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INTRODUCTION

METCO Environmental, 1100 Gulf Freeway, Calder Ridge Business Park, Suite 100,
League City, Texas, conducted a source emissions survey of Valero Refining —
Texas, L.P., Houston Refinery, located at 9701 Manchester Avenue, Houston, Texas,
on September 4 and 5, 2007. The purpose of these tests was to determine the
concentrations of ammonia, hydrogen sulfide, oxides of nitrogen, sulfur dioxide, carbon
monoxide, non-methane/non-ethane volatile organic compounds, and highly reactive
volatile organic compounds (HRVOCs) being emitted to the atmosphere via the C-Train
SRU Tail Gas Stack (EPN 39CB2001), in order to comply with TCEQ Permit 2507A.
Three tests were preformed while the unit was operating at an average AAG rate of
136.10 MSCFH.

The sampling was performed by the following METCO personnel: Ryan Williams -
Project Supervisor, Ben Goebel, Justin Cooper, and Lance Eubanks.

The sampling followed the procedures set forth in the Code of Federal Regulations,
Title 40, Chapter |, Part 60, Appendix A, Methods 1, 2, 3A, 3B, 4,6C, 7E, 10, 11, 18,
and 25A; and in the “Sampling Procedures Manual, Texas Air Control Board, Revised
July 1985".
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EMRONMETTAL
SUMMARY OF RESULTS
C-Train SRU Tail Gas Stack (EPN 39CB2001)
Run Number 1 2 3
Date 09/05/07 09/05/07 09/05/07
Time 1050-1150 1235-1335 1415-1515
Stack Flow Rate - ACFM 28,832 29,125 29,602
Stack Flow Rate - DSCFM* 7,503 7,374 7,445
% Water Vapor - % Volume 13.11 12.71 13.11
% CO, - % Volume 6.6 6.8 6.8
% O, - % Volume (orsat) 3.4 3.2 3.2
% O, - % Volume (monitor) 2.95 2.92 2.89
Excess Air @ Sampling Point - % 16.6 16.5 15.5 -~
Stack Temperature -°F 1,313 1,370 1,371 ) réw‘p /
Stack Pressure - "Hg 29.99 29.96 29.93 T
Volume Dry Gas Sampled — DSCF* 33.486 34.031 33.648
Ammonia - ug 78.0 51.0 14.9
Ammonia Emissions ~ dry ppm 0.12 0.07 0.02
Ammonia Emissions - Ibs/hr -0.002 0.001 < 0.001
* 29.92 "Hg, 68°F (760 mm Hg, 20°C)
07-338 -4-
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SUMMARY OF RESULTS
C-Train SRU Tail Gas Stack (EPN 39CB2001)
Hydrogen Sulfide

Run Number 1 2 3
Date 09/05/07 | 09/05/07 | 09/05/07
Time 1050-1150] 1235-1335| 1415-1515
N; 0.0100 0.0100 0.0100
Vi, ml 50.0 50.0 50.0
N 0.0102 0.0102 0.0102
V, mi 47.5 47.5 47.5
V,, Blank, ml 50.0 50.0 50.0
V,, Blank, mi 475 47.5 47.5
VMg, liters™ 58.552 59.587 58.896
Crzs, mg/dscm* <0.15 <0.16 <0.15
Chas, Ppm <0.10 <0.10 <0.10
Chzs, Ibs/hr < 0.01 <0.01 < 0.01

Cros = K (VIN; - VoN,) sample - (ViN; - V(N;) blank
Vmstd

Cizs = Concentration of H,S at standard conditions, mg/dscm*
K = Conversion factor = 17,040

V; = Volume of standard iodine solution, mi

N; = Normality of standard iodine solution

V, = Volume of standard sodium thiosulfate solution, mi
N, = Normality of standard sodium thiosuifate solution

Vmgy = Dry gas volume at standard conditions, liters*

* 29.92 "Hg, 68 Deg.F (760 mm Hg, 20 Deg.C)
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SUMMARY OF RESULTS

C-Train SRU Tail Gas Stack (EPN 39CB2001)
Run Number 1 2 3
% O, - % Volume (monitor) 2.95 2.92 2.89
Oxides of Nitrogen Emissions - dry ppm 16.93 17.01 16.75
Oxides of Nitrogen Emissions - Ibs/hr 0.91 0.90 0.84
Sulfur Dioxide Emissions - dry ppm 36.58 34.24 33.91
Sulfur Dioxide Emissions - Ibs/hr 2.73 2.51 2.51
Carbon Monoxide Emissions - dry ppm 39.66 11.03 42.48
Carbon Monoxide Emissions - Ibs/hr 1.30 0.35 1.38
Total Hydrocarbons Emissions as Propane - wet ppm <0.10 <0.10 0.10
Total Hydrocarbons Emissions as Propane - dry ppm <0.12 <0.11 0.12
Methane Concentrations as Propane - dry ppm 0.66 0.67 0.66
Ethane Concentrations as Propane - dry ppm N.D. N.D. N.D.
Non-Methane/Non-Ethane Volatile Organic
Compounds Emissions as Propane - dry ppm <0.01 <0.01 <0.01
Non-Methane/Non-Ethane Volatile Organic
Compounds Emissions as Propane - |Ibs/hr <0.01 <0.01 <0.01

N.D. — None detected.
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SUMMARY OF RESULTS
C-Train SRU Tail Gas Stack (EPN 39CB2001)

Run Number 1 2 3
Ethylene Emissions - dry ppm <0.02 <0.02 <0.02
Ethylene Emissions - lbs/hr < 0.001 < 0.001 < 0.001
Propylene Emissions - dry ppm <0.02 <0.02 <0.02
Propylene Emissions - Ibs/hr < 0.001 < 0.001 < 0.001
1,3-Butadiene Emissions - dry ppm <0.05 <0.05 <0.05
1,3-Butadiene Emissions - Ibs/hr <0.003 < 0.003 < 0.003
Butenes Emissions - dry ppm <0.14 <0.14 <0.14
Butenes Emissions - Ibs/hr < 0.009 < 0.009 < 0.009
Total Highly Reactive Volatile

Organic Compounds Emissions - Ibs/hr <0.014 <0.014 <0.014

07-338
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DISCUSSION OF RESULTS

The three tests for ammonia, oxides of nitrogen, sulfur dioxide, carbon monoxide, and
non-methane/non-ethane volatile organic compounds appeared to be valid
representations of the actual emissions during the tests. All leak checks performed on
the sampling train, the pitot tubes, the integrated bag sampling system, and the
reference method monitors sampling systems showed no leaks before or after each
test. The zero and calibration drift tests of the reference method monitors were stable
with no variations greater than 3.0 percent. The calibration error check, sampling
system bias check, and NO, to NO conversion efficiency check performed on the
reference method monitors prior to testing were valid. The indicative parameters
calculated from the field data were in close agreement. The moisture percentages for
the three tests were within 2.1 percent of the mean value. The measured flow ratés

(Qs) for the tests were within 0.9 percent of the mean value.

The NO; to NO conversion efficiency check was performed prior to testing on
September 5, 2007, from 0643-0713. The results were as follows:

Highest peak value observed: 22.9 ppm

Value observed after 30 minutes: 22.7 ppm

NO; to NO conversion efficiency (%) = (Value observed after 30 minutes/Highest peak
value observed) x 100

(22.7/22.9) x 100 = 99.1%

The required allowable as found in 40 CFR, Part 60, Appendix A, Method 7E, is 98.0%.
Therefore, the NO,to NO conversion efficiency check was valid.

07-338 8-
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The calculated emissions (pounds per hour) of ammonia for the three tests showed a
range of -25.0 percent to +50.0 percent variation from the mean value.

The calculated emissions (pounds per hour) of oxides of nitrogen for the three tests

showed a range of -4.9 percent to +3.0 percent variation from the mean value.

The calculated emissions (pounds per hour) of sulfur dioxide for the three tests showed

a range of -2.8 percent to +5.7 percent variation from the mean value.

The calculated emissions (pounds per hour) of carbon monoxide for the three tests

showed a range of -65.3 percent to +36.6 percent variation from the mean value.

The concentrations of non-methane/non-ethane volatile organic compounds for the
three tests were below the minimum detectable limit of the method.

The three tests for hydrogen sulfide appeared to be valid representations of the actual
emissions during the tests. All leak checks performed on the sampling train showed no

leaks before or after each test.

The concentrations of hydrogen sulfide for the three tests were below the minimum
detectable limit of the method.

The three tests for ethylene, propylene, 1,3-butadiene, and butenes appeared to be
accurate representations of the actual emissions during the tests. All leak checks
performed on the integrated bag sampling system showed no leaks before or after each
test.

07-338 -9
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DESCRIPTION OF SAMPLING LOCATION

The sampling location on the C-Train SRU Tail Gas Stack (EPN 39CB2001) is
approximately 59 feet above the ground. The sampling ports are located 11 feet
(2.0 stack diameters) downstream from a constriction in the stack and 67 feet

(12.1 stack diameters) upstream from the outlet of the stack.

07-338 -10-
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SAMPLING LOCATION

C-Train SRU Tail Gas Stack (EPN 39CB2001)

67’

11’

59’

Not to Scale
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SAMPLING AND ANALYTICAL PROCEDURES

The sampling followed the procedures set forth in the Code of Federal Regulations,
Title 40, Chapter |, Part 60, Appendix A, Methods 1, 2, 3A, 3B, 4, 6C, 7E, 10, 11, 18,
and 25A; and in the “Sampling Procedures Manual, Texas Air Control Board, Revised
July 1985”.

A velocity traverse was made at each of the two ports on the stack, in order to
determine the uniformity and magnitude of the flow during each test. Several traverse
points were checked for cyclonic flow and none was found to be present. Eight traverse

points were sampled from each of the two ports for a total of sixteen traverse points.

The sampling trains were leak-checked before each test, and again after each test at
the highest vacuum reading recorded during the test. This was done to predetermine

the possibility of a diluted sample.

The reference method monitors sampling system was leak-checked at the end of the

sampling probe before sampling, and again at the conclusion of sampling.

The pitot tube lines were checked for leaks before and after each test under both a
vacuum and a pressure. The lines were also checked for clearance and the

manometer was zeroed before each test.

An integrated orsat sample was collected and analyzed according to EPA Method 3B

during each test.

Ammonia
Triplicate samples for ammonia were collected. The samples were taken according to

07-338 -12-
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EPA Method 4; and the "Sampling Procedures Manual, Texas Air Control Board,
Revised July 1985". For each run, samples of twenty-minute duration were taken from
three traverse points for a total sampling time of 60 minutes. Data was recorded at five-

minute intervals. Reagent blanks were submitted.

The " front-half " of the sampling train contained the following components:

Heated Probe
Heated Glass Fiber Filter and Glass Support @ 248°F + 25°F

The " back-halif " of the sampling train contained the following components:

Impinger
Number Contents Amount Parameter Collected
1 0.1N H,SO, 100 ml Ammonia N
2 0.1N H,SO4 100 mi Ammonia
3 Empty -—-- Moisture
4 Silica Gel 200¢ Moisture

The ammonia samples were analyzed by ion chromatography.

Hydrogen Sulfide

Triplicate sets of samples for hydrogen sulfide were collected. The samples were taken
according to EPA Method 11. For each run, samples of sixty-minute duration were taken
from the midpoint of the stack. Data was recorded at five-minute intervals. At the
conclusion of each run the sampling train was purged for fifteen minutes with ambient air

drawn through a charcoal scrubber.

07-338 -13-
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The " front-half " of the sampling train contained the following components:

Stainless Steel Probe
Glass Wool Plug
Teflon Sample Line

The " back-half " of the sampling train contained the following components:

Impinger
Number Contents Amount Parameter Collected
1 6% Hydrogen Peroxide 15 ml Sulfur Dioxide
2 Empty e Moisture
3 Cadmium Sulfate Solution 15 mli Hydrogen Sulfide
4 Cadmium Sulfate Solution 16 mi Hydrogen Sulfide
5 - Cadmium Sulfate Solution 15 mi Hydrogen Sulfide
6 Silica Gel 30g Moisture

The concentration of hydrogen sulfide in the samples was determined on-site

iodometrically.

Ethylene, Propylene, 1,3-Butadiene, and Butenes (HRVOCs)
Triplicate samples for ethylene, propylene, 1,3-butadiene, and butenes were collected.

The samples were collected according to EPA Method 18. For each run, samples of
sixty-minute duration were collected from the midpoint of the stack. The reference
method sampling system consisted of a probe, a Teflon sample line, a rotameter, and a
Tedlar bag.

The samples were analyzed by GC/FID.

Oxides of Nitrogen

The oxides of nitrogen sampling was performed according to EPA Method 7E. A
07-338 -14-
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Thermo Environmental Model 10S Oxides of Nitrogen Analyzer (Serial Number 10S-
39403-260) was used to monitor the concentrations of oxides of nitrogen during each
run. The reference method analyzer was operated at a range of 0 to 100 parts per
million, with a calibration span of 93.6 parts per million. A multi-point calibration was
performed on the reference method analyzer prior to testing. An analyzer calibration
error check, a sampling system bias check, and a NO; to NO conversion efficiency
check were also conducted prior to testing. After each run, the zero and calibration drift

of the reference method monitor was checked. The calibration gases were as follows:
Zero Nitrogen
44.5 ppm NO in N; (ALM 35137)
93.6 ppm NO in N, (BLM 1222)
The reference method sampling system consisted of a heated probe, a chilled
condenser, and a Teflon sample line. The calibration gases for the bias and drift
checks were introduced upstream of the chilled condenser.

Calibration gas certifications are included in Appendix C.

Sulfur Dioxide

The sulfur dioxide sampling was performed according to EPA Method 6C. A Western
Research Model 721M Sulfur Dioxide Analyzer (Serial Number 94-721M-8191-3) was
used to monitor the concentrations of sulfur dioxide during each run. The reference
method analyzer was operated at a range of 0 to 100 parts per million, with a calibration
span of 84.5 parts per million. A muiti-point calibration was performed on the reference
method analyzer prior to testing. An analyzer calibration error check and a sampling
system bias check were also conducted prior to testing. After each run, the zero and

07-338 -156-
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calibration drift of the reference method monitor was checked. The calibration gases

were as follows:
Zero Nitrogen
41.7 ppm SO, in N2 (ALM 67916)
84.5 ppm SO;in N2 (BLM 3931)
The reference method sampling system consisted of a heated probe, a chilled
condenser, and a Teflon sample line. The calibration gases for the bias and drift
checks were introduced upstream of the chilled condenser.

Calibration gas certifications are included in Appendix C.

Carbon Monoxide

The carbon monoxide sampling was performed according to EPA Method 10 using the
continuous sampling procedure. A Thermo Environmental Model 48 Carbon Monoxide
Analyzer (Serial Number 48-39616-261) was used to monitor the concentrations of
carbon monoxide during each run. The reference method analyzer was operated at a
range of 0 to 100 parts per million, with a calibration span of 83.0 parts per million. A
multi-point calibration was performed on the reference method analyzer prior to testing.
An analyzer calibration error check and a sampling system bias check were also
conducted prior to testing. After each run, the zero and calibration drift of the reference
method monitor was checked. The calibration gases were as follows:

Zero Nitrogen
449 ppm CO in Nz (ALM 54751)
83.0 ppm CO in N, (ALM 47398)

07-338 -16-
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The reference method sampling system consisted of a heated probe, a chilled
condenser, and a Teflon sample line. The calibration gases for the bias and drift
checks were introduced upstream of the chilled condenser.

Calibration gas certifications are included in Appendix C.

Non-Methane/Non-Ethane Volatile Organic Compounds

The non-methane/non-ethane volatile organic compounds sampling was performed
according to EPA Methods 18 and 25A. A J.U.M. Model VE-7 Total Hydrocarbon
Analyzer (Serial Number 00061209-109) was used to monitor the concentrations of
total hydrocarbons during each run. The reference method analyzer was operated at a
range of 0 to 100 parts per million. A multi-point calibration was performed on the
reference method analyzer prior to testing. An analyzer calibration error check and a
sampling system bias check were also conducted prior to testing. After each run, the
zero and calibration drift of the reference method monitor was checked. The calibration
gases were as follows:
Zero Nitrogen

29.9 ppm C3Hgin N2 (BLM 4041)

47.0 ppm CzHg in N2 (BAL 4862)

84.6 ppm CsHgin N, (BLM 517)

The reference method sampling system consisted of a heated probe with an in-stack
filter and a heated Teflon sample line. The calibration gases for the bias and drift

checks were introduced upstream of the heated Teflon sample line.

Calibration gas certifications are included in Appendix C.

07-338 -17-
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An integrated gas sample was also collected during each test according to EPA
Method 18. The reference method sampling system consisted of a stainless steel
probe, a chilled condenser, rotameter, and a Tedlar bag. The integrated samples were
analyzed for methane and ethane by GC/FID. The concentratiohs of methane and
ethane were subtracted from the total hydrocarbons concentrations to obtain the non-

methane/non-ethane volatile organic compounds concentrations.

Oxygen
The oxygen sampling was performed according to EPA Method 3A. A Teledyne

Oxygen Analyzer (Serial Number 132689) was used to monitor the concentrations of
oxygen during each run. The reference method analyzer was operated at a range of
0 to 25 percent, with a calibration span of 20.90 percent. A multi-point calibration was
performed on the reference method analyzer prior to testing. An analyzer calibration
error check and a sampling system bias check were also conducted prior to testing.
After each run, the zero and calibration drift of the reference method monitor was

checked. The calibration gases were as follows:
Zero Nitfogen
12.20 percent Oz in N2 (AAL 16103)
20.90 percent O in air (AAL 14753)
The reference method sampling system consisted of a heated probe, a chilled
condenser, and a Teflon sample line. The calibration gases for the bias and drift

checks were introduced upstream of the chilled condenser.

Calibration gas certifications are included in Appendix C.

07-338 -18-
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Reference Method Monitors Sampling System
(EPA Methods 3A, 6C, 7E, and 10)
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Reference Method Monitor Sampling System

(EPA Method 25A)
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Stack Wall

EPA Method 18 (Integrated Bag) Sampling Train
used for the determination of Methane/Ethane

07-338
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EPA Method 18 (Integrated Bag) Sampling Train
used for the determination of HRVOCs
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DESCRIPTION OF TESTS

Personnel from METCO Environmental arrived at the plant at 9:00 a.m. on Tuesday,
September 4, 2007. After meeting with plant personnel, the equipment was moved
onto the C-Train SRU Tail Gas Stack (EPN 39CB2001). Testing was delayed due to
plant operational problems. The equipment was secured for the night and all work was

completed at 4:15 p.m.

On Wednesday, September 5, work began at 6:00 a.m. The reference method
monitors were calibrated and the equipment was prepared for testing. The first set of
tests for ammonia, hydrogen sulfide, oxides of nitrogen, sulfur dioxide, carbon
monoxide, non-methane/non-ethane volatile organic compounds, and HRVOCs began
at 10:50 a.m. Testing continued until completion of the third set of tests at 5:15 p.m.

The reference method monitors were calibrated and secured for transport. The
equipment was moved off of the stack and loaded into the sampling van. The samples
were recovered and transported to METCO Environmental’s laboratory in Dallas,

Texas, for analysis and evaluation.

Operations at Valero Refining - Texas, L.P., Houston Refinery, C-Train SRU Tail Gas
Stack (EPN 39CB2001), located in Houston, Texas, were completed at 5:30 p.m. on
Tuesday, September 5, 2007.

07-338 -25-
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APPENDIX A

Location of Velocity Sampling Points
C-Train SRU Tail Gas Stack (EPN 39CB2001)

The sampling ports are located 11 feet (2.0 stack diameters) downstream from a
constriction in the stack and 67 feet (12.1 stack diameters) upstream from the outlet of

the stack. The locations of the sampling points were calculated as follows:

20 inches
66 1/2 inches

Port and Wall Thickness

Inside Stack Diameter

Point Percent of Diameter Distance
Number From Wall From Wall

1 3.2 21/8"

2 10.5 7"

3 194 127/8"

4 32.3 211/2"

5 67.7 45"

6 80.6 535/8 "

7 89.5 591/2"

8 96.8 64 3/8 "

07-338 A-1
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APPENDIX A

Location of Velocity Sampling Points
C-Train SRU Tail Gas Stack (EPN 39CB2001)
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APPENDIX A

Location of Ammonia Sampling Points
C-Train SRU Tail Gas Stack (EPN 39CB2001)

The sampling ports are located 11 feet (2.0 stack diameters) downstream from a
constriction in the stack and 67 feet (12.1 stack diameters) upstream from the outlet of

the stack. The locations of the sampling points were calculated as follows:

Port and Wall Thickness

Inside Stack Diameter

20 inches
66 1/2 inches

Point Percent of Diameter Distance
Number From Wall From Wall
1 16.7 111/8"
2 50.0 331/4"
3 83.3 553/8"

07-338 A-3
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APPENDIX A

Location of Ammonia Sampling Points
C-Train SRU Tail Gas Stack (EPN 39CB2001)

A-4
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NOMENCLATURE FOR CALCULATIONS

English Metric
Symbol Units Units
As in.2 m?
Cp
Dn in. m
%EA
g 32.174 ft/sec?
%I
%M
My
Mwater 18 Ib/Ib-mole
Mw Ib/lb-mole  g/g-mole
MW, 28.96 Ib/
Ib-mole
MWy Ib/lb-mole  g/g-mole
Py "Hg mm Hg
Absolute
Pm "H0 mm HO
Ps "Hg mm Hg
Absolute

*29.92 “ Hg, 68° F (760 mm Hg, 20° C)

B-2

Description
Stack Area

Pitot Tube Calibration Factor
Sampling Nozzle Diameter

Percent Excess Air at sampling point
Acceleration of Gravity

Percent Isokinetic

Percent Moisture in the stack gas by
volume

Mole fraction of dry gas
Molecular Weight of water
Molecular Weight of stack gas

Molecular Weight of air

Molecular Weight of dry stack gas

Barometric Pressure

Orifice Pressure drop

Stack Pressure
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English Metric
Symbol Units Units
AP "H,O mm H,0
Psta 29.92 "Hg 760 mm Hg
Qs ACFM m3/hr
Qs DSCFM* dscm/hr*
R 21.83 "Hg-
ft/Ib-mole°R
Tm °F °C
T min min
Ts °F °C
Tsta 528°R 293°K
Vi 3 0N
VMgtq dscf* dscm*
Vs fom m/sec
Vw mi ml
VWgas scf* scm*
Pair 0.0752 Ibs/t

* 29.92 “ Hg, 68° F (760 mm Hg, 20° C)

B-3

Desgcription
Velocity Head of stack gas

Standard Barometric Pressure

Stack Gas Volume at actual stack
conditions

Stack Gas Volume at 29.92 "Hg,
528°R, dry

Universal Gas Constant

Average Gas Meter Temperature
Net time of test

Stack Temperature

Standard Temperature

Volume of dry gas sampled @ meter
conditions

Volume of dry gas sampled @ standard
conditions

Stack velocity @ stack conditions

Total water collected in impingers and
silica gel

Volume of water vapor collected @
standard conditions

Density of Air
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English Metric
Symbol Units Units Description
Pwater 1g/mi Density of Water
Prman 62.32 Ibs/ft Density of Manometer Oil

Standard Conditions: 29.92 "Hg, 68°F (760 mm Hg, 20°C)

*29.92 “ Hg, 68° F (760 mm Hg, 20°C) B-4
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EXAMPLE CALCULATIONS

. Volume of dry gas sampled at standard conditions. *
Pm
T st Pt 136
Tm +460 Pstd

VMs = Vm (

P, + Pm

_ 13.6 |-
s =17.65Vm | ——=-2 | =dscf
VMsta T+ 460

Vmse = dscf x 0.028317 = dscm

. Volume of water vapor collected at standard conditions. *

Ve, = (V= 9MS SOz - MS H2S) Pugier R T so
g P std Mwater 4536

Vwges =0.0472 (V,, - gms SO, - gms H,S) = scf

Vwgas = SCf X 0.028317 = scm
. Percent moisture in stack gas.

%M =—YWess 100=9
Vmsw + VWgas

*20.92 “ Hg, 68° F (760 mm Hg, 20°C) B-5
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. Mole fraction of dry gas.

_100-%M
100

d

. Average molecular weight of dry stack gas.

MW =|:%C02 X ﬁ—]"‘[%Oz X 22—]+[%N2 X —2—{3—} [%CO X

100 100 100

. Molecular weight of stack gas.

MW = MW X My + 18 (1- My) = —2—— = g/g - mole
Ib - mole

. Percent excess air at sampling point.

100 [% 0, - (0.5 %CO)]

%EA =
" " 0.265 (%Ns) - [%0, - (0.5 %CO)]

. Stack Pressure.

p.=p,+ Stack Pr1e§ssure H.0 _. Hg Absolute

Ps="Hg Abs. x 25.4=mm Hg

B-6

28

—— (= Ib/lb - mole
100}

=g/g - mole
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10.

11.

Stack velocity at stack conditions.

172
V.= Cp 60 29 X pman X Psty X MW &ir X (Ts + 460) X \/ZP average
12X P, X Ps X MW X T 4

(Ts+460)

AP average = fom
PstW] va ge=ip

V.=5123.8 c,,{

Vs=fpm x 0.00508 = m/sec

Dry stack gas volume at standard conditions. *

1 Tstd Ps
=—— Vs X As X X X
Qs 144 Vs X As X My T.+460 Py

=0.123vsxAst,,xPs
Ts+460

Qs =DSCFM

Q,=DSCFM x 1.6990 = dscm/hr

Actual stack gas volume at stack conditions.

Q,=YsXAs - acFm
144

Q.= ACFM x 1.6990 = m® /hr
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EXAMPLE CALCULATIONS

lbs/hr = _mg_ x 2.205 x 10° Ibs/mg x DSCFM* x 60 min/hr
VMg
Vmgs = Volume of dry gas sampled (dscf*)
DSCFM* = Stack Flow Rate
ppm = __mg_ X 24.04
Vmgg (m°) MW
24.04 = Ideal Gas Constant liters/g-mole
Vmegs = Volume of dry gas sampled (m®*)
MW = Molecular Weight
Compound Molecular Weight
Ammonia 17.03

*29.92 "Hg, 68°F (760 mm Hg, 20°C)
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EXAMPLE CALCULATIONS

Ibs/hr = ppm x CF x 60 min/hr x DSCFM*

CF = Conversion Factor for ppm to Ibs/scf*

Compound Conversion Factor
NO, 1.194 x 107
SO, 1.660 x 107
co 7.273x10°

*29.92 "Hg, 68°F (760 mm Hg, 20°C)

B-9
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EXAMPLE CALCULATIONS

lbs/hr = ppm x MW x 60 x DSCFM*
385.1 x 10°

where : MW = molecular weight
ppm = ppm of compound
DSCFM* = flow rate

Compound Molecular Weight
Ethylene 28.05
Hydrogen Sulfide 34.08
Propylene 42.08
Butenes 56.11
1,3-Butadiene 54.09

* 29.92 "Hg, 68°F (760 mm Hg, 20°C)

B-10
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EXAMPLE CALCULATIONS

lbs/hr = ppm x CF x 60 min/hr x DSCFM*

CF = Conversion Factor for ppm to Ibs/scf*

Compound Conversion Factor

Non-Methane/Non-Ethane
Volatile Organic Compounds

as Propane 1.145x 107

The non-methane/non-ethane volatile organic compounds number is derived by
subtracting the propane equivalents of methane (dry ppm) and ethane (dry ppm) from
the total hydrocarbons concentrations (dry ppm).

Methane as propane = Methane concentration/3
Ethane as propane = Ethane concentration x 2/3

*29.92 "Hg, 68°F (760 mm Hg, 20°C)

B-11
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Where:

EXAMPLE CALCULATIONS

Coas = (E -C.) _Cma

Cgas =

cC =

Co

Cma =

Equation 7E-5

m o

Effluent gas concentration - dry basis (ppm)

Average gas concentration indicated by gas

analyzer - dry basis (ppm)

Average of initial and final system calibration bias
check responses for the zero gas (ppm)

Average of initial and final system calibration bias
check responses for the upscale calibration gas (ppm)

Actual concentration of the upscale calibration

gas (ppm)

B-12
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SOURCE EMISSION SURVEY
JOB NUMBER: 07-338
JOB NAME: VALERO REFINING-TEXAS
LOCATION: HOUSTON, TEXAS
UNIT TESTED: C-TRAIN SRU TAIL GAS STACK
SOURCE EMISSION CALCULATIONS
RUN NUMBER
SYMBOL DESCRIPTION UNITS 1 2 3
DATE 09/05/07 09/05/07|  09/05/07
BEGIN TIME 1050 1235 1415
END TIME 1150 1335 1515
P(b) BAROMETRIC PRESSURE "Hg Abs. 30.00 29.97 29.94
(mm Hg) (762.00) (761.00) (760.00)
P(m) ORIFICE PRESSURE DROP "H20 1.100 1.100 1.100
(mm H20) (27.900) (27.900) (27.900)
DGM CALIBRATION FACTOR 0.992 0.992 0.992
V(m) VOLUME DRY GAS SAMPLED ft.A3 34.310 35.096 34.672
@ METER CONDITIONS (Mm*3) (0.972) (0.994) (0.982)
LEAK CHECK VOLUME .43 0.000 0.000 0.000
T(m) AVERAGE GAS METER DEG.F 84 87 86
TEMPERATURE (DEG.C) (29) (31) (30)
V(mistd])* VOLUME DRY GAS SAMPLED DSCF 33.486 34.031 33.648
@ STANDARD CONDITIONS* (DSCM) (0.948) (0.964) (0.953)
V(w) TOTAL WATER COLLECTED, ml 107.0 105.0 107.6
IMPINGERS & SILICA GEL
V(wlgas]) VOLUME WATER VAPOR SCF 5.050 4.956 5079
COLLECTED @ STANDARD (SCM) (0.143) (0.140) (0.144)
CONDITIONS*
%M MOISTURE IN STACK GAS % 13.11 12.71 13.11
BY VOLUME
Md MOL FRACTION OF DRY GAS 0.8689 0.8729 0.8689
Tt NET TIME OF TEST MINUTES 60 60 60

* 68 Deg.F, 29.92 "Hg (20 Deg.C, 760 mm Hg)




1 ENVIRONMEMTRAL

SOURCE EMISSION CALCULATIONS

JOB NUMBER: 07-338
JOBNAME: VALERO REFINING-TEXAS
LOCATION: HOUSTON, TEXAS
UNIT TESTED: C-TRAIN SRU TAIL GAS STACK
RUN NUMBER
SYMBOL DESCRIPTION UNITS 1 2 3
CO2 % 6.6 6.8 6.8
02 % 3.4 3.2 3.2
CO % 0.0 0.0 0.0
N2 % 90.0 90.0 90.0
%EA EXCESS AIR @ SAMPLING % 16.6 15.5 15.5
POINT
MWd MOLECULAR WEIGHT OF LB/LB-MOLE 29.19 29.22 29.22
DRY STACK GAS (g/g-MOLE) (29.19) (29.22) (29.22)
MW MOLECULAR WEIGHT OF LB/LB-MOLE 27.72 27.79 27.75
STACK GAS (g/g-MOLE) (27.72) (27.79) (27.75)
Cp PITOT TUBE CALIBRATION 0.787 0.787 0.787
DELTA P VELOCITY HEAD OF STACK "H20 0.042 0.041 0.042
GAS (mm H20) (1.100) (1.000) (1.100)
DELTA P A(1/2) "H20 0.203 0.202 0.205
Ts STACK TEMPERATURE DEG.F 1,313 1,370 1,371
(DEG. C) (712) (743) (744)
Ps STACK PRESSURE "Hg Abs. 29.99 29.96 29.93
(mm Hg) (762.00) (761.00) (760.00)
"H20 -0.10 -0.10 -0.10
Vs STACK VELOCITY @ STACK FPM 1,195 1,208 1,227
CONDITIONS (m/SEC.) (6) (6) (6)
As STACK AREA (SQ.INCHES) 3,473 3,473 3,473
(SQ.METERS) () @) (2)
Qs DRY STACK GAS VOLUME @ DSCFM 7,503 7,374 7,445
STANDARD CONDITIONS* (DSCM/HR) (12,748) (12,528) (12,649)
WET STACK GAS VOLUME @ WSCFH 518,103 506,862 514,098
STANDARD CONDITIONS*
Qa ACTUAL STACK GAS VOLUME  ACFM 28,832 29,125 29,602
@ STACK CONDITIONS (M"3/HR) (48,986) (49,483) (50,294)
0.000 0.000 0.000
(0.000) (0.000) (0.000)

* 68 Deg.F, 29.92 "Hg (20 Deg.C, 760 mm Hg)
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Equipment
Pitot Tube #44-12-1

Dry Gas Meter #44-1
Stack Unit Orifice #44-1
Digital Temperature

Indicator #44-1

VOST Dry Gas Meter #11

Barometer #44-2

07-338

APPENDIX C

Calibration Data

Calibration Factor

0.787

0.992

0.994

C1

Calibration Date

07/27/07

08/06/07
08/06/07

08/03/07

08/04/07

04/25/07




PITOT TUBE CALIBRATION

Date: ____1-23-¢% | . Time: __/u S :
~ Pitot No.: __44-¢-) | ' T, 15 °F
Pitot Dimensions: _/2 %% - Cpaa 0,990
Calibration
Motor - | -fps Standard \lm T Cal. B Cal.
Setting| mark | Start- End. |NAverage. |:High [VHigh | Factor | Low |NLow | Factor
. y l A B i
7 20 D66 D-0% 0300 004 10-3% | 0344 | o-14 ] 0-334| 0.354
‘ I . 4
14 80 |0-70 |oee | o4qyr -] 0-3L Josuu | 0383 | 032 | 0.Sute] 5.383
et _
20 40 -3¢ loss | 0841 6.8 1oy | 0390 65510342 Do
28 50 0-S§ Y 0.7 £.90 | 0.944 o.THyj 0.-90 |p44s | Ay
35 60 lp.3s {035 | o J-36 Vo | 6337 | /30 | 1due | 037
41 70 |10 | 1o 044 .70 | )30 | 0.1 | 170 | 134 | 030
0:7‘\0 . o.M
50 80 1-4a }.Ho 1193 2.20 |)H33 | 22Bet| 170 | 1463 | THhone
. . o
62 80 |-$0 ).¥0 - 341 k0 1).032 ] 0.36y | 2-%0 | L33 | 0.7
28 50 0.55 | oS 0. 1417 p-92 J0-G4f6 1 0.1y | b-9¢ |0-944 | 0-7F4
28 50 | oss | 655 | 0741 | 0G0 | 0595 | 09197 bao | pausl 0334
‘I}y
Average ’ 0.7&Y 0.763

Summary of Results:

Normal high side calibration factor 0-15% -
variation + [ 1Y% »
variation - _._ 1491 %

Normal low side calibration factor 0.3%31

I
variation + lut

variation - - 917,

Calibrator: %(A y\)ﬁé—j

Checked By: M e Rass
VERSION 1

22 OCTOBER 2002 C-2
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AH
(H.0)
0.5
1.0
1.5
20
3.0
4.0
Average

Dry Gas Meter Calibration

Dry Gas Meter No.: __44-/

Date: §-L -0

—Coa—
D.441,
0.443
0-994
0.944
0-983
0.941
0-947

Variation: + 0-40

0.9

Calibrator: ?’Zla. p\)ﬂq
Checked By: Ml' //

C-3

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION

Meter Number: ‘/‘1' ! Calibrator: jé Pl | anss
Date: §--0%

_ Wet Test Meter Vm
Calibration Factor (Cpg) = std
~ Dry Gas Meter Vmw

RunNo.:_| @ o.5o P,: 30.008 "Hg

Control Module Vacuum: _§-9 “Hg

Wet Test Meter (No. 2 ) Dry Gas Meter
Meter Meter Temp.
Iime Reading Temp. P Beading In Out B
End /144 635 of §o °F -).0 *H,0 092.95¢ cf §1 °F 5 °F p.5¢ ‘H,0
Start 0o gcoc cf 8o °F ~'° “HO 0f2.350 of £ o H of 630 “H,0
Av / -/ /o =107 - 507 o “
a. 12:44 i3y cf ¥° F -0 *H,0 S-13y cf F o0.5a “‘H,0
~).0
J0.¢0 "’ 13.6 " ' P

Wet Test Meter Vm,,, = 17.65 x 5.13¢ : X l-eoe (C) = STor3 desf

fo + 460

0-5o
So.00 13.6 ./

Dry Gas Meter Vm,,, = 17.656 x §.43% ——| = §.0.yy dosf

o + 460

Cpe = $023 = 0.-99L
g'G‘-’L'
C4

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION
Meter Number: el 1 Calibrator: £ ri il anq
Date: -0}
' Wet Test Meter Vm
Calibration Factor (Cpg) = L
Dry Gas Meter Vm,,,
RunNo..__! @ /.00 X S06-00 "Hg
Control Module Vacuum: _$-¢ “Hg
Wet Test Meter (No. _T__) Dry Gas Meter
Meter Meter Temp.
Iime Reading Temp. P Reading In Out Pm
End T4 S0 of 0 °F -)So “H,0 098-31% cf ¥4 °F tf °F /00 *H,0
Start 070 o.osc  ¢f O oF ZlT0 “HO 093.21 ¢f 8 __°F I+ oF /09 *H,0
s 7 Cen” bz v/ 7
Avg. q.4° Swue cf So  °F ThS0 “HO rong of  go °F [-00 *H,0
- )5
. + . )
30.¢c 13.6 -
Wet Test Meter Vm_,, = 17.65 x S .o X .o (C) = 4.497 dcsf
§o + 460
f+00
36-0¢6 * 13.6 v
Dry Gas Meter Vm,, = 17.65 x § 11 - = 5.6725 dcsf
o ¥ 460
Coa= T 4551 - | eses
S.028
C-5

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION

Meter Number: __ ¢+/-/ Calibrator: _ & Withis . s
Date: J-l-0?

Wet Test Meter Vm,,,

Calibration Factor (CD = Drv Gas Meter Vi
ry Gas wnvieter m_aw

RunNo.:_! @ !¢ P,: " To.00 "Hg
Control Module Vacuum: _J-¢ “Hg
Wet Test Meter (No. &) Dry Gas Meter
Meter Meter Temp.

Time Reading Temp. P Beading In Qut B
End /g0y 16,230 ¢ §o °F “lco “H,0 105.54F ¢of j+ °F ¥ °F {.yo “H,O
Start 0:99 0-000 of §o o ~2.wcw “H,0 095,554 of fi °F 3f °F 40 ‘H,0
Avg. 5o’ 10237 ¢f go /°F ""‘“’JHZO 10.004"¢t  Ji 7/ °F (o [0

-2.00
oo ' '
Wet Test Meter Vm,,, = 17.65 x /0.270 o 186 |, oo (C) = 10.0z /dcsf
2150 /
Dry Gas Meter Vm__ = 17.65 x soed 136 |_ Jo.083 dosf
std . lo. 7Ly ‘. & 460 :
CDG= 10.¢2) = ()cqu/
16-¢53
C-6

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION

Meter Number: Ye-| Calibrator: __ Z_ i lans
Date: §-l-o1

Wet Test Meter Vm
Calibration Factor (Cpg) = std
+ Dry Gas Meter Vm_m

RunNo.:._/! @ 700 P,: 3000 "Hg

Control Module Vacuum: _S. o “Hg

Wet TestMeter (No._Z_ ) Dry Gas Meter
Meter Meter Temp.
Time Reading Temp, B~ Reading In Qut Bn
End 143 Jou3s f = °F -Zs0 *H,0 115.23% f 51 °F & °F Z.06*H,0
Start Qo 0ecc of o °F ZT€° “HQ foS.100 cf I3 _°F I °F _t:00"H,0
Avg. 7:q43V /o.rsg/ of gu” °F " 250*H,0 Io.lJ}‘/Cf 33 /°F Z-co/“Hzo

o ESS

¥o-02 13,6 | | 7
Wet Test Meter Vm_,, = 17.65 x [0.135 —| X jos (C) = 9.5 77 docsf
g0 + 460

loe

—
Jo - 13.6 <
Dry Gas Meter Vm__, = 17.65 x ;. = 9.433 dcsf
i std J6-4373 53+ 460 i
Cos = 9.§373 - 0.99¢ /
4.933
C-7

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION

Meter Number: __ 44- ( Calibrator: &, #Ovil. a1
Date: §-G-03

Wet Test Meter Vm
Calibration Factor (C,,) = Zstd
- Dry Gas Meter Vm,,,

RunNo.._!| @ 3-¢v Py: J4.99 "Hg
Control Module Vacuum: _S+3 “Hg
Wet Test Meter (No._1 ) Dry Gas Meter
Meter Meter Temp.
Jime Reading Temp. B, Beading in Out Bn
End jo:zy M0 cf W °F -3.30 “H,0 176, Bt ef 7 °F 39 °F Jec *H,0
Start 060 oot of Bo__oF 330 44,0 19405 of b4 _°F 34 _°F3.ec 4,0
v T =~ L _ > =
Avg. s Jtaye cf ¥ T °F ~3%0 “H,0 10644 cf 54 °F 3¢ *HO
4 e $1o . 4. 853
Jo-oc 13.6
Wet Test Meter Vm,,, = 17.65 x [o.1y X too  (C) = 5¥5% desf
fo + 460
+.8-00 J
Dry Gas Meter Vm_,, = 17.65 x J0-044 3000 13.6 = 9.90; dcsf
9.fse
Cog = ErL e _ 0.953
G.5a67

C-8

VERSION 1
22 OCTOBER 2002
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DRY GAS METER CALIBRATION
Meter Number: ___ 4+ -1 Calibrator: _K. 1 I [ an~s
Date: f-Lox
: Wet Test Meter Vm
Calibration Factor (Cpg) = £
~ Dry Gas Meter Vmw
RunNo:_ ! @ -9 Py: J0.00 "Hg
Control Module Vacuum: _{-o “Hg
L
Wet Test Meter (No. _—___) Dry Gas Meter
Meter Meter Temp.
Time Reading Temp. En Beading In Out Enm
End G0  Jola of ¥ °F -So 4,0 Mo.31 cf 93 °F 34 °F 400 *H0O
Start (-0 0000 ¢f ¥__°F S0 “HO [30.061 of FHIFop 5 of Hut *H,0
4 7 7 . 7 g 2
Avg. 4:ht o507 ¢f 07 °F 5.0 74,0 0.1y of  §47 °F e ™A,
LSO | o
Wet Test Meter Vm_,, = 17.65 x jt.1ja Sece 136 | l-ess (C) = 4.45% dosf
fo + 460
el
30e 136 <
Dry Gas Meter Vm_, = 17.65 x 10.711 —| = s0.047 dcs
§:4 + 460
-
Coc = 6.95 % - 0.49)
}0.01/7.
C-9

VERSION 1
22 OCTOBER 2002
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DIGITAL TEMPERATURE INDICATOR NO. 441

CALIBRATION DATA

DATE: §-3-0%

Mercufy
Temperature DTI

Media Time CE) CF)
Ambient Air g1 33 _33 "
Ice Bath 517 34 33 7
Boiling Water fio e 11y 7
Oven y30 s s
Oven §46 301 3o
Oven Yy Jso 351
Oven 54 s 33 7
Meter Adjusted? YES No -

s

Reference Thermometer No. H -

Calibrator QM)MQ’Q—)
Checked By: Chut 7L

C-11

VERSION 2
15 APRIL 2004




VOST Dry Gas Meter Calibration

Dry Gas Meter Number [

Date: & [y , 7
Rate I/min. Cos
0.30 .00b
0.50 .999
1.00 v 0.941
1.50 0 99|

Average Q?Q_If /

Variation: +1-¢{ o,
423 %

Calibrator: M. Ress

Checked By: ﬂ/\ N

C-12

VERSION 1

22 OCTOBER 2002
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