged and recovered as if it were an actual test 
sample.  Reagent blanks were collected to quantify background contamination.   
 
Samples and blanks were returned to CleanAir Analytical Services for gravimetric 
analysis.  Method 202 samples were maintained at a temperature <85°F during 
transport to the laboratory. 
 
NSFPM and CPM emission results were calculated in units of pounds per hour (lb/hr) 
and pounds per 1000 pounds of coke burn (lb/Mlb coke).  The final result for each 
condition was equivalent to the average of three (3) valid runs. 

3-D Flow Testing – FCCU Regenerator Stack 
Sample flow rates as determined by EPA Method 2 (performed as part of each Method 
5F/202 test) were used to calculate isokinetic sampling conditions.  However, sample 
flow rates used to calculate emission results were obtained by EPA Method 2F 
traverses.  This method is used to correct a high flow bias that occurs in Method 2 in 
the presence of swirling gas flow. 
 
A three-dimensional (3-D) traverse was performed concurrently with each test at the 
FCCU Regenerator Stack, and the flow results were compared. 
 
Using flow data from Method 2F in place of Method 2 flow data has been approved by 
the EPA in Alternative Method 031 for test methods in any subpart to 40 CFR Part 60, 
61 or 63, where Method 2 is the specified flow rate measurement method. 
 

Wall Effects Determination – FCCU Regenerator Stack 
To account for flue gas velocity decay near the stack walls, a wall-effect adjustment 
factor was determined per EPA Method 2H at the FCCU Stack prior to the first runs 
performed at each test condition. 
 
The method contains a calculation procedure, which derives an adjustment factor from 
velocity measurements, and a default procedure, which assigns a generic adjustment 
factor based on the construction of the stack or duct.  A Type-S pitot tube was used to 
make velocity measurements.  Based on the results, the minimum acceptable wall-
effect adjustment factor was used to correct the 3-D flow rate measurements made 
during the test program. 
 
Velocity correction using Method 2H has also been approved by the EPA in 
Alternative Method 031 for test methods in any subpart to 40 CFR Part 60, 61 or 63, 
where Method 2 is the specified flow rate measurement method. 
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NH3 Testing – FCCU Regenerator Stack 
NH3 emissions were quantified at the FCCU Regenerator Stack for diagnostic purposes 
by performing three (3) 60-minute test runs of a modified version of CTM-027 during 
each test condition.  These runs were performed at an isokinetic sampling rate at a 
single point near the center of the stack and concurrent with the other test runs. 
 
The front-half of the sampling train consisted of a glass nozzle and an in-stack glass 
filter holder assembly packed with quartz wool as a filter media.  After passing through 
the nozzle and the quartz filter media, the flue gas passed through a heated glass lined 
sample probe, followed by a standard CTM-027 impinger train designed to collect 
NH3.  Any connecting components between the sample probe and impinger train were 
composed of glass or TFE. 
 
The front-half assembly was not recovered or analyzed, as gaseous NH3 should have 
passed through the assembly without reacting or changing state.  The glass liner and 
connecting components were rinsed and recovered in one (1) sample fraction; the 
impinger train was rinsed and recovered in a second sample fraction.  Results from both 
fractions were added together for a single analytical result for each run. 
 
A field blank was collected by charging an impinger with reagent for one (1) hour and 
recovering it as if it were an actual test sample.  Reagent blanks were collected to 
quantify background contamination.   
 
Samples and blanks were returned to CleanAir Analytical Services for ion 
chromatography (IC) analysis.  With the exception of a lapse that occurred interval 
between sample delivery to the laboratory and sample receipt by the laboratory (4/28 to 
4/30), the samples were stored under refrigeration or cold packs prior to analysis. 
 
NH3 results were expressed in units of dry parts per million (ppmdv), pounds per hour 
(lb.hr), and lb/Mlb coke. 
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The following is a summary of the deviations that were made from official test 
methodology and their anticipated effect, if any, on the final results: 

• CTM-027 officially requires a traverse of the entire stack with isokinetic 
sampling; while the modified method involved isokinetic sampling at a single 
point.  Given the gaseous state of NH3 at flue gas temperatures and the absence 
of free water droplets in the flue gas, results from a single-point isokinetic 
sampling at a central point should correlate reasonably well with any future 
CTM-027 sampling performed while traversing the entire stack. 

• Instead of heating the probe to a temperature at or above flue gas temperature, 
the probe was heated to a temperature sufficient to prevent condensation in the 
probe liner.  The probe liner was rinsed and recovered as part of the combined 
sample fraction for each run. 

• The entire impinger train was recovered and analyzed as one (1) sample fraction 
rather than analyzing each of the three (3) impingers separately.  Previous 
experience has shown that 0.1 N H2SO4 readily absorbs NH3, and no significant 
breakthrough was anticipated at the NH3 levels measured during this test 
program. 

 

HCN Testing – FCCU Regenerator Stack 
HCN emissions were determined using OTM-29 and an isokinetic, multi-point sample 
train.  The sampling system consisted of a nozzle, heated probe, heated quartz filter, 
impinger train (for HCN collection and H2O removal/measurement) and a dry gas 
meter.  The HCN-collecting impingers were charged with 6.0 N sodium hydroxide 
(NaOH) solution. 
 
The sampling system traversed all of the Method 1 points during each run.  A 
maximum volume of 0.9 dry standard cubic meters (dscm), or 31.8 dry standard cubic 
feet (dscf), was sampled during each one-hour run.  The pH in the final impinger 
containing absorbing solution was maintained >12.0 throughout the test. 
 
The front-half portion of the sample train (nozzle, probe and heated filter) was not 
recovered or analyzed.  Per the method, the back-half of the heated filter outlet was 
also not recovered or analyzed.  Prior to recovery, the pH of each impinger preceding 
the final impinger was measured and adjusted to > 12.0 if necessary.  The impinger 
fractions were then recovered per the method (Impingers #1 and #2 recovered together, 
Impinger #3 recovered separately). 
 
A field train blank was assembled, transported to the location, heated, leak-checked and 
recovered as if it were an actual test sample.  A field spike sample was collected by 
introducing a spike standard into a single impinger containing absorbing reagent and 
recovering the impinger following standard procedures.  Reagent blanks were collected 
to quantify background contamination.  All samples were stored under refrigeration or 
cold packs prior to analysis. 
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Samples and blanks were shipped to Enthalpy Analytical in Durham, North Carolina, 
who performed the analysis.  The sample fractions were filtered, pre-concentrated and 
analyzed for CN- using ion chromatography (IC). 
 
HCN results were expressed in units of dry parts per million (ppmdv), pounds per hour 
(lb.hr), and lb/Mlb coke. 
 
The following is a summary of the deviations that were made from official test 
methodology and their anticipated effect, if any, on the final results: 

• OTM-29 calls for the use of multiple Greenburg-Smith impingers with the 
standard (restricted) stems.  In practice, the 6.0 N NaOH absorbing solution in 
the impingers forms a slurry (and occasionally solidifies) as it absorbs carbon 
dioxide (CO2) from the flue gas.  This can cause complete plugging of the 
impinger train and severely delay testing.  In order to reduce the chance of 
plugging, all impinger stems instead were of the modified Greenburg-Smith 
(unrestricted stem) design. 

• Per OTM-29, CO2 concentration in the stack and at the outlet of the dry gas 
meter must be measured continuously throughout the test runs.  Continuous 
CO2 measurements were obtained in a simplified manner by collecting two (2) 
integrated gas samples continuously throughout each run.  One (1) sample was 
collected from the meter exhaust of the OTM-29 sample train (which is known 
to scrub CO2); the other sample was collected from the meter exhaust of a 
nearly-concurrent CTM-027 sample train (which does not scrub CO2).  This 
data was used to correct the meter volumes when calculating the final results. 

 

Sample Gas Molecular Weight Determination – FCCU Regenerator Stack 
Sample gas molecular weight was determined using a hybrid of EPA Method 3 and 3A.  
A paramagnetic/IR analyzer was used in place of a traditional Orsat analyzer to 
determine oxygen (O2) and carbon dioxide (CO2) concentrations of an integrated gas 
sample collected during each Method 5F/202, Modified CTM-027, and OTM-29 run.  
Documentation of preliminary instrument calibrations and post analysis calibration 
checks are included in Appendix E. 
 
To determine the moisture content of the flue gas, the weight gain of all relevant 
sample train components (impingers, sample train knock-out jars and purge knock-out 
jars) were measured gravimetrically.   
 
Since the OTM-29 impinger train contents absorb a significant gravimetric amount of 
CO2 as well as H2O, moisture and flue gas CO2 data used to calculate HCN results were 
obtained from concurrent Modified CTM-027 sample runs. 
 
 
 

End of Section 4 – Methodology 
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Figure 2-1:  Photograph Illustrating the Residue Found in  
Laboratory Sample No:  28842-025. 
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Figure 2-2:  Photograph Illustrating the Residue Found in  
Laboratory Sample No:  28842-040. 
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Raw Gravimetric Data
Sample ID: 28842-011

Location: All

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: FRB Recovery Date: 4/23/2012

Field Tech: RV Initial pH: 6.30

Media 1 ID: 9779

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44306

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129779 9:38 3.81300 MT

1/4/20129779 15:12 3.81299 MT

1/5/20129779 9:36 3.81286 MT

Media ID Date Time Weight (g) Technician

9779 5/7/2012 10:53 4.26500 mtuegel

9779 5/8/2012 9:09 4.26493 mtuegel

Media ID Date Time Weight Technician

44306 2/1/2012 4:15:37 PM 0.45114

44306 2/2/2012 2:59:50 PM 0.45114

G - 37



Sample ID: 28842-011

Location: All

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: FRB Recovery Date: 4/23/2012

Field Tech: RV Initial pH: 6.30

Media 1 ID: 9781

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44308

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129781 9:28 3.85790 MT

1/4/20129781 15:18 3.85790 MT

1/5/20129781 9:29 3.85800 MT

Media ID Date Time Weight (g) Technician

9781 5/7/2012 10:47 4.34033 mtuegel

9781 5/8/2012 9:09 4.34027 mtuegel

Media ID Date Time Weight Technician

44308 2/1/2012 4:16:34 PM 0.45465

44308 2/2/2012 2:58:20 PM 0.45465

G - 38



Sample ID: 28842-013

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 2 Recovery Date: 4/24/2012

Field Tech: RV Initial pH: 5.30

Media 1 ID: 9799

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44309

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129799 9:36 3.89533 MT

1/4/20129799 15:11 3.89524 MT

1/5/20129799 9:33 3.89535 MT

Media ID Date Time Weight (g) Technician

9799 5/7/2012 10:47 4.37538 mtuegel

9799 5/8/2012 9:09 4.37542 mtuegel

Media ID Date Time Weight Technician

44309 2/1/2012 4:25:13 PM 0.45427

44309 2/2/2012 2:53:08 PM 0.45430

G - 39



Sample ID: 28842-014

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 3 Recovery Date: 4/24/2012

Field Tech: RV Initial pH: 5.28

Media 1 ID: 9816

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44307

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129816 9:11 3.88531 MT

1/4/20129816 15:33 3.88531 MT

1/5/20129816 9:54 3.88546 MT

Media ID Date Time Weight (g) Technician

9816 5/7/2012 10:47 4.36514 mtuegel

9816 5/8/2012 9:14 4.36509 mtuegel

Media ID Date Time Weight Technician

44307 2/1/2012 4:16:07 PM 0.45173

44307 2/2/2012 2:59:23 PM 0.45171

G - 40



Sample ID: 28842-015

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 4 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 5.40

Media 1 ID: 9797

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44305

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129797 9:31 3.90079 MT

1/4/20129797 15:06 3.90078 MT

1/5/20129797 9:39 3.90084 MT

Media ID Date Time Weight (g) Technician

9797 5/7/2012 10:42 4.37032 mtuegel

9797 5/8/2012 9:14 4.37031 mtuegel

Media ID Date Time Weight Technician

44305 2/1/2012 4:14:09 PM 0.45517

44305 2/2/2012 3:09:48 PM 0.45520

G - 41



Sample ID: 28842-016

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 5 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 5.60

Media 1 ID: 9787

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44304

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129787 9:17 3.75626 MT

1/4/20129787 15:27 3.75627 MT

1/5/20129787 10:00 3.75636 MT

Media ID Date Time Weight (g) Technician

9787 5/7/2012 10:42 4.22822 mtuegel

9787 5/8/2012 9:14 4.22835 mtuegel

Media ID Date Time Weight Technician

44304 2/1/2012 4:13:39 PM 0.45734

44304 2/2/2012 3:10:16 PM 0.45729

G - 42



Sample ID: 28842-017

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 6 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 5.85

Media 1 ID: 9778

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44303

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129778 9:33 3.87028 MT

1/4/20129778 15:07 3.87019 MT

1/5/20129778 9:41 3.87031 MT

Media ID Date Time Weight (g) Technician

9778 5/7/2012 10:42 4.33828 mtuegel

9778 5/8/2012 9:19 4.33825 mtuegel

Media ID Date Time Weight Technician

44303 2/1/2012 4:13:12 PM 0.45079

44303 2/2/2012 3:10:51 PM 0.45081

G - 43



Sample ID: 28842-018

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 7 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 7.08

Media 1 ID: 9782

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44302

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129782 9:23 3.94791 MT

1/4/20129782 15:23 3.94792 MT

1/5/20129782 10:07 3.94792 MT

Media ID Date Time Weight (g) Technician

9782 5/7/2012 10:34 4.42361 mtuegel

9782 5/8/2012 9:19 4.42358 mtuegel

Media ID Date Time Weight Technician

44302 2/1/2012 4:11:43 PM 0.45763

44302 2/2/2012 3:14:05 PM 0.45766
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Sample ID: 28842-019

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 8 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 7.64

Media 1 ID: 9795

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44301

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129795 9:43 3.85952 MT

1/4/20129795 15:00 3.85952 MT

1/5/20129795 9:45 3.85950 MT

Media ID Date Time Weight (g) Technician

9795 5/7/2012 10:35 4.33305 mtuegel

9795 5/8/2012 9:19 4.33304 mtuegel

Media ID Date Time Weight Technician

44301 2/1/2012 4:11:16 PM 0.45498

44301 2/2/2012 3:14:37 PM 0.45499
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Sample ID: 28842-020

Location: FCCU Regenerator Stack

Method: (3) U.S. EPA Method 5F

Sample Type: (5) Combined F1/2 Catch

Run No: 9 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 7.10

Media 1 ID: 9786

Media 1 Tared Weight Record

Sample Weight Record

Media 2 ID : 44300

Media 2 Tared Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129786 10:06 3.88502 MT

1/4/20129786 14:38 3.88497 MT

1/5/20129786 9:22 3.88517 MT

Media ID Date Time Weight (g) Technician

9786 5/7/2012 10:34 4.35257 mtuegel

9786 5/8/2012 9:24 4.35249 mtuegel

Media ID Date Time Weight Technician

44300 2/1/2012 4:10:50 PM 0.45221

44300 2/2/2012 3:15:04 PM 0.45226
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Sample ID: 28842-021

Location: All

Method: (7) U.S. EPA Method 202

Sample Type: (6) B1/2 Acetone Rinse

Run No: FRB Recovery Date: 4/23/2012

Field Tech: RV Initial pH:

Media 1 ID: 9800

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129800 9:22 4.02072 MT

1/4/20129800 15:22 4.02073 MT

1/5/20129800 10:05 4.02080 MT

Media ID Date Time Weight (g) Technician

9800 5/7/2012 11:32 4.02100 mtuegel

9800 5/8/2012 9:52 4.02103 mtuegel

G - 47



Sample ID: 28842-022

Location: All

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: FRB Recovery Date: 4/23/2012

Field Tech: RV Initial pH: 4.80

Media 1 ID: 9801

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129801 9:42 3.70616 MT

1/4/20129801 14:59 3.70618 MT

1/5/20129801 9:44 3.70619 MT

Media ID Date Time Weight (g) Technician

9801 5/7/2012 11:08 3.70711 mtuegel

9801 5/8/2012 9:30 3.70699 mtuegel

G - 48



Sample ID: 28842-023

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 1 Recovery Date: 4/24/2012

Field Tech: RV Initial pH: 7.14

Media 1 ID: 9812

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129812 9:18 3.94798 MT

1/4/20129812 15:28 3.94790 MT

1/5/20129812 10:01 3.94787 MT

Media ID Date Time Weight (g) Technician

9812 5/7/2012 11:08 3.99950 mtuegel

9812 5/8/2012 9:24 3.99887 mtuegel

9812 5/8/2012 15:31 3.99876 mtuegel

G - 49



Sample ID: 28842-024

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 2 Recovery Date: 4/24/2012

Field Tech: RV Initial pH: 6.88

Media 1 ID: 9912

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129912 10:02 3.94647 MT

1/4/20129912 14:45 3.94646 MT

1/5/20129912 9:18 3.94639 MT

Media ID Date Time Weight (g) Technician

9912 5/7/2012 11:08 3.99592 mtuegel

9912 5/8/2012 9:24 3.99571 mtuegel

G - 50



Sample ID: 28842-025

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 3 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 7.17

Media 1 ID: 9826

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129826 11:03 3.68096 MT

1/4/20129826 13:47 3.68095 MT

1/5/20129826 10:20 3.68094 MT

Media ID Date Time Weight (g) Technician

9826 5/7/2012 11:03 3.73355 mtuegel

9826 5/8/2012 9:35 3.73316 mtuegel

G - 51



Sample ID: 28842-026

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 4 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 4.72

Media 1 ID: 9815

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129815 9:07 3.79245 MT

1/4/20129815 15:40 3.79245 MT

1/5/20129815 9:50 3.79248 MT

Media ID Date Time Weight (g) Technician

9815 5/7/2012 11:03 3.83599 mtuegel

9815 5/8/2012 9:30 3.83557 mtuegel

G - 52



Sample ID: 28842-027

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 5 Recovery Date: 4/25/2012

Field Tech: RV Initial pH: 3.30

Media 1 ID: 9804

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129804 10:57 3.99261 MT

1/4/20129804 13:50 3.99271 MT

1/5/20129804 10:14 3.99258 MT

Media ID Date Time Weight (g) Technician

9804 5/7/2012 11:03 4.03797 mtuegel

9804 5/8/2012 9:30 4.03770 mtuegel

G - 53



Sample ID: 28842-028

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 6 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 4.09

Media 1 ID: 9819

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129819 9:13 3.75287 MT

1/4/20129819 15:35 3.75285 MT

1/5/20129819 9:57 3.75291 MT

Media ID Date Time Weight (g) Technician

9819 5/7/2012 10:58 3.79814 mtuegel

9819 5/8/2012 9:46 3.79775 mtuegel

G - 54



Sample ID: 28842-029

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 7 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 3.66

Media 1 ID: 9788

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129788 9:44 3.93804 MT

1/4/20129788 15:01 3.93808 MT

1/5/20129788 9:45 3.93811 MT

Media ID Date Time Weight (g) Technician

9788 5/7/2012 10:58 3.98077 mtuegel

9788 5/8/2012 9:35 3.98045 mtuegel

G - 55



Sample ID: 28842-030

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 8 Recovery Date: 4/26/2012

Field Tech: RV Initial pH: 3.17

Media 1 ID: 9808

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129808 9:13 3.91253 MT

1/4/20129808 15:34 3.91252 MT

1/5/20129808 9:55 3.91249 MT

Media ID Date Time Weight (g) Technician

9808 5/7/2012 10:58 3.95997 mtuegel

9808 5/8/2012 9:35 3.95977 mtuegel

G - 56



Sample ID: 28842-031

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: 9 Recovery Date: 4/27/2012

Field Tech: RV Initial pH: 3.29

Media 1 ID: 9811

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129811 9:06 3.76809 MT

1/4/20129811 15:39 3.76808 MT

1/5/20129811 9:49 3.76824 MT

Media ID Date Time Weight (g) Technician

9811 5/7/2012 10:53 3.81548 mtuegel

9811 5/8/2012 9:46 3.81516 mtuegel

G - 57



Sample ID: 28842-032

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (7) B1/2 Inorganic Rinse

Run No: FTRB Recovery Date: 4/24/2012

Field Tech: RV Initial pH: 5.05

Media 1 ID: 9789

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129789 10:00 3.88312 MT

1/4/20129789 14:44 3.88302 MT

1/5/20129789 9:18 3.88312 MT

Media ID Date Time Weight (g) Technician

9789 5/7/2012 10:53 3.88444 mtuegel

9789 5/8/2012 9:46 3.88444 mtuegel

G - 58



Sample ID: 28842-033

Location: All

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: FRB Recovery Date: 4/23/2012

Field Tech: RV Initial pH:

Media 1 ID: 9817

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129817 9:08 3.75978 MT

1/4/20129817 15:41 3.75981 MT

1/5/20129817 9:51 3.75984 MT

Media ID Date Time Weight (g) Technician

9817 5/7/2012 11:32 3.76051 mtuegel

9817 5/8/2012 9:52 3.76049 mtuegel

G - 59



Sample ID: 28842-034

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 1 Recovery Date: 4/24/2012

Field Tech: RV Initial pH:

Media 1 ID: 9846

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129846 11:09 3.67843 MT

1/4/20129846 13:34 3.67844 MT

1/5/20129846 10:30 3.67838 MT

Media ID Date Time Weight (g) Technician

9846 5/7/2012 11:32 3.67969 mtuegel

9846 5/8/2012 9:52 3.67967 mtuegel

G - 60



Sample ID: 28842-035

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 2 Recovery Date: 4/24/2012

Field Tech: RV Initial pH:

Media 1 ID: 9850

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129850 11:01 3.61842 MT

1/4/20129850 13:44 3.61838 MT

1/5/20129850 10:19 3.61843 MT

Media ID Date Time Weight (g) Technician

9850 5/7/2012 11:24 3.61976 mtuegel

9850 5/8/2012 9:57 3.61966 mtuegel

G - 61



Sample ID: 28842-036

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 3 Recovery Date: 4/25/2012

Field Tech: RV Initial pH:

Media 1 ID: 9841

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129841 11:15 3.77588 MT

1/4/20129841 13:39 3.77595 MT

1/5/20129841 10:25 3.77599 MT

Media ID Date Time Weight (g) Technician

9841 5/7/2012 11:24 3.77740 mtuegel

9841 5/8/2012 9:57 3.77733 mtuegel

G - 62



Sample ID: 28842-037

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 4 Recovery Date: 4/25/2012

Field Tech: RV Initial pH:

Media 1 ID: 9820

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129820 10:57 3.80732 MT

1/4/20129820 13:50 3.80732 MT

1/5/20129820 10:15 3.80736 MT

Media ID Date Time Weight (g) Technician

9820 5/7/2012 11:24 3.80848 mtuegel

9820 5/8/2012 9:57 3.80846 mtuegel

G - 63



Sample ID: 28842-038

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 5 Recovery Date: 4/25/2012

Field Tech: RV Initial pH:

Media 1 ID: 9824

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129824 10:58 3.56809 MT

1/4/20129824 13:52 3.56807 MT

1/5/20129824 10:16 3.56806 MT

Media ID Date Time Weight (g) Technician

9824 5/7/2012 11:17 3.56947 mtuegel

9824 5/8/2012 10:08 3.56936 mtuegel

G - 64



Sample ID: 28842-039

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 6 Recovery Date: 4/26/2012

Field Tech: RV Initial pH:

Media 1 ID: 9784

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129784 9:18 3.96859 MT

1/4/20129784 15:29 3.96843 MT

1/5/20129784 10:02 3.96859 MT

Media ID Date Time Weight (g) Technician

9784 5/7/2012 11:17 3.96989 mtuegel

9784 5/8/2012 10:08 3.96980 mtuegel

G - 65



Sample ID: 28842-040

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 7 Recovery Date: 4/26/2012

Field Tech: RV Initial pH:

Media 1 ID: 9845

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129845 11:02 3.54969 MT

1/4/20129845 13:46 3.54964 MT

1/5/20129845 10:19 3.54965 MT

Media ID Date Time Weight (g) Technician

9845 5/7/2012 11:17 3.55134 mtuegel

9845 5/8/2012 10:08 3.55134 mtuegel

G - 66



Sample ID: 28842-041

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 8 Recovery Date: 4/26/2012

Field Tech: RV Initial pH:

Media 1 ID: 9783

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129783 9:22 3.74302 MT

1/4/20129783 15:22 3.74299 MT

1/5/20129783 10:06 3.74295 MT

Media ID Date Time Weight (g) Technician

9783 5/7/2012 11:13 3.74417 mtuegel

9783 5/8/2012 10:13 3.74406 mtuegel

G - 67



Sample ID: 28842-042

Location: FCCU Regenerator Stack

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: 9 Recovery Date: 4/27/2012

Field Tech: RV Initial pH:

Media 1 ID: 9780

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129780 9:28 3.87674 MT

1/4/20129780 15:17 3.87661 MT

1/5/20129780 9:29 3.87667 MT

Media ID Date Time Weight (g) Technician

9780 5/7/2012 11:13 3.87817 mtuegel

9780 5/8/2012 10:13 3.87802 mtuegel

G - 68



Sample ID: 28842-043

Location: All

Method: (7) U.S. EPA Method 202

Sample Type: (8) B1/2 Organic Rinse

Run No: FTRB Recovery Date: 4/24/2012

Field Tech: RV Initial pH:

Media 1 ID: 9790

Media 1 Tared Weight Record

Sample Weight Record

DateMedia ID Time Weight (g) Technician

1/3/20129790 9:54 3.77078 MT

1/4/20129790 14:49 3.77069 MT

1/5/20129790 9:13 3.77080 MT

Media ID Date Time Weight (g) Technician

9790 5/7/2012 11:13 3.77190 mtuegel

9790 5/8/2012 10:13 3.77176 mtuegel
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