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1.0 INTRODUCTION 

Shaw Environmental & Infrastructure, Inc. (Shaw) was retained by CITGO Petroleum 
Corporation (CITGO), Lake Charles Manufacturing Complex in Sulphur, Calcasieu Parish, 
Louisiana to conduct Component 4 Testing of the Petroleum Refinery Information Collection 
Request (ICR). The objective of the test program is to sample and report emission parameters on 
behalf of CITGO as required by the Environmental Protection Agency’s (EPA) information 
gathering authority under Section 114 of the Clean Air Act. The test program was coordinated 
through Ms. Michele Walker of CITGO and conducted on May 17 through May 27, 2011 by 
Messrs. Richard Ishikawa, Blake Fogleman, Jason Pilgrim, Kelly Campbell, Jett Rink, Henry 
Walton, William Huggins, and Shane Vincent of Shaw. 

1.1 Source Description 

CITGO Lake Charles Manufacturing Complex is the fifth largest refining facility in the United 
States with a crude oil refining capacity of 440,000 barrels-per-day (bpd). The facility is 
particularly suited to process heavy sour crude oils into high-octane, unleaded gasoline, jet fuel, 
and ultra-low sulfur diesel, as well as a variety of petrochemicals used to manufacture a range of 
everyday products. 

The Fluidized Catalytic Cracking Units (FCCUs) consist of the A, B, and C Units which convert 
heavy distillate gas oils and heavier cuts into higher grade lighter fractions. The FCC Unit 
consists of three (3) major sections: a) Reactor, b) Fractionation, and c) Regenerator Flue Gas 
Handling. A description of each section is presented as follows: 

(a)  Reactor 
The feed is preheated through a heat exchange network and B-6 preheat furnaces and contacted 
with a stream of hot circulating catalyst, which completely vaporizes the feed. The mixture is 
separated into the catalyst and cracked hydrocarbons by the use of cyclones and steam. The 
vapor stream is quenched to minimize over-cracking. 

(b)  Fractionation 
The reactor effluent is fed into the base of the fractionator. With heat removal at various stages, 
the vapors are condensed and fractionated into product streams.  

(c)  Regenerator- Flue Gas Handling 
The cracking reaction deposits coke on the catalyst. The deposits reduce the active surface area 
of the catalyst. Thus, it is necessary to regenerate the catalyst to restore its activity. 
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Vapors leaving the regenerator, consisting of flue gas, air and steam flow through cyclone 
separators and out of the vessel. The rising stream of gas will contain a small amount of 
entrained catalyst. As the gas flows through the cyclones, the major portion of the catalyst is 
removed from the gases. The Wet Gas Scrubber reduces emissions of sulfur oxides, sulfuric acid, 
and particulate matter before venting the flue gas to the atmosphere. The process flow diagram, 
including the control equipment is presented below as Figure 1. 

 
Figure 1  Process Flow Diagram 

 
1.2 Applicable State and/or Federal Regulations 

EPA’s Office of Air and Radiation (OAR) is conducting an information collection request (ICR) 
to assist the EPA Administrator, as required by sections 111(b), 112(d), and 112(f)(6) of the 
Clean Air Act (CAA), as amended, to reevaluate emission standards for petroleum refineries. 
The ICR has four components: a questionnaire to be completed by all petroleum refineries, an 
emissions inventory to be developed by all petroleum refineries, distillation feed sampling and 
analysis to be conducted by all petroleum refineries, and emissions testing to be completed in 
accordance with an EPA-approved protocol for 88 selected emissions sources. The deadline for 
submissions of the required information for the applicable component is August 31, 2011 for 
Component 4 (Emission Testing). 

Pursuant to the EPA ICR, CITGO will be required to conduct emissions testing at one of the 
FCCUs. At this time, CITGO has decided to test FCCU B (Cat B) at the exhaust of the wet gas 
scrubber (WGS). 
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1.3 Test Results and Discussions 

Shaw used the test procedures outlined in Part VIII “Test Procedures, Methods, and Reporting 
Requirements for the Information Collection Request for Petroleum Refineries” to satisfy 
requirements of Component 4.  

Test methods and/or procedures used to conduct this test program for the corresponding 
measurement parameters are presented in Sections 2.0. Sampling, analyses, and corresponding 
calculations were performed in accordance with published test methods, except when indicated. 
Approved modifications to the test methods were implemented to facilitate testing and used in 
cases where the modifications were not expected to affect the data quality. 

 In the Part VIII: Test Procedures, Methods, and Reporting Requirements for the Information 
Collection Request for Petroleum Refineries, Table 1.3: Target Volatile Analytes is listed. Shaw 
reported all target compounds listed except for triethylamine. Triethylamine was not listed due to 
the emission testing FAQ section of the Petroleum Refineries Information Collection Request 
website as follows: 

Test-001 

Q: What changes can I make from the ICR for sampling and analysis of the volatile organic 
compounds on Table 1.3 of Component 4? 

A: EPA has determined that the following changes are acceptable. This list is not meant to be 
exhaustive. You may request other alternatives (e.g. NCASI CI/WP-98.01, ISS-FPA105.01,etc.) 
following the process outlined in Component 4. For such requests, please submit as much detail 
in the request as possible including information on the associated QA/QC, spiking procedures 
and recovery standards. 

 Because Method 18 sampling and analysis techniques are not suitable for 
measuring trimethylamine and there are no readily available validated method 
alternatives, we have removed trimethylamine from the target analyte list on 
Table 1.3. 

All the documentation of this can be found in the corresponding appendix. The results are 
presented in Table 12  Comprehensive Summary of Results U.S. EPA Method 18 and Method 
308.   
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1.3.1 U.S. EPA Method 26A 
Shaw conducted three one hundred twenty eight minute tests during normal operating conditions.  
Hydrogen Chloride (HCl), Hydrogen Fluoride (HF), and Chlorine (Cl2) were measured and the 
three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 1. 

Table 1  Comprehensive Summary of Results U.S. EPA Method 26A 

Test No. 1 2 3 Average 

Date 05/18/11 05/18/11 05/19/11 n/a 

Start Time 12:50 19:18 9:46 n/a 

End Time 18:15 21:35 12:10 n/a 

Test Duration, min 128 128 128 128 

Unit Operating 
Parameters      

Oxygen Content vol% 0.75 0.76 0.63 0.71 

Carbon Dioxide 
Content 

vol% 17.80 17.50 18.08 17.79 

Moisture Content vol% 20.25 20.35 19.93 20.18 

Wet Molecular Weight lb/lb·mol 28.27 28.22 28.34 28.28 

Velocity ft/sec 40.92 41.29 39.25 40.49 

Volumetric Flow Rate dscfm 86,182 86,677 83,106 85,322 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 97.57 97.16 94.94 96.56 

Sample Volume 
dscf 87.860 88.000 82.440 86.100 

dscm 2.488 2.492 2.334 2.438 

Laboratory Results 1 
Hydrogen Chloride 
(HCl) 

µg 2,023 1,388 1,093 1,501 

Hydrogen Fluoride 
(HF) 

µg [<232] BDL [<187] BDL [<172] BDL [<197] BDL 

Chloride2  µg 10,889 9,693 9,135 9,906 
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Pollutants 

Hydrogen Chloride 
(HCl) 

mg/dscm 0.8131 0.5570 0.4682 0.6128 

lb/hr 0.263 0.181 0.146 0.196 

Hydrogen Fluoride 
(HF) 

mg/dscm [<0.0933] BDL [<0.0750] BDL [<0.0737] BDL 
[<0.0807] 

BDL 

lb/hr [<0.030] BDL [<0.024] BDL [<0.023] BDL 
[<0.026] 

BDL 

Chlorine (Cl2)
2 

mg/dscm 0.1239 0.1101 0.1108 0.1150 

lb/hr 1.413 1.263 1.218 1.298 
1 Laboratory Results provided by Enthalpy Analytical, Inc.  

2 Chlorine (Cl2) and Chloride are equal in mass    

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

1.3.2 U.S. EPA Other Test Method 29 
Shaw conducted three one hundred twenty eight minute tests during normal operating conditions.  
Hydrogen Cyanide (HCN) was measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 2. 

Table 2  Comprehensive Summary of Results U.S. EPA Other Test Method 29 

Test No. 1 2 3 Average 

Date 05/18/11 05/18/11 05/19/11 n/a 

Start Time 12:50 19:18 9:46 n/a 

End Time 18:15 21:35 12:10 n/a 

Test Duration, min 128 128 128 128 

Unit Operating Parameters 

Oxygen Content vol% 0.75 0.76 0.63 0.71 

Carbon Dioxide Content vol% 17.80 17.50 18.08 17.79 

Moisture Content vol% 21.75 21.68 21.81 21.75 

Wet Molecular Weight lb/lb·mol 28.08 28.05 28.10 28.08 

Velocity ft/sec 38.77 41.59 40.73 40.36 

Volumetric Flow Rate dscfm 79,793 85,545 83,747 83,028 
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Sampling Parameters 

Isokinetic Sampling Rate % 99.63 96.08 89.05 94.92 

Sample Volume 
dscf 28.118 29.072 26.379 27.856 

dscm 0.796 0.823 0.747 0.789 

Laboratory Results 1 

Hydrogen Cyanide (HCN) µg 42,721 119,064 81,553 81,113 

Pollutants 

Hydrogen Cyanide (HCN) 
µg/dscm 53,655 144,630 109,178 102,488 

lb/hr 16.04 46.35 34.25 32.21 

1 Laboratory Results provided by Enthalpy Analytical, Inc.   

 
1.3.3 SW-846 Method 0011 
Shaw conducted three sixty four minute tests during normal operating conditions. Formaldehyde, 
Acetaldehyde, and Propionaldehyde were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 3. 

Table 3  Comprehensive Summary of Results SW-846 Method 0011 

Test No. 1 2 3 Average 

Date 05/20/11 05/20/11 05/20/11 n/a 

Start Time 11:40 13:50 15:40 n/a 

End Time 12:54 14:57 16:48 n/a 

Test Duration, min 64 64 64 64 
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Unit Operating Parameters 

Oxygen Content vol% 0.64 0.69 0.50 0.61 

Carbon Dioxide 
Content 

vol% 17.41 17.32 17.42 17.38 

Moisture Content vol% 20.23 20.11 20.15 20.16 

Wet Molecular 
Weight 

lb/lb·mol 28.22 28.23 28.23 28.23 

Velocity ft/sec 40.48 40.34 39.50 40.11 

Volumetric Flow Rate dscfm 85,402 85,252 83,347 84,667 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 96.77 97.07 98.27 97.37 

Sample Volume 
dscf 45.725 45.787 45.315 45.609 

dscm 1.295 1.297 1.283 1.292 

Laboratory Results 1 

Formaldehyde µg 31.7 23.0 17.4 24.0 

Acetaldehyde µg [<0.634] BDL [<0.615] BDL 6.460 2.570 DLL 

Propionaldehyde  µg [<2.20] BDL [<2.13] BDL [<1.48] BDL [<1.94] BDL 

Pollutants 

Formaldehyde 
µg/dscm 24.483 17.739 13.560 18.5940 

lb/hr 7.83E-03 5.67E-03 4.23E-03 5.91E-03 

Acetaldehyde 
µg/dscm [<0.490] BDL [<0.474] BDL 5.034 1.999 DLL 

lb/hr 
[<1.57E-04] 

BDL 
[<1.51E-04] BDL 1.57E-03 6.27E-04 DLL 

Propionaldehyde  
µg/dscm [<1.699] BDL [<1.643] BDL 

[<1.153] 
BDL 

[<1.498] BDL 

lb/hr 
[<5.44E-04] 

BDL 
[<5.25E-04] BDL

[<3.60E-04] 
BDL 

[<4.76E-04] 
BDL 

1 Laboratory Results provided by Enthalpy Analytical, Inc.   

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are greater 
than the laboratory's reported detection level(s) 
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1.3.4 SW-846 Method 0010 
Shaw conducted three two hundred forty minute tests during normal operating conditions. 
Speciated Semi-volatile Organic HAP’s were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 4. 

Table 4  Comprehensive Summary of Results SW-846 Method 0010 

Test No. 1 2 3 Average 

Date 05/23/11 05/23/11 05/24/11 n/a 

Start Time 10:25 16:28 8:35 n/a 

End Time 14:31 20:35 12:39 n/a 

Test Duration, min 240 240 240 240 

Unit Operating Parameters 

Oxygen Content vol% 0.63 0.79 0.50 0.64 

Carbon Dioxide 
Content 

vol% 18.17 18.06 18.05 18.09 

Moisture Content vol% 19.90 19.97 19.82 19.90 

Wet Molecular Weight lb/lb·mol 28.36 28.34 28.35 28.35 

Velocity ft/sec 39.11 38.33 40.03 39.16 

Volumetric Flow Rate dscfm 83,073 81,248 85,023 83,115 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 97.86 99.14 97.63 98.21 

Sample Volume 
dscf 147.905 132.522 151.010 143.812 

dscm 4.188 3.753 4.276 4.072 

Laboratory Results 1 
Acenaphthene 

µg 
[<1.38] 
BDL 

[<1.38] BDL [<1.38] BDL [<1.38] BDL 

Acenaphthylene 
µg 

[<0.44] 
BDL 

[<0.44] BDL [<0.44] BDL [<0.44] BDL 

Aniline 
µg 

[<6.64] 
BDL 

[<6.64] BDL [<6.64] BDL [<6.64] BDL 
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Anthracene 
µg 

[<0.44] 
BDL 

[<0.44] BDL [<0.44] BDL [<0.44] BDL 

Benzidine 
µg 

[<0.68] 
BDL 

[<0.68] BDL [<0.68] BDL [<0.68] BDL 

Benzo[a]anthracene 
µg 

[<1.97] 
BDL 

[<1.97] BDL [<1.97] BDL [<1.97] BDL 

Benzo[b]fluoranthrene 
µg 

[<0.36] 
BDL 

[<0.36] BDL [<0.36] BDL [<0.36] BDL 

Benzo[k]fluoranthrene 
µg 

[<0.54] 
BDL 

[<0.54] BDL [<0.54] BDL [<0.54] BDL 

Benzo[g,h,i]perylene 
µg 

[<1.31] 
BDL 

[<1.31] BDL [<1.31] BDL [<1.31] BDL 

Benzo[a]pyrene 
µg 

[<1.22] 
BDL 

[<1.22] BDL [<1.22] BDL [<1.22] BDL 

Benzo[e]pyrene 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Biphenyl 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Cresol (mixed 
isomers) 

µg 221.60 236.40 244.00 234.00 

Chrysene 
µg 

[<1.39] 
BDL 

[<1.39] BDL [<1.39] BDL [<1.39] BDL 

Dibenz[a,h]anthracene 
µg 

[<1.19] 
BDL 

[<1.19] BDL [<1.19] BDL [<1.19] BDL 

Dibenzofuran 
µg 

[<1.01] 
BDL 

[<1.01] BDL [<1.01] BDL [<1.01] BDL 

3,3'-
Dimethoxybenzidine 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Dimethylaminobenze
ne 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

7,12- 
Dimethylbenz(a)anthra
cene 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

3,3'-
Dimethylbenzidine 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

α,α-
Dimethylphenylethyla
mine 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

2,4-Dimethylphenol 
µg 

[<0.29] 
BDL 

26.65 DLL 4.74 DLL 10.56 DLL 

Fluoranthene 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Fluorene 
µg 

[<0.52] 
BDL 

[<0.52] BDL [<0.52] BDL [<0.52] BDL 

Indeno(1,2,3-
cd)pyrene 

µg 
[<1.26] 
BDL 

[<1.26] BDL [<1.26] BDL [<1.26] BDL 

Isophorone 
µg 

[<0.29] 
BDL 

[<0.29] BDL [<0.29] BDL [<0.29] BDL 

3-Methylcholanthrene 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

2-Methylnaphthalene 
µg 

[<0.66] 
BDL 

[<0.66] BDL [<0.66] BDL [<0.66] BDL 
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Naphthalene 
µg 

[<1.74] 
BDL 

[<1.74] BDL [<1.74] BDL [<1.74] BDL 

Perylene 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Phenanthrene 
µg 

[<1.58] 
BDL 

[<1.58] BDL [<1.58] BDL [<1.58] BDL 

Phenol µg 169.80 152.10 193.09 DLL 171.66 DLL 

1,4-
Phenylenediamine 

µg 
[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Pyrene 
µg 

[<0.48] 
BDL 

[<0.48] BDL [<0.48] BDL [<0.48] BDL 

o-Toluidine 
µg 

[<0.40] 
BDL 

[<0.40] BDL [<0.40] BDL [<0.40] BDL 

Pollutants 

Acenaphthene 
µg/dscm 

[<0.3295] 
BDL 

[<0.3677] 
BDL 

[<0.3227] 
BDL 

[<0.3400] 
BDL 

lb/hr 
[<1.03E-

04] BDL 
[<1.12E-04] 

BDL 
[<1.03E-04] 

BDL 
[<1.06E-04] 

BDL 

Acenaphthylene 
µg/dscm 

[<0.1051] 
BDL 

[<0.1173] 
BDL 

[<0.1029] 
BDL 

[<0.1084] 
BDL 

lb/hr 
[<3.27E-

05] BDL 
[<3.57E-05] 

BDL 
[<3.28E-05] 

BDL 
[<3.37E-05] 

BDL 

Aniline 
µg/dscm 

[<1.5854] 
BDL 

[<1.7694] 
BDL 

[<1.5528] 
BDL 

[<1.6359] 
BDL 

lb/hr 
[<4.93E-

04] BDL 
[<5.39E-04] 

BDL 
[<4.95E-04] 

BDL 
[<5.09E-04] 

BDL 

Anthracene 
µg/dscm 

[<0.1051] 
BDL 

[<0.1173] 
BDL 

[<0.1029] 
BDL 

[<0.1084] 
BDL 

lb/hr 
[<3.27E-

05] BDL 
[<3.57E-05] 

BDL 
[<3.28E-05] 

BDL 
[<3.37E-05] 

BDL 

Benzidine 
µg/dscm 

[<0.1624] 
BDL 

[<0.1812] 
BDL 

[<0.1590] 
BDL 

[<0.1675] 
BDL 

lb/hr 
[<5.05E-

05] BDL 
[<5.52E-05] 

BDL 
[<5.07E-05] 

BDL 
[<5.21E-05] 

BDL 

Benzo[a]anthrcene 
µg/dscm 

[<0.4704] 
BDL 

[<0.5250] 
BDL 

[<0.4607] 
BDL 

[<0.4853] 
BDL 

lb/hr 
[<1.46E-

04] BDL 
[<1.60E-04] 

BDL 
[<1.47E-04] 

BDL 
[<1.51E-04] 

BDL 

Benzo[b]fluoranthrene 
µg/dscm 

[<0.0860] 
BDL 

[<0.0959] 
BDL 

[<0.0842] 
BDL 

[<0.0887] 
BDL 

lb/hr 
[<2.68E-

05] BDL 
[<2.92E-05] 

BDL 
[<2.68E-05] 

BDL 
[<2.76E-05] 

BDL 

Benzo[k]fluoranthrene 
µg/dscm 

[<0.1289] 
BDL 

[<0.1439] 
BDL 

[<0.1263] 
BDL 

[<0.1330] 
BDL 

lb/hr 
[<4.01E-

05] BDL 
[<4.38E-05] 

BDL 
[<4.02E-05] 

BDL 
[<4.14E-05] 

BDL 

THIS DOCUMENT MAY NOT BE REPRODUCED,  
EXCEPT IN WHOLE, WITHOUT THE EXPRESS WRITTEN 
PERMISSION OF THE SHAW GROUP.

2011/ May ICR Testing, Shaw Project No. 142733 
Page 15 of 505 



 
May 17 - 27, 2011 

Shaw Project No. 142733 

CITGO Petroleum Corporation Petroleum Refinery Information Collection Request (ICR) 

 

11 
 

Benzo[g,h,i]perylene 
µg/dscm 

[<0.3128] 
BDL 

[<0.3491] 
BDL 

[<0.3064] 
BDL 

[<0.3227] 
BDL 

lb/hr 
[<9.73E-

05] BDL 
[<1.06E-04] 

BDL 
[<9.76E-05] 

BDL 
[<1.00E-04] 

BDL 

Benzo[a]pyrene 
µg/dscm 

[<0.2913] 
BDL 

[<0.3251] 
BDL 

[<0.2853] 
BDL 

[<0.3006] 
BDL 

lb/hr 
[<9.07E-

05] BDL 
[<9.90E-05] 

BDL 
[<9.09E-05] 

BDL 
[<9.35E-05] 

BDL 

Benzo[e]pyrene 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Biphenyl 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Cresol (mixed 
isomers) 

µg/dscm 52.9102 62.9959 57.0607 57.6556 

lb/hr 1.65E-02 1.92E-02 1.82E-02 1.79E-02 

Chrysene 
µg/dscm 

[<0.3319] 
BDL 

[<0.3704] 
BDL 

[<0.3251] 
BDL 

[<0.3424] 
BDL 

lb/hr 
[<1.03E-

04] BDL 
[<1.13E-04] 

BDL 
[<1.04E-04] 

BDL 
[<1.07E-04] 

BDL 

Dibenz[a,h]anthracene 
µg/dscm 

[<0.2841] 
BDL 

[<0.3171] 
BDL 

[<0.2783] 
BDL 

[<0.2932] 
BDL 

lb/hr 
[<8.84E-

05] BDL 
[<9.65E-05] 

BDL 
[<8.86E-05] 

BDL 
[<9.12E-05] 

BDL 

Dibenzofuran 
µg/dscm 

[<0.2412] 
BDL 

[<0.2691] 
BDL 

[<0.2362] 
BDL 

[<0.2488] 
BDL 

lb/hr 
[<7.51E-

05] BDL 
[<8.19E-05] 

BDL 
[<7.52E-05] 

BDL 
[<7.74E-05] 

BDL 

3,3'-
Dimethoxybenzidine 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Dimethylaminobenze
ne 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

7,12-
Dimethylbenz(a)anthr
acene 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

3,3'-
Dimethylbenzidine 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

α,α-
Dimethylphenylethyla
mine 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 
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2,4-Dimetylphenol 
µg/dscm 

[<0.0692] 
BDL 

7.1017 DLL 1.1085 DLL 2.7598 DLL 

lb/hr 
[<2.15E-

05] BDL 
2.16E-03 

DLL 
3.53E-04 

DLL 
8.45E-04 

DLL 

Fluoranthene 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Fluorene 
µg/dscm 

[<0.1242] 
BDL 

[<0.1386] 
BDL 

[<0.1216] 
BDL 

[<0.1281] 
BDL 

lb/hr 
[<3.86E-

05] BDL 
[<4.22E-05] 

BDL 
[<3.87E-05] 

BDL 
[<3.99E-05] 

BDL 

Indeno(1,2,3-
cd)pyrene 

µg/dscm 
[<0.3008] 

BDL 
[<0.3358] 

BDL 
[<0.2947] 

BDL 
[<0.3104] 

BDL 

lb/hr 
[<9.36E-

05] BDL 
[<1.02E-04] 

BDL 
[<9.39E-05] 

BDL 
[<9.66E-05] 

BDL 

Isophorone 
µg/dscm 

[<0.0692] 
BDL 

[<0.0773] 
BDL 

[<0.0678] 
BDL 

[<0.0714] 
BDL 

lb/hr 
[<2.15E-

05] BDL 
[<2.35E-05] 

BDL 
[<2.16E-05] 

BDL 
[<2.22E-05] 

BDL 

3-Methylcholanthrene 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

2-Methylnaphthalene 
µg/dscm 

[<0.1576] 
BDL 

[<0.1759] 
BDL 

[<0.1543] 
BDL 

[<0.1626] 
BDL 

lb/hr 
[<4.90E-

05] BDL 
[<5.35E-05] 

BDL 
[<4.92E-05] 

BDL 
[<5.06E-05] 

BDL 

Naphthalene 
µg/dscm 

[<0.4155] 
BDL 

[<0.4637] 
BDL 

[<0.4069] 
BDL 

[<0.4287] 
BDL 

lb/hr 
[<1.29E-

04] BDL 
[<1.41E-04] 

BDL 
[<1.30E-04] 

BDL 
[<1.33E-04] 

BDL 

Perylene 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Phenanthrene 
µg/dscm 

[<0.3772] 
BDL 

[<0.4210] 
BDL 

[<0.3695] 
BDL 

[<0.3893] 
BDL 

lb/hr 
[<1.17E-

04] BDL 
[<1.28E-04] 

BDL 
[<1.18E-04] 

BDL 
[<1.21E-04] 

BDL 

Phenol 
µg/dscm 40.5422 40.5316 

45.1551 
DLL 

42.0763 DLL 

lb/hr 1.26E-02 1.23E-02 
1.44E-02 

DLL 
1.31E-02 

DLL 

1,4-
Phenylenediamine 

µg/dscm 
[<0.0955] 

BDL 
[<0.1066] 

BDL 
[<0.0935] 

BDL 
[<0.0985] 

BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

Pyrene 
µg/dscm 

[<0.1146] 
BDL 

[<0.1279] 
BDL 

[<0.1123] 
BDL 

[<0.1183] 
BDL 

lb/hr 
[<3.57E-

05] BDL 
[<3.89E-05] 

BDL 
[<3.58E-05] 

BDL 
[<3.68E-05] 

BDL 
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o-Toluidine 
µg/dscm 

[<0.0955] 
BDL 

[<0.1066] 
BDL 

[<0.0935] 
BDL 

[<0.0985] 
BDL 

lb/hr 
[<2.97E-

05] BDL 
[<3.24E-05] 

BDL 
[<2.98E-05] 

BDL 
[<3.07E-05] 

BDL 

* Dibenzo(a,e)pyrene cannot be determined per DAT (Data Analysis Technologies, Inc) 

1 Laboratory Results provided by Data Analysis Technologies, Inc.   

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are greater 
than the laboratory's reported detection level(s) 

1.3.5 U.S. EPA Method 23 
Shaw conducted three two hundred forty minute tests during normal operating conditions. 
Dioxins, Furans, and PCB congeners were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 5. 

Table 5  Comprehensive Summary of Results U.S. EPA Method 23 

Test No. 1 2 3 Average 

Date 05/23/11 05/23/11 05/24/11 n/a 

Start Time 10:25 16:28 8:35 n/a 

End Time 14:31 20:35 12:39 n/a 

Test Duration, min 240 240 240 240 

Unit Operating Parameters 

Oxygen Content vol% 0.63 0.79 0.50 0.64 

Carbon Dioxide 
Content 

vol% 18.17 18.06 18.05 18.09 

Moisture Content vol% 19.90 19.97 19.82 19.90 

Wet Molecular 
Weight 

lb/lb·mol 28.36 28.34 28.35 28.35 

Velocity ft/sec 39.11 38.33 40.03 39.16 

Volumetric Flow 
Rate 

dscfm 83,073 81,248 85,023 83,115 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 97.86 99.14 97.63 98.21 
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Sample Volume 
dscf 147.905 132.522 151.010 143.812 

dscm 4.188 3.753 4.276 4.072 

Laboratory Results 1 
3,3',4,4-TetraCB 
(PCB 77) 

pg 49.76 222.61 [<5.51] BDL 92.63 DLL 

3,4,4',5-TetraCB 
(PCB 81) 

pg 56.59 155.17 [<6.09] BDL 72.62 DLL 

2,3,3',4,4'-PentaCB 
(PCB 105) 

pg 982.08 2,289.93 142.04 1,138.02 

2,3,4,4',5-PentaCB 
(PCB 114) 

pg 80.55 228.54 [<5.18] BDL 104.76 DLL 

2,3',4,4',5-PentaCB 
(PCB 118) 

pg 2,867.35 8,136.04 393.95 3,799.11 

2',3,4,4',5-PentaCB 
(PCB 123) 

pg 2,784.94 7,657.04 362.73 3,601.57 

3,3',4,4',5-PentaCB 
(PCB 126) 

pg [<4.50] BDL [<4.54] BDL [<4.40] BDL [<4.48] BDL 

2,3,3',4,4',5-HexaCB 
(PCB 156) 

pg 179.17 198.56 40.05 139.26 

2,3,3',4,4',5'-
HexaCB (PCB 157) 

pg [<3.71] BDL [<6.29] BDL [<3.72] BDL [<4.57] BDL 

2,3',4,4',5,5'-
HexaCB (PCB 167) 

pg 328.47 628.92 72.33 343.24 

3,3',4,4',5,5'-
HexaCB (PCB169) 

pg [<4.05] BDL [<6.86] BDL [<4.24] BDL [<5.05] BDL 

2,3,3',4,4',5,5'-
HeptaCB (PCB 189) 

pg [<3.37] BDL [<6.23] BDL [<3.46] BDL [<4.35] BDL 

2,3,7,8-TCDF pg [<2.96] BDL 13.94 ADL [<3.76] BDL 6.89 DLL 

1,2,3,7,8-PeCDF pg [<5.14] BDL [<9.61] BDL [<7.75] BDL [<7.50] BDL 

2,3,4,7,8-PeCDF pg [<5.26] BDL [<9.84] BDL [<7.93] BDL [<7.68] BDL 

1,2,3,4,7,8-HxCDF pg [<7.77] BDL [<11.37] BDL [<7.79] BDL [<8.98] BDL 

1,2,3,6,7,8-HxCDF pg [<7.20] BDL [<10.53] BDL [<7.21] BDL [<8.31] BDL 

2,3,4,6,7,8-HxCDF pg [<7.82] BDL [<11.44] BDL [<7.83] BDL [<9.03] BDL 

1,2,3,7,8,9-HxCDF pg [<9.26] BDL [<13.54] BDL [<9.27] BDL [<10.69] BDL 

1,2,3,4,6,7,8-HpCDF pg [<6.89] BDL [<10.04] BDL [<7.38] BDL [<8.10] BDL 

1,2,3,4,7,8,9-HpCDF pg [<9.09] BDL [<13.24] BDL 22.35 ADL 14.89 DLL 

OCDF pg 30.00 [<18.19] BDL 39.58 ADL 29.26 DLL 

2,3,7,8-TCDD pg [<3.74] BDL [<6.35] BDL [<4.73] BDL [<4.94] BDL 

1,2,3,7,8-PeCDD pg [<5.85] BDL [<10.23] BDL [<8.26] BDL [<8.11] BDL 

1,2,3,4,7,8--HxCDD pg [<10.09] BDL [<13.94] BDL [<12.61] BDL [<12.21] BDL 
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1,2,3,6,7,8-HxCDD pg [<9.53] BDL [<13.16] BDL [<11.91] BDL [<11.53] BDL 

1,2,3,7,8,9-HxCDD pg [<9.83] BDL [<13.58] BDL [<12.29] BDL [<11.90] BDL 

1,2,3,4,6,7,8-
HpCDD 

pg [<8.10] BDL [<10.85] BDL [<8.80] BDL [<9.25] BDL 

OCDD pg 373.71 118.12 80.70 190.84 

Pollutants 

3,3',4,4-TetraCB 
(PCB 77) 

pg/dscm 11.8809 59.3211 [<1.29] BDL 24.16 DLL 

lb/hr 3.70E-09 1.81E-08 
[<4.10E-10] 

BDL 
7.39E-09 DLL 

3,4,4',5-TetraCB 
(PCB 81) 

pg/dscm 13.5117 41.3497 [<1.42] BDL 18.76 DLL 

lb/hr 4.21E-09 1.26E-08 
[<4.54E-10] 

BDL 
5.75E-09 DLL 

2,3,3',4,4'-PentaCB 
(PCB 105) 

pg/dscm 234.4859 610.2208 33.2168 292.6412 

lb/hr 7.30E-08 1.86E-07 1.06E-08 8.98E-08 

2,3,4,4',5-PentaCB 
(PCB 114) 

pg/dscm 19.2325 60.9014 [<1.21] BDL 27.12 DLL 

lb/hr 5.99E-09 1.85E-08 
[<3.86E-10] 

BDL 
8.30E-09 DLL 

2,3',4,4',5-PentaCB 
(PCB 118) 

pg/dscm 684.6216 2168.0927 92.1273 981.6139 

lb/hr 2.13E-07 6.60E-07 2.93E-08 3.01E-07 

2',3,4,4',5-PentaCB 
(PCB 123) 

pg/dscm 664.9450 2040.4488 84.8263 930.0734 

lb/hr 2.07E-07 6.21E-07 2.70E-08 2.85E-07 

3,3',4,4',5-PentaCB 
(PCB 126) 

pg/dscm [<1.07] BDL [<1.21] BDL [<1.03] BDL [<1.10] BDL 

lb/hr 
[<3.34E-10] 

BDL 
[<3.68E-10] 

BDL 
[<3.28E-10] 

BDL 
[<3.43E-10] 

BDL 

2,3,3',4,4',5-HexaCB 
(PCB 156) 

pg/dscm 42.7795 52.9123 9.3659 35.0192 

lb/hr 1.33E-08 1.61E-08 2.98E-09 1.08E-08 

2,3,3',4,4',5'-
HexaCB (PCB 157) 

pg/dscm [<0.89] BDL [<1.68] BDL [<0.87] BDL [<1.14] BDL 

lb/hr 
[<2.76E-10] 

BDL 
[<5.10E-10] 

BDL 
[<2.77E-10] 

BDL 
[<3.54E-10] 

BDL 

2,3',4,4',5,5'-
HexaCB (PCB 167) 

pg/dscm 78.4270 167.5947 16.9147 87.6455 

lb/hr 2.44E-08 5.10E-08 5.39E-09 2.69E-08 

3,3',4,4',5,5'-
HexaCB (PCB169) 

pg/dscm [<0.97] BDL [<1.83] BDL [<0.99] BDL [<1.26] BDL 

lb/hr 
[<3.01E-10] 

BDL 
[<5.56E-10] 

BDL 
[<3.16E-10] 

BDL 
[<3.91E-10] 

BDL 

2,3,3',4,4',5,5'-
HeptaCB (PCB 189) 

pg/dscm [<0.80] BDL [<1.66] BDL [<0.81] BDL [<1.09] BDL 

lb/hr 
[<2.50E-10] 

BDL 
[<5.05E-10] 

BDL 
[<2.58E-10] 

BDL 
[<3.38E-10] 

BDL 
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2,3,7,8-TCDF 
pg/dscm [<0.71] BDL 3.71 ADL [<0.88] BDL 1.77 DLL 

lb/hr 
[<2.20E-10] 

BDL 
1.13E-09 ADL 

[<2.80E-10] 
BDL 

5.44E-10 DLL 

1,2,3,7,8-PeCDF 
pg/dscm [<1.23] BDL [<2.56] BDL [<1.81] BDL [<1.87] BDL 

lb/hr 
[<3.82E-10] 

BDL 
[<7.79E-10] 

BDL 
[<5.77E-10] 

BDL 
[<5.80E-10] 

BDL 

2,3,4,7,8-PeCDF 
pg/dscm [<1.26] BDL [<2.62] BDL [<1.85] BDL [<1.91] BDL 

lb/hr 
[<3.91E-10] 

BDL 
[<7.98E-10] 

BDL 
[<5.91E-10] 

BDL 
[<5.93E-10] 

BDL 

1,2,3,4,7,8-HxCDF 
pg/dscm [<1.86] BDL [<3.03] BDL [<1.82] BDL [<2.24] BDL 

lb/hr 
[<5.77E-10] 

BDL 
[<9.22E-10] 

BDL 
[<5.80E-10] 

BDL 
[<6.93E-10] 

BDL 

1,2,3,6,7,8-HxCDF 
pg/dscm [<1.72] BDL [<2.81] BDL [<1.69] BDL [<2.07] BDL 

lb/hr 
[<5.35E-10] 

BDL 
[<8.54E-10] 

BDL 
[<5.37E-10] 

BDL 
[<6.42E-10] 

BDL 

2,3,4,6,7,8-HxCDF 
pg/dscm [<1.87] BDL [<3.05] BDL [<1.83] BDL [<2.25] BDL 

lb/hr 
[<5.81E-10] 

BDL 
[<9.28E-10] 

BDL 
[<5.83E-10] 

BDL 
[<6.97E-10] 

BDL 

1,2,3,7,8,9-HxCDF 
pg/dscm [<2.21] BDL [<3.61] BDL [<2.17] BDL [<2.66] BDL 

lb/hr 
[<6.88E-10] 

BDL 
[<1.10E-09] 

BDL 
[<6.91E-10] 

BDL 
[<8.26E-10] 

BDL 

1,2,3,4,6,7,8-HpCDF 
pg/dscm [<1.65] BDL [<2.68] BDL [<1.73] BDL [<2.02] BDL 

lb/hr 
[<5.12E-10] 

BDL 
[<8.14E-10] 

BDL 
[<5.50E-10] 

BDL 
[<6.25E-10] 

BDL 

1,2,3,4,7,8,9-HpCDF 
pg/dscm [<2.17] BDL [<3.53] BDL 5.23 ADL 3.64 DLL 

lb/hr 
[<6.75E-10] 

BDL 
[<1.07E-09] 

BDL 
1.66E-09 ADL 1.14E-09 DLL 

OCDF 
pg/dscm 7.1629 [<4.85] BDL 9.26 ADL 7.09 DLL 

lb/hr 2.23E-09 
[<1.48E-09] 

BDL 
2.95E-09 ADL 2.22E-09 DLL 

2,3,7,8-TCDD 
pg/dscm [<0.89] BDL [<1.69] BDL [<1.11] BDL [<1.23] BDL 

lb/hr 
[<2.78E-10] 

BDL 
[<5.15E-10] 

BDL 
[<3.52E-10] 

BDL 
[<3.82E-10] 

BDL 

1,2,3,7,8-PeCDD 
pg/dscm [<1.40] BDL [<2.73] BDL [<1.93] BDL [<2.02] BDL 

lb/hr 
[<4.35E-10] 

BDL 
[<8.30E-10] 

BDL 
[<6.15E-10] 

BDL 
[<6.27E-10] 

BDL 

1,2,3,4,7,8--HxCDD 
pg/dscm [<2.41] BDL [<3.71] BDL [<2.95] BDL [<3.02] BDL 

lb/hr 
[<7.50E-10] 

BDL 
[<1.13E-09] 

BDL 
[<9.39E-10] 

BDL 
[<9.40E-10] 

BDL 

1,2,3,6,7,8-HxCDD 
pg/dscm [<2.28] BDL [<3.51] BDL [<2.79] BDL [<2.86] BDL 

lb/hr 
[<7.08E-10] 

BDL 
[<1.07E-09] 

BDL 
[<8.87E-10] 

BDL 
[<8.88E-10] 

BDL 

THIS DOCUMENT MAY NOT BE REPRODUCED,  
EXCEPT IN WHOLE, WITHOUT THE EXPRESS WRITTEN 
PERMISSION OF THE SHAW GROUP.

2011/ May ICR Testing, Shaw Project No. 142733 
Page 21 of 505 



 
May 17 - 27, 2011 

Shaw Project No. 142733 

CITGO Petroleum Corporation Petroleum Refinery Information Collection Request (ICR) 

 

17 
 

1,2,3,7,8,9-HxCDD 
pg/dscm [<2.35] BDL [<3.62] BDL [<2.87] BDL [<2.95] BDL 

lb/hr 
[<7.30E-10] 

BDL 
[<1.10E-09] 

BDL 
[<9.15E-10] 

BDL 
[<9.16E-10] 

BDL 

1,2,3,4,6,7,8-
HpCDD 

pg/dscm [<1.93] BDL [<2.89] BDL [<2.06] BDL [<2.29] BDL 

lb/hr 
[<6.02E-10] 

BDL 
[<8.80E-10] 

BDL 
[<6.56E-10] 

BDL 
[<7.12E-10] 

BDL 

OCDD 
pg/dscm 89.2287 31.4766 18.8721 46.5258 

lb/hr 2.78E-08 9.58E-09 6.01E-09 1.45E-08 
 
1Laboratory Results provided by Data Analysis Technologies, Inc. 

 
 

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are 
greater than the laboratory's reported detection level(s) 

ADL (above detection level) - all analytical values used to calculate and report an in-stack emissions value are greater than the 
laboratory's reported detection level(s) 

1.3.6 SW-846 Method 0061 
Shaw conducted three one hundred seventy six minute tests during normal operating conditions. 
Hexavalent Chromium was measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 6. 

Table 6  Comprehensive Summary of Results SW-846 Method 0061 

Test No. 1 2 3 Average 

Date 05/25/11 05/25/11 05/26/11 n/a 

Start Time 11:10 16:06 8:48 n/a 

End Time 14:19 19:15 11:58 n/a 

Test Duration, min 176 176 176 176 

Unit Operating Parameters 

Oxygen Content vol% 0.58 0.67 0.67 0.64 

Carbon Dioxide 
Content 

vol% 17.92 18.07 17.98 17.99 

Moisture Content vol% 19.76 19.94 19.62 19.77 

Wet Molecular 
Weight 

lb/lb·mol 28.34 28.34 28.37 28.35 

Velocity ft/sec 39.52 37.99 37.10 38.20 
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Volumetric Flow Rate dscfm 83,937 80,341 79,041 81,106 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 94.01 99.57 91.95 95.18 

Sample Volume 
dscf 120.067 121.717 112.939 118.241 

dscm 3.400 3.447 3.198 3.348 

Laboratory Results 1 
Hexavalent 
Chromium 

µg [<2.12] BDL [<2.51] BDL [<2.11] BDL [<2.25] BDL 

Pollutants 

Hexavalent 
Chromium 

µg/dscm 
[<0.6235] 

BDL 
[<0.7282] BDL [<0.6598] BDL [<0.6705] BDL 

lb/hr 
[<1.96E-04] 

BDL 
[<2.19E-04] 

BDL 
[<1.95E-04] 

BDL 
[<2.04E-04] 

BDL 
1 Laboratory Results provided by Data Analysis Technologies, Inc.   

 

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

1.3.7 ASTM D6784-02 (Hg) 
Shaw conducted three one hundred seventy six minute tests during normal operating conditions. 
Organic Mercury and Elemental Mercury were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 7. 

Table 7  Comprehensive Summary of Results ASTM D6784-02 (Hg) 

Test No. 1 2 3 Average 

Date 05/25/11 05/25/11 05/26/11 n/a 

Start Time 11:10 16:06 8:45 n/a 

End Time 14:19 19:15 11:58 n/a 

Test Duration, min 176 176 176 176 

Unit Operating Parameters 

Oxygen Content vol% 0.58 0.67 0.67 0.64 
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Carbon Dioxide Content vol% 17.92 18.07 17.98 17.99 

Moisture Content vol% 22.28 21.83 21.78 21.96 

Wet Molecular Weight lb/lb·mol 28.02 28.10 28.09 28.07 

Velocity ft/sec 38.06 36.23 38.95 37.75 

Volumetric Flow Rate dscfm 77,722 74,420 80,248 77,463 

Sampling Parameters 

Isokinetic Sampling Rate % 94.95 94.90 94.28 94.71 

Sample Volume 
dscf 111.488 106.704 114.307 110.833 

dscm 3.157 3.022 3.237 3.138 

Laboratory Results 1 

Organic Mercury µg [<0.015] BDL [<0.012] BDL 0.023 0.017 DLL 

Elemental Mercury µg 0.411 0.413 DLL 0.427 0.417 DLL 

Pollutants 

Organic Mercury 
µg/dscm 

[<4.75E-03] 
BDL 

[<3.97E-03] 
BDL 

7.11E-03 
5.28E-03 

DLL 

lb/hr 
[<1.38E-06] 

BDL 
[<1.11E-06] 

BDL 
2.14E-06 

1.54E-06 
DLL 

Elemental Mercury 
µg/dscm 0.130 0.137 DLL 0.132 0.133 DLL 

lb/hr 3.79E-05 3.81E-05 DLL 3.96E-05 
3.86E-05 

DLL 
1 Laboratory Results provided by Data Analysis Technologies, Inc.   

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are greater 
than the laboratory's reported detection level(s) 

 
1.3.8 U.S. EPA Method 5B/202 and ASTM D5907 
Shaw conducted one hundred twenty minute test and two one hundred twenty eight minute tests 
during normal operating conditions. Particulate Matter (PM), Particulate Matter (PM) with 
condensables, Particulate Matter (PM) Non-sulfate, and Particulate Catch Weight were measured 
and the three tests were averaged. 
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Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 8. 

Table 8  Comprehensive Summary of Results U.S. EPA Method 5B/202 and ASTM 
D5907 

Test No. 1 2 3 Average 

Date 05/26/11 05/27/11 05/27/11 n/a 

Start Time 16:15 10:42 14:58 n/a 

End Time 18:49 13:06 17:16 n/a 

Test Duration, min 120 128 128 125.33 

Unit Operating Parameters 

Oxygen Content vol% 0.50 0.66 0.62 0.59 

Carbon Dioxide Content vol% 18.45 18.19 18.01 18.22 

Moisture Content vol% 19.79 19.69 20.07 19.85 

Wet Molecular Weight lb/lb·mol 28.41 28.39 28.32 28.37 

Velocity ft/sec 39.29 38.94 38.35 38.86 

Volumetric Flow Rate dscfm 83,318 82,935 81,025 82,426

Sampling Parameters 

Isokinetic Sampling Rate % 91.53 91.53 90.16 91.07

Sample Volume 
dscf 79.111 83.999 80.840 81.317

dscm 2.240 2.379 2.289 2.303

Laboratory Results 1 

Particulate Matter (PM) mg  28.1 34.5 32.3 31.6

Condensible Particulate 
Matter (CPM) 

mg  23.1 16.0 19.0 19.4

Particulate Matter (PM) 
Non-sulfate 

mg  18.9 26.4 24.8 23.4

Particulate Catch Weight mg  10,551.4 10,391.4 10,860.4 10,601.1

Sample Final Volume  L  0.500 0.470 0.490 0.487
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Pollutants 

Particulate Matter (PM) 
gr/dscf 0.0055 0.0063 0.0062 0.0060

lb/hr 3.91 4.50 4.28 4.23

Condensible Particulate 
Matter (CPM) 

gr/dscf 0.0045 0.0029 0.0036 0.0037

lb/hr 3.22 2.09 2.52 2.61

Particulate Matter (PM) 
Non-sulfate 

gr/dscf 0.0037 0.0049 0.0047 0.0044

lb/hr 2.63 3.45 3.29 3.12

Particulate Catch Weight 
2 

mg/L 21,103 22,109 22,164 21,792

1 Laboratory Results provided by Enthalpy Analytical, Inc.   

2 Particulate Catch Weight is per method ASTM D5907 and is represented as mg solids per liter of scrubber recirculation liquid 

1.3.9 U.S. EPA Conditional Test Method 027 (CTM-027) 
Shaw conducted one hundred twenty minute test and two one hundred twenty eight minute tests 
during normal operating conditions. Ammonia (NH3) was measured and the three tests were 
averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 9. 

Table 9  Comprehensive Summary of Results U.S. EPA Conditional Test Method 027 
(CTM-027) 

Test No. 1 2 3 Average 

Date 05/26/11 05/27/11 05/27/11 n/a 

Start Time 16:18 10:42 14:58 n/a 

End Time 18:50 13:06 17:16 n/a 

Test Duration, min 120 128 128 125.33 

Unit Operating Parameters 

Oxygen Content vol% 0.50 0.66 0.62 0.59 

Carbon Dioxide Content vol% 18.45 18.19 18.01 18.22 

Moisture Content vol% 20.57 22.18 21.99 21.58 

Wet Molecular Weight lb/lb·mol 28.30 28.07 28.07 28.15 

Velocity ft/sec 33.53 37.81 37.65 36.33 
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Volumetric Flow Rate dscfm 70,220 77,463 77,222 74,968 

Sampling Parameters 

Isokinetic Sampling Rate % 96.75 98.60 97.34 97.56 

Sample Volume dscf 68.991 82.734 81.428 77.718 

Laboratory Results 1 

Ammonia (NH3) µg 4,088 5,577 5,390 5,018 

Pollutants 

Ammonia (NH3) 
ppmvd 2.95 3.36 3.30 3.2043 

lb/hr 0.550 0.691 0.676 0.639 

1 Laboratory Results provided by Enthalpy Analytical, Inc.   

 
1.3.10 U.S. EPA Method 29 
Shaw conducted three one hundred seventy six minute tests during normal operating conditions. 
Antimony (Sb), Arsenic (As), Beryllium (Be), Cadmium (Cd), Chromium (Cr), Cobalt (Co), 
Lead (Pb), Manganese (Mn), Nickel (Ni), and Selenium (Se) were measured and the three tests 
were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 10. 

Table 10  Comprehensive Summary of Results U.S. EPA Method 29 

Test No. 1 2 3 Average 

Date 05/26/11 05/27/11 05/27/11 n/a 

Start Time 16:15 10:42 14:58 n/a 

End Time 19:30 13:48 18:00 n/a 

Test Duration, min 176 176 176 176 

Unit Operating Parameters 

Oxygen Content vol% 0.50 0.66 0.62 0.59 

Carbon Dioxide 
Content 

vol% 18.45 18.19 18.01 18.22 
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Moisture Content vol% 19.68 20.32 20.13 20.04 

Wet Molecular 
Weight 

lb/lb·mol 28.42 28.31 28.31 28.35 

Velocity ft/sec 37.13 38.14 38.12 37.80 

Volumetric Flow 
Rate 

dscfm 78,852 80,422 80,464 79,913 

Sampling Parameters 

Isokinetic Sampling 
Rate 

% 94.01 94.78 90.64 93.14 

Sample Volume 
dscf 111.991 115.159 110.192 112.447 

dscm 3.171 3.261 3.120 3.184 

Laboratory Results 1 

Antimony (Sb) µg [<3.650] BDL [<3.640] BDL [<3.640] BDL [<3.643] BDL 

Arsenic (As) µg [<5.790] BDL [<5.780] BDL [<5.780] BDL [<5.783] BDL 

Beryllium (Be) µg 0.058 DLL 0.048 DLL [<0.035] BDL 0.042 DLL 

Cadmium (Cd) µg [<0.181] BDL 0.798 DLL 0.730 0.570 DLL 

Chromium (Cr) µg 13.040 DLL 9.910 DLL 12.360 11.770 DLL 

Cobalt (Co) µg [<1.800] BDL [<1.790] BDL [<1.790] BDL [<1.793] BDL 

Lead (Pb) µg 8.520 DLL 5.130 DLL 6.360 DLL 6.670 DLL 

Manganese (Mn) µg 10.420 6.560 7.600 8.193 

Nickel (Ni) µg 25.710 18.260 25.560 23.177 

Selenium (Se) µg 10.740 DLL 10.240 9.440 10.140 DLL 

Pollutants 

Antimony (Sb) 
mg/dscm 

[<1.15E-03] 
BDL 

[<1.12E-03] 
BDL 

[<1.17E-03] 
BDL 

[<1.14E-03] 
BDL 

lb/hr 
[<3.40E-04] 

BDL 
[<3.36E-04] 

BDL 
[<3.52E-04] 

BDL 
[<3.43E-04] 

BDL 

Arsenic (As) 
mg/dscm 

[<1.83E-03] 
BDL 

[<1.77E-03] 
BDL 

[<1.85E-03] 
BDL 

[<1.82E-03] 
BDL 

lb/hr 
[<5.39E-04] 

BDL 
[<5.34E-04] 

BDL 
[<5.58E-04] 

BDL 
[<5.44E-04] 

BDL 

Beryllium (Be) 
mg/dscm 5.18E-07 DLL 4.17E-07 DLL 

[<3.18E-07] 
BDL 

3.71E-07 DLL 

lb/hr 5.40E-06 DLL 4.43E-06 DLL 
[<3.38E-06] 

BDL 
3.91E-06 DLL 

Cadmium (Cd) mg/dscm 
[<5.71E-05] 

BDL 
2.45E-04 DLL 2.34E-04 1.79E-04 DLL 
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lb/hr 
[<1.69E-05] 

BDL 
7.37E-05 DLL 7.05E-05 5.37E-05 DLL 

Chromium (Cr) 
mg/dscm 4.11E-03 DLL 3.04E-03 DLL 3.96E-03 3.70E-03 DLL 

lb/hr 1.21E-03 DLL 9.16E-04 DLL 1.19E-03 1.11E-03 DLL 

Cobalt (Co) 
mg/dscm 

[<5.68E-04] 
BDL 

[<5.49E-04] 
BDL 

[<5.74E-04] 
BDL 

[<5.63E-04] 
BDL 

lb/hr 
[<1.68E-04] 

BDL 
[<1.65E-04] 

BDL 
[<1.73E-04] 

BDL 
[<1.69E-04] 

BDL 

Lead (Pb) 
mg/dscm 2.69E-03 DLL 1.57E-03 DLL 2.04E-03 DLL 2.10E-03 DLL 

lb/hr 7.94E-04 DLL 4.74E-04 DLL 6.14E-04 DLL 6.27E-04 DLL 

Manganese (Mn) 
mg/dscm 3.29E-03 2.01E-03 2.44E-03 2.58E-03 

lb/hr 9.71E-04 6.06E-04 7.34E-04 7.70E-04 

Nickel (Ni) 
mg/dscm 8.11E-03 5.60E-03 8.19E-03 7.30E-03 

lb/hr 2.39E-03 1.69E-03 2.47E-03 2.18E-03 

Selenium (Se) 
mg/dscm 3.39E-03 DLL 3.14E-03 3.03E-03 3.18E-03 DLL 

lb/hr 1.00E-03 DLL 9.46E-04 9.12E-04 9.53E-04 DLL 
1 Laboratory Results provided by Data Analysis Technologies, Inc.   

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are 
greater than the laboratory's reported detection level(s) 

1.3.11 U.S. EPA Method 18 (Methane and Ethane) 
Shaw conducted three one hundred twenty eight minute tests during normal operating conditions. 
Methane and Ethane were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 11. 

Table 11  Comprehensive Summary of Results U.S. EPA Method 18 (Methane and 
Ethane) 

Test No. 1 2 3 Average 

Date 05/18/11 05/18/11 05/19/11 n/a 

Start Time 12:50 19:18 9:46 n/a 

End Time 18:15 21:35 12:10 n/a 

Test Duration, min 128 128 128 128 
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Unit Operating Parameters 

Oxygen Content vol% 0.75 0.76 0.63 0.71 

Carbon Dioxide Content vol% 17.80 17.50 18.08 17.79 

Moisture Content vol% 20.25 20.35 19.93 20.18 

Wet Molecular Weight lb/lb·mol 28.27 28.22 28.34 28.28 

Velocity ft/sec 40.92 41.29 39.25 40.49 

Volumetric Flow Rate dscfm 86,182 86,677 83,106 85,322 

Sampling Parameters 

Sample Volume 
dscf 87.860 88.000 82.440 86.100 

dscm 2.488 2.492 2.334 2.438 

Pollutants 

Methane 
ppmvd 0.27 4.10 6.63 3.67 

lb/hr 0.06 0.89 1.38 0.77 

Ethane 
ppmvd 0.93 3.33 5.20 3.16 

lb/hr 0.38 1.35 2.02 1.25 

Reference Method 26A Sampling and Unit Operating Parameters were used for calculations 

1.3.12 U.S. EPA Method 18 and Method 308 
Shaw conducted three sixty minute tests during normal operating conditions. Speciated Volatile 
Organic HAP’s were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 12. 

Table 12  Comprehensive Summary of Results U.S. EPA Method 18 and Method 308 

Test No. 1 2 3 Average 

Date 05/20/11 05/20/11 05/20/11 n/a 

Start Time 11:40 13:50 15:40 n/a 

End Time 12:40 14:50 16:40 n/a 

Test Duration, min 60 60 60 60 
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Unit Operating Parameters 

Oxygen Content vol% 0.64 0.69 0.50 0.61 
Carbon Dioxide 
Content 

vol% 17.41 17.32 17.42 17.38 

Moisture Content vol% 20.23 20.11 20.15 20.16 

Wet Molecular Weight lb/lb·mol 28.22 28.23 28.23 28.23 

Velocity ft/sec 40.48 40.34 39.50 40.11 

Volumetric Flow Rate dscfm 85,402 85,252 83,347 84,667 

Sampling Parameters 

Sample Volume (RM 
18) 

L 60.272 59.426 59.192 59.630 

dscf 2.128 2.099 2.090 2.106 

dscm 0.060 0.059 0.059 0.060 

Sample Volume (RM 
308) 

L 57.645 57.327 57.681 57.551 

dscf 2.036 2.024 2.037 2.032 

dscm 0.058 0.057 0.058 0.058 

Pollutants  

Acetone 
µg/dscm  1771.167 DLL 1769.302 DLL 

[<1070.055] 
BDL 

1536.841 
DLL 

lb/hr 0.567 DLL 0.565 DLL [<0.334] BDL 0.489 DLL 

Acetonitrile 
µg/dscm 

[<2705.328] 
BDL 

[<2705.328] 
BDL 

[<2705.328] 
BDL 

[<2705.328] 
BDL 

lb/hr [<0.612] BDL [<0.611] BDL [<0.597] BDL [<0.606] BDL 

Acrolein 
µg/dscm [<816.793] BDL 

[<818.448] 
BDL 

[<818.915] 
BDL 

[<818.052] 
BDL 

lb/hr [<0.261] BDL [<0.261] BDL [<0.256] BDL [<0.259] BDL 

Acrylonitrile 
µg/dscm [<881.647] BDL 

[<881.647] 
BDL 

[<881.647] 
BDL 

[<881.647] 
BDL 

lb/hr [<0.258] BDL [<0.257] BDL [<0.251] BDL [<0.255] BDL 

Benzene 
µg/dscm [<729.060] BDL 

[<730.808] 
BDL 

[<731.300] 
BDL 

[<730.389] 
BDL 

lb/hr [<0.233] BDL [<0.233] BDL [<0.228] BDL [<0.232] BDL 

1,3-Butadiene 
µg/dscm [<836.293] BDL 

[<838.501] 
BDL 

[<839.123] 
BDL 

[<837.973] 
BDL 

lb/hr [<0.268] BDL [<0.268] BDL [<0.262] BDL [<0.266] BDL 

Carbon disulfide 
µg/dscm 422.265 DLL 409.038 DLL 375.578 DLL 402.294 DLL 

lb/hr 0.135 DLL 0.131 DLL 0.117 DLL 0.128 DLL 

Chlorobenzene µg/dscm [<22.730] BDL [<23.054] BDL 
[<23.145] 

BDL 
[<22.976] 

BDL 
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lb/hr [<0.007] BDL [<0.007] BDL [<0.007] BDL [<0.007] BDL 

Cumene 
(isopropylbenzene) 

µg/dscm [<17.089] BDL [<17.332] BDL 
[<17.401] 

BDL 
[<17.274] 

BDL 

lb/hr [<0.005] BDL [<0.006] BDL [<0.005] BDL [<0.005] BDL 

1,2-Dibromoethane 
µg/dscm [<996.864] BDL 

[<1001.186] 
BDL 

[<1002.404] 
BDL 

[<1000.151] 
BDL 

lb/hr [<0.319] BDL [<0.320] BDL [<0.313] BDL [<0.317] BDL 

Ethylbenzene 
µg/dscm [<17.255] BDL [<17.501] BDL 

[<17.570] 
BDL 

[<17.442] 
BDL 

lb/hr [<0.006] BDL [<0.006] BDL [<0.005] BDL [<0.006] BDL 

Hexane 
µg/dscm [<676.958] BDL 

[<678.274] 
BDL 

[<678.645] 
BDL 

[<677.959] 
BDL 

lb/hr [<0.217] BDL [<0.217] BDL [<0.212] BDL [<0.215] BDL 

Methanol 
µg/dscm [<59.676] BDL 5407.574 33.807 

1833.685 
DLL 

lb/hr [<0.019] BDL 1.727 0.011 0.586 DLL 

Methyl isobutyl ketone 
µg/dscm [<16.757] BDL [<16.996] BDL 

[<17.063] 
BDL 

[<16.939] 
BDL 

lb/hr [<0.005] BDL [<0.005] BDL [<0.005] BDL [<0.005] BDL 

Methyl t-butyl ether 
µg/dscm [<16.293] BDL [<16.525] BDL 

[<16.590] 
BDL 

[<16.469] 
BDL 

lb/hr [<0.005] BDL [<0.005] BDL [<0.005] BDL [<0.005] BDL 

Methylene chloride 
µg/dscm 

[<2555.401] 
BDL 

3362.408 DLL 
[<2558.792] 

BDL 
2825.534 

DLL 

lb/hr [<0.818] BDL 1.074 DLL [<0.799] BDL 0.897 DLL 

Nitrobenzene 
µg/dscm 23.228 23.390 21.625 22.748 

lb/hr 0.007 0.007 0.007 0.007 

2-Nitropropane 
µg/dscm [<23.560] BDL [<23.895] BDL 28.213 25.223 DLL 

lb/hr [<0.008] BDL [<0.008] BDL 0.009 0.008 DLL 

Pentane 
µg/dscm [<672.645] BDL 

[<673.899] 
BDL 

[<674.252] 
BDL 

[<673.598] 
BDL 

lb/hr [<0.215] BDL [<0.215] BDL [<0.211] BDL [<0.214] BDL 

Styrene 
µg/dscm [<19.246] BDL [<19.520] BDL 

[<19.597] 
BDL 

[<19.454] 
BDL 

lb/hr [<0.006] BDL [<0.006] BDL [<0.006] BDL [<0.006] BDL 

Tetrachloroethene 
µg/dscm [<884.311] BDL 

[<887.547] 
BDL 

[<888.458] 
BDL 

[<886.772] 
BDL 

lb/hr [<0.283] BDL [<0.283] BDL [<0.277] BDL [<0.281] BDL 

Toluene 
µg/dscm 735.341 DLL 

[<702.723] 
BDL 

[<703.209] 
BDL 

713.758 DLL 

lb/hr 0.235 DLL [<0.224] BDL [<0.220] BDL 0.226 DLL 

Trichloroethene µg/dscm 
[<1094.627] 

BDL 
[<1097.556] 

BDL 
[<1098.381] 

BDL 
[<1096.855] 

BDL 
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lb/hr [<0.350] BDL [<0.351] BDL [<0.343] BDL [<0.348] BDL 

2,2,4 Trimethylpentane 
(Isooctane) 

µg/dscm [<13.771] BDL [<13.967] BDL 
[<14.022] 

BDL 
[<13.920] 

BDL 

lb/hr [<0.004] BDL [<0.004] BDL [<0.004] BDL [<0.004] BDL 

Xylenes (mixed 
isomers) 

µg/dscm [<35.008] BDL [<35.506] BDL 
[<35.647] 

BDL 
[<35.387] 

BDL 

lb/hr [<0.011] BDL
[<0.011] 

BDL
[<0.011] 

BDL 
[<0.011] 

BDL
1 Laboratory Results provided by Enthalpy Analytical, Inc.   

BDL (below detection level) - all analytical values used to calculate and report an in-stack emissions value are less than the 
laboratory's reported detection level(s) 

DLL (detection level limited) - at least one but not all values used to calculate and report an in-stack emissions value are greater 
than the laboratory's reported detection level(s) 

1.3.13 U.S. EPA Methods 10, 7E, 6C, and 25A 
Shaw conducted three one hundred twenty eight minute tests during normal operating conditions. 
Carbon Monoxide (CO), Nitrogen Oxides (NOX), Sulfur Dioxide (SO2), and Total Hydrocarbons 
(THC) were measured and the three tests were averaged. 

Documentation supporting the results of this test program is presented in the appendices.  A 
comprehensive summary of the test results and process operating conditions is presented on 
Table 13. 

Table 13  Comprehensive Summary of Results U.S. EPA Methods 10, 7E, 6C, and 25A 

Test No. 1 2 3 Average 

Date 05/18/11 05/18/11 05/19/11 n/a 

Start Time 12:50 19:18 9:46 n/a 

End Time 18:15 21:35 12:10 n/a 

Test Duration, min 128 128 128 128 

Unit Operating Parameters 

Oxygen Content vol% 0.75 0.76 0.63 0.71 

Carbon Dioxide Content vol% 17.80 17.50 18.08 17.79 

Moisture Content vol% 20.25 20.35 19.93 20.18 

Wet Molecular Weight lb/lb·mol 28.27 28.22 28.34 28.28 

Velocity ft/sec 40.92 41.29 39.25 40.49 

Volumetric Flow Rate dscfm 86,182 86,677 83,106 85,322 
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Sampling Parameters 

Sample Volume 
dscf 87.860 88.000 82.440 86.100 

dscm 2.488 2.492 2.334 2.438 

Pollutants 

Carbon Monoxide (CO) 
ppmvd 52.60 46.90 71.30 56.93 

lb/hr 19.78 17.74 25.86 21.13 

Nitrogen Oxides (NOx) 
ppmvd 15.30 18.23 15.84 16.46 

lb/hr 9.45 11.33 9.44 10.07 

Sulfur Dioxide (SO2) 
ppmvd -0.11 0.02 0.05 -0.01 

lb/hr -0.09 0.02 0.04 -0.01 

Total Hydrocarbons (THC) 
ppmvd 4.02 5.60 6.77 5.46 

lb/hr 2.38 3.34 3.87 3.19 
Reference Method 26A Sampling and Unit Operating Parameters were used for calculations 

1.4 Test Program Chronology 

The B-Cat WGS ICR test program was conducted on May 17 through 27, 2011.  A 
comprehensive chronology of events outlining the test period is presented below on Table 14. 

Table 14  Chronology of Events 

Date Time Activity 

05/16/11 08:30 Arrived at plant. 

05/16/11 09:30 Standby on power. 

05/16/11 10:20 Received Power / Standby on Crane 

05/16/11 14:00 Crane Arrived / Begin Setup 

05/16/11 19:30 Departed plant.  

05/17/11 07:30 Arrived at plant. 

05/17/11 08:45 Begin Calibration. 

05/17/11 13:15 Begin RM 4 Testing. 

05/17/11 20:50 Finish RM 4 Testing. 

05/17/11 21:00  Departed plant. 

05/18/11 07:15 Arrive at plant. 

05/18/11 07:45 Setup / Begin Calibrations. 

05/18/11 12:50 Begin RM 26A and OTM 29 Run 1 testing. 
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Date Time Activity 

05/18/11 12:54 Pause testing (Power Issues). 

05/18/11 13:45 Continue Testing. 

05/18/11 15:00 Pause testing (Broken probe liner). 

05/18/11 17:11 Continue Testing. 

05/18/11 18:15 Finish RM 26A and OTM 29 Run 1Testing. 

05/18/11 19:18 Begin RM 26A and OTM 29 Run 2 Testing. 

05/18/11 21:35 Finish RM 26A and OTM 29 Run 2 Testing. 

05/18/11 22:15 Departed plant. 

05/19/11 07:00 Arrived at plant 

05/19/11 09:46 Begin RM 26A and OTM 29 Run 3 Testing. 

05/19/11 12:10 Finish RM 26A and OTM 29 Run 3 Testing. 

05/19/11 12:15 Setup for Methods MTD 0011, 18, and 308. 

05/19/11 17:00 Departed plant. 

05/20/11 07:00 Arrive at plant. 

05/20/11 07:15 Setup. 

05/20/11 11:40 Begin MTD 0011, RM 18, and EPA Method 308 Run 1 testing. 

05/20/11 12:54 Finish MTD 0011, RM 18, and EPA Method 308 Run 1 testing. 

05/20/11 13:50 Begin MTD 0011, RM 18, and EPA Method 308 Run 2 testing. 

05/20/11 14:57 Finish MTD 0011, RM 18, and EPA Method 308 Run 2 testing. 

05/20/11 15:40 Begin MTD 0011, RM 18, and EPA Method 308 Run 3 testing. 

05/20/11 16:48 Finish MTD 0011, RM 18, and EPA Method 308 Run 3 testing. 

05/20/11 18:30 Departed plant. 

05/23/11 07:30 Arrive at plant. 

05/23/11 08:00 Setup. 

05/23/11 10:25 Begin Method 23/0010 Run 1 testing. 

05/23/11 14:31 Finish Method 23/0010 Run 1 testing. 

05/23/11 16:28 Begin Method 23/0010 Run 2 testing. 

05/23/11 20:35 Finish Method 23/0010 Run 2 testing. 

05/23/11 21:00 Departed plant. 

05/24/11 07:00 Arrive at plant. 

05/24/11 08:35 Begin Method 23/0010 Run 3 testing. 

05/24/11 12:39 Finish Method 23/0010 Run 3 testing. 
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Date Time Activity 

05/24/11 13:15 Departed plant. 

05/25/11 07:15 Arrive at plant. 

05/25/11 07:30 Setup. 

05/25/11 11:10 Begin Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 1 testing. 

05/25/11 14:19 Finish Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 1 testing. 

05/25/11 16:06 Begin Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 2 testing. 

05/25/11 19:15 Finish Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 2 testing. 

05/25/11 20:30 Departed plant. 

05/26/11 07:00 Arrive at plant. 

05/26/11 08:45 Begin Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 3 testing. 

05/26/11 11:58 Finish Methods SW-846 0061 and ASTM D6784-02 (Hg) Run 3 testing. 

05/26/11 16:15 Begin Methods 5B/202, CTM-027, and RM 29 Run 1 testing. 

05/26/11 19:30 Finish Methods 5B/202, CTM-027, and RM 29 Run 1 testing. 

05/26/11 20:30 Departed plant. 

05/27/11 07:00 Arrive at plant. 

05/27/11 07:15 Setup 

05/27/11 10:42 Begin Methods 5B/202, CTM-027, and RM 29 Run 2 testing. 

05/27/11 13:48 Finish Methods 5B/202, CTM-027, and RM 29 Run 2 testing. 

05/27/11 14:58 Begin Methods 5B/202, CTM-027, and RM 29 Run 3 testing. 

05/27/11 18:00 Finish Methods 5B/202, CTM-027, and RM 29 Run 3 testing / Demobilization  

05/27/11 19:30 Departed plant. 
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2.0 ICR COMPONENT 4 “EMISSION TESTING” MANUAL TEST METHODS 

The WGS stack exhausts to atmosphere approximately 200 feet above grade.  The sampling 
plane is located 87 feet upstream of the exhaust and 52 feet downstream of the gas inlet.  The 
internal diameter of the stack is 96 inches.  Four four-inch sample ports are positioned at 90 
degrees at the sampling plane with 8-inch port extensions.  The effluent had high velocity and 
moisture content.  The test methods and procedures to be used during this test program are 
presented in Sections 2.1 through 2.16. 

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 effluent.  The number of sample points is dependent upon upstream and 
downstream flow disturbance distances from the port location and the internal diameter of the 
stack.  This method was conducted during all tests. 

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 (ΔP) 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.  This method was conducted during all 
tests. 

2.3 Moisture Content 

Shaw used 40 CFR 60, Appendix A, Reference Method 4 (RM 4) Determination of Moisture in 
Stack Gases to determine the moisture content of the stack gas.  A gas sample is extracted at 
either a constant rate or isokinetically from the source; moisture is removed from the sample 
stream and determined either volumetrically or gravimetrically.  This method was conducted 
during all tests. 
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2.4 Speciated Volatile Organic Hazardous Air Pollutant (VOHAP) 

Shaw used 40 CFR 60, Appendix A, Reference Method 18 (RM 18) Measurement of Gaseous 
Organic Compound Emissions by Gas Chromatography and EPA Method 308 Procedure for 
Determination of Methanol Emission from Stationary Sources to determine the speciated volatile 
organic hazardous air pollutant (VOHAP) concentrations of the stack gas.  Shaw conducted three 
one-hour test runs.  The target speciated VOHAPs (Part VIII, Table 1.3 from the ICR guidance 
document) are presented on Table 15. 

Table 15  Speciated VOHAPs 

Compound CAS Number Compound CAS Number 
Acetone 67-64-1 Methyl isobutyl ketone 108-10-1 
Acetonitrile 75-05-8 Methyl t-butyl ether 91-20-3 
Acrolein 107-05-8 Methylene chloride 75-09-2 
Acrylonitrile 107-13-1 Nitrobenzene 98-95-3 
Benzene 71-43-2 2-Nitropropane 79-46-9 
1.3-Butadiene 106-99-0 Pentane 109-66-0 
Carbon disulfide 75-15-0 Styrene 100-42-5 
Chlorobenzene 108-90-7 Tetrachloroethene 127-18-4 
Cumene (isopropylbenzene) 98-82-8 Toluene 108-88-3 
1,2-Dibromoethane 106-93-4 Trichloroethene 79-01-6 
Ethylbenzene 100-41-4 Triethylamine 121-44-8 
Hexane 110-54-3 2,2,4-Trimethylpentane 504-84-1 
Methanol 67-56-1 Xylenes (mixed isomers) 1330-20-7 
 
Due to the physical and chemical properties of compounds included in this table, Shaw 
concurrently sampled with three separate sampling trains.  The sampling trains and a brief 
description of the sampling procedure are presented in Sections 2.4.2 through 2.4.4. 

2.4.2 Train 1 
For Train 1, Shaw used 40 CFR 60, Appendix A, Reference Method 18 (RM 18) “Bag Sampling 
Procedure” with a modification to include a dry, chilled knockout midget impinger before the 
bag sample for condensate collection.  Shaw recovered the samples and sent them to a contract 
laboratory for analysis with a gas chromatograph equipped with a flame ionization detector 
(GC/FID).  This test method and analysis was used to determine the concentrations of acetone, 
acetonitrile, acrolein, acrylonitrile, benzene, 1,3-butadiene, carbon disulfide, 1,2-dibromoethane, 
hexane, methylene chloride, pentane, tetrachloroethene, toluene, and trichloroethene in the 
effluent.   

Important note:  Per the method, an in-lab spike and recovery analysis was performed. 
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2.4.3 Train 2 
For Train 2, Shaw used 40 CFR 60, Appendix A, Reference Method 18 (RM 8) “Adsorbent Tube 
Sampling Procedure” with a modification to include a distilled water-charged knockout midget 
impinger followed by two adsorbent tubes in series.; an XAD tube followed by a charcoal tube.  
This test method and analysis was used to determine the concentrations of chlorobenzene, 
cumene, ethylbenzene, methyl isobutyl ketone, methyl t-butyl ether, nitrobenzene, 2-
nitropropane, styrene, 2,2,4-trimethyl pentane, and xylene isomers in the effluent.  A minimum 
of 2 cubic feet of sample was collected during each run.  

Important note:  A co-located spiked train was collected with each sampling run. 

2.4.4 Train 3 
For Train 3, Shaw used EPA Method 308.  This train uses two distilled water-charged knockout 
midget impingers followed by a silica gel tube.  This test method and analysis was used to 
determine the concentrations of methanol in the effluent. A minimum of 2 cubic feet of sample 
was collected during each run.  

2.5 Speciated Semi-volatile Organic Hazardous Air Pollutant (Semi-VOHAP) 

Shaw used SW-846 Method 0010 Modified Method 5 Sampling Train and SW-846 Method 
8270D Semivolatile Organic Compounds by Gas Chromatography/Mass Spectometry (GC/MS) 
to sample and analyze speciated semi-volatile organic hazardous air pollutant (Semi-VOHAP) 
concentrations of the stack gas.  Shaw conducted three four-hour test runs collecting a minimum 
of 3.9 cubic meters per run.  The samples were sent to a contract laboratory for Semi-VOHAP 
analysis by GC/MS.  The target speciated VOHAPs (Part VIII, Table 1.4 from the ICR guidance 
document) are presented on Table 16. 

Table 16  Speciated Semi-VOHAPs 

Compound CAS Number Compound CAS Number 
Acenaphthene 83-32-9 Dimethylaminobenzene 60-11-7 
Acenaphthylene 208-96-8 7,12-

Dimethylbenz(a)anthracene 
57-97-6 

Aniline 62-53-3 3,3-Dimethylbenzidine 119-93-7 
Anthracene 120-12-7 α,α-

Dimethylphenylethylamine 
122-09-8 

Benzidine 92-87-5 2,4-Dimetylphenol 105-67-9 
Benzo[a]anthrcene 56-55-3 Fluoranthene 206-44-0 
Benzo[b]fluoranthrene 205-99-2 Fluorene 86-73-7 
Benzo[k]fluoranthrene 207-08-9 Indeno(1,2,3-cd)pyrene 193-39-5 
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Compound CAS Number Compound CAS Number 
Benzo[g,h,i]perylene 191-24-2 Isophorone 78-59-1 
Benzo[a]pyrene 50-32-8 3-Methylcholanthrene 56-49-5 
Benzo[e]pyrene 192-97-2 2-Methylnaphthalene 91-57-6 
Biphenyl 92-52-4 Naphthalene 91-20-3 
Cresol (mixed isomers) 1319-77-3 Perylene 198-55-0 
Chrysene 218-01-9 Phenanthrene 85-01-8 
Dibenz[a,h]anthracene 53-70-3 Phenol 108-95-2 
Dibenzofuran 132-64-9 1,4-Phenylenediamine 106-50-3 
Dibenzo[a,e]pyrene 192-65-4 Pyrene 129-00-0 
3,3-Dimethoxybenzidine 119-90-4 o-Toluidine 95-53-4 
 
2.6 Aldehydes 

Shaw used SW-846 Method 0011 Sampling for Selected Aldehyde and Ketone Emissions from 
Stationary Sources and SW-846 Method 8315A Determination of Carbonyl Compounds by High 
Performance Liquid Chromatography (HPLC) to determine the concentrations of formaldehyde 
(CAS no. 100-41-4), acetaldehyde (CAS no. 106-99-0), and propanal (CAS no. 123-38-6).  The 
gas sample is passed through 2,4-dinitrophenylhydrazine (2,4-DNPH) and the aldehydes react 
with the DNPH to form a derivative which is extracted in the lab and analyzed by high 
performance liquid chromatography (HPLC).  Shaw conducted three sixty four minute sampling 
runs and collected a minimum of 1.3 cubic meters (45.9 cubic feet) per run.  The samples were 
recovered and sent to a contract laboratory for analysis. 

2.7 Methane and Ethane 

Shaw used 40 CFR 60, Appendix A, Reference Method 18 (RM 18) Measurement of Gaseous 
Organic Compound Emissions By Gas Chromatography to determine the methane and ethane 
concentrations of the effluent.  Integrated gas samples were collected in Tedlar® bags.  
Immediately after sampling, the samples were analyzed for methane and ethane analysis with a 
gas chromatograph equipped with a flame ionization detector (GC/FID).  The methane and 
ethane are reported in parts per million by volume (ppmv).  Shaw conducted three one hundred 
twenty eight minute runs. 

2.8 Dioxins and Furans (D/F) and Polychlorinated Biphenyls (PCB) 

Shaw used 40 CFR 60, Appendix A, Reference Method 23 (RM 23) Determination of 
Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans from Municipal Waste 
Combustors to determine the polychlorinated dibenzo-p-dioxins (PCDD's) and polychlorinated 
dibenzofurans (PCDF's) concentrations in the vent gas.  A sample is withdrawn isokinetically 
from the gas stream and collected in the sample probe, on a glass fiber filter, and on a packed 
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column of adsorbent material.  The sample will be sent to a contract laboratory for analysis.  At 
the lab, the PCDD's and PCDF's are extracted from the sample, separated by high resolution gas 
chromatography (HRGC), and measured by high resolution mass spectrometry (HRMS).  Shaw 
conducted three four-hour runs collecting a minimum of 3 cubic meters (105.9 cubic feet) of 
sample. 

2.9 Hydrogen Chloride (HCl), Chlorine (Cl2), and Hydrogen Fluoride (HF)  

Shaw used 40 CFR 60, Appendix A, Reference Method 26A (RM 26A) Determination of 
Hydrogen Halides and Halogen Emissions From Stationary Sources - Isokinetic Method to 
determine HCl, Cl2, and HF vent gas concentrations.  Gaseous and particulate pollutants are 
withdrawn isokinetically from the source and collected in an optional cyclone, on a filter, and in 
absorbing solutions.  Acidic and alkaline absorbing solutions collect the gaseous hydrogen 
halides and halogens, respectively.  The hydrogen halides are solubilized in the acidic solution 
and form chloride (Cl-) and fluoride (F-) ions.  The halogens have a very low solubility in the 
acidic solution and pass through to the alkaline solution where they are hydrolyzed to form a 
proton (H+), the halide ion, and the hypohalous acid (HClO).  Sodium thiosulfate is added to the 
alkaline solution to assure reaction with the hypohalous acid to form a second halide ion such 
that 2 halide ions are formed for each molecule of halogen gas.  The sample was shipped to a 
contract laboratory where the halide ions in the separate solutions were measured by ion 
chromatography (IC).  Shaw conducted three one hundred twenty eight minute runs collecting a 
minimum of 2 cubic meters (70.6 cubic feet) of sample. 

2.10 Hydrogen Cyanide (HCN)  

Shaw used EPA Other Test Method 29 Sampling and Analysis for Hydrogen Cyanide Emissions 
From Stationary Sources to determine the HCN concentration of the vent gas.  Gaseous and 
particulate pollutants are withdrawn from the emission source at an isokinetic sampling rate and 
are collected in impingers containing sodium hydroxide (NaOH) solution.  Hydrogen cyanide 
present in the stack gas stream reacts with the NaOH to form a cyanide ion, which is retained in 
the alkaline solution.  The sample was sent to a contract laboratory for analysis by liquid 
chromatography using an ion chromatograph equipped with an electrochemical detector.  Shaw 
conducted three one hundred twenty eight minute runs collecting a minimum of 0.78 cubic 
meters of sample. 

2.11 Mercury (Hg)  

Shaw used ASTM D6784-02 Standard Test Method for Elemental, Oxidized, Particle-Bound, 
and Total Mercury in Flue Gas Generated from Coal-Fired Stationary Sources (Ontario Hydro 
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Method) to determine the Hg concentration of the vent gas.  A sample is withdrawn from the flue 
gas stream isokinetically through a probe/filter system, maintained at 120°C or the flue gas 
temperature, whichever is greater, followed by a series of impingers in an ice bath. Particle-
bound mercury is collected in the front half of the sampling train. Oxidized mercury is collected 
in impingers containing a chilled aqueous potassium chloride solution.  Elemental mercury is 
collected in subsequent impingers (one impinger containing a chilled aqueous acidic solution of 
hydrogen peroxide and three impingers containing chilled aqueous acidic solutions of potassium 
permanganate).  Samples were recovered, sent to a contract laboratory, digested, and then 
analyzed for mercury using cold-vapor atomic absorption (CVAAS) or fluorescence 
spectroscopy (CVAFS).  Shaw conducted three one hundred seventy six minute runs collecting a 
minimum of 2.5 cubic meters (88.3 cubic feet) of sample. 

2.12 Hexavalent Chromium (Cr+6)  

Shaw used SW-846 Method 0061 Determination of Hexavalent Chromium Emissions from 
Stationary Sources to determine the Cr+6 concentration of the stack gas.  The Cr+6 emissions 
were collected isokinetically from the source.  To eliminate the possibility of Cr+6 reduction 
between the nozzle and impinger, the emission samples were collected with a recirculatory train 
where the impinger reagent is continuously recirculated to the nozzle.  Samples were recovered, 
sent to a contract laboratory, samples were analyzed for Cr+6 by an ion chromatograph equipped 
with a post-column reactor and a visible wavelength detector.  The IC/PCR separates the Cr+6 as 
chromate (CrO=) from other diphenylcarbazide reactions that occur in the post-column reactor. ).  
Shaw conducted three one hundred seventy six minute runs collecting a minimum of 3 cubic 
meters (105.9 cubic feet) of sample. 

2.13 Other Metals  

Shaw used 40 CFR 60, Appendix A, Reference Method 29 (RM 29) Determination of Metals 
Emissions From Stationary Sources) to determine antimony (Sb), arsenic (As), beryllium (Be), 
cadmium (Cd), chromium (Cr), cobalt (Co), lead (Pb), manganese (Mn), nickel (Ni), and 
selenium (Se) concentrations of the vent gas.  A stack sample was withdrawn isokinetically from 
the source, particulate emissions were collected in the probe and on a heated filter, and gaseous 
emissions were collected in an aqueous acidic solution of hydrogen peroxide and an aqueous 
acidic solution of potassium permanganate.  The recovered samples were sent to a contract 
laboratory, digested, and appropriate fractions were analyzed for Sb, As, Be, Cd, Cr, Co, Pb, Mn, 
Ni, and Se by inductively coupled plasma-mass spectroscopy (ICP-MS) or graphite furnace 
atomic absorption spectroscopy (GFAAS).  Shaw conducted three one hundred seventy six 
minute runs collecting a minimum of 3 cubic meters (105.9 cubic feet) of sample. 
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2.14 PM/PM2.5 (filterable and condensible) 

Shaw used 40 CFR 60, Appendix A, Reference Method 5 (RM 5) Determination of Particulate 
Matter Emissions From Stationary Sources and EPA Method 202 Dry Impinger Method for 
Determining Condensible Particulate Emissions From Stationary Sources, to determine 
filterable and condensable PM/PM2.5 emissions.  For reference Method 5 filterable PM, 
particulate matter is withdrawn isokinetically from the source and collected on a glass fiber filter 
maintained at a temperature of 320 ± 25°F (for entrained droplets).  The PM mass, which 
includes any material that condenses at or above the filtration temperature, is determined 
gravimetrically after the removal of uncombined water. 

For Method 202, the condensable particulate matter (CPM) is collected in dry impingers after 
filterable PM has been collected on a Reference Method 5 filter.  CPM is collected in the water 
dropout impinger, the modified Greenburg Smith impinger, and the CPM filter of the sampling 
train.  The impinger contents are purged with nitrogen immediately after sample collection to 
remove dissolved sulfur dioxide (SO2) gases from the impinger.  The CPM filter is extracted 
with water and hexane.  The impinger solution is then extracted with hexane.  The organic and 
aqueous fractions are dried and the residues are weighed. The total of the aqueous and organic 
fractions represents the CPM.  Shaw conducted one two-hour run and two one hundred twenty 
eight minute runs collecting a minimum of 2 cubic meters (70.6 cubic feet) of sample. 

2.15 Total Dissolved Solids (TDS) and Total Suspended Solids (TSS) 

Shaw used ASTM D5907 10 Standard Test Methods for Filterable Matter (Total Dissolved 
Solids) and Nonfilterable Matter (Total Suspended Solids) in Water to determine TDS and TSS 
from the wet scrubber recirculation liquid in conjunction with the RM 5 and method 202 tests.  A 
well-mixed sample is filtered through a weighed standard glass fiber filter.  The suspended solids 
are retained on the filter, which is dried at 105°C and weighed.  The increased mass on the filter 
represents the nonfilterable matter (TSS).  The filtrate will then be used to determine the 
filterable matter (TDS).  The filtered sample (liquid phase) is evaporated to dryness and heated to 
180°C in a tared vessel to constant weight. 

2.16 Ammonia (NH3) 

Shaw used Conditional Test Method 027 (CTM-027) Procedure of Collection and Analysis of 
Ammonia in Stationary Sources to determine the NH3 content of the stack gas.  Reference 
Method 5 sampling equipment was used to collect stack gas samples isokinetically.  Each of the 
first two impingers contained 100 milliliters (ml) of 0.1N sulfuric acid (H2SO4) solution to trap 
NH3 in the sample gas.  At the conclusion of each test, the impinger contents were transferred to 
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Nalgene® bottles and the glassware is rinsed with DI water.  The rinses were added to the first 
impinger sample.  The sample bottles sealed with Teflon® tape and stored on ice.  At the end of 
the test period, the samples were sent to a contract laboratory for analysis by ion chromatography 
(IC).  Shaw conducted one two hour run and two one hundred twenty eight minute runs 
collecting a minimum of 60 cubic feet of sample. 
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3.0 INSTRUMENTAL ANALYZER REFERENCE METHODS, 
PROCEDURES, AND SPECIFICATIONS 

Shaw employed the use of instrumental analyzers to measure the concentrations of O2, CO2, CO, 
NOX, SO2, and THC concentrations of the flue gas.  A description of the target analytes and the 
applicable reference method is described below. 

3.1 Excess Oxygen (O2) and Carbon Dioxide (CO2) 

Shaw used 40 CFR 60, Appendix A, Reference Method 3A (RM 3A) Determination of Oxygen 
and Carbon Dioxide Concentrations in Emissions From Stationary Sources (Instrumental 
Analyzer Procedure) to determine the O2 and CO2 content of the stack gas. The O2 
concentrations were measured with a paramagnetic O2 analyzer (Servomex Model 01440C15TD/ 
O2) and reported in percentage of O2 by volume (vol% O2).   The CO2 concentrations were 
measured with a non-dispersive infrared (NDIR) CO analyzer (Servomex Model 01440C1CO2/ 
CO2) and reported in percentage of CO2 by volume (vol% CO2). 

3.2 Total Hydrocarbons (THC) 

Shaw used 40 CFR 60, Appendix A, Reference Method 25A (RM 25A) Determination of Total 
Gaseous Organic Concentration Using a Flame Ionization Analyzer to determine THC 
concentrations of the stack gas.  The gas sample was extracted from the source through a heated 
sample line and glass fiber filter to a flame ionization analyzer (FIA).  Results were reported as 
volume concentration equivalents as propane.  Shaw conducted three two-hour runs. 

3.3 Carbon Monoxide (CO) 

Shaw used 40 CFR 60, Appendix A, Reference Method 10 (RM 10) Determination of Carbon 
Monoxide Emissions From Stationary Sources to determine CO concentrations of the stack gas. 
The CO concentrations were measured using a non-dispersive infrared (NDIR) CO analyzer and 
reported in ppmv.  Shaw conducted three two-hour runs collecting a minimum of 60 liters of 
sample. 

3.4 Nitrogen Oxides (NOX) 

Shaw used 40 CFR 60, Appendix A, Reference Method 7E (RM 7E) Determination of Nitrogen 
Oxides Emissions From Stationary Sources (Instrumental Analyzer Procedure) to determine 
NOX concentrations.  Nitric oxide (NO) and nitrogen dioxide (NO2) make up total NOX and the 
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constituents were measured using a chemiluminescent NO-NOX gas analyzer.  Shaw conducted a 
minimum of three two-hour runs. 

3.5 Sulfur Dioxide (SO2) 

Shaw used 40 CFR 60, Appendix A, Reference Method 6C (RM 6C) Determination of Sulfur 
Dioxide Emissions From Stationary Sources (Instrumental Analyzer Procedure) to determine 
SO2 concentrations. SO2 was measured using a UV fluorescence SO2 gas analyzer.  Shaw 
conducted a minimum of three two-hour runs. 

3.6 Procedures and Specifications 

All reference method analyzers were calibrated with EPA-approved Protocol 1 calibration gases 
prior to the beginning of the test series, and periodically throughout the test. The initial 
calibration error checks were performed at the beginning of the test run series in accordance with 
the applicable reference method.  After the completion of the initial calibration error check, a 
system bias check was performed. 

Zero and mid-point calibration bias checks were performed prior at the beginning and end of 
each test run.  The midrange calibration gas and nitrogen (for zero) for each reference method 
CEM was used to perform upscale bias checks for the specific analyzer.  The bias check is a 
comparison of instrument response to gas introduced into the analyzer with gases routed 
throughout the entire sampling system.  The maximum allowable bias was 5% of the span.   

After initial calibrations, the analyzers were not adjusted during each run.  The maximum 
allowable calibration drift was 3% of the span.  Calibration drift was determined by comparing 
the before run and after run values.  The test data values were corrected for bias and calibration 
drift.  The following calculation, as cited in the reference method, was used to correct the 
measured concentrations for bias and instrument calibration drifts: 

)(
)(

om

ma
oanzgas CC

CCCC


  

where: 
 
Cgas = effluent gas concentration, dry basis, ppmv 
Canz = average gas concentration indicated by the gas analyzer, dry basis, ppmv 
Co = average of initial and final system calibration bias check responses for the zero gas, ppmv 
Cm = average of initial and final system calibration bias check responses for the upscale 

calibration gas, ppmv 
Cma = actual concentration of the upscale calibration gas, ppmv. 
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Response time tests were performed in conjunction with the bias checks.  Alternating the 
introduction of span and zero calibration gas during the bias checks three times and recording the 
time required for the monitor to reach 95% of the final stable value enabled the determination of 
mean upscale and downscale response times. 

Access to the stack was through a shared sample line.  A heated and filtered stainless steel probe 
was used to extract the gas sample from the stack.  A heated, 1/4 inch Teflon® line transported 
the sample from the point of extraction to the non-contact gas conditioning chiller system.  The 
moisture was condensed and removed from the gas stream, while the pollutant passed through to 
the analytical equipment.  The analyzer was located in a temperature-controlled area to minimize 
thermal affects on the calibration of the instrument.  The instrument specifications for the 
reference methods Shaw employed for this program are presented below on Table 17 and a 
diagram illustrating the sampling configuration is presented as Figure 2. 

Table 17  Reference Method Instrument Specifications 

Analyte Manufacturer Model No. Serial No. Span 
Measurement 

Principal 

O2 Servomex 01440C15TD/ O2 2550 0-25 vol% Paramagnetic 

CO2 Servomex 
01440C1CO2/ 

CO2 
2542 0-25 vol% NDIR 

THC Thermo Electron 51i 1016842260 0-100 ppmv Flame Ionization 

CO California Analytical 601P T09028-M 0-1000 ppmv NDIR 

NOX California Analytical 600CLD T09031 0-100 ppmv Chemiluminescent 

SO2 Thermo Electron 43C 436409633 0-100 ppmv UV fluorescence 
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Figure 2  Mobile Test Trailer Sampling Configuration 
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4.0 APPROVED STANDARD TEST METHOD DEVIATIONS 

No test method deviations were employed during this test program. 
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