
 In this section, emissions test data are requested. Please satisfy this request as completely as  possible from existing information. No additional monitoring or emission testing is required by  
 your company to respond to the data request in this section. Four types of existing emissions data are requested: 1) source test data, 2) qualified CEMS data, 3) biological treatment units  
 data, and 4) ambient or remote sensing data. The emissions test data collected will provide  valuable information on current emissions levels and will allow EPA to consider variability in 
 emissions from refinery to refinery (and over time for a given emission unit and pollutant) in reviewing and setting emission standards. When submitting test data, EPA is requesting full test    
 reports with field and lab data sheets and example calculations, not just summary reports.  If any of the data requested in this part is considered CBI, follow the instructions in the section   
 “Submitting CBI” under the heading “How to Submit Your Survey Response” in the  introduction to this enclosure.  

 1.   Source Tests: Provide any existing emissions test reports from emissions tests conducted  on any of the processes or emission points included in Part II, Sections 3 
 through 17 on or after January 1, 2005. Electronic (pdf) or hard copies are acceptable. Include the summary portion of the report and any appendices showing run-by-run  
 test parameters,  method detection limits, laboratory data, production data, example calculations, etc. If you have multiple tests for one pollutant from one process unit, submit 
 only the most recent tests for that pollutant and process unit. (We are only requesting a maximum of the three most recent tests per unit for one pollutant, but you may submit 
 more than three,  particularly if additional tests reflect the effect of different operating conditions or equipment configurations.)  
 In addition, complete the source test log shown in Attachment 1 for each source test you  submit. (Electronic copies of this table can be downloaded from the ICR website   
  (https://refineryicr.rti.org).) Note that the information requested in the summary table  includes: 
  (A)   APCD type (if not clear from the test report),  
  (B)   a description of how the configuration of the emission unit, combustion controls,  collection system, or APCD has changed since the test was conducted, if  
   applicable,  
  (C)   any notes specific to that emissions test (optional), and  
  (D)   how often you are required to test the emission unit (optional).  

1 FCC (4/21/11) Wet Gas Scrubber

#1 Ref (5/11/05)
Boiler 402 (6/16/09)

Boiler 9 (5/15/09)
Boiler 10 (9/18/08)

N/A

 If the APCD type(s) is not clear 
from the test report, enter the 

APCD type(s)  

 Configuration 
changes

 OPTIONAL:   
Process testing notes 

 OPTIONAL: 
How often are you  required to 

perform testing of this emission unit 
for the pollutants listed?   

7
6

Did any of the responses (individual cells) you entered in this tab contain CBI? 
If yes, be sure to shade the CBI-containing cells red and follow the instructions in CBI worksheet of the survey overview document for submitting CBI.

PART V. EMISSIONS MONITORING AND SOURCE TEST DATA

 OPTIONAL:   
Approximate cost per test, $  

Low NOx Burners
Low NOx Burners

SRU ThOx

Attachment 1 Log of Source Tests Provided

 Test Number 

N/A
N/A
N/ASRU (12/11/09)

Flare 2 (6/15/07)
Annual

 Unit ID(s)  

5
4
3
2

N/A
N/ALow NOx Burners

8 #3 Ref (3/12/05) N/A

 Assign a test ID or 
number to each test 
report that you 
provide so that EPA 
can match your 
responses in this 
log to the correct 
test report.

Use this column for 
notes or if helpful to 
specify the emission 
points tested (e.g., for 
equipment with 
multiple emission 
points, where only 
selected emission 
points/vents were 
tested).

 If the configuration of 
the emission unit, 
combustion controls, 
collection system, or 
APCD changed since 
the test was 
conducted, describe 
the changes. If there 
are no configuration  
changes, enter “N/A.”   
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 If the APCD type(s) is not clear 
from the test report, enter the 

APCD type(s)  

 Configuration 
changes

 OPTIONAL:   
Process testing notes 

 OPTIONAL: 
How often are you  required to 

perform testing of this emission unit 
for the pollutants listed?   

 OPTIONAL:   
Approximate cost per test, $   Test Number  Unit ID(s)  
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TABLE I
EMISION TEST RESULTS

CHALMETTE REFINING LLC

REFORMER NO. 1

Permitted
Limit RUN 1 RUN 2 RUN 3 AVERAGE

DATE
TIME

HYDROCHLORIC ACID PPMv dry 2.35 2.03 2.11 2.17
(EPA Method 26) PPMv dry @ 3% O2 30 2.12 1.83 1.89 1.95

lb/hr 0.00375 0.00346 0.00371 0.00364

OXYGEN vol% dry 1.0 1.0 0.9 1.0
CARBON DIOXIDE vol% dry 17.0 16.6 16.7 16.8

STACK GAS DATA
Temperature, F 97 100 99 99
Moisture, Vol% 5.30 4.22 4.59 4.71
Velocity, ft/sec 14.89 15.78 16.34 15.67
Flow Rate, acfm 311.87 330.52 342.13 328.17
Flow Rate, dscfm 280.76 299.48 309.23 296.49

23-May-05
1240-1346

23-May-05
0925-1031

23-May-05
1055-1201
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TEST RUN 1 TEST RUN 2 TEST RUN 3

Date & Time

HCl Concentration 
(ppmv) via colormetric 

tube1 Date & Time

HCl Concentration 
(ppmv) via colormetric 

tube1 Date & Time

HCl Concentration 
(ppmv) via colormetric 

tube1

Beginning 
of Test Run

3/13/05 
7:30AM 0

3/13/05 
9:15AM 0.1

3/13/05 
11:30AM 0.1

Middle of 
Test Run

3/13/05 
8:00AM 0.2

3/13/05 
9:55AM 0.1

3/13/05 
12:00AM 0.04

End of Test 
Run

3/13/05 
8:30AM 0.5

3/13/05 
10:15AM 0.14

3/13/05 
12:30AM 0.1

Average of 
Each Test 

Run 0.23 0.11 0.08

Overall Average 0.14

1 The HCl concentration in the catalyst regenerator offgas must be measured using colormetric tube sampling at least 3 times during 
each test run.

By: M.Talmadge
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Department of Environmental Quality 
Office of Environmental Services 

Air Permits Division 
P.O. Box 4313 

Baton Rouge, LA  70821-4313 
(225) 219-3181 

LOUISIANA 

Engineering Review 

Activity Form  
 

PLEASE TYPE OR PRINT 
Attach to Original and one or more Copies of the document being submitted 

Submittals without the form attached will be considered incomplete and not received. 
 
1.   Facility Information 
Facility Name Agency Interest Number   (AI #) 
Chalmette Refinery 1376 
Company - Name of Owner 
ExxonMobil - Chalmette Refining, LLC 
Company - Name of Operator (if different from Owner) 
N/A 
Parent Company (if Company – Name of Owner given above is a division) 
ExxonMobil 
Parish(es) where facility is located:   
St. Bernard Parish 

 
 
2.   Type of Submittal     
      Check the boxes that  indicate the type of submittal being made 

Notification Type                                                 Requirement 

 Stack Test    Initial                      Engineering Study 
Engine Overhaul      Periodic  

 Monitor 
Certification 

 Initial CEMS           Annual RATA 
 Initial COMS           Quarterly CGA  

 Fugitive Testing      Annual   Semiannual   Quarterly  

 Construction/Reconstruction (non-tank)  

 Startup (non-tank)  

 Tank Seal     Inspection    Repair  
 Gap Measurements  

 Tank              Refilling   Startup   Reconstruction  

 Other (Please specify)  
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2.   Type of Submittal    (Cont) 
      Check the boxes that indicate the type of submittal being made 
Report Type                                                           Requirement 

 Stack Test    Initial               Engineering Study 
Engine Overhaul      Periodic AMP, signed 12/29/08 

 Monitor Certification  Initial CEMS           Annual RATA 
 Initial COMS           Quarterly CGA Permit No. 3022-V4 

 Fugitive Testing         Annual   Semiannual   
 Quarterly  

 CEMS Downtime and 
Excess Emissions 

 Annual   Semiannual    
 Quarterly  

 Tank Seal           Inspection    Repair   
 Gap Measurements  

 Non-Methane Organic Carbon (NMOC) Emission Rate  

 Tier 2 Test Results  

 NSPS Report  

 Other (Please specify)  

  

Modeling  

 Protocol          

 Report          
 
 
3.   Equipment Information 

1. Equipment Description WGS 

              Subject Item ID EQT184 

             Currently Effective Permit Number 3022-V4 

             Activity Number      Yes      No PER20100001 
 

2. Equipment Description  

              Subject Item ID  

             Currently Effective Permit Number  

             Activity Number      Yes      No  
 

3. Equipment Description  

              Subject Item ID  

             Currently Effective Permit Number  

             Activity Number      Yes      No  
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4.  Contact Information 
a. Person to contact with written correspondence                                 
Name Mr. Jeff Bergeron, P.E. 

Title Environmental Advisor 

Company ExxonMobil – Chalmette Refining, LLC 

Suite, mail drop, or division N/A 

Street or P.O. Box 500 W. St. Bernard Highway 

City Chalmette State LA Zip 70044 

Business phone 504.281.1934 

Email address jeff.bergeron@exxonmobil.com 
 
 

b.  Person who prepared this report 
Name Mr. Richard Ishikawa 

Title Project Manager 

Company Shaw Environmental, Inc. 

Suite, mail drop, or division N/A 

Street or P.O. Box 4171 Essen Lane 

City Baton Rouge State LA Zip 70809 

Business phone 225.932.2745 

Email address richard.ishikawa@shawgrp.com 
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SSOOUURRCCEE  TTEESSTT  RREEPPOORRTT  
  
EEXXXXOONNMMOOBBIILL  ––  CCHHAALLMMEETTTTEE  RREEFFIINNIINNGG,,  LLLLCC  
FFLLUUIIDD  CCAATTAALLYYTTIICC  CCRRAACCKKIINNGG  UUNNIITT  ((FFCCCCUU))    
WWEETT  GGAASS  SSCCRRUUBBBBEERR  ((WWGGSS))  ((EEQQTT118844))  
PPaarrttiiccuullaattee  MMaatttteerr  ((PPMM1100))  EEmmiissssiioonn  CCoommpplliiaannccee  TTeesstt  
 
 
Prepared for: 
 
ExxonMobil – Chalmette Refining, LLC 
Chalmette, St. Bernard Parish, Louisiana 
Agency Interest No. 1376 
Permit No. 3022-V4 
 
Facility Contact: 
 
Mr. Jeff Bergeron 
Office: (504) 281-1934 
 
 
Prepared by: 
 

 
 
4171 Essen Lane 
Baton Rouge, Louisiana 70809 
Office: 225.932.2745 
Fax: 225.987.3040 
 
Test Date:  April 21, 2011 
Shaw Project No. 141145 
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FCCU WGS 

PM10 – Compliance Test 

ExxonMobil – Chalmette Refining, LLC April 21, 2011 
Shaw Project No. 141145 

 

 

STATEMENT OF CERTIFICATION 
 

ExxonMobil – Chalmette Refining, LLC 
Fluid Catalytic Cracking Unit (FCCU) Wet Gas Scrubber (WGS) 

(EQT184) 
Particulate Matter (PM10)  
Emission Compliance Test 
Conducted:  April 21, 2011 

 
Shaw Environmental, Inc. (Shaw) is a commercial laboratory that operates in compliance with 
the Louisiana Environmental Laboratory Accreditation Program (LELAP), Certificate No. 
04113.  Shaw provides defensible air quality assessment data as a certified emission source 
testing firm.  Agency Interest No. 122938 has been assigned to Shaw Environmental by the 
Louisiana Department of Environmental Quality (LDEQ) in accordance with Louisiana 
Administrative Code of LAC 33.I. Chapter 45. 
 
I certify that I have examined and approve the contents of this document.  Based on the 
information contained within, and procedures pursuant to EPA 40 CFR 60, Appendix A and/or 
B, other approved test methods, and test data obtained on-site by Shaw personnel, I believe the 
contents of this report to be true, accurate, and complete to the best of my knowledge. 
 

       5/19/2011 
Shaw Environmental, Inc. Representative   Date 
 
 
 

 
Facility Representative     Date 
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PM10 – Compliance Test 

ExxonMobil – Chalmette Refining, LLC April 21, 2011 
Shaw Project No. 141145 
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1.0 INTRODUCTION 

Shaw Environmental, Inc. (Shaw) was retained by ExxonMobil – Chalmette Refining, LLC 
(ExxonMobil – Chalmette Refining) to conduct an emission compliance test at the facility in 
Chalmette, St. Bernard Parish, Louisiana.  The objective of the sampling event was to conduct a 
particulate matter (PM10) emission compliance test for the Fluid Catalytic Cracking Unit (FCCU) 
Wet Gas Scrubber (WGS). The test program was coordinated through Mr. Jeff Bergeron of 
ExxonMobil – Chalmette Refining and conducted on April 21, 2011 by Messrs. Blake Fogleman, 
Jett Rink, and Shane Vincent of Shaw. 

1.1 Source Description 

Chalmette owns and operates a Fluid Catalytic Cracking Unit (FCCU) which is used to reduce 
heavier organic compounds into smaller chain products.  The exhaust from the FCCU is directed 
through a wet gas scrubber (WGS) which controls particulate matter (PM) emissions to the 
atmosphere. 

1.2 Applicable State and/or Federal Regulations 

The PM test program was conducted pursuant to an approved Alternative Monitoring Plan 
(AMP) for the FCCU dated December 29, 2008 and Louisiana Department of Environmental 
Quality (LDEQ) Title V Permit No. 3022-V4.   

1.3 Test Results and Discussions 

Shaw conducted three one hundred-twenty (120) minute test runs on the FCCU WGS on April 
21, 2011.  For each test run, the particulate matter (PM10) was measured using reference method 
5B (RM 5B), and the three test runs were averaged.  Process data were provided by the facility to 
assist in the calculations. 

The maximum allowable emission limits for PM10 are 49.32 lb/hr and 73.37 ton/yr.  The 
summary of results and compliance status is presented on Table 1.  A comprehensive summary 
of the test results are presented on Table 2.  Documentation supporting results of this test 
program are presented in the appendices.  The results obtained during testing are only applicable 
to the date and time noted in this report.  Results are not guaranteed for other dates, times, or 
operational differences. 
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Table 1 FCCU WGS - Summary of Results 

PM10 Results 
(lb/hr) 

PM10  
Permit Limit  

(lb/hr) 

PM10 
Emission 

Status 
PM10 Results 

 (ton/yr) 

PM10  
Permit Limit 

(ton/yr) 

PM10 
Emission 

Status 
6.52 49.32 Pass 28.57 73.37 Pass 

 
Table 2 FCCU WGS - Performance Test Results 

Sampling Parameters 
 

Test No. 1 2 3 
Average Date 04/21/11 04/21/11 04/21/11 

Test Period 10:42-13:10 14:05-16:15 16:55-19:05 
Sampling Duration min 120 120 120 120 
Sample Volume dscf 68.553 77.668 80.733 75.651 
Isokinetic Sampling Rate % 88.33 97.47 96.92 94.24 

Particulate Matter as PM10 
g 0.033 0.037 0.035 0.035 
gr 0.51 0.56 0.53 0.54 

Unit Operating Parameters   
Excess Oxygen (O2) vol% 1.00 1.00 1.00 1.00 
Carbon Dioxide (CO2) vol% 12.00 12.00 12.50 12.17 
Moisture Content vol% 25.42 26.04 25.24 25.57 
Molecular Weight (wet) lb/lb·mol 26.92 26.85 27.00 26.92 
Exhaust Temperature °F 149.6 148.7 147.5 148.60 
Effluent Velocity ft/sec 48.85 50.70 52.37 50.64 

Volumetric Flow Rate 
acfm 159,870 165,902 171,396 165,723 
dscfm 103,480 106,244 111,065 106,930 

Pollutants   

PM10 Equivalent 
gr/dscf 0.007 0.007 0.007 0.01 
lb/hr 6.65 6.62 6.30 6.52 
ton/yr 29.12 29.01 27.58 28.57 

Note: Analyses were conducted by Enthalpy Analytical, Inc. 
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1.4 Test Program Chronology 

The FCCU WGS test program was conducted on April 21, 2011.  A comprehensive chronology 
of events outlining the test period is presented below in Table 3. 

Table 3  Chronology of Events 

Date Time Activity 

04/19/11 07:30 Arrive at plant and equipment setup. 

04/19/11 19:30 Departed facility. 

04/20/11 07:45 Arrive at plant. 

04/20/11 08:45 Standby. 

04/20/11 13:00 Departed facility. 

04/21/11 07:30 Arrive at plant. 

04/21/11 10:42 Begin Testing, Run 1. 

04/21/11 14:05 Begin Testing, Run 2. 

04/21/11 16:55 Begin Testing, Run 3. 

04/21/11 19:05 Complete Run 3. 

04/21/11 20:45 Complete testing. 

04/21/11 21:00 Departed facility. 
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2.0 REFERENCE TEST METHODS AND PROCEDURES 

Shaw employed standard reference methods to conduct this test program.  Reference test 
methods specified by applicable federal and/or state regulations were performed with strict 
adherence to the method unless a deviation was approved in advance by the appropriate 
regulatory agency.  Descriptions of the approved test methods employed to conduct this test 
program are presented below. 

2.1 Sample Traverse Points 

Shaw used 40 CFR 60, Appendix A, Reference Method 1 (RM 1) Determination of Sample and 
Velocity Traverses for Stationary Sources to determine traverse points for representative 
sampling of the stack gas.  The sampling plane was located approximately 87.5 feet upstream of 
the exhaust (A distance) and 68.5 feet downstream of the closest disturbance (B distance).  The 
internal diameter of the stack was 100 inches.  Two four-inch sample ports were located at the 
sampling plane with 15-inch port extensions.  The south and west ports were configured at 90 
degrees of each other.  The minimum number of traverse points calculated for this stack 
configuration and utilized for this test was twelve; six points per port.  A cross-sectional diagram 
of the stack, which approximates the configuration of the sample ports and traverse points, is 
presented below in Figure 1. 

South Port

West Port

Not drawn to scale.

Ladder

 

Figure 1  Traverse Point Configuration 
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2.2 Velocity and Volumetric Flow Rate 

Shaw used 40 CFR 60, Appendix A, Reference Method 2 (RM 2) Determination of Stack Gas 
Velocity and Volumetric Flow Rate (Type-S Pitot Tube), to determine the stack gas velocity and 
volumetric flow rate.  A Type-S pitot tube, with an assigned coefficient of 0.84, and an inclined 
manometer will be used to measure the differential pressure (∆P) of the stack gas.  The “A”-side 
of the pitot tube measures the stack gas impact pressure and the “B”-side of the pitot tube 
measures the static pressure.  Unit of measure is in inches of water (“H2O).  Differential 
pressure, molecular weight, physical properties of the stack gas, and the stack ID are used to 
calculate the stack gas velocity and volumetric flow rate. 

2.3 Molecular Weight 

Shaw used 40 CFR 60, Appendix A, Reference Method 3 (RM 3) Gas Analysis for the 
Determination of Dry Molecular Weight, to determine the oxygen (O2) and carbon dioxide (CO2) 
content of the stack gas.  During each test run, an integrated flue gas sample was collected in a 
Tedlar® and analyzed for O2 and CO2 with an Orsat Gas Analyzer.  The O2 and CO2 
concentration are used to calculate the molecular weight of the flue gas. 

2.4 Particulate Matter (PM10) 

Shaw employed 40 CFR 60, Appendix A, Reference Method 5B (RM 5B) Determination of 
Nonsulfuric Acid Particulate Matter Emissions From Stationary Sources, to determine the PM10 
content of the stack gas.  RM 5 sampling equipment was used to collect stack gas samples 
isokinetically.  During sampling, the probe and filter temperatures were maintained at 320 
±25°F.  The front-half wash and filter were recovered after each test.  At the end of the test 
period, the samples were sent to a contract laboratory for PM gravimetric analysis. 
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Figure 2  Reference Methods 5B Sampling Equipment 
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3.0 STANDARD TEST METHOD DEVIATIONS 

No test method deviations were employed during this test program. 
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4/21/2011
4/22/2011

Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 9:00 97585.3 58.4 65.0 3944.5
4/21/2011 9:01 97558.6 58.3 65.1 3944.5
4/21/2011 9:02 97668.6 57.7 65.0 3944.5
4/21/2011 9:03 97444.7 57.6 65.0 3944.5
4/21/2011 9:04 97316.6 57.8 65.0 3944.5
4/21/2011 9:05 97588.6 58.4 65.1 3944.5
4/21/2011 9:06 97682.8 58.5 65.0 3944.5
4/21/2011 9:07 97911.3 57.9 65.0 3944.5
4/21/2011 9:08 98143.9 57.5 65.1 3944.5
4/21/2011 9:09 97701.3 57.3 65.0 3944.5
4/21/2011 9:10 97460.5 57.9 65.0 3944.5
4/21/2011 9:11 97582.0 58.6 65.0 3944.5
4/21/2011 9:12 97700.5 58.5 65.0 3944.5
4/21/2011 9:13 97550.9 57.8 65.0 3944.5
4/21/2011 9:14 97369.5 57.4 65.0 3944.5
4/21/2011 9:15 97479.1 57.5 64.9 3944.5
4/21/2011 9:16 98086.9 58.1 65.0 3944.5
4/21/2011 9:17 97895.7 58.7 65.0 3944.5
4/21/2011 9:18 97924.0 58.5 65.1 3944.5
4/21/2011 9:19 98059.1 57.7 65.0 3944.5
4/21/2011 9:20 98782.6 57.3 65.0 3944.5
4/21/2011 9:21 98985.3 57.7 65.0 3944.5
4/21/2011 9:22 98644.0 58.5 65.1 3944.5
4/21/2011 9:23 98728.6 58.6 65.1 3944.5
4/21/2011 9:24 98805.9 58.3 64.9 3944.5
4/21/2011 9:25 98562.0 57.5 65.0 3944.5
4/21/2011 9:26 98583.5 57.5 65.1 3944.5
4/21/2011 9:27 98570.9 57.9 65.1 3944.5
4/21/2011 9:28 98373.4 58.5 65.0 3944.5
4/21/2011 9:29 98282.8 58.4 65.0 3944.5
4/21/2011 9:30 98152.0 58.1 65.0 3944.5
4/21/2011 9:31 98261.3 57.6 65.0 3944.5
4/21/2011 9:32 98566.0 57.5 65.0 3944.5
4/21/2011 9:33 98207.0 58.2 65.0 3944.5
4/21/2011 9:34 98343.9 59.7 64.9 3944.5
4/21/2011 9:35 98859.2 60.8 64.9 3944.5
4/21/2011 9:36 98660.4 61.4 65.0 3944.5
4/21/2011 9:37 98380.1 61.4 64.9 3944.5
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Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 9:38 98656.2 61.3 65.0 3944.5
4/21/2011 9:39 98567.0 61.4 65.0 3944.5
4/21/2011 9:40 98605.9 62.0 65.0 3944.5
4/21/2011 9:41 98596.0 62.5 65.0 3944.5
4/21/2011 9:42 98605.0 62.4 65.0 3944.5
4/21/2011 9:43 98343.6 62.1 65.1 3944.5
4/21/2011 9:44 97990.5 62.0 65.1 3944.5
4/21/2011 9:45 98070.9 61.9 65.0 3944.5
4/21/2011 9:46 97692.4 61.9 65.0 3944.5
4/21/2011 9:47 97909.5 61.6 65.0 3944.5
4/21/2011 9:48 98571.5 61.8 65.0 3944.5
4/21/2011 9:49 98498.1 62.3 65.0 3944.5
4/21/2011 9:50 98239.9 62.6 65.0 3944.5
4/21/2011 9:51 98499.1 62.4 65.0 3944.5
4/21/2011 9:52 98863.3 62.0 65.0 3944.5
4/21/2011 9:53 98549.0 61.4 65.0 3944.5
4/21/2011 9:54 98683.0 61.5 65.0 3944.5
4/21/2011 9:55 98897.5 62.1 65.0 3944.5
4/21/2011 9:56 98615.2 62.1 65.0 3944.5
4/21/2011 9:57 98207.6 61.9 65.0 3944.5
4/21/2011 9:58 98114.4 61.1 65.0 3944.5
4/21/2011 9:59 98223.3 60.3 65.0 3944.5

4/21/2011 10:00 98220.5 60.5 65.0 3944.5
4/21/2011 10:01 98448.4 61.1 65.0 3944.5
4/21/2011 10:02 98368.8 61.5 64.9 3944.5
4/21/2011 10:03 98462.7 61.5 65.1 3944.5
4/21/2011 10:04 98691.2 60.9 65.0 3944.5
4/21/2011 10:05 98791.6 60.4 64.9 3944.5
4/21/2011 10:06 98686.0 59.8 65.0 3944.5
4/21/2011 10:07 98455.8 59.7 65.0 3944.5
4/21/2011 10:08 98982.2 60.4 65.1 3944.5
4/21/2011 10:09 98518.3 60.7 65.1 3944.5
4/21/2011 10:10 98083.3 60.5 65.2 3944.5
4/21/2011 10:11 98192.9 59.9 65.2 3944.5
4/21/2011 10:12 98242.9 59.5 65.2 3944.5
4/21/2011 10:13 98922.9 59.5 65.2 3944.5
4/21/2011 10:14 98925.1 60.0 65.2 3944.5
4/21/2011 10:15 98337.8 60.7 65.2 3944.5
4/21/2011 10:16 98228.0 62.4 65.3 3944.5
4/21/2011 10:17 98379.9 63.4 65.3 3944.5
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Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 10:18 98587.4 63.6 65.3 3944.5
4/21/2011 10:19 98824.6 63.9 65.3 3944.5
4/21/2011 10:20 98530.8 65.0 65.4 3944.5
4/21/2011 10:21 98546.8 66.5 65.4 3944.5
4/21/2011 10:22 98981.8 67.3 65.4 3944.5
4/21/2011 10:23 98805.0 67.0 65.5 3944.5
4/21/2011 10:24 98543.6 66.4 65.6 3944.5
4/21/2011 10:25 98365.6 67.3 65.7 3944.5
4/21/2011 10:26 98287.4 68.9 65.7 3944.5
4/21/2011 10:27 98322.9 70.0 65.8 3944.5
4/21/2011 10:28 98176.2 70.4 65.9 3944.5
4/21/2011 10:29 98350.4 69.8 66.0 3944.5
4/21/2011 10:30 98925.7 69.1 66.0 3944.5
4/21/2011 10:31 98797.3 69.2 66.0 3944.5
4/21/2011 10:32 99080.1 70.2 66.1 3944.5
4/21/2011 10:33 98938.5 70.6 66.5 3944.5
4/21/2011 10:34 98398.5 70.4 66.4 3944.5
4/21/2011 10:35 98390.8 70.0 66.3 3944.5
4/21/2011 10:36 98880.7 72.0 66.3 3944.5
4/21/2011 10:37 98822.0 79.4 66.3 3944.5
4/21/2011 10:38 98480.6 88.8 66.3 3944.5
4/21/2011 10:39 98597.8 95.7 66.3 3944.5
4/21/2011 10:40 99077.2 98.3 66.5 3944.5
4/21/2011 10:41 98521.9 99.2 66.6 3944.5
4/21/2011 10:42 98415.6 98.9 66.5 3944.5
4/21/2011 10:43 98803.8 98.8 66.5 3944.5
4/21/2011 10:44 99304.3 99.7 66.6 3944.5
4/21/2011 10:45 99208.9 100.6 66.6 3944.5
4/21/2011 10:46 98905.5 100.8 66.6 3944.5
4/21/2011 10:47 98484.7 100.8 66.6 3944.5
4/21/2011 10:48 98594.0 103.1 66.7 3944.5
4/21/2011 10:49 98678.8 105.3 66.7 3944.5
4/21/2011 10:50 98437.6 107.0 66.7 3944.5
4/21/2011 10:51 98449.0 108.9 66.6 3944.5
4/21/2011 10:52 98621.8 110.8 66.7 3944.5
4/21/2011 10:53 98623.4 111.1 66.8 3944.5
4/21/2011 10:54 98516.5 109.8 66.8 3944.5
4/21/2011 10:55 98598.8 108.8 66.9 3944.5
4/21/2011 10:56 98801.4 108.8 66.8 3944.5
4/21/2011 10:57 98815.6 109.9 66.8 3944.5
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Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 10:58 98510.7 110.9 66.9 3944.5
4/21/2011 10:59 98082.2 111.0 66.9 3944.5
4/21/2011 11:00 98094.9 110.3 66.8 3944.5
4/21/2011 11:01 98193.7 109.3 66.9 3944.5
4/21/2011 11:02 97770.5 108.8 66.9 3944.5
4/21/2011 11:03 98260.7 108.0 66.8 3944.5
4/21/2011 11:04 98211.4 107.4 66.8 3944.5
4/21/2011 11:05 97742.4 107.0 66.8 3944.5
4/21/2011 11:06 97734.7 106.3 66.9 3944.5
4/21/2011 11:07 98070.5 105.4 66.9 3944.5
4/21/2011 11:08 98379.2 104.1 66.9 3944.5
4/21/2011 11:09 98461.7 103.9 67.2 3944.5
4/21/2011 11:10 98230.4 104.9 67.2 3944.5
4/21/2011 11:11 98065.8 106.4 67.2 3944.5
4/21/2011 11:12 98289.7 105.9 67.2 3944.5
4/21/2011 11:13 98365.3 104.6 67.3 3944.5
4/21/2011 11:14 98243.7 103.8 67.3 3944.5
4/21/2011 11:15 98352.8 103.9 67.3 3944.5
4/21/2011 11:16 98427.0 105.6 67.3 3944.5
4/21/2011 11:17 98386.0 106.7 67.4 3944.5
4/21/2011 11:18 98782.2 105.8 67.3 3944.5
4/21/2011 11:19 99022.0 104.3 67.5 3944.5
4/21/2011 11:20 98652.1 103.8 67.9 3944.5
4/21/2011 11:21 98078.1 104.4 67.7 3944.5
4/21/2011 11:22 98097.7 106.0 67.5 3944.5
4/21/2011 11:23 98202.9 109.2 67.5 3944.5
4/21/2011 11:24 98374.3 111.7 67.6 3944.5
4/21/2011 11:25 98223.8 115.0 67.6 3944.5
4/21/2011 11:26 97896.5 122.9 67.6 3944.5
4/21/2011 11:27 97668.3 126.9 67.6 3944.5
4/21/2011 11:28 97896.6 129.0 67.7 3944.5
4/21/2011 11:29 97485.8 130.4 67.7 3944.5
4/21/2011 11:30 96946.4 132.9 67.7 3944.5
4/21/2011 11:31 97558.2 136.9 67.7 3944.5
4/21/2011 11:32 97947.0 138.6 67.7 3944.5
4/21/2011 11:33 97830.5 139.3 67.8 3944.5
4/21/2011 11:34 97371.8 139.8 67.8 3944.5
4/21/2011 11:35 96905.9 139.7 67.8 3944.5
4/21/2011 11:36 96816.4 140.0 67.8 3944.5
4/21/2011 11:37 97141.3 140.3 67.7 3944.5

CRLLC-CHAL-000465



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 11:38 97348.8 142.1 67.8 3944.5
4/21/2011 11:39 97547.1 146.1 67.8 3944.5
4/21/2011 11:40 97180.6 150.5 67.8 3944.5
4/21/2011 11:41 97610.0 155.5 68.0 3944.5
4/21/2011 11:42 97462.1 160.4 67.9 3944.5
4/21/2011 11:43 97457.4 165.0 67.9 3944.5
4/21/2011 11:44 97354.4 168.5 67.9 3944.5
4/21/2011 11:45 97585.4 171.3 67.9 3944.5
4/21/2011 11:46 97426.0 174.0 67.9 3944.5
4/21/2011 11:47 97444.6 176.3 68.0 3944.5
4/21/2011 11:48 97528.8 178.1 67.9 3944.5
4/21/2011 11:49 97557.9 180.3 68.0 3944.5
4/21/2011 11:50 97736.4 183.3 68.1 3944.5
4/21/2011 11:51 97424.4 186.1 68.0 3944.5
4/21/2011 11:52 97277.5 188.8 68.0 3944.5
4/21/2011 11:53 97703.2 191.0 67.9 3944.5
4/21/2011 11:54 98035.9 193.1 67.9 3944.5
4/21/2011 11:55 98419.7 194.5 68.0 3944.5
4/21/2011 11:56 98518.3 195.4 68.0 3944.5
4/21/2011 11:57 98576.7 196.1 68.0 3944.5
4/21/2011 11:58 98475.8 197.3 67.9 3944.5
4/21/2011 11:59 97543.9 198.5 68.0 3944.5
4/21/2011 12:00 97220.5 199.4 68.1 3944.5
4/21/2011 12:01 97080.7 199.8 68.1 3944.5
4/21/2011 12:02 97421.4 199.8 68.1 3944.5
4/21/2011 12:03 97774.6 199.2 68.2 3944.5
4/21/2011 12:04 97068.0 198.9 68.3 3944.5
4/21/2011 12:05 97147.6 192.8 68.3 3944.5
4/21/2011 12:06 97321.3 187.4 68.4 3944.5
4/21/2011 12:07 97562.3 184.8 68.5 3944.5
4/21/2011 12:08 97353.4 183.0 68.6 3944.5
4/21/2011 12:09 97817.2 179.4 68.7 3944.5
4/21/2011 12:10 98282.2 175.6 68.8 3944.5
4/21/2011 12:11 97480.6 169.4 68.9 3944.5
4/21/2011 12:12 97275.8 164.8 69.0 3944.5
4/21/2011 12:13 97778.7 162.3 69.0 3944.5
4/21/2011 12:14 97921.8 160.8 69.0 3944.5
4/21/2011 12:15 97290.4 160.2 69.1 3944.5
4/21/2011 12:16 97299.4 159.9 69.3 3944.5
4/21/2011 12:17 97946.9 160.1 69.3 3944.5

CRLLC-CHAL-000466



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 12:18 97773.8 160.7 69.3 3944.5
4/21/2011 12:19 97400.9 160.8 69.3 3944.5
4/21/2011 12:20 97248.8 160.4 69.3 3944.5
4/21/2011 12:21 97533.3 160.0 69.5 3944.5
4/21/2011 12:22 97423.2 159.7 69.5 3944.5
4/21/2011 12:23 98087.4 159.9 69.4 3944.5
4/21/2011 12:24 98693.8 159.9 69.3 3944.5
4/21/2011 12:25 98475.7 159.6 69.4 3944.5
4/21/2011 12:26 98083.6 159.4 69.4 3944.5
4/21/2011 12:27 97897.7 159.6 69.7 3944.5
4/21/2011 12:28 97413.0 159.4 70.0 3944.5
4/21/2011 12:29 97334.9 159.7 69.8 3944.5
4/21/2011 12:30 97474.9 160.2 69.6 3944.5
4/21/2011 12:31 97697.4 160.1 69.6 3944.5
4/21/2011 12:32 97557.2 159.8 69.6 3944.5
4/21/2011 12:33 97444.0 161.4 69.6 3944.5
4/21/2011 12:34 97323.4 163.9 69.7 3944.5
4/21/2011 12:35 97606.6 166.7 69.8 3944.5
4/21/2011 12:36 97728.9 169.9 69.8 3944.5
4/21/2011 12:37 97161.3 172.6 69.7 3944.5
4/21/2011 12:38 97175.4 174.5 69.6 3944.5
4/21/2011 12:39 97712.1 177.0 69.6 3944.5
4/21/2011 12:40 97947.6 179.7 69.4 3944.5
4/21/2011 12:41 97658.5 182.2 69.3 3944.5
4/21/2011 12:42 97563.0 184.3 69.0 3944.5
4/21/2011 12:43 97729.0 186.5 68.8 3944.5
4/21/2011 12:44 97464.3 188.9 68.6 3944.5
4/21/2011 12:45 97586.7 191.2 68.5 3944.5
4/21/2011 12:46 97856.4 192.9 68.5 3944.5
4/21/2011 12:47 97636.7 193.4 68.5 3944.5
4/21/2011 12:48 97718.3 194.0 68.7 3944.5
4/21/2011 12:49 97438.6 194.1 68.5 3944.5
4/21/2011 12:50 97148.7 194.3 68.5 3944.5
4/21/2011 12:51 97145.1 194.6 68.6 3944.5
4/21/2011 12:52 97268.0 194.4 68.6 3944.5
4/21/2011 12:53 97297.0 192.4 68.5 3944.5
4/21/2011 12:54 97507.7 191.0 68.5 3944.5
4/21/2011 12:55 97228.4 190.7 68.6 3944.5
4/21/2011 12:56 96915.3 191.1 68.6 3944.5
4/21/2011 12:57 96872.6 191.4 68.5 3944.5

CRLLC-CHAL-000467



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 12:58 97046.0 191.2 68.6 3944.5
4/21/2011 12:59 97236.1 190.8 68.5 3944.5
4/21/2011 13:00 97173.2 190.2 68.5 3944.5
4/21/2011 13:01 97298.3 189.6 68.6 3944.5
4/21/2011 13:02 97617.2 189.9 68.6 3944.5
4/21/2011 13:03 97736.4 190.1 68.6 3944.5
4/21/2011 13:04 97726.5 190.1 68.6 3944.5
4/21/2011 13:05 97713.4 189.9 68.5 3944.5
4/21/2011 13:06 97415.7 188.1 68.5 3944.5
4/21/2011 13:07 96942.4 185.7 68.4 3944.5
4/21/2011 13:08 97205.1 183.2 68.1 3944.5
4/21/2011 13:09 96927.3 182.3 68.1 3944.5
4/21/2011 13:10 96524.9 181.2 68.1 3944.5
4/21/2011 13:11 96682.9 178.1 67.8 3944.5
4/21/2011 13:12 96787.9 176.0 67.8 3944.5
4/21/2011 13:13 97250.1 173.9 67.9 3944.5
4/21/2011 13:14 97365.3 167.3 67.9 3944.5
4/21/2011 13:15 97053.6 159.0 67.9 3944.5
4/21/2011 13:16 97046.3 154.7 68.0 3944.5
4/21/2011 13:17 97231.1 152.7 68.1 3944.5
4/21/2011 13:18 96969.4 150.6 68.1 3944.5
4/21/2011 13:19 96692.5 149.2 68.0 3944.5
4/21/2011 13:20 96759.6 150.4 68.0 3944.5
4/21/2011 13:21 96935.7 147.3 67.9 3944.5
4/21/2011 13:22 97183.2 144.4 67.7 3944.5
4/21/2011 13:23 97469.2 142.1 67.5 3944.5
4/21/2011 13:24 97093.8 136.7 67.4 3944.5
4/21/2011 13:25 96921.2 132.1 67.4 3944.5
4/21/2011 13:26 96992.2 131.8 67.4 3944.5
4/21/2011 13:27 96559.8 131.9 67.3 3944.5
4/21/2011 13:28 96715.1 131.0 67.4 3944.5
4/21/2011 13:29 97127.2 129.5 67.5 3944.5
4/21/2011 13:30 96965.5 129.0 67.5 3944.5
4/21/2011 13:31 97278.5 129.8 67.5 3944.5
4/21/2011 13:32 97608.0 130.4 67.5 3944.5
4/21/2011 13:33 97397.4 126.2 67.6 3944.5
4/21/2011 13:34 96486.8 122.7 67.6 3944.5
4/21/2011 13:35 96546.5 120.4 67.6 3944.5
4/21/2011 13:36 96862.9 119.8 67.6 3944.5
4/21/2011 13:37 96921.1 119.4 67.6 3944.5

CRLLC-CHAL-000468



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 13:38 97063.1 120.3 67.7 3944.5
4/21/2011 13:39 96768.9 121.3 67.7 3944.5
4/21/2011 13:40 96647.8 120.6 67.7 3944.5
4/21/2011 13:41 96828.2 119.5 67.8 3944.5
4/21/2011 13:42 97444.3 118.8 67.7 3944.5
4/21/2011 13:43 97915.6 119.1 67.8 3944.5
4/21/2011 13:44 98267.9 120.5 67.8 3944.5
4/21/2011 13:45 98351.6 121.2 67.8 3944.5
4/21/2011 13:46 97444.1 120.2 67.8 3944.5
4/21/2011 13:47 97400.5 119.3 67.8 3944.5
4/21/2011 13:48 97399.7 119.1 67.8 3944.5
4/21/2011 13:49 97440.3 120.6 67.7 3944.5
4/21/2011 13:50 96676.1 121.3 67.8 3944.5
4/21/2011 13:51 97376.1 120.6 67.8 3944.5
4/21/2011 13:52 97339.2 120.0 67.8 3944.5
4/21/2011 13:53 97339.6 119.6 67.9 3944.5
4/21/2011 13:54 97355.5 119.7 67.8 3944.5
4/21/2011 13:55 97217.5 119.7 67.8 3944.5
4/21/2011 13:56 97257.4 119.5 67.8 3944.5
4/21/2011 13:57 96929.8 119.8 67.8 3944.5
4/21/2011 13:58 97257.9 120.9 67.9 3944.5
4/21/2011 13:59 97303.5 120.8 67.9 3944.5
4/21/2011 14:00 97532.4 119.9 67.8 3944.5
4/21/2011 14:01 97278.5 119.8 67.8 3944.5
4/21/2011 14:02 96842.9 119.6 67.8 3944.5
4/21/2011 14:03 96590.5 119.5 67.9 3944.5
4/21/2011 14:04 96955.9 119.7 67.9 3944.5
4/21/2011 14:05 97280.0 120.3 67.8 3944.5
4/21/2011 14:06 97176.2 121.2 67.8 3944.5
4/21/2011 14:07 96889.9 120.3 67.8 3944.5
4/21/2011 14:08 96731.9 119.8 67.8 3944.5
4/21/2011 14:09 97272.9 120.3 67.7 3944.5
4/21/2011 14:10 97275.7 120.1 67.8 3944.5
4/21/2011 14:11 97202.8 119.1 67.8 3944.5
4/21/2011 14:12 97463.3 118.8 67.7 3944.5
4/21/2011 14:13 97456.8 120.2 67.6 3944.5
4/21/2011 14:14 97424.8 121.2 67.7 3944.5
4/21/2011 14:15 97236.9 120.6 67.8 3944.5
4/21/2011 14:16 97042.3 119.6 67.7 3944.5
4/21/2011 14:17 97204.2 119.1 67.7 3944.5

CRLLC-CHAL-000469



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 14:18 97334.6 120.0 67.7 3944.5
4/21/2011 14:19 97335.4 121.2 67.8 3944.5
4/21/2011 14:20 97228.0 120.7 67.8 3944.5
4/21/2011 14:21 97053.7 119.8 67.7 3944.5
4/21/2011 14:22 97136.4 119.4 67.6 3944.5
4/21/2011 14:23 97250.8 119.3 67.5 3944.5
4/21/2011 14:24 96644.0 120.2 67.4 3944.5
4/21/2011 14:25 96885.2 120.5 67.4 3944.5
4/21/2011 14:26 97204.4 120.2 67.2 3944.5
4/21/2011 14:27 97041.1 119.7 67.3 3944.5
4/21/2011 14:28 97073.3 120.3 67.4 3944.5
4/21/2011 14:29 97050.4 120.0 67.4 3944.5
4/21/2011 14:30 96911.9 120.0 67.5 3944.5
4/21/2011 14:31 97010.6 119.9 67.6 3944.5
4/21/2011 14:32 97116.3 120.3 67.5 3944.5
4/21/2011 14:33 96692.8 119.9 67.5 3944.5
4/21/2011 14:34 96519.3 119.0 67.5 3944.5
4/21/2011 14:35 96692.9 118.7 67.5 3944.5
4/21/2011 14:36 96868.0 120.0 67.6 3944.5
4/21/2011 14:37 97163.1 120.5 67.6 3944.5
4/21/2011 14:38 96750.3 116.0 67.6 3944.5
4/21/2011 14:39 96948.1 112.7 67.7 3944.5
4/21/2011 14:40 97131.6 110.5 67.7 3944.5
4/21/2011 14:41 97477.1 109.2 67.6 3944.5
4/21/2011 14:42 97138.0 109.7 67.6 3944.5
4/21/2011 14:43 96643.2 111.4 67.7 3944.5
4/21/2011 14:44 96828.1 111.5 67.7 3944.5
4/21/2011 14:45 96879.5 109.9 67.7 3944.5
4/21/2011 14:46 97232.1 108.7 67.7 3944.5
4/21/2011 14:47 97193.5 108.8 67.7 3944.5
4/21/2011 14:48 96981.2 110.3 67.9 3944.5
4/21/2011 14:49 96961.7 111.4 67.8 3944.5
4/21/2011 14:50 96577.9 111.0 67.9 3944.5
4/21/2011 14:51 96354.9 109.4 67.8 3944.5
4/21/2011 14:52 96391.8 108.5 67.9 3944.5
4/21/2011 14:53 96555.4 109.1 67.8 3944.5
4/21/2011 14:54 96631.3 110.6 67.8 3944.5
4/21/2011 14:55 96597.2 111.5 67.9 3944.5
4/21/2011 14:56 96607.6 110.9 67.9 3944.5
4/21/2011 14:57 96784.1 109.0 67.8 3944.5

CRLLC-CHAL-000470



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 14:58 97044.7 108.3 67.9 3944.5
4/21/2011 14:59 96834.6 109.5 67.9 3944.5
4/21/2011 15:00 96609.5 110.9 67.9 3944.5
4/21/2011 15:01 96912.8 111.5 67.8 3944.5
4/21/2011 15:02 97016.1 110.3 67.9 3944.5
4/21/2011 15:03 96845.8 108.6 68.0 3944.5
4/21/2011 15:04 96758.3 108.5 67.9 3944.5
4/21/2011 15:05 96727.8 109.7 67.9 3944.5
4/21/2011 15:06 96984.7 110.6 67.9 3944.5
4/21/2011 15:07 96760.3 111.0 67.9 3944.5
4/21/2011 15:08 97305.5 110.9 68.0 3944.5
4/21/2011 15:09 97127.6 110.1 67.9 3944.5
4/21/2011 15:10 96980.5 108.9 67.8 3944.5
4/21/2011 15:11 97626.5 108.6 67.9 3944.5
4/21/2011 15:12 98201.8 109.6 68.0 3944.5
4/21/2011 15:13 98313.2 110.7 68.0 3944.5
4/21/2011 15:14 97641.2 111.2 68.0 3944.5
4/21/2011 15:15 97250.1 110.5 67.9 3944.5
4/21/2011 15:16 97520.0 109.3 67.9 3944.5
4/21/2011 15:17 97493.2 108.5 67.9 3944.5
4/21/2011 15:18 96777.2 109.0 67.9 3944.5
4/21/2011 15:19 96766.5 110.7 68.0 3944.5
4/21/2011 15:20 97197.8 110.4 68.0 3944.5
4/21/2011 15:21 97151.9 110.3 67.9 3944.5
4/21/2011 15:22 97116.6 110.2 68.0 3944.5
4/21/2011 15:23 97018.1 110.2 67.9 3944.5
4/21/2011 15:24 97200.2 110.3 67.9 3944.5
4/21/2011 15:25 97223.6 110.0 68.0 3944.5
4/21/2011 15:26 97241.8 109.5 68.0 3944.5
4/21/2011 15:27 97438.1 109.2 67.9 3944.5
4/21/2011 15:28 97306.2 109.9 67.9 3944.5
4/21/2011 15:29 97299.0 110.4 67.9 3944.5
4/21/2011 15:30 97359.0 110.5 68.0 3944.5
4/21/2011 15:31 97491.1 110.4 67.9 3944.5
4/21/2011 15:32 97538.8 110.0 67.9 3944.5
4/21/2011 15:33 97191.4 109.8 68.0 3944.5
4/21/2011 15:34 96977.9 109.8 68.0 3944.5
4/21/2011 15:35 96965.1 109.6 68.0 3944.5
4/21/2011 15:36 96954.3 109.9 68.0 3944.5
4/21/2011 15:37 97121.4 110.4 67.9 3944.5

CRLLC-CHAL-000471



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 15:38 97151.4 110.8 68.0 3944.5
4/21/2011 15:39 96857.3 113.3 68.1 3944.5
4/21/2011 15:40 96940.5 116.2 68.0 3944.5
4/21/2011 15:41 97182.5 118.0 67.9 3944.5
4/21/2011 15:42 97019.1 118.9 67.9 3944.5
4/21/2011 15:43 97045.8 119.9 68.0 3944.5
4/21/2011 15:44 96946.3 120.3 67.9 3944.5
4/21/2011 15:45 96607.4 119.6 67.9 3944.5
4/21/2011 15:46 96951.0 119.5 67.9 3944.5
4/21/2011 15:47 97057.6 120.7 68.0 3944.5
4/21/2011 15:48 97589.8 121.2 68.0 3944.5
4/21/2011 15:49 97971.3 119.3 68.0 3944.5
4/21/2011 15:50 97638.5 118.6 68.0 3944.5
4/21/2011 15:51 97146.9 119.1 68.0 3944.5
4/21/2011 15:52 96884.7 120.9 68.0 3944.5
4/21/2011 15:53 97579.7 121.5 67.9 3944.5
4/21/2011 15:54 97625.1 119.4 67.9 3944.5
4/21/2011 15:55 97211.1 118.4 67.9 3944.5
4/21/2011 15:56 96881.1 119.4 68.0 3944.5
4/21/2011 15:57 96785.2 121.0 68.0 3944.5
4/21/2011 15:58 96744.8 121.2 68.0 3944.5
4/21/2011 15:59 97272.5 119.2 68.0 3944.5
4/21/2011 16:00 97681.0 118.6 68.0 3944.5
4/21/2011 16:01 97730.0 119.6 68.0 3944.5
4/21/2011 16:02 97778.3 120.9 68.0 3944.5
4/21/2011 16:03 97753.0 121.2 68.0 3944.5
4/21/2011 16:04 97266.1 120.0 68.0 3944.5
4/21/2011 16:05 96819.5 119.4 68.0 3944.5
4/21/2011 16:06 96948.7 119.2 67.9 3944.5
4/21/2011 16:07 96889.0 119.8 67.9 3944.5
4/21/2011 16:08 97105.9 121.1 68.0 3944.5
4/21/2011 16:09 97124.9 120.6 68.1 3944.5
4/21/2011 16:10 97507.1 120.0 68.0 3944.5
4/21/2011 16:11 98042.1 119.8 67.9 3944.5
4/21/2011 16:12 97306.1 120.2 67.9 3944.5
4/21/2011 16:13 96897.5 120.2 68.1 3944.5
4/21/2011 16:14 97151.6 119.4 68.0 3944.5
4/21/2011 16:15 97279.9 119.2 68.0 3944.5
4/21/2011 16:16 97136.3 120.1 68.0 3944.5
4/21/2011 16:17 97156.0 120.7 68.0 3944.5

CRLLC-CHAL-000472



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 16:18 97361.1 120.4 68.0 3944.5
4/21/2011 16:19 97389.3 120.0 68.0 3944.5
4/21/2011 16:20 97416.0 119.8 68.0 3944.5
4/21/2011 16:21 97715.1 120.5 67.9 3944.5
4/21/2011 16:22 97838.8 120.1 68.0 3944.5
4/21/2011 16:23 97761.0 119.7 68.0 3944.5
4/21/2011 16:24 97420.9 119.6 68.1 3944.5
4/21/2011 16:25 97350.9 119.9 68.0 3944.5
4/21/2011 16:26 97416.7 121.0 68.0 3944.5
4/21/2011 16:27 97563.4 120.5 68.1 3944.5
4/21/2011 16:28 97542.5 119.8 68.1 3944.5
4/21/2011 16:29 97338.3 119.9 68.1 3944.5
4/21/2011 16:30 97334.4 119.3 68.0 3944.5
4/21/2011 16:31 97906.1 119.2 68.0 3944.5
4/21/2011 16:32 98375.2 120.0 68.0 3944.5
4/21/2011 16:33 98584.2 121.1 67.9 3944.5
4/21/2011 16:34 98471.2 120.9 67.9 3944.5
4/21/2011 16:35 98292.6 119.8 68.0 3944.5
4/21/2011 16:36 98207.0 119.8 68.0 3944.5
4/21/2011 16:37 98123.3 119.4 67.9 3944.5
4/21/2011 16:38 98202.3 119.3 67.9 3944.5
4/21/2011 16:39 98381.3 119.8 68.0 3944.5
4/21/2011 16:40 98086.3 121.1 68.0 3944.5
4/21/2011 16:41 97955.9 121.1 67.9 3944.5
4/21/2011 16:42 97521.9 119.6 67.9 3944.5
4/21/2011 16:43 98165.7 119.1 68.0 3944.5
4/21/2011 16:44 98503.2 119.1 68.0 3944.5
4/21/2011 16:45 98021.3 120.8 68.0 3944.5
4/21/2011 16:46 98160.4 121.7 68.0 3944.5
4/21/2011 16:47 98508.4 119.9 67.9 3944.5
4/21/2011 16:48 98058.6 118.9 68.0 3944.5
4/21/2011 16:49 97321.6 119.0 68.1 3944.5
4/21/2011 16:50 97216.8 120.9 68.0 3944.5
4/21/2011 16:51 97224.9 122.0 67.9 3944.5
4/21/2011 16:52 97579.1 120.0 68.0 3944.5
4/21/2011 16:53 97554.8 118.6 68.0 3944.5
4/21/2011 16:54 97887.1 118.8 68.0 3944.5
4/21/2011 16:55 98181.1 121.0 67.9 3944.5
4/21/2011 16:56 97821.3 121.8 68.0 3944.5
4/21/2011 16:57 97677.9 119.8 68.0 3944.5

CRLLC-CHAL-000473



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 16:58 97971.1 118.6 68.1 3944.5
4/21/2011 16:59 98179.3 118.8 68.0 3944.5
4/21/2011 17:00 98253.4 120.9 67.9 3944.5
4/21/2011 17:01 97956.9 121.6 67.9 3944.5
4/21/2011 17:02 97800.7 119.9 68.0 3944.5
4/21/2011 17:03 97889.6 118.9 68.0 3944.5
4/21/2011 17:04 97751.4 118.8 68.0 3944.5
4/21/2011 17:05 97679.8 120.6 68.0 3944.5
4/21/2011 17:06 97745.3 121.3 68.0 3944.5
4/21/2011 17:07 97648.0 120.6 68.0 3944.5
4/21/2011 17:08 97910.1 119.8 67.9 3944.5
4/21/2011 17:09 98160.3 119.4 67.9 3944.5
4/21/2011 17:10 97949.0 119.1 68.0 3944.5
4/21/2011 17:11 98110.9 119.7 67.9 3944.5
4/21/2011 17:12 98285.9 121.1 68.0 3944.5
4/21/2011 17:13 98023.5 120.7 67.9 3944.5
4/21/2011 17:14 98045.2 119.9 67.9 3944.5
4/21/2011 17:15 98554.6 119.6 68.0 3944.5
4/21/2011 17:16 98460.7 119.2 68.0 3944.5
4/21/2011 17:17 98107.3 119.3 67.9 3944.5
4/21/2011 17:18 97902.8 120.8 68.0 3944.5
4/21/2011 17:19 98011.4 121.1 68.0 3944.5
4/21/2011 17:20 98119.5 120.0 68.0 3944.5
4/21/2011 17:21 98097.8 119.8 68.0 3944.5
4/21/2011 17:22 98295.9 119.7 68.0 3944.5
4/21/2011 17:23 98155.5 119.4 68.0 3944.5
4/21/2011 17:24 97930.1 120.1 68.0 3944.5
4/21/2011 17:25 97375.6 121.1 68.1 3944.5
4/21/2011 17:26 97722.2 120.8 68.1 3944.5
4/21/2011 17:27 98325.1 120.1 68.0 3944.5
4/21/2011 17:28 98312.6 120.0 68.0 3944.5
4/21/2011 17:29 98126.9 119.9 68.0 3944.5
4/21/2011 17:30 98045.6 119.0 68.0 3944.5
4/21/2011 17:31 98033.8 119.3 68.0 3944.5
4/21/2011 17:32 98187.5 121.0 68.0 3944.5
4/21/2011 17:33 97894.4 121.3 68.0 3944.5
4/21/2011 17:34 97915.9 120.4 68.0 3944.5
4/21/2011 17:35 98073.6 119.1 68.0 3944.5
4/21/2011 17:36 98360.3 118.9 68.0 3944.5
4/21/2011 17:37 98470.9 120.7 68.0 3944.5

CRLLC-CHAL-000474



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 17:38 98330.1 121.4 68.0 3944.5
4/21/2011 17:39 98412.2 120.1 68.0 3944.5
4/21/2011 17:40 98475.5 119.1 68.0 3944.5
4/21/2011 17:41 98210.8 119.0 67.9 3944.5
4/21/2011 17:42 97807.6 120.7 68.0 3944.5
4/21/2011 17:43 97923.1 121.6 68.0 3944.5
4/21/2011 17:44 98125.8 120.1 67.9 3944.5
4/21/2011 17:45 98167.7 118.8 67.9 3944.5
4/21/2011 17:46 98297.7 118.8 68.0 3944.5
4/21/2011 17:47 98481.9 120.9 68.0 3944.5
4/21/2011 17:48 98429.4 121.7 68.0 3944.5
4/21/2011 17:49 98228.9 120.1 68.0 3944.5
4/21/2011 17:50 98455.3 118.6 68.0 3944.5
4/21/2011 17:51 98269.3 118.6 67.9 3944.5
4/21/2011 17:52 98350.8 120.2 68.0 3944.5
4/21/2011 17:53 98397.3 121.6 68.0 3944.5
4/21/2011 17:54 98381.3 120.6 67.9 3944.5
4/21/2011 17:55 98126.3 119.1 68.0 3944.5
4/21/2011 17:56 98060.8 118.5 68.0 3944.5
4/21/2011 17:57 97802.3 120.0 68.0 3944.5
4/21/2011 17:58 97735.4 121.5 68.0 3944.5
4/21/2011 17:59 98114.9 120.6 68.0 3944.5
4/21/2011 18:00 98565.0 119.4 68.0 3944.5
4/21/2011 18:01 98742.5 118.7 68.0 3944.5
4/21/2011 18:02 98893.5 119.7 67.9 3944.5
4/21/2011 18:03 98396.7 121.4 68.0 3944.5
4/21/2011 18:04 98257.8 120.8 68.0 3944.5
4/21/2011 18:05 98155.6 119.2 67.9 3944.5
4/21/2011 18:06 98261.2 118.7 68.0 3944.5
4/21/2011 18:07 98399.7 119.2 68.1 3944.5
4/21/2011 18:08 98223.3 121.2 68.0 3944.5
4/21/2011 18:09 97985.4 121.2 68.0 3944.5
4/21/2011 18:10 98403.6 120.3 68.0 3944.5
4/21/2011 18:11 98440.0 119.4 68.0 3944.5
4/21/2011 18:12 98582.5 118.9 68.0 3944.5
4/21/2011 18:13 98356.2 119.3 68.0 3944.5
4/21/2011 18:14 98574.8 120.9 68.0 3944.5
4/21/2011 18:15 99013.7 121.3 68.0 3944.5
4/21/2011 18:16 98901.5 120.5 68.0 3944.5
4/21/2011 18:17 98601.9 119.6 68.0 3944.5

CRLLC-CHAL-000475



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 18:18 98434.8 119.0 67.9 3944.5
4/21/2011 18:19 98822.5 119.0 68.0 3944.5
4/21/2011 18:20 98502.4 120.5 68.0 3944.5
4/21/2011 18:21 98463.8 121.4 68.0 3944.5
4/21/2011 18:22 98674.4 120.5 67.9 3944.5
4/21/2011 18:23 98882.3 119.4 68.0 3944.5
4/21/2011 18:24 98709.6 119.0 68.0 3944.5
4/21/2011 18:25 98824.3 119.3 67.9 3944.5
4/21/2011 18:26 98482.4 120.7 68.0 3944.5
4/21/2011 18:27 98302.1 121.4 68.0 3944.5
4/21/2011 18:28 98596.9 120.5 68.0 3944.5
4/21/2011 18:29 98887.7 119.3 67.9 3944.5
4/21/2011 18:30 98825.9 118.6 68.0 3944.5
4/21/2011 18:31 98837.5 119.3 68.0 3944.5
4/21/2011 18:32 98891.9 120.9 67.9 3944.5
4/21/2011 18:33 98625.5 121.5 67.9 3944.5
4/21/2011 18:34 98726.1 120.0 68.0 3944.5
4/21/2011 18:35 98658.4 118.7 68.0 3944.5
4/21/2011 18:36 98376.9 118.9 68.0 3944.5
4/21/2011 18:37 98381.4 120.4 68.1 3944.5
4/21/2011 18:38 98521.8 121.8 68.0 3944.5
4/21/2011 18:39 98422.5 120.5 68.1 3944.5
4/21/2011 18:40 98486.4 119.2 68.0 3944.5
4/21/2011 18:41 98606.6 118.8 67.9 3944.5
4/21/2011 18:42 98488.5 119.9 68.0 3944.5
4/21/2011 18:43 98523.1 121.3 68.1 3944.5
4/21/2011 18:44 98540.4 121.4 68.0 3944.5
4/21/2011 18:45 98444.7 119.4 68.0 3944.5
4/21/2011 18:46 98518.5 118.5 68.0 3944.5
4/21/2011 18:47 98701.9 119.3 68.0 3944.5
4/21/2011 18:48 98885.2 120.6 68.0 3944.5
4/21/2011 18:49 99067.3 121.6 68.0 3944.5
4/21/2011 18:50 99137.7 120.3 68.0 3944.5
4/21/2011 18:51 99408.0 119.1 68.0 3944.5
4/21/2011 18:52 99239.0 118.8 68.0 3944.5
4/21/2011 18:53 98866.3 119.8 68.0 3944.5
4/21/2011 18:54 98953.2 121.2 68.0 3944.5
4/21/2011 18:55 98895.2 120.6 68.0 3944.5
4/21/2011 18:56 98783.4 119.5 68.0 3944.5
4/21/2011 18:57 98581.2 119.4 67.9 3944.5

CRLLC-CHAL-000476



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 18:58 98565.2 119.7 68.0 3944.5
4/21/2011 18:59 98756.4 119.5 68.0 3944.5
4/21/2011 19:00 98714.4 119.3 68.0 3944.5
4/21/2011 19:01 98642.7 120.3 68.0 3944.5
4/21/2011 19:02 98362.9 120.9 68.0 3944.5
4/21/2011 19:03 98478.1 120.7 68.0 3944.5
4/21/2011 19:04 98831.1 120.6 67.9 3944.5
4/21/2011 19:05 98680.3 120.5 68.0 3944.5
4/21/2011 19:06 98614.5 119.8 67.9 3944.5
4/21/2011 19:07 98774.0 119.1 68.0 3944.5
4/21/2011 19:08 98496.7 119.1 68.0 3944.5
4/21/2011 19:09 98122.8 120.3 68.0 3944.5
4/21/2011 19:10 98596.9 120.4 68.0 3944.5
4/21/2011 19:11 98588.9 120.8 68.0 3944.5
4/21/2011 19:12 98547.0 120.7 68.0 3944.5
4/21/2011 19:13 98880.4 120.2 68.0 3944.5
4/21/2011 19:14 98473.4 120.0 68.0 3944.5
4/21/2011 19:15 98472.9 119.0 67.9 3944.5
4/21/2011 19:16 98613.5 118.7 68.0 3944.5
4/21/2011 19:17 98622.8 119.6 68.0 3944.5
4/21/2011 19:18 98731.7 121.0 68.0 3944.5
4/21/2011 19:19 98840.6 121.3 67.9 3944.5
4/21/2011 19:20 98946.8 120.2 67.9 3944.5
4/21/2011 19:21 98815.0 119.2 67.9 3944.5
4/21/2011 19:22 98531.9 118.8 68.0 3944.5
4/21/2011 19:23 98481.3 119.9 68.0 3944.5
4/21/2011 19:24 98770.5 121.3 67.9 3944.5
4/21/2011 19:25 98809.5 120.8 67.9 3944.5
4/21/2011 19:26 98775.1 119.4 67.9 3944.5
4/21/2011 19:27 98993.7 118.9 67.9 3944.5
4/21/2011 19:28 99046.6 119.2 67.9 3944.5
4/21/2011 19:29 99202.2 120.8 67.9 3944.5
4/21/2011 19:30 99178.3 121.2 67.9 3944.5
4/21/2011 19:31 99073.7 119.8 68.0 3944.5
4/21/2011 19:32 98843.8 119.1 68.0 3944.5
4/21/2011 19:33 99114.9 119.2 68.0 3944.5
4/21/2011 19:34 98575.2 120.1 68.0 3944.5
4/21/2011 19:35 98504.0 121.5 68.0 3944.5
4/21/2011 19:36 98743.2 120.6 68.0 3944.5
4/21/2011 19:37 98931.4 119.3 68.0 3944.5

CRLLC-CHAL-000477



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 19:38 98842.6 118.9 67.9 3944.5
4/21/2011 19:39 98722.6 119.5 67.9 3944.5
4/21/2011 19:40 98783.5 121.5 67.9 3944.5
4/21/2011 19:41 99209.4 121.0 67.9 3944.5
4/21/2011 19:42 99312.3 119.3 67.9 3944.5
4/21/2011 19:43 99343.1 118.7 67.9 3944.5
4/21/2011 19:44 99267.7 119.4 67.9 3944.5
4/21/2011 19:45 99005.8 120.9 67.9 3944.5
4/21/2011 19:46 99354.1 121.6 68.0 3944.5
4/21/2011 19:47 99454.3 119.7 67.9 3944.5
4/21/2011 19:48 98970.7 118.7 68.0 3944.5
4/21/2011 19:49 98385.9 118.9 68.0 3944.5
4/21/2011 19:50 98346.3 120.7 67.9 3944.5
4/21/2011 19:51 98520.4 121.4 67.9 3944.5
4/21/2011 19:52 98763.2 120.3 68.0 3944.5
4/21/2011 19:53 98804.0 119.2 67.9 3944.5
4/21/2011 19:54 99120.3 119.0 67.9 3944.5
4/21/2011 19:55 98658.4 119.7 68.0 3944.5
4/21/2011 19:56 98257.1 120.7 67.9 3944.5
4/21/2011 19:57 98151.8 120.7 68.0 3944.5
4/21/2011 19:58 98333.0 120.3 67.9 3944.5
4/21/2011 19:59 99036.0 119.8 67.9 3944.5
4/21/2011 20:00 99379.6 119.4 67.9 3944.5
4/21/2011 20:01 98941.4 119.4 68.0 3944.5
4/21/2011 20:02 98964.5 119.3 67.9 3944.5
4/21/2011 20:03 98698.6 120.0 67.9 3944.5
4/21/2011 20:04 98544.6 120.5 67.8 3944.5
4/21/2011 20:05 98796.6 120.5 67.9 3944.5
4/21/2011 20:06 99295.8 119.8 68.0 3944.5
4/21/2011 20:07 99389.7 120.5 68.0 3944.5
4/21/2011 20:08 99379.0 119.8 68.0 3944.5
4/21/2011 20:09 99120.1 119.1 67.9 3944.5
4/21/2011 20:10 99020.1 119.1 67.9 3944.5
4/21/2011 20:11 99199.1 119.8 68.0 3944.5
4/21/2011 20:12 99123.4 121.0 68.0 3944.5
4/21/2011 20:13 99236.2 120.7 67.9 3944.5
4/21/2011 20:14 99234.1 120.0 67.9 3944.5
4/21/2011 20:15 99010.6 119.9 67.9 3944.5
4/21/2011 20:16 99097.9 120.2 68.0 3944.5
4/21/2011 20:17 98934.9 119.7 68.0 3944.5

CRLLC-CHAL-000478



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 20:18 98949.3 118.9 67.9 3944.5
4/21/2011 20:19 99470.7 119.3 67.9 3944.5
4/21/2011 20:20 99612.5 120.9 67.9 3944.5
4/21/2011 20:21 99152.1 121.0 67.8 3944.5
4/21/2011 20:22 98828.1 120.2 67.9 3944.5
4/21/2011 20:23 98967.2 119.3 67.8 3944.5
4/21/2011 20:24 98868.9 119.1 67.8 3944.5
4/21/2011 20:25 98831.8 120.1 68.0 3944.5
4/21/2011 20:26 99003.7 121.3 68.0 3944.5
4/21/2011 20:27 98891.4 120.7 68.0 3944.5
4/21/2011 20:28 99109.6 119.3 68.0 3944.5
4/21/2011 20:29 98762.8 118.8 68.0 3944.5
4/21/2011 20:30 98909.2 119.6 68.1 3944.5
4/21/2011 20:31 98972.2 121.2 68.0 3944.5
4/21/2011 20:32 98880.2 121.1 68.0 3944.5
4/21/2011 20:33 99021.7 119.3 68.1 3944.5
4/21/2011 20:34 99160.2 118.6 68.0 3944.5
4/21/2011 20:35 99036.8 119.2 68.0 3944.5
4/21/2011 20:36 98621.5 121.1 68.0 3944.5
4/21/2011 20:37 98805.2 121.3 68.0 3944.5
4/21/2011 20:38 98541.5 119.6 68.0 3944.5
4/21/2011 20:39 98784.9 118.8 68.1 3944.5
4/21/2011 20:40 99299.4 118.9 68.1 3944.5
4/21/2011 20:41 98833.7 120.5 68.0 3944.5
4/21/2011 20:42 98840.0 121.7 68.1 3944.5
4/21/2011 20:43 98812.7 120.3 68.0 3944.5
4/21/2011 20:44 98720.0 119.1 68.0 3944.5
4/21/2011 20:45 98530.6 118.8 68.1 3944.5
4/21/2011 20:46 98136.3 120.0 68.0 3944.5
4/21/2011 20:47 98310.3 121.1 68.1 3944.5
4/21/2011 20:48 98569.9 121.3 68.0 3944.5
4/21/2011 20:49 98378.8 120.2 68.0 3944.5
4/21/2011 20:50 98417.9 119.2 68.0 3944.5
4/21/2011 20:51 98398.2 118.6 68.0 3944.5
4/21/2011 20:52 98499.8 120.1 68.0 3944.5
4/21/2011 20:53 98446.3 121.0 68.0 3944.5
4/21/2011 20:54 98366.2 120.8 68.0 3944.5
4/21/2011 20:55 98244.6 120.3 67.9 3944.5
4/21/2011 20:56 98382.1 119.2 68.0 3944.5
4/21/2011 20:57 98759.9 118.7 68.0 3944.5

CRLLC-CHAL-000479



Oxygen 
enrichment flow 

(92% O2) Charge rate

78FC167D 78FC986 78FC509 78FI980X
DSCFM KSCFH KBPD GPM

Main Air Flow
REGEN O2 

ENRICHMENT

PREHT FURN 
TOTAL 

CHARGE
SOXSCBR RECIR FLOW 

HP

Timestamp
78FC167D - 

Average
78FC986 - 
Average

78FC509 - 
Average 78FI980X - Average

4/21/2011 20:58 98637.7 119.3 68.0 3944.5
4/21/2011 20:59 98599.5 120.5 68.0 3944.5
4/21/2011 21:00 99035.1 121.2 68.0 3944.5

CRLLC-CHAL-000480



 
FCCU WGS 

PM10 – Compliance Test 

ExxonMobil – Chalmette Refining, LLC April 21, 2011 
Shaw Project No. 141145 

 

 

AAppppeennddiixx  DD  
EEmmiissssiioonn  CCaallccuullaattiioonnss  

CRLLC-CHAL-000481



Field Sampling Summary

Company: Chalmette Refining Test Date: 04/21/11

Location: Chalmette, LA Test Number: 1

Unit: CAT

Source: WGS Stack 

Unit Load Normal

Source Parameters

225.0 feet

Pbar 30.22 in. Hg

Pm 30.00 in. Hg

D 100.000 inches

Ar 54.542 ft2

Sampling Parameters

Barometric Pressure (@ dry gas meter)

Stack Internal Diameter

Cross-sectional Area at Sampling Plane

Sampling Elevation

Barometric Pressure (@ grade)

p g

0.250 inches

An 3.41E-04 ft2

Cp 0.84

ΔH@ 1.962 in. H2O

Y 1.024

ΔH 1.289 in. H2O

√ΔPavg 0.7828 in. H2O

Control Box ΔH Standard

Dry Gas Meter Correction Factor

Average ΔH

Average Square Root ΔP

Nozzle Diameter (inches)

Nozzle Area (ft2)

Pitot Tube Coefficient

√ΔPavg 0.7828 . 2O

Tm 92.4 °F

Θ 120.0 min

(Wf - Wi) 495.6 g

Vm 69.867 dcf

Vm(std) 68.553 dscf

Effluent Parameters

Dry Gas Meter Volume (actual)

Average Square Root ΔP

Average Meter Temperature

Sampling Time

Moisture Measured by Weight

Dry Gas Meter Volume (@ dry std conditions)

Effluent Parameters

%O2 1.00 vol%

%CO2 12.00 vol%

%N2 87.00 vol%

Ts 149.6 °F

Md 29.96 lb/lb*mol

Ms 26.92 lb/lb*mol

Bws 0 2542

Excess Oxygen

Carbon Dioxide

Molecular Weight, wet

Moisture Fraction (Impinger Analysis)

Nitrogen

Temperature

Molecular Weight, dry

Bws 0.2542

Pg -0.20 in. H2O

Ps 29.98 in. Hg

Vs 48.85 ft/sec

9,592,180 acfh

159,870 acfm

6,208,781 dscfh

103 480 dscfm

Average Velocity

Volumetric Flow Rate

Moisture Fraction (Impinger Analysis)

Stack Static Pressure

Absolute Stack Pressure

Qsd

103,480 dscfm

I 88.33 %

Initials Date

Data Input PH 4/26/2011

Data Review DTB 4/29/2011

Isokinetic Sampling Rate
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Field Sampling Summary

Company: Chalmette Refining Test Date: 04/21/11

Location: Chalmette, LA Test Number: 2

Unit: CAT

Source: WGS Stack 

Unit Load Normal

Source Parameters

225.0 feet

Pbar 30.10 in. Hg

Pm 29.88 in. Hg

D 100.000 inches

A 54.542 ft2

Sampling Parameters

Stack Internal Diameter

Cross-sectional Area at Sampling Plane

Barometric Pressure (@ grade)

Barometric Pressure (@ dry gas meter)

Sampling Elevation

p g

0.250 inches

An 3.41E-04 ft2

Cp 0.84

ΔH@ 1.962 in. H2O

Y 1.024

ΔH 1.594 in. H2O

√ΔPavg 0.8102 in. H2O

Pitot Tube Coefficient

Control Box ΔH Standard

Dry Gas Meter Correction Factor

Average ΔH

Average Square Root ΔP

Nozzle Diameter (inches)

Nozzle Area (ft2)

√ΔPavg 0.8102 . 2O

Tm 96.6 °F

Θ 120.0 min

(Wf - Wi) 580.0 g

Vm 80.080 dcf

Vm(std) 77.668 dscf

Effluent Parameters

Average Meter Temperature

Sampling Time

Moisture Measured by Weight

Dry Gas Meter Volume (actual)

Dry Gas Meter Volume (@ dry std conditions)

Average Square Root ΔP

Effluent Parameters

O2 1.00 vol%

CO2 12.00 vol%

N2 87.00 vol%

Ts 148.7 °F

Md 29.96 lb/lb*mol

Ms 26.85 lb/lb*mol

Bws 0 2604

Molecular Weight, wet

Moisture Fraction (Impinger Analysis)

Excess Oxygen

Carbon Dioxide

Nitrogen

Temperature

Molecular Weight, dry

Bws 0.2604

Pg -0.10 in. H2O

Ps 29.87 in. Hg

Vs 50.70 ft/sec

9,954,115 acfh

165,902 acfm

6,374,665 dscfh

106 244 dscfm

Absolute Stack Pressure

Average Velocity

Moisture Fraction (Impinger Analysis)

Stack Static Pressure

stack Static Pressure Qsd

106,244 dscfm

I 97.47 %

Initials Date

Data Input PH 4/26/2011

Data Review DTB 4/29/2011

Isokinetic Sampling Rate
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Field Sampling Summary

Company: Chalmette Refining Test Date: 04/21/11

Location: Chalmette, LA Test Number: 3

Unit: CAT

Source: WGS Stack 

Unit Load Normal

Source Parameters

225.0 feet

Pbar 30.07 in. Hg

Pm 29.85 in. Hg

D 100.000 inches

A 54.542 ft2

Sampling Parameters

Stack Internal Diameter

Cross-sectional Area at Sampling Plane

Barometric Pressure (@ grade)

Barometric Pressure (@ dry gas meter)

Sampling Elevation

p g

0.250 inches

An 3.41E-04 ft2

Cp 0.84

ΔH@ 1.962 in. H2O

Y 1.024

ΔH 1.750 in. H2O

√ΔPavg 0.8399 in. H2O

Pitot Tube Coefficient

Control Box ΔH Standard

Dry Gas Meter Correction Factor

Average ΔH

Average Square Root ΔP

Nozzle Diameter (inches)

Nozzle Area (ft2)

√ΔPavg 0.8399 . 2O

Tm 93.9 °F

Θ 120.0 min

(Wf - Wi) 578.0 g

Vm 82.919 dcf

Vm(std) 80.733 dscf

Effluent Parameters

Average Meter Temperature

Sampling Time

Moisture Measured by Weight

Dry Gas Meter Volume (actual)

Dry Gas Meter Volume (@ dry std conditions)

Average Square Root ΔP

Effluent Parameters

O2 1.00 vol%

CO2 12.50 vol%

N2 86.50 vol%

Ts 147.5 °F

Md 30.04 lb/lb*mol

Ms 27.00 lb/lb*mol

Bws 0 2524

Molecular Weight, wet

Moisture Fraction (Impinger Analysis)

Excess Oxygen

Carbon Dioxide

Nitrogen

Temperature

Molecular Weight, dry

Bws 0.2524

Pg -0.10 in. H2O

Ps 29.84 in. Hg

Vs 52.37 ft/sec

10,283,758 acfh

171,396 acfm

6,663,892 dscfh

111 065 dscfm

Absolute Stack Pressure

Average Velocity

Moisture Fraction (Impinger Analysis)

Stack Static Pressure

Volumetric Flow Rate Qsd

111,065 dscfm

I 96.92 %

Initials Date

Data Input PH 4/27/2011

Data Review DTB 4/29/2011

Isokinetic Sampling Rate
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Company: Chalmette Refining, LLC

Location: Chalmette, LA

Unit: Fluid Catalytic Cracking Unit (FCCU)

Source: Wet Gas Scrubber

Source ID: EQT184

PM L b R l S

1 2 3

RM 5B PM Collected mg 33.3 36.6 34.6 34.8

mg 33.3 36.6 34.6 34.8

g 0 0333 0 0366 0 0346 0 0348
Total PM Collected (equivalent PM10)

PM Lab Results Summary

Run No.

Test Date 4/21/2011
Average

g 0.0333 0.0366 0.0346 0.0348

Note: Analyses were conducted by Enthalpy Analytical, Inc.

Initials Date

Data Entry DTB 5/17/2011

Review PH 5/17/2011

CRLLC-CHAL-000485



Compliance Test Summary of Results
PM Summary

Company: Chalmette Refining, LLC

Location: Chalmette, LA

Unit: Fluid Catalytic Cracking Unit (FCCU)

Source: Wet Gas Scrubber

Source ID: EQT184

Unit Load Normal

Test Date: 4/21/2011

Permit No. 3022-V4

Sampling Parameters
1 2 3

04/21/11 04/21/11 04/21/11

10:42-13:10 14:05-16:15 16:55-19:05

Average

Test No.

Date

Test Period 10:42-13:10 14:05-16:15 16:55-19:05

min 120 120 120 120

dscf 68.553 77.668 80.733 75.651

% 88.33 97.47 96.92 94.24

g 0.033 0.037 0.035 0.035

gr 0.51 0.56 0.53 0.54

Isokinetic Sampling Rate

Sampling Duration

Particulate Matter as PM10

Test Period

Sample Volume

Unit Operating Parameters
vol% 1.00 1.00 1.00 1.00

vol% 12.00 12.00 12.50 12.17

vol% 25.42 26.04 25.24 25.57

lb/lb·mol 26.92 26.85 27.00 26.92

°F 149.6 148.7 147.5 148.60

Carbon Dioxide (CO2)

Moisture Content

Molecular Weight (wet)

Exhaust Temperature

Excess Oxygen (O2)

ft/sec 48.85 50.70 52.37 50.64

acfm 159,870 165,902 171,396 165,723

dscfm 103,480 106,244 111,065 106,930

Pollutants
gr/dscf 0.007 0.007 0.007 0.007

lb/h 6 65 6 62 6 30 6 52PM E i l t

Effluent Velocity

Volumetric Flow Rate

lb/hr 6.65 6.62 6.30 6.52

ton/yr 29.12 29.01 27.58 28.57

Note: Analyses were conducted by Enthalpy Analytical, Inc.

Initials Date

Data Entry DTB 5/17/2011

Review PH 5/17/2011

PM10 Equivalent

Review PH 5/17/2011
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ExxonMobil - Chalmette Refining
April 21, 2011

WGS

Reference Method 4 - Determination of Moisture Content in Stack Gases

Nomenclature:

H2O = Moisture content of gas stream, vol%.
Bws = Proportion of water vapor, by volume, in the gas stream.
Mw = Molecular weight of water, 18.0 lb/lb-mole.
Pm = Absolute pressure (for this method, same as barometric pressure) at the dry gas meter, in. Hg.
Pstd = Standard absolute pressure, 29.92 in. Hg. 
Ri = Ideal gas constant, 21.85 (in. Hg)(ft 3 )/(lb-mole)(°R).
Tmf = Temperature at meter, °F.
Tm = Absolute temperature at meter, °R. 
Tstd = Standard absolute temperature, 528 °R. 
Vf = Final volume of condenser water, ml.
Vi = Initial volume, if any, of condenser water, ml.
Vm = Dry gas volume measured by dry gas meter, dcf.
Vmstd = Dry gas volume measured by the dry gas meter, corrected to standard conditions, dscf.
Vwcstd = Volume of water vapor condensed, corrected to standard conditions, scf.
Vwsgstd = Volume of water vapor collected in silica gel, corrected to standard conditions, scf. 
Wf = Final weight of silica gel or silica gel plus impinger, g.
Wi = Initial weight of silica gel or silica gel plus impinger, g.
Y = Dry gas meter calibration factor.
ρw = Density of water, 0.002201 lb/ml.

Variables:

Run 1: Run 2:

Vm1 69.867 ft3⋅:= Pm1 30.0 in_Hg⋅:= Vm2 80.080 ft3⋅:= Pm2 29.88 in_Hg⋅:=

Wi1 0.0 g⋅:= Tmf1 92.4 °F⋅:= Wi2 0.0 g⋅:= Tmf2 96.6 °F⋅:=

Wf1 495.6 g⋅:= Y1 1.024:= Wf2 580.0 g⋅:= Y2 1.024:=

Vf1 0:= Vi1 0:= Vf2 0:= Vi2 0:=

Run 3: Constants:

Vm3 82.919 ft3⋅:= Pm3 29.85 in_Hg⋅:= K1 0.04706
ft3

ml
⋅:=Mw 18.0

lb
lb mol⋅
⋅:=

Wi3 0.0 g⋅:= Tmf3 93.9 °F⋅:= Pstd 29.92 in_Hg⋅:= K2 453.6
g
lb
⋅:=

Wf3 578.0 g⋅:= Y3 1.024:= Tstd 528 °R⋅:=

Vf3 0:= Vi3 0:= K3 0.04715
ft3

g
⋅:=ρw 0.002201

lb
ml
⋅:=

Ri 21.85
in_Hg ft3⋅

lb mol⋅ °R⋅
⋅:= K4 17.64

°R
in_Hg
⋅:=

1
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ExxonMobil - Chalmette Refining
April 21, 2011

Calculations:

Run 1:

Vwcstd1
Vf1 Vi1−( ) ρw⋅ R⋅ Tstd⋅

Pstd Mw⋅
:= Eq. 4-1 Vwsgstd1

Wf1 Wi1−( ) Ri⋅ Tstd⋅

Pstd Mw⋅ K2⋅
:= Eq. 4-2

Vwcstd1:= K1(Vf1 -Vi1) Vwsgstd1:= K3(Wf1 -Wi1)

Vwcstd1 0.000 scf= Vwsgstd1 23.405 scf=

Vmstd1
Vm1 Y1⋅ Pm1⋅ Tstd⋅

Pstd Tmf1 460+( )⋅
:= Eq. 4-3 Bws1

Vwcstd1 Vwsgstd1+

Vwcstd1 Vwsgstd1+ Vmstd1+
:= Eq. 4-4

Vmstd1:= K4 Y1(Vm1Pm1)/Tm1 Bws1 0.2545=

Vmstd1 68.6 dscf= H2O1 Bws1 100⋅ vol%⋅:=

H2O1 25.45 vol%=

Run 2:

Vwcstd2
Vf2 Vi2−( ) ρw⋅ R⋅ Tstd⋅

Pstd Mw⋅
:= Eq. 4-1 Vwsgstd2

Wf2 Wi2−( ) Ri⋅ Tstd⋅

Pstd Mw⋅ K2⋅
:= Eq. 4-2

Vwcstd2:= K1(Vf2 -Vi2) Vwsgstd2:= K3(Wf2 -Wi2)

Vwcstd2 0.000 scf= Vwsgstd2 27.391 scf=

Eq. 4-4
Vmstd2

Vm2 Y2⋅ Pm2⋅ Tstd⋅

Pstd Tmf2 460+( )⋅
:= Eq. 4-3 Bws2

Vwcstd2 Vwsgstd2+

Vwcstd2 Vwsgstd2+ Vmstd2+
:=

Vmstd2:= K4 Y2(Vm2Pm2)/Tm2 Bws2 0.2607=

H2O2 Bws2 100⋅ vol%⋅:=

Vmstd2 77.7 dscf=
H2O2 26.07 vol%=

2
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ExxonMobil - Chalmette Refining
April 21, 2011

Run 3:

Vwcstd3
Vf3 Vi3−( ) ρw⋅ R⋅ Tstd⋅

Pstd Mw⋅
:= Eq. 4-1 Vwsgstd3

Wf3 Wi3−( ) Ri⋅ Tstd⋅

Pstd Mw⋅ K2⋅
:= Eq. 4-2

Vwcstd3:= K1(Vf3 -Vi3) Vwsgstd3:= K3(Wf3 -Wi3)

Vwcstd3 0.000 scf= Vwsgstd3 27.296 scf=

Eq. 4-4
Vmstd3

Vm3 Y3⋅ Pm3⋅ Tstd⋅

Pstd Tmf3 460+( )⋅
:= Eq. 4-3 Bws3

Vwcstd3 Vwsgstd3+

Vwcstd3 Vwsgstd3+ Vmstd3+
:=

Vmstd3:= K4 Y3(Vm3Pm3)/Tm3 Bws3 0.2526=

Vmstd3 80.7 dscf= H2O3 Bws3 100⋅ vol%⋅:=

H2O3 25.26 vol%=

3
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ExxonMobil - Chalmette Refining
April 21, 2011

Reference Method 3 - Gas Analysis for the Determination of Dry Molecular Weight
Nomenclature:

Md = Dry molecular weight, lb/lb-mole.
Ms = Wet molecular weight, lb/lb-mole.
%CO2 = Percent CO2 by volume, dry basis.
%O2 = Percent O2 by volume, dry basis.
%CO = Percent CO by volume, dry basis.
%N2 = Percent N2 by volume, dry basis.
Bal = %N2+%CO.
28 = Molecular weight of N2 or CO, lb/lb-mol.
32 = Molecular weight of O2, lb/lb-mol.
44 = Molecular weight of CO2, lb/lb-mol.

Variables:

%O21 1 vol%⋅:= %O22 1 vol%⋅:= %O23 1 vol%⋅:=

%CO21 12 vol%⋅:= %CO22 12 vol%⋅:= %CO23 12.5 vol%⋅:=

Bal1 100 vol%⋅ %O21 %CO21+( )−:= Bal2 100 vol%⋅ %O22 %CO22+( )−:=

Bal1 87.00 vol%= Bal2 87.00 vol%=

Bal3 100 vol%⋅ %O23 %CO23+( )−:=

Bal3 86.50 vol%=

Calculations:

Md1 44
lb

lb mol⋅
⋅ %CO21⋅ 32

lb
lb mol⋅
⋅ %O21⋅+ 28

lb
lb mol⋅
⋅ Bal1( )+:= Eq. 3-1

Md1 29.96
lb

lb mol⋅
=

Md2 44
lb

lb mol⋅
⋅ %CO22⋅ 32

lb
lb mol⋅
⋅ %O22⋅+ 28

lb
lb mol⋅
⋅ Bal2( )+:= Eq. 3-1

Md2 29.96
lb

lb mol⋅
=

Md3 44
lb

lb mol⋅
⋅ %CO23⋅ 32

lb
lb mol⋅
⋅ %O23⋅+ 28

lb
lb mol⋅
⋅ Bal3( )+:= Eq. 3-1

Md3 30.04
lb

lb mol⋅
=

4
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ExxonMobil - Chalmette Refining
April 21, 2011

Reference Method 2 - Determination of Stack Gas Velocity and Volumetric Flow Rate
Nomenclature:

As = Cross-sectional area of stack, ft2.
Bws = Water vapor in the gas stream from Method 4, proportion by volume.
Cp = Pitot tube coefficient, dimensionless.
Kp = Velocity equation constant.
Md = Molecular weight of stack gas, dry basis, lb/lb-mol. 
Ms = Molecular weight of stack gas, wet basis, lb/lb-mol.
Pm = Barometric pressure at measurement site, in. Hg.
Pg = Stack static pressure, in. H2O.
Ps = Absolute stack pressure (Pbar + Pg), in. Hg.
Pstd = Standard absolute pressure, 29.92 in. Hg.
Qsd = Dry volumetric stack gas flow rate corrected to standard conditions, dscf/hr, dscf/min.
Ts = Stack temperature, °F.
Tsabs = Absolute stack temperature (460 + Ts), °R.
Tstd = Standard absolute temperature, 528 °R.
Vs = Average stack gas velocity, ft/sec.
Δpavgsqrt = Average square root of Δp, in. H2O.
3600 = Conversion factor, sec/hr.
18.0 = Molecular weight of water, lb/lb-mol.

Constants:

Kp 85.49
ft

sec
⋅

lb
lb mol⋅

⎛⎜
⎝

⎞⎟
⎠

in_Hg( )⋅

°R( ) in_H2O( )⋅

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

1

2

⋅:=

Variables:

As 54.542 ft2⋅:= Δpavgsqrt2 0.8102 in_H2O

1

2
⋅:=

Cp 0.84:= Ts2 148.7 °F⋅:=

Pg2 0.20− in_H2O⋅:=

Δpavgsqrt1 0.7828 in_H2O

1

2
⋅:= Δpavgsqrt3 0.8399 in_H2O

1

2
⋅:=

Ts1 149.6 °F⋅:= Ts3 147.5 °F⋅:=

Pg3 0.20− in_H2O⋅:=Pg1 0.20− in_H2O⋅:=

5
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ExxonMobil - Chalmette Refining
April 21, 2011

Calculations:

Run 1:

Tsabs1 Ts1 460+:= Tsabs1 609.6 °R= Ps1 Pm1
Pg1

13.6
in_H2O
in_Hg

⋅

+:= Ps1 29.99 in_Hg=

Ms1 Md1 1 Bws1−( )⋅ 18.0
lb

lb mol⋅
⋅ Bws1⋅+:= Eq. 2-6 Ms1 26.92

lb
lb mol⋅

=

Vs1 Kp Cp⋅ Δpavgsqrt1⋅
Tsabs1

Ps1 Ms1⋅
⋅:= Eq. 2-7 Vs1 48.85

ft
sec

=

Qsd1 3600
sec
hr

1 Bws1−( ) Vs1⋅ As⋅
Tstd Ps1⋅

Tsabs1 Pstd⋅

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= Eq. 2-8

Qsd1 6207732.15
dscf
hr

= Qsd1 103462.20
dscf
min

=

Run 2:

Tsabs2 Ts2 460+:= Tsabs2 608.7 °R= Ps2 Pm2
Pg2

13.6
in_H2O
in_Hg

⋅

+:= Ps2 29.87 in_Hg=

Ms2 Md2 1 Bws2−( )⋅ 18.0
lb

lb mol⋅
⋅ Bws2⋅+:= Eq. 2-6 Ms2 26.84

lb
lb mol⋅

=

Vs2 Kp Cp⋅ Δpavgsqrt2⋅
Tsabs2

Ps2 Ms2⋅
⋅:= Eq. 2-7 Vs2 50.70

ft
sec

=

Qsd2 3600
sec
hr

1 Bws2−( ) Vs2⋅ As⋅
Tstd Ps2⋅

Tsabs2 Pstd⋅

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= Eq. 2-8

Qsd2 6372325.42
dscf
hr

= Qsd2 106205.42
dscf
min

=

6
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ExxonMobil - Chalmette Refining
April 21, 2011

Run 3:

Tsabs3 Ts3 460+:= Tsabs3 607.5 °R= Ps3 Pm3
Pg3

13.6
in_H2O
in_Hg

⋅

+:= Ps3 29.84 in_Hg=

Ms3 Md3 1 Bws3−( )⋅ 18.0
lb

lb mol⋅
⋅ Bws3⋅+:= Eq. 2-6 Ms3 27.00

lb
lb mol⋅

=

Vs3 Kp Cp⋅ Δpavgsqrt3⋅
Tsabs3

Ps3 Ms3⋅
⋅:= Eq. 2-7 Vs3 52.38

ft
sec

=

Qsd3 3600
sec
hr

1 Bws3−( ) Vs3⋅ As⋅
Tstd Ps3⋅

Tsabs3 Pstd⋅

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= Eq. 2-8

Qsd3 6661677.26
dscf
hr

= Qsd3 111027.95
dscf
min

=

7
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ExxonMobil - Chalmette Refining
April 21, 2011

Reference Method 5B - Isokinetic Sampling Rate

Nomenclature:

An = Cross-sectional area of nozzle, ft2.
Bws = Water vapor in the gas stream from Method 4, proportion by volume.
I = Percent of isokinetic sampling.
Nd = Nozzle diameter, in.
Ps = Absolute stack pressure (Pbar + Pg), in. Hg.
Pstd = Standard absolute pressure, 29.92 in. Hg.
Tsabs = Absolute stack temperature (460 + Ts), °R.
Tstd = Standard absolute temperature, 528 °R.
Vs = Average stack gas velocity, ft/sec.
Vmstd = Volume of gas sample measured by the dry gas meter, corrected to standard conditions, dscf.
Θt = Total sampling time, min.
60 = Conversion factor, sec/min.
100 = Conversion to percent.

Variables: Constants:
Θ t 120 min⋅:= Nd 0.25 in⋅:=

K5 0.09450
in_Hg %⋅ min⋅

sec °R⋅
⋅:=

An π
Nd
2

12
in

ft
⋅

⎛⎜
⎜
⎜
⎜⎝

⎞⎟
⎟
⎟
⎟⎠

2

⋅:= Tstd 528 °R=
An 3.41 10 4−

× ft2=
Pstd 29.92 in_Hg=

Calculations:

I1
Tsabs1 Vmstd1⋅ Pstd⋅ 100⋅ %⋅

Tstd Vs1⋅ Θ t⋅ An⋅ Ps1⋅ 60⋅
sec
min

1 Bws1−( )⋅

:= Eq. 5-8 I1 88.36 %=

I2
Tsabs2 Vmstd2⋅ Pstd⋅ 100⋅ %⋅

Tstd Vs2⋅ Θ t⋅ An⋅ Ps2⋅ 60⋅
sec
min

1 Bws2−( )⋅

:= Eq. 5-8 I2 97.53 %=

I3
Tsabs3 Vmstd3⋅ Pstd⋅ 100⋅ %⋅

Tstd Vs3⋅ Θ t⋅ An⋅ Ps3⋅ 60⋅
sec
min

1 Bws3−( )⋅

:= Eq. 5-8 I3 96.97 %=

8
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ExxonMobil - Chalmette Refining
April 21, 2011

Reference Method 5B - Particulate Matter Mass Emissions
Nomenclature:

mnf = Mass of noncondensable PM collected by filter using RM 5, mg.
mnr = Mass of noncondensable PM collected by front rinse using RM 5, mg.
mc = Mass of condensable PM collected using method 202, mg.
tds = Mass of PM collected for TDS analyses, mg.
vtds = Volume of scrubber water used in the TDS analyses, ml.
K6 = Volume percent of CO2 in the atmosphere, vol%.
mn = Net amount of particulate matter collected, g and gr.
Cs = Concentration of particulate matter in stack gas, dry basis, corrected to standard conditions,

gr/dscf.

Constants:

K6 0.039vol%:=

Variables:

m1 33.3mg:=

m2 36.6mg:=

m3 34.6mg:=

Calculations:

Run 1: Run 2:

m1 0.513 gr= m2 0.564 gr=

Cs1
m1

Vmstd1
:= Eq. 5-6 Cs2

m2
Vmstd2

:= Eq. 5-6

Cs1 0.00748
gr

dscf
= Cs2 0.00726

gr
dscf

=

Cs.1
Cs1 Qsd1⋅

7000
gr
lb

:= Cs.2
Cs2 Qsd2⋅

7000
gr
lb

:=

Cs.1 6.6327
lb
hr

= Cs.2 6.6049
lb
hr

=

Cs..1
Cs.1

2000
lb
ton

:= Cs..2
Cs.2

2000
lb
ton

:=Cs..1 29.07
ton
yr

= Cs..2 28.95
ton
yr

=

9
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ExxonMobil - Chalmette Refining
April 21, 2011

Run 3:

m3 0.533 gr=

Cs3
m3

Vmstd3
:= Eq. 5-6

Cs3 0.00660
gr

dscf
=

Cs.3
Cs3 Qsd3⋅

7000
gr
lb

:=

Cs.3 6.2798
lb
hr

=

Cs..3
Cs.3

2000
lb
ton

:= Cs..3 27.52
ton
yr

=

PM
Cs1 Cs2+ Cs3+

3
:=

PM 0.0071
gr

dscf
=

PM
Cs.1 Cs.2+ Cs.3+

3
:=

PM 6.51
lb
hr

=

PM.
Cs..1 Cs..2+ Cs..3+

3
:=

PM. 28.51
ton
yr

=

10
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Shaw Environmental Inc

             Temperature Sensor Verification
                              Data Sheet
Date: 4-29-09 Thermocouple I.D.: LA-09P01

Technician: Jarad Wall Console I.D.: LA-A03

NIST Temperature Sensor Probe I.D.: LA-TRT01

NIST Thermometer I.D.: LA-SSKP01

        Reference NIST:                 Display Average
      Ambient Temperature: 79.5 80.6 82.4 80.83333
         Freezing Water: 32.5 32.9 33.1 32.83333
          Boiling Water: 0
              Hot Oil: 0

       Thermocouple in:            Thermocouple    Thermocouple 
                   Display:         Average:
     Ambient Temperature 76 78 76
         Freezing Water 32 32 32
          Boiling Water
               Hot Oil

                                Error Percent Difference
     Ambient Temperature Pass
         Freezing Water Pass
          Boiling Water Pass
               Hot Oil Pass

Tolerance must be within 1.5 %

Technician Signature:

76.66666667
32

0
0

0.770886396
0.169203593

0
0
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Shaw Environmental Date:

       Type S Pitot Tube Inspection Form
Pitot Tube: Passed

3/8"

Value
Yes Pass
No Pass

0.375 Pass

0.4
0.8

0.006748 Pass
0.016434 Pass

Technician: Kelly Campbell

Micrometer: LA-CP03

Outside Diameter of Pitot?:

0.9145

Ports Damaged?
Dt

A

Tolerances
Yes
No

Less than +5

B1 0.2 Greater than -5
Less than +5

B2 0.6 Greater than -5

0.9

.188" to .375"

a2 1.4

for 1/4" OD:

Greater than -10

No Tolerance
No Tolerance

.525" to .750" 
for 3/8" OD:

.788" to 1.125"

Less than +10

Less than +10
Greater than -10

0= Angle of Side of Pitot Tubes

Angle of Openings
a1 and a2=

B1 and B2=
Angle of Openings

W= A tan 0
Z=A tan y Z < or = .125 "

a1

W < or = .031"

1/10/2011

LA-PT03

y= Angle of Top of Pitot Tubes

y
0

Dt= Diameter of each Tube

A= Distance between Tubes

Parameter
Assembly Level?

Pass

Pass

Pass

Pass

Pass
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Shaw Environmental Inc

             Temperature Sensor Verification
                              Data Sheet
Date: 4-28-09 Thermocouple I.D.: LA-IMP02

Technician: Jarad Wall

NIST Temperature Sensor Probe I.D.: LA-TRT01

NIST Thermometer I.D.: LA-SSKP01

        Reference NIST:                 Display Average
      Ambient Temperature: 79.7 77.7 79.5 78.96667
         Freezing Water: 31.3 34.3 34 33.2
          Boiling Water: 0
              Hot Oil: 0

       Thermocouple in:            Thermocouple    Thermocouple 
                   Display:         Average:
     Ambient Temperature 75 72 75
         Freezing Water 30 31 31
          Boiling Water
               Hot Oil

                                Error Percent Difference
     Ambient Temperature Pass
         Freezing Water Pass
          Boiling Water Pass
               Hot Oil Pass

Tolerance must be within 1.5 %

Technician Signature:

74
30.66666667

0
0

0.922081056
0.513996253

0
0
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Last Updated: 02 Jan 2007 

Richard H. Ishikawa 

 
 
Professional Qualifications 
Mr. Ishikawa has over 14 years of experience as an air quality professional managing large, 
multi-task programs. He is very knowledgeable about federal and state environmental laws and 
regulations. 

 
Education 
Bachelor of Science, Biology/Chemistry, Texas State University, San Marcos, Texas, 1985 
Postgraduate Studies, Chemistry, University of Houston - Clear Lake, Houston, Texas  
 
Additional Training/Continuing Education 
Basic Plus Safety, Houston, TX, 2006 
Respirator Training, Houston, TX, 2005 
40-Hour Hazardous Waste Operations and Emergency Response Training (29CFR1910.120), 
Houston, TX, 1995 

 
Experience and Background 

06/2006 - Present 
Project Manager, Shaw Environmental & Infrastructure, Inc., Baton Rouge, Louisiana 

 
Responsibilities include providing support to client projects and office staff as a technical 
consultant. Also responsible for business development, preparing technical portions of major 
project proposals. 
 
The following is a summary of key projects: 
Air Permit Support, Little Gypsy 3 Repowering Project, 120581, Entergy Louisiana, LLC, Baton 
Rouge, LA, 07/2006 - 08/2006 
Submit Title V air permit application. 
 
11/1996 - 06/2006 
Project Manager, Entech Engineering Inc., League City, Texas 

 
Responsibilities included providing support to client projects and office staff as a technical 
consultant. Also responsible for business development, preparing technical portions of major 
project proposals. 
 
The following is a summary of key projects:  
Project Manager, Wet -Scrubber Removal Efficiency Test Program, , Lubrizol Corporation, Deer 
Park, Texas, $50,000.00, 05/2006 - 06/2006 
Quantify HRVOC/VOC and HCL/Cl2 emissions during worst-case operations at multiple wet 
scrubbers. Determine HCl/Cl2 removal efficiencies. 
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Richard H. Ishikawa  2   

 
Project Manager, HRVOC Source Inventory, , Chevron Phillips Chemical Company, Pasadena, 
TX, $1,000,000.00, 10/2005 - 06/2006 
Identify and quantify all potential sources of HRVOC/VOC emissions during worst-case 
operations at multiple polymer plants within the Pasadena Plastics Plant. The project involved 
multiple crews working two twelve-hour shifts over several months. 
 
Other Comments:  
Project was long-term and was still continuing when I departed. The revenue for this one project 
was year-to-date. 
 
Project Manager, Ambient H2S Monitoring, , MeadWestvaco Paper Plant, Vidor, Texas, 
$30,000.00, 04/2006 - 04/2006 
12-Hour fenceline monitoring of ambient H2S concentrations. The data was to support plant 
claim that TCEQ measurements were inconclusive. 
 
Project Manager, Fuel Gas H2S Monitoring Project, , ExxonMobil Chemical Company, 
Beaumont, Texas, $40,000.00, 12/2005 - 02/2006 
Long-term project involving the continuous measurement of H2S content of fuel gas. 
 
04/1992 - 11/1996 
Principal Environmental Scientist, Tenerx Corporation, Friendswood, Texas 

 
Responsibilities included providing support to client projects and office staff as a technical 
consultant. Also responsible for business development, preparing technical portions of major 
project proposals. 
 
The following is a summary of key projects:  
Principal Environmental Scientist, Burner Optimization Project, , Tennessee Valley Authority, 
Knoxville, TN, $150,000.00, 10/1995 - 10/1995 
Long-term project to facilitate the optimization of the burners for minimizing fuel usage. 
 
Accomplishments:  
Fuel saving over a year estimated between 0.8 to 1 million dollars. 
 

 
Professional Affiliations 
Air and Waste Management Association, 1992 
 

 
 
 

CRLLC-CHAL-000523



Last Updated: 04 Dec 2008 

Blake Fogleman 

 
 
Professional Qualifications 
Blake Fogleman has over a year of engineering consulting experience, providing technical 
assistance, engineering design, and project support. He has performed engineering calculations, 
report and presentation generation, as well as daily support in several civil and environmental 
engineering projects throughout the United States. He has been specifically involved in wetland 
and vegetation surveying, dredging design, roadway design, geotechnical design, and site 
development. Blake is most recently involved in providing technical assistance, in the field and 
office, on numerous air emission testing projects. 
 
Education 
Bachelor of Science, Civil and Environmental Engineering, Louisiana State University, Baton 
Rouge, Louisiana, 2007 
 
Additional Training/Continuing Education 
Basic Plus Safety, Baton Rouge Safety Council, 2008 
 
Registrations/Certifications/Licenses 
Engineering Intern, 2007, 0028729, Active, Louisiana, 03/2010 
 
Security Clearance 
Transportation Worker Identification Credential, Department of Homeland Security/FEMA, 
2008, Active, 04/2013 
 
Experience and Background 

01/2008 - Present 
Engineer 1, Shaw Environmental & Infrastructure, Inc., Engineering and National Air 
Measurement Group, Baton Rouge, Louisiana 
 
Responsibilities include assistance with engineering calculations, graphing, and report generation. 
Daily activities include working alongside mid-level civil and environmental engineers and 
scientists, under direct supervision of the Program Manager. 
 
05/2007 - 12/2007 
Intern / Co-Op, Shaw Environmental & Infrastructure, Inc., Engineering, Baton Rouge, 
Louisiana 
 
Assisted in engineering calculations, graphing, and project report preparations. Daily activities 
included working alongside mid-level civil and environmental engineers under the direct 
supervision of the Program Manager 
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06/2000 - 01/2007 
General Assistant, BCI Louisiana, Mermentau, Louisiana 
 
Assisted in development of process flows and piping for pilot plant expansion project. 
Participated in operations of Biomass to Ethanol R and D facility. Pipe fabricator's assistant. 
Ground keeper and maintenance in a fifty acre refinery. Handled all accounting functions for the 
plant: AR, payroll, GL, etc. 
 
07/2001 - 07/2006 
Louisiana Youth Seminar Counselor and Staff Assistant, Louisiana Seminars of America, 
Baton Rouge, Louisiana 
 
One of four high school delegates chosen out of 200 to return and honor a four year commitment 
as a leader of LYS.  
Staff (junior counselor and counselor) 4 years, Head Table (2 years) 
 
Planned and organized 2005 and 2006's week long program. Assisted in executive duties during 
program. Political Party Coordinator. Responsible for daily leadership activities of 15-20 high 
school delegates. Mentor for Junior Counselor. 
 
08/2001 - 06/2006 
Louisiana Boys State Counselor and Staff member, Louisiana Boys State, Baton Rouge, 
Louisiana 
 
Chosen out of 600 high school juniors to lead Louisiana Boys State as a counselor.  
Requested to serve every year from 2001 to 2006.  
 
Logistics and Operations supervisor. Organization and supervision of daily activities of up to 600 
Boys State citizens and 60 counselors. Development and organization of Louisiana Boys State 
2006 
 
 
Professional Affiliations 
Air & Waste Management Association, fellow, 2008 
Louisiana Engineering Society, fellow, 2008 
Louisiana Water Environment Association, fellow, 2006 
WEF, fellow, 2005 
Louisiana Water Environment Association at LSU, fellow, 2003 
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Last Updated: 13 Oct 2008 

James D. Rink 

 
 
Professional Qualifications 
Mr. Rink is an environmental technician with experience in air sampling, and the measuring of 
gaseous and particulate pollutants. He performs various test methods according to the Code of 
Federal Regulations(CFR), promulgated by the Environmental Protection Agency(EPA). Such 
methods include the determination of gas velocities, and volumetric flow rates, as well as the 
measurement of pollutant concentrations in gas streams. He has worked extensively on emission 
sources such as gas turbines, boilers, and engines. Mr. Rink also has experience maintaining and 
repairing different air sampling equipment. 

 
Education 
Bachelor of Science, Geography, Louisiana State University, Baton Rouge, Louisiana, 2006 

 
Additional Training/Continuing Education 
24-Hour Hazerdous Waste Operations and Emergency Response (29CFR1910.120) , Baton 
Rouge Safety Council, 2007 

 
Experience and Background 

09/2008 - Present 
Engineering Technician 1, Shaw Environmental & Infrastructure, Inc., Baton Rouge, 

Louisiana 

 
Responsibilities include maintaining and calibration of equipment, as well as performing on site 
QA/QA, job safety analysis, and data reduction. 
 
The following is a summary of key projects: 
Sampling Technician, Compliance Tests of Gas Turbines, 590166, Astoria Power, Astoria, New 
York, 09/2008 - 10/2008 
Setup sampling equipment in order to perform various EPA tests. However, testing could not be 
performed due to problems in the facility. 
 
Sampling Technician, Compliance Testing of Hot Oil Heater and Regenerative Thermal Oxidizer, 
Enterprise Products Company, Meeker, Colorado, 09/2008 - 09/2008 
Particulate matter was sampled isokinetically by using a vacuum pump to pull the effluants 
though a glass fiber filter. 
 
09/2006 - 09/2008 
Environmental Technician, Schwartz Environmental Testing Company, Baton Rouge, 

Louisiana 

 
Responsibilities include maintaining and calibration of equipment as well as on site QA/QC, job 
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safety analysis and data reduction. 
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Shaw Project No. 141145 

 

 

CCoonnttaacctt  IInnffoorrmmaattiioonn  
 

The ExxonMobil contact for additional information is Mr. Jeff Bergeron.  The testing 
organization is Shaw Environmental, Inc. and the contact at Shaw is Mr. Richard Ishikawa.  The 
names and addresses of these contacts are as follows: 

Mr. Jeff Bergeron, P.E. 
Environmental Advisor 
ExxonMobil – Chalmette Refining, LLC 
500 W. St. Bernard Highway 
Chalmette, LA 70044 
Bus:  (504) 281-1934 
E-mail:  jeff.bergeron@exxonmobil.com  

Mr. Richard Ishikawa 
Project Manager 
Shaw Environmental, Inc. 
4171 Essen Lane 
Baton Rouge, LA  70809 
Bus:  225.932.2745 
Fax:  225.213.1274 
E-mail:  richard.ishikawa@shawgrp.com 
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