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REPORT CERTIFICATION

STATEMENT OF CONFORMANCE AND TEST REPORT CERTIFICATION

| certify, to the best of my knowledge, that this test program was conducted in a manner
conforming to the criteria set forth in ASTM D 7036-04: Standard Practice for Competence of Air
Emission Testing Bodies, and that project management and supervision of all project related
activities were performed by qualified individuals as defined by this practice.

| further certify that this test report and all attachments were prepared under my direction or
supervision in accordance with the ARI Environmental, Inc. quality management system
designed to ensure that qualified personnel gathered and evaluated the test information
submitted. Based on my inquiry of the person or persons who performed the sampling and
analysis relating to this performance test, the information submitted in this test report is, to the
best of my knowledge and belief, true, accurate, and complete.

%@/&WL |

Greg Burch, QSTI
South Central Regional Manager, Source Testing Division
ARI Environmental, Inc.
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SECTION ONE Introduction and Summary

ARI Environmental, Inc. (ARI) was retained by Houston Refining LP (HRO) to conduct an
emission test program at their refinery located in Houston, Texas.

The testing was conducted on July 18 through August 3, 2011 on the 736 Delayed Coking Unit
(DCU) in response to the USEPA Section 114 Information Collection Request (ICR) for Petroleum
Refineries. The test program was conducted pursuant to the sampling and analytical procedures
presented in the Test Plan (ARI Project No. H866-32) dated June 21, 2011.

The specific pollutants, test run duration and units of measure are presented in Table 1-1. The
parameters and associated test methods are presented in Table 1-2.

Under the direct supervision of Mr. Greg Burch, ARI’s test team consisted of Messrs. Zack
McCain, Chris Hall, Jeff Knapp and Ron Mullins. Sample recovery and laboratory shipment
activities were performed by Messrs. Richard Brank-Campbell and Ron White of ARI. Mr. Chris
Towe of HRO provided coordination of the test program with refinery operations.

The results of the test program are presented in Section 4. The calculation summaries, field
data, ARI reference method monitoring data, laboratory data, calibration data and test program
qualifications are included in the appendices.

H866-34 1-1
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TABLE 1-1. POLLUTANTS, TEST RUN DURATION AND UNITS OF MEASURE
Test Run
Group/Sub Duration
Group1 Pollutant (hours)2 Units of Measure

A1l Speciated Volatile Organic Hazardous 1 Ib/hr, pg/dscm
Air Pollutants (HAP)

A2 Speciated Semi-Volatile Organic HAP 4 [b/hr, png/dsem

A1 Aldehydes 1 Ib/hr, ng/dscm

A3 Total Hydrocarbons (THC) 1 Ib/hr, ppmv db

A3 Methane, Ethane 1 Ib/hr, ppmv db

A3 Carbon Monoxide (CO) 1 Ib/hr, ppmv db

C1 Hydrogen Chloride (HCI), Chlorine (Cl,), 2 Ib/hr, mg/dscm
Hydrogen Fluoride (HF)

C1 Hydrogen Cyanide (HCN) 1 Ib/hr, pg/dscm

Cc2 Hydrogen Sulfide (H,S), Carbonyl Sulfide 3 Ib/hr, ppmv db
(COS), and Carbon Disulfide (CS,)

Cc2 Total Reduced Sulfur (TRS) Compounds 3 Ib/hr, ppmv db

D2 Mercury (Hg) Ib/hr, pg/dscm

D1 Other Metals® Ib/hr, mg/dscm

D1 Particulate Matter (PM), PM under 2.5 Ib/hr, gr/dscf
microns (PM.s) (filterable)

D1 PM, s (condensable) 2 Ib/hr, gr/dscf

D4 Nitrogen Oxides (NO,) 2 Ib/hr, ppmv db

D4 Sulfur Dioxide (SO,) 2 Ib/hr, ppmv db

A B, C,D* Flow Conducted acfm, scfm, dscfm

Oxygen (O,), Carbon Dioxide (COy)
Moisture

simultaneously

with the sampling

in each group

% volume db
% volume

Sampling was alternated between the two vents on DCU 736. Three runs were performed over
each two day period during the daytime hours whenever possible. Three 3-inch ID sample ports
were provided by the client so that three sample trains could be operated concurrently. Single point
sampling was performed for all parameters/pollutants.

'Concurrent sampling was conducted for all pollutants in each subgroup.
®Three test runs were conducted for each poliutant. Due to the short duration of each vent cycle on the DCU,
EPA allowed the sample volume collected during a vent cycle to constitute the required sample volume for that
run. Therefore, the run times were based on the duration of each vent cycle and were as short as a few
minutes or as long as one-hour in duration.
*Metals included antimony (Sb), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (Co), lead
(Pb), manganese (Mn), nickel (Ni) and selenium (Se).
*Flows were measured in a fourth port that was a minimum of 2 inches ID per Method 1A.

H866-34
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TABLE 1-2. POLLUTANTS AND TEST METHODS

Group/Sub

Group Pollutant Test Methods
A1 Speciated Volatile Organic HAP USEPA Methods 18 and 308
A2 Speciated Semi-Volatile Organic HAP SW-846 Method 0010 with SW-846

Method 8270C/D analytical finish
A1 Aldehydes SW-846 Method 0011 with SW-846
Method 8315A
A3 THC USEPA Method 25A
A3 Methane, Ethane USEPA Method 18
A3 CO USEPA Method 10
C1 HCI, Cl,, HF USEPA Method 26A
C1 HCN USEPA Other Test Method (OTM) 29
Cc2 H,S, COS, and CS, USEPA Method 15
Cc2 TRS Compounds USEPA Method 16A
D2 Hg ASTM D6784-02 (Ontario-Hydro Method)
D1 Other Metals USEPA Method 29
D1 PM, Condensable PM USEPA Methods 5/202
D4 SO,, NOy USEPA Methods 6C and 7E
H866-34 1-3
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SECTIONTWO Testing and Analytical Procedures

2.1 OVERVIEW

ARI conducted an emission test program on the two DCU 736 vents at HRO located in Houston,
Texas. Testing was conducted in response to the USEPA Section 114 ICR for Petroleum
Refineries. Three test runs were conducted at the two DCU 736 vents for all pollutants. The
test run durations are shown in Table 1-1. The test methods are summarized in Table 1-2. The
sample run time for each run was the duration of the vent cycle.

2.2 METHODOLOGY

Test methods followed the Code of Federal Requlations, Title 40, Part 60 (40 CFR 60),
Appendix A, USEPA Methods 1-4, 5, 6C, 7E, 10, 18, 25A, 26A and 29; 40 CFR 51, Appendix M,
USEPA Methods 202 and 205; 40 CFR 63, Appendix A, USEPA Method 308; USEPA OTM-29;
SW-846 Methods 0010, 0011, 8270C/D and 8315A; ASTM D6784-02 (Ontario-Hydro Method);
and the Quality Assurance Handbook for Air Pollution Measurement Systems, Volume lII,
Stationary Source Specific Methods. All methods followed are those listed in Component 4 of
the Petroleum Refinery Emissions Information Collection, Part VI, Test Procedures, Methods
and Reporting Requirements for the Information Collection Request for Petroleum Refineries.

2.2.1 Sampling Location (USEPA Method 1A)

The sampling point locations for the determination of gas velocity and volume flow rate were
determined following the procedural requirements as detailed in USEPA Method 1A. Sampling
was conducted at the two DCU 736 vents in the six sampling ports provided in each of the 8-
inch diameter pipes. The sample ports were located a minimum of 4.5 diameters upstream and
downstream from the nearest flow disturbances. See Figure 2-1.

2.2.2 Flue Gas Volumetric Flow Rate (USEPA Method 2)

Gas velocity and volumetric flow rate were determined following USEPA Method 2. Velocity
head measurements were performed using a Type S pitot tube and Dwyer inclined 0 — 10-in.
water manometer. Temperature measurements were conducted using a Chromel-Alumel
thermocouple connected to a digital direct read-out potentiometer. Single point velocity
measurement was performed based upon the duct size as well as safety considerations during
the venting cycle.

2.2.3 Oxygen, Carbon Dioxide, Sulfur Dioxide, Nitrogen Oxides and Carbon Monoxide
(USEPA Methods 3, 3A, 6C, 7E and 10)

O, and CO; concentrations were determined following USEPA Method 3A using an integrated
bag system and analysis by Orsat or Method 3A procedures using ARI’'s Servomex, Inc. Model
1440C combination paramagnetic O, and non-dispersive infrared CO; analyzer. SO, sampling
followed USEPA Method 6C procedures using ARI's Ametek (Bovar) Model 721-ATM non-
dispersive ultraviolet SO, analyzer. NO, sampling followed USEPA Method 7E procedures
using ARI's California Analytical Instruments, Inc. Model 600-CLD chemiluminescent NO,
analyzer with low temperature NO, to NO conversion. CO sampling followed USEPA Method
10 procedures using ARI’s Thermo Environmental Instruments, Inc. Model 48i gas filter
correlation non-dispersive infrared CO analyzer.

H866-34 2-1
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FIGURE 2-1. 736 COKER UNIT STACK SAMPLING LOCATION
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As shown in Figure 2-2, ARI’s sampling system consisted of a heated probe with in-stack filter
followed by a calibration tee assembly. The probe system was connected to a heated Teflon
sampling line that transported the gas sample through an ice-cooled condenser and an
electronic chiller to remove moisture. The dry sample gas was then transported to a manifold
system by a Teflon lined sample pump and Teflon sample line. The manifold was connected
with sample gas intake lines for ARI's O,, CO,, SO,, NOy, and CO analyzers.

ARI’'s monitors were calibrated with applicable zero, mid-range and high-range gases as
specified in the applicable USEPA methods. The calibration gases were generated from
Protocol 1 calibration gases using an Environics Model 4040 Gas Dilution System. The gases
met the calibration gas protocols as specified in USEPA Method 7E, Section 7.1.

Response time, calibration error and measurement system bias tests were performed prior to
testing and a pre/post calibration drift test was conducted after each test repetition on each
monitor. The average zero and calibration drift values obtained during each test run on the
monitor were used to correct each monitor's raw data for instrument zero and drift for each
respective test run.

The monitor data were collected at 15-second intervals and one-minute averages were
calculated by ARI’s data acquisition system consisting of an Omega OMB-DAQ-56 data
acquisition module connected to a computer for digital data archiving and data reduction.

2.2.4 Flue Gas Moisture Content (USEPA Method 4)

The stack gas moisture content was determined following USEPA Method 4. Since the stack
gas moisture content was near saturation during the venting period, the moisture content of the
gas stream was calculated by both Method 4 and saturated vapor stream calculation
techniques. The lower of the two moisture values was used in the emission rate calculations as
required in Method 4. The following calculation was used to determine the stack moisture
content at saturation:

S.V.P.
B on=
ws@saturation
Pbar+ Pstatic
13.6
where:
S.V.P. = Saturation vapor pressure at the stack temperature, in. Hg
Poar = Barometric pressure, in. Hg
Pstatic = Absolute stack pressure, in. H,O
13.6 = Conversion faction, in. Hg to in. H,O

2.2.5 PM/PM,; (Filterable Plus Condensable) (USEPA Methods 5 and 202)

Due to entrained droplets that exist in the DCU vents, sampling was conducted in accordance
with USEPA Methods 5 and 202 using an Apex Instruments, Inc. particulate sampling train (see
Figure 2-3). The front-half probe and filter assemblies were analyzed for filterable PM using
USEPA Method 5, but modified with the filtering temperatures set at 320°F. The back-half
impinger catch was analyzed for condensable particulate matter (CPM) in accordance with
USEPA Method 202 procedures.

H866-34 2-3
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2.2.5.1 Sampling Apparatus

Assembled by ARI personnel, the sampling train consisted of the following:
Nozzle — Borosilicate glass.

Probe - Borosilicate glass with a heating system capable of maintaining a probe exit
temperature of 320°F.

Pitot Tube - Type-S, attached to probe for monitoring stack gas velocity.

Heated Filter Holder - Borosilicate glass with a 4-in. Teflon frit filter support and a silicone
rubber gasket. The holder design provided a positive seal against leakage from the
outside or around the filter. The filter holder was heated to 320°F +25°F during sampling.
A thermocouple was placed in the back-half of the filter support in direct contact with the
sample stream. A quariz fiber filter was used that meets the requirements of USEPA
Method 5.

Ambient Filter Holder - Unheated borosilicate glass with a 4-in. Teflon frit filter support
and a silicone rubber gasket. A thermocouple was placed in the back-half of the filter
holder to measure sample gas temperature by direct contact with the sample stream.

Temperature was maintained between 65 and 85°F. A Teflon filter disc was placed in
the filter holder.

Draft Gauge - Inclined manometer with a readability of 0.01-in. H,O in the 0- to 10-in.
range.

Condenser — Glass, coil type with compatible fittings.

Impingers — Four (4) impingers connected in series with glass ball joints. The first
impinger was of the Greenburg-Smith design, but with a shortened stem to act as a
moisture knockout. The second, third and fourth impingers were of the Greenburg-Smith
design, but modified by replacing the standard tip with a “2-in.-i.d. glass tube extending to
within %z-in. of the bottom of the impinger flask. The second and third impingers were
connected using the ambient filter holder.

Metering System - Apex Model 522. Vacuum gauge, leak-free pump, thermometers
capable of measuring temperature to within 5°F, dry gas meter with +2 percent accuracy,
and related equipment as required to maintain an isokinetic sampling rate and to
determine sample volume.

Barometer - Mercury barometer capable of measuring atmospheric pressure to within
10.1-in. Hg.

2.2.5.2 Sampling Procedures

The stack pressure, temperature, moisture and range of velocity head were measured
according to procedures described in USEPA Methods 1 through 4. The first and second
impingers were initially empty. The third impinger contained 100 mL of deionized/distilled water.
The fourth impinger contained 200 to 300 g of silica gel.

HB866-34 2-6
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The impingers were placed in a container that has two compartments. The first two impingers
were placed in the first compartment and the third and fourth impingers were placed in the
second compartment. The first compartment contained water that was circulated through the
condenser to reduce the sample gas to between 65 and 85°F at the exit of the ambient filter.
The second compartment contained ice water to reduce the sample gas to <68°F upon exiting
the last impinger. Both temperatures were recorded at each traverse point interval throughout
each test run.

The sampling train was leak-checked at the sampling site by g)lugging the inlet to the nozzle and
pulling a vacuum of 15-in. Hg. Leak rates of less than 0.02 ft°’/min at a vacuum of 15-in. Hg
were considered acceptable. At the completion of each test run, the sampling train was again
leak-checked by the same procedure, but at the highest vacuum attained during the test run.
Both pre- and post-test leak checks of the pitot tube were made for each test run. Ice was
placed around the impingers to keep the temperature of the gases leaving the last impinger at
less than 68°F.

During sampling, stack gas and sampling train data were recorded at specified intervals.
Isokinetic sampling rates were based on the maximum volume capable of being pulled through
the meter at approximately 98-100 percent of moisture and a vacuum of 15 inches of mercury.

2.2.5.3 Sample Recovery Procedures

After sampling was completed, a post-test nitrogen purge was conducted with the impingers still
on ice at the meter AH@ for 60 minutes. Before the purge step began, the short stem of the
first impinger was replaced with a long stem that was within “z-inch of the bottom of the
impinger. If the stem did not extend below the water level in the impinger by 1 cm, then a
measured amount of degassed, deionized, distilled water was added to adjust the level.

Method 5
The sample fractions were recovered as follows:
Container 1 - The heated filter was removed from the holder and placed in a Petri dish.

Container 2 - Loose particulate and acetone washings from all sample-exposed surfaces
prior to the filter were placed in a glass bottle, sealed and labeled. Particulate was
removed from the probe with the aid of a brush and acetone rinsing. The liquid level was
marked after the container was sealed.

Container 3 - 150 mL of acetone was taken for blank analysis. The blank was obtained
and treated in a similar manner as the contents of Container 2.

Method 202
The sample fractions were recovered as follows:

Container 4 - The contents from the first two impingers were placed into a glass
container. The impingers (including the short stem), connecting glassware and front-half
of the ambient filter were quantitatively rinsed twice with distilled/deioriized water and the
rinse was added to this container. The liquid level was marked after the container was
sealed.

H866-34 2-7
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Container 5 - The first two impingers (including the short stem), connecting glassware
and front-half of the ambient filter were then rinsed with acetone followed by two rinses
with hexane and placed in a glass container. The liquid level was marked after the
container was sealed.

Container 6 - The ambient filter was removed and placed in a Petri dish.

Containers 7 & 8 - 150 mL of distilled/deionized water and hexane were taken for blank
analysis. The blanks were obtained and treated in a similar manner as the contents of
Containers 1, 2 and 3.

The contents of the third impinger were weighed and the contents discarded. The contents of
the fourth impinger (silica gel) were weighed to the nearest gram.

2.2.5.4 Analytical Procedures
Method 5
The analytical procedures followed those described in USEPA Method 5.

Container 1 - The filter and any loose particulate were transferred from the sample
container to a tared glass weighing dish and desiccated for 24 hours in a desiccator
containing anhydrous calcium sulfate or indicating silica gel. The filter was weighed to a
constant weight and the results were reported to the nearest 0.1 mg.

Container 2 - The acetone washings were transferred to a tared beaker and evaporated
to dryness at ambient temperature and pressure. Then the contents were placed in a
dessicator for 24 hours and weighed to a constant weight to the nearest 0.1 mg.

Container 3 - The acetone blank was transferred to a tared beaker and evaporated to
dryness at ambient temperature and pressure. Then the contents were placed in a
dessicator for 24 hours and weighed to a constant weight to the nearest 0.1 mg.

Method 202
The analytical procedures followed those described in USEPA Method 202.

Container 4 - The liquid in this container was measured volumetrically and placed into a
separatory funnel. Approximately 30 mL of hexane was added, mixed well and the lower
organic phase drained off. This procedure was repeated twice, leaving a small amount
of the organic/hexane phase in the separatory funnel each time to yield approximately 90
mL of organic extract. This organic extract was combined with Container 5. The
aqueous fraction from Container 4 was transferred to a tared beaker and evaporated in
an oven at 105°C to no less than 10 mL and allowed to air dry at ambient temperature. If
a dried constant weight could not be achieved, the residue was redissolved in 100 mL of
water and titrated with 0.1N NH,OH to a pH of 7.0. The aqueous phase was evaporated
in an oven at 105°C to approximately 10 mL, transferred to a pre-weighed tin,
evaporated to dryness in a fume hood at ambient temperature and pressure, placed in a
desiccator for 24 hours and weighed to a constant weight to the nearest 0.1 mg. The
gain in mass represents the inorganic PM collected in the sampling train back-half.

HB866-34 2-8
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Container 5 - The contents of this container were combined with the organic extract from
Container 4, placed in a tared beaker and evaporated at ambient temperature and
pressure in a fume hood to not less than 10 mL. The beaker contents were then
transferred to a pre-weighed tin, evaporated to dryness at ambient temperature and
pressure in a fume hood, placed in a desiccator for 24 hours and weighed to a constant
weight to the nearest 0.1 mg. The gain in mass represents the organic PM collected in
the sampling train back-half.

Container 6 — The ambient filter was folded in quarters and placed into a 50 mL
extraction tube. Sufficient deionized/distilled water was used to cover the filter. The
extraction tube was placed in a sonication bath and the water soluble material was
extracted for a minimum of 2 minutes. The aqueous extract was combined with the
contents of Container 4. This step was completed a total of three times. After
completion of the aqueous extraction, the filter was covered with a sufficient amount of
hexane. The extraction tube was placed in a sonication bath and the organic material
was extracted for a minimum of 2 minutes. The organic extract was combined with the
contents of Container 5. This step was completed a total of three times. The procedures
for Container 6 were completed prior to any procedures for Containers 4 and 5.

Container 7 - The water blank was transferred to a tared beaker, evaporated to
approximately 10 mL in an oven at 105°C, transferred to a pre-weighed tin, evaporated
to dryness at ambient temperature and pressure in a fume hood, placed in a desiccator
for 24 hours and weighed to a constant weight to the nearest 0.1 mg.

Container 8 - The hexane blank was transferred to a tared beaker, evaporated to
approximately 10 mL at ambient temperature and pressure in a fume hood, transferred to
a pre-weighed tin, evaporated to dryness at ambient temperature and pressure in a fume
hood, placed in a desiccator for 24 hours and weighed to a constant weight to the
nearest 0.1 mg.

The term "constant weight" means a difference of no more than 0.5 mg or 1 percent of the total

weight less tare weight, whichever is greater between two consecutive readings, with no less

than 6 hours of desiccation between weighings.

2.2.6 COS, CS;and H,S (USEPA Method 15)

Determination of COS, CS; and H,S were conducted in accordance with USEPA Method 15

using a gas chromatograph (GC) for separation of sulfur compounds and measurement by a

flame photometric detector (FPD).

Modifications and improvements to USEPA Method 15 during the testing included the following:
1. No sample dilution was required (GC range ~500 ppm)

2. Protocol 1 calibration gases were used to calibrate the GC (no permeation tubes)

H866-34 2-9
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The gas sampling system consisted of a %-inch stainless steel probe connected to a Teflon
sampling line. The exhaust gas was then conveyed through a series of Teflon impingers
located on the sampling platform containing a citrate buffer solution to remove most of the SO,
from the sample stream.

A Teflon lined sample pump transported the sample in %-inch ID Teflon tubing to the ARI mobile
trailer. The sample was run to a manifold system at a flow rate of nominally 3-5 liters per minute
from which a sample is introduced to the GC-FPD.

The GC-FPD system consisted of an SRI Model 9300B field GC containing a heated gas
sampling valve, column oven and detector. A computer based integrator utilizing Peak Simple
software was used for data acquisition and integration. Linear regressions of the square root of
the area counts were used to calculate the calibration curves. A line loss test was conducted
prior to the start of the test program.

The GC-FPD was calibrated with USEPA Protocol 1 gas standards. The gas standards were
generated using an Environics Model 4040 Gas Dilution System. During each 180-minute test
run, there will be at least 16 injections to the GC-FPD. Because venting period was shorter than
180 minutes, there were a fewer number of sample injections to the GC-FPD.

2.2.7 TRS (USEPA Method 16A)

The determination of TRS was conducted in accordance with USEPA Method 16A. This
method extracted an integrated sample from the source and removed SO, using a citrate buffer
scrubbing solution. TRS compounds were then oxidized in a combustion tube to SO, and
collected as sulfate in the hydrogen peroxide (H,O;) impinger assembly. The sample collection
assernbly was followed by a dry gas metering system. The mass of TRS as SO, collected was
measured by the analytical procedures in USEPA Method 6 using a barium perchlorate-thorin
titration. The major components of the sampling system depicted in Figure

2-4 are described below:

Probe - Vs-in borosilicate glass or Teflon tubing.
Particulate Filter — 50 millimeter (mm) Teflon filter holder containing a 1-2 um porosity

Teflon filter. The filter holder was heated to a sufficient temperature that prevented
condensation of moisture (>250°F).

SO, Scrubber — Three 300 milliliter (mL) Teflon segmented impingers connected in
series by thick walled Teflon tubing. The first two impingers contain 100 mL of citrate
buffer and the third impinger is initially empty. The tips of the impinger stems that are
below the solution level had an inner diameter no greater than %-in.

Combustion Tube — Quartz glass tube with a 12-in in length by 1-in expanded diameter
combustion chamber with %-in connections on both ends.

Furnace — Capable of housing and heating the combustion tube to 1,472°F +180°F.

H866-34 2-10
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Peroxide Impingers — Four (4) midget impingers connected in series. The first two
impingers contained 20 mL of 3% H;0,, the third impinger is initially empty and the fourth
contained silica gel.

Dry Gas Meter — Capable of measuring gas volume at a sample rate of 2 LPM at an
accuracy of +2%.

The sampling system was assembled with the probe connected to the heated filter followed by
the citrate buffer SO, scrubber, then to the heater combustion tube followed by the H,0,
impingers and metering system. The appropriate volumes of solutions were placed in the SO,
scrubber and H,O, impingers. The citrate buffer was initially disconnected at the exit end and
was conditioned by pulling stack gas through the system at 2 LPM for 10 minutes. After the
initial conditioning period, the citrate buffer was reconnected to the entrance to the combustion
tube and the sampling system was leak-checked. Following a successful leak-check, the
system was ready to begin sampling stack gas at a rate of 2 LPM for the duration of the vent
cycle.

After the sampling period was over, and the sampling system successfully passed a post-test
leak check, the peroxide impingers were disconnected and recovered. The contents of the first
three impingers were collected into a leak-free polyethylene jar and a subsequent rinse of the
impingers and connecting glassware were also placed in the sample jar. The fluid level was
marked and the jar was sealed and identified.

After completion of each test run, a system performance check was conducted to validate the
test run and the sample train components and procedure. This involved sampling a known
concentration of H,S prior to cleaning the components upstream of the peroxide impingers and
before recharging the citrate buffer solution. A 30-minute sample was collected at a rate of 2.5
LPM and the H,O, impingers were recovered and analyzed in the same manner as the stack
(source) samples.

Analysis of collected samples was conducted by ARI personnel while onsite by using the
barium-thorin titration procedures described in USEPA Method 6.

2.2.8 Methane and Ethane (USEPA Method 18)

Methane and ethane were measured in conjunction with the THC (USEPA Method 25A)
procedures. Tedlar bag samples were collected concurrently and analyzed by calibration
procedures described in USEPA Method 18. One bag sample was collected in conjunction with
each USEPA SW-846 Method 0010 semi-volatile sample run described in Subsection 2.2.17.

Specifically, the concentrations were measured by flame ionization detection with separation by
gas chromatography (GC-FID). The GC-FID was calibrated by triplicate injections of cylinder
gas standards to calculate a 4-point calibration curve.

Calibration gases were diluted from USEPA Protocol 1 high concentration standards. Dilution
was performed using ARI’s Environics Model 4040 Gas Dilution System. The dilution system
was verified onsite before the start of testing following procedures described in USEPA Method
205.

H866-34 2-12
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2.2.9 Speciated Volatile Organic HAP (USEPA Method 18)

Volatile organic HAP sampling and analysis were conducted following the Method 18 Midget
Impinger Method approved by USEPA and referenced on the Refinery ICR Website (FAQ Test-
029) as an alternate method to determine the stack gas concentrations and emission rates of
target volatile analytes listed in Table 1.3 of Cornponent 4 of the ICR. This method utilizes a
midget impinger train with chilled ultrapure grade methanol as the volatiles collection media.
Co-located sampling trains were performed as a duplicate determination of emissions.
Therefore, the reported concentrations and mass emission rates were calculated as the average
of the paired sampling trains.

The test consisted of three sampling runs and was conducted simuitaneously with the semi-
volatile organic HAP sampling. Each sampling run was conducted following USEPA Method 18
criteria for sorbent train sampling which requires that two co-located sampling trains be operated
simultaneously. The co-located trains were spiked with both “labeled” and “native spikes”
covering a specific list of recovery surrogates included in the refinery ICR Component 4
document. The labeled spikes were in the form of isotopologues that consisted of replacing the
hydrogen atoms with deuterium (heavy hydrogen) isotope. The deuterated compounds can be
differentiated from that of the naturally existing compounds by mass spectroscopy analytical
detection and measurement. Respective recoveries for each deuterated compound can be
calculated for each sample train without effect on the measurement of the flue gas native
(naturally occurring) compounds. The purpose of this spiking was to determine the recovery
efficiencies of each compound and to demonstrate the quality of the measurement data. The
recovery surrogates that were spiked into the co-located trains included the following:

Labeled Spikes Plus the Corresponding Deuterium Count (added to each of the co-located
trains):

1,3-Butadiene-d6 2,2,4-Trimethylpentane-d18
Pentane-d12 2-Nitropropane-d6
MTBE-d12 1,2-Dibromoethane-d4
n-Hexane-d14 Ethylbenzene-d10
Acrylonitrile-d3 Styrene-d8

Benzene-d6 Nitrobenzene-d5

Native Spikes (added to only one of the co-located trains):

Acrolein

Acetonitrile

Toluene
Trichloroethene

Methyl iso-Buty! Ketone

HB866-34 2-13
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2.2.9.1 Sampling Apparatus

As shown in Figure 2-5, each of the two co-located sampling trains consisted of the following
components:

Probe - Heated stainless steel probe with borosilicate glass liner.

Coil Condenser - Borosilicate glass condenser to cool the sample gas stream prior to
entering the impinger train.

Impinger Train - Five borosilicate glass midget impingers with the first impinger acting as
a moisture and condensable knockout and fitted with a shortened impinger tip. The
second, third, and fourth impingers each contained an ultrapure grade (purge and trap
grade) of methanol (10-20 mL each) with each impinger fitted with a tapered or fritted
insert. The fifth impinger contained approximately 25 grams of silica gel to remove the
final traces of moisture from the gas sample.

Meter Console - A VOST type meter console was used to control the sampling rate
through the impinger train and monitor the temperature of the sampling train
components. The meter console itself contained a dry gas meter to measure the volume
of gas sampled. The gas meter has an accuracy of + 1%.

2.2.9.2 Sampling Procedures

Sampling Train Glassware Preparation

The sampling train glassware was pre-cleaned, thoroughly rinsed with ultrapure grade
methanol, baked in an oven at 100°C for two hours, cooled, sealed and stored separately from
other reagents and other equipment to avoid contamination prior to assembly of the sampling
train.

Recovery Surrogate Spiking of Impinger Train

The co-located sampling trains were assembled prior to charging the impingers with methanol.
The co-located trains were both field spiked with the “labeled” spikes and one of the co-located
trains was also spiked with the “native” spikes using the surrogate recovery standards prepared
by the analytical laboratory. The contents of the prepared spikes were charged directly into
impinger #2 of the sampling train which contained pre-chilled purge and trap grade methanol.

Sampling Train Operation

A leak check of the sampling train was performed before and after each sampling run at near 10
inches of mercury and was performed such that exposure of sampling train components to
possible ambient air contaminants was avoided.

H866-34 2-14



Houston Refining LP
Source: 736 Coker Unit

Test Dates: July 18 through August 3, 2011

L E

_________v

(I8

SECTIONTWO

Page: 18 of 65

Testing and Analytical Procedures

8qo.id pue jnopesy
ainjesadwa |
puE sjoJjuo)
mol4 ‘dwng ‘118N
seo) AiQ ‘Jejeweloy
Buluiejuon
xog Jala|N

pio) eall

qun

NIVYL 4FONIdWI LIFOAIN 84 AOHLIW YdISN °S-2 3HNOIH

L # Jaburdw)
NoNO0UN
spug pasade] yym |OUBYBIN S8|gESUSpPUCD
ynm pabieys w_wmc_QE_ 196pIN '8 S1MSIoN
S# v# #
J9burdwi) 1budwy’ mc_ _mmcaE_

189 BIlIS
Buieaipui

Ueg
4— joueyply
/801 g

«— 8|dnoaoLlusay |

S uj Jalep
N0 g
oM | 14— Buljoon

<— Buyoon |

<— Jesuspuog

10
wieg 00| ) 109

Jasuapuo)

[FEAA %OBIS

BA[BA UO[E|0S)

= Repp-981y )

; ) 4+—
Ay des].
|eodJeyd

0

13U sseo

M 8qoid (9815
SSa|UlBlg pajesH

2-15

H866-34




_____ Houston Refining LP

] Source: 736 Coker Unit
P RO TALN N Test Dates: July 18 through August 3, 2011

Page: 19 of 65

SECTION TWO Testing and Analytical Procedures

Following the leak check and prior to sampling, the sampling probe was heated to a
temperature to prevent the condensation of organics and water vapor (280° to 302° F). The first
four impingers of the sampling train were placed into a dry ice/methanol water bath and allowed
to cool the impinger absorbing solutions prior to the start of sampling. Under these conditions,
the target analytes of interest were efficiently trapped and dissolved in the methanol and stability
of the samples was assured prior to analysis. Ice water circulated through the pre-impinger coil
condenser to ensure that the first knockout impinger effectively collected sample gas
condensate and low boiling organic components.

The probe was introduced into the stack and located either close to the centroid or greater than
3-feet from the inner wall of the stack cross-sectional plane. Sampling was conducted at a
constant rate of 0.25 liters/minute during each sampling run to collect a nominal 20 L sample
volume. Sampling train flow rate, temperature, and gas volume data were recorded at five-
minute intervals throughout each sampling run. Following completion of the run, the sampling
train was leak checked following the pretest leak check procedure.

2.2.9.3 Sample Recovery Procedures
Sample recovery from each of the co-located sampling trains was conducted as follows:

Container No. 1 - The contents of midget impingers #1 and #2 were combined, rinsed
with a small quantity of methanol, and placed in a labeled 40 mL VOA vial. The probe,
coil condenser and connecting glassware and tubing to the first impinger were rinsed
with three small volumes of methanol and added to the Container No. 1 (VOA vial). The
vial was labeled as Method 18 1 and 2™ Methanol Impinger Composite.

Container No. 2 - The contents of midget impinger #3 and rinse were placed in a
separate 40 mL VOA vial and labeled as Method 18 3™ Methanol Impinger. This fraction
was analyzed separately from the first fraction.

Container No. 3 - The contents of midget impinger #4 and rinse were placed in a
separate 40 mL VOA vial and labeled as Method 18 4™ Methanol Impinger. This fraction
was analyzed separately from the other fractions.

Following sample recovery, ultrapure methanol was added to the sample vials to reduce the
headspace and the vials were then placed in separate sealable poly bags and stored in coolers
on dry ice prior to and during shipment of all samples to the analytical laboratory.

Blank Train and Trip Blanks (Quality Control Samples)

A train blank set of Method 18 samples and a methanol trip blank were collected one time
during each source location.

During one of the sampling runs, a complete blank train was set up in the same manner as the
sample trains. The methanol remained in the identical train for the same length of time as the
duration of the sampling run. Beginning and end leak checks were performed and the probe
was heated to temperature. The blank train samples were recovered in the same manner as
those for the stack sampling runs.

H866-34 2-16
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Additionally, once for each test, a field spike was prepared for each of the two spiking standards
(native and labeled spikes) by adding the contents of each spiking ampoule to a VOA vial
containing 5 to 10 mL of purge and trap grade methanol. The ampoule was not rinsed. The vial
was then filled with additional methanol to reduce headspace. These field spikes were QC
samples to provide additional baseline data for the recovery study.

2.2.9.4 Analytical Procedures

Analysis of the collected stack run samples, one methanol trip blank sample, and the two spike
QC samples for one source were performed by ALS Environmental Laboratories following SW-
846 Methods 8260B employing purge and trap GC/MS procedures.

Sample volumes of the methanol sorbent for the purge and trap analysis procedure were
adjusted in order to achieve a low end target analysis concentration in the stack gas stream of
0.1 ppmv.

2.2.10 Total Hydrocarbons (USEPA Method 25A)

THC sampling was conducted in accordance with USEPA Method 25A using a VIG Industries
hydrocarbon analyzer equipped with a heated FID.

The sample delivery system consisted of a stainless steel probe, filter and calibration tee (on the
end of the probe) connected to a heated 250°F Teflon sampling line. The sampling lines
connected directly into the analyzers located in ARI’'s monitoring trailer. The THC analyzer is
internally heated to keep the sample gas stream above its dew point (see Figure 2-6).

The analyzer was calibrated with applicable zero, low-range, mid-range and high-range gases
as specified in USEPA Method 25A. The calibration gases were generated from Protocol 1
calibration standards using an Environics Model 4040 Gas Dilution System. The dilution system
was verified on-site in strict accordance with USEPA Method 205. The gases met the
calibration gas protocols specified in USEPA Method 7E, Section 7.1.

A calibration error test and measurement system bias test were performed prior to testing and a
post calibration drift test was done on the monitor. The average zero and calibration drift values
were used to correct the raw monitor data for each respective test run.

The monitor’s data was collected at 15-second intervals by ARI’'s data acquisition system which
consisted of an Omega OMB-DAQ-56 datalogger connected to a computer for digital data
archiving and data reduction. DaqViewXL and Excel spreadsheet computer software were used
for calculation of emission rates.

2.2.11 Hydrogen Chloride, Chlorine and Hydrogen Fluoride (USEPA Method 26A)

HCI, Cl, and HF sampling were conducted following USEPA Method 26A.

H866-34 2-17
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Sample gas was withdrawn through a heated glass lined sample probe and heated Teflon filter
followed by a series of chilled impingers. The front half of the sampling train consisted of a
glass nozzle, heated glass lined probe and heated sample box containing a Teflon filter. The
back half of the train consisted of five impingers. The first and second impingers (Greenburg-
Smith) each contained 100 mL of 0.1N H,SO,, the third and fourth impingers contained 0.1N
NaOH and the fifth impinger contained 200 grams of silica gel. See Figure 2-7.

At the conclusion of each test run, after the final leak check was performed, the following clean-
up procedure was conducted:

1. The contents of impingers 1 and 2 were measured for volume and then placed in
Container 1. The impingers were then rinsed with deionized distilled water and
the contents placed in this container. The total volume was then measured and
the liquid level marked on the outside of the bottle.

2. The contents of impingers 3 and 4 were measured for moisture and placed in
Container 2. The impingers were then rinsed with deionized distilled water
and the contents placed in this container. The total volume was then
measured and the liquid level marked on the outside of the bottle.

3. The contents of impinger 5 were placed in Container 3 for subsequent
weighing to the nearest gram.

4. A 200 mL reagent blank of the 0.1N H,SO, was placed in Container 4.

At ARI’s laboratory, analysis of the samples was performed in accordance with USEPA Method
26A using ion chromatography techniques.

2.2.12 Metals (USEPA Method 29)

Sampling and analysis for the following metals were performed in accordance with USEPA
Method 29 using an Apex Instruments, Inc. sampling train (see Figure 2-8):

Antimony (Sb) Cobalt (Co)
Arsenic (As) Lead (Pb)
Beryillium (Be) Manganese (Mn)
Cadmium (Cd) Nickel (Ni)
Chromium (Cr) Selenium (Se)

The samples were withdrawn from the exhaust stack and collected in a heated sample probe,
heated filter (front-half catch) and a series of ice cooled impingers containing an acid/peroxide
solution (back-half catch).

2.2.12.1 Sampling Apparatus

Assembled by ARI personnel, the sampling train consisted of the following:

H866-34 2-19



O«
mur2,m
LR
535
R6 wu%
com UDl
<
S o<
209
I S 0o
o =
mw =
©

b

>

=

3

¥

Q

[0

(]

-+

)]

o

T
I E
Ing?®
_ L
___--m

;1.@
gy
{7713

Testing and Analytical Procedures

SECTION TWO

NIvd1l ONI'TdINVS V92 QOHLIW Yd3Sn °L-2 3¥NDIH

dwng wnnoep

@ 1918
7|\ sen g

aAleA UBIN
Y .
O T o
abneo wnnoep EINTN
ssed-Ag Jojesipu|

sojdnooouay | ainjesadwa |
[/ ]
\ yied Jajepn 89|
aun . sJ1ebuidw _ ” qelewouen
wnnoep — — =1 =| ! ll
' ' F aidnoosowie
129 _ _ _ uL
BolliS _ m 7 e
— . - — " 19pIOH P =
a4 ] |
w w w w . Lt Iuw/
i N i _ : agoid
! . aan Jo1d
' adf| .S,
1 _
\. HOBN N 10 IIlBAA XOBIS |2
ajdnosoway | W ool YOSTHN L0 ' '
Jwoor Tt _

2-20

H866-34




2-21

= (o]
LECQ
2785
= m M NIVYL ONI'TdIWVS 62 QOHLIW Vd3SN 8- 3€N9I4
[ ey
_..nm O20
© %v dwng wnnoep
c ™
O N o
%y
39
T W JEIETI
() :/.\ seg lig

JENLIOLY [

i

w60

J80¥d

FIdNODOWHIHL |/| — ul —.mn.o

SABA UIEW Y Q
O T ke

Test Dates: July 18 through August 3, 2011

Testing and Analytical Procedures

abneo wnnoep EINETN
ssed-Ag 10}B21pU|
sa|dnooowiayl aimesadws |
\\ yieg Jsjep 89| I
aur sieburdwi) JB}BWouB
wnnoep

ajdnooouws
1)) | UL

edlls

\

. - - -- J8ploH =
J A0 A0 A0 i BN\
Q i SIZZON oany youd
adA] S,
W 1 \ ' - B8V llepn Yoels |
. _ . pajeeH :
s — I e e N _
___-_-v - SONHROMH | mmmmeee o _
_ i — Tw 001
o
H
=
» »n

H866-34



_____ Houston Refining LP

) W Source: 736 Coker Unit
g Test Dates: July 18 through August 3, 2011

Page: 25 of 65

SECTIONTWO Testing and Analytical Procedures

Nozzle - Borosilicate glass with sharp, tapered leading edge.

Probe - Borosilicate glass with a heating system capable of maintaining a probe exit
temperature of 248°F +25°F.

Pitot Tube - Type-S, attached to probe for monitoring stack gas velocity.
Filter Media — A 4-in. quartz-fiber filter that met the requirements of Method 29.

Filter Holder - Borosilicate glass with a 4-in. Teflon frit filter support and a Viton O-ring
gasket. The holder design provided a positive seal against leakage from the outside or
around the filter. The filter holder was heated to 248°F +25°F during sampling. A
thermocouple was placed in the back-half of the filter holder for direct measurement of
the sample stream temperature.

Draft Gauge - Inclined manometer with a readability of 0.01-in. H,O in the 0- to 1-in.
range and 0.1-in. H2O in the 1-in. to 10-in. range.

Impingers — Five impingers connected in series with glass ball joints. The first impinger
was empty with a shortened stem, the second and third impingers contained 100 mL of
dilute nitric acid/hydrogen peroxide mixture, the fourth impinger was empty, and the fifth
impinger contained approximately 200 grams of silica gel.

Metering System - Apex Model 522. Vacuum gauge, leak-free pump, thermometers
capable of measuring temperature to within 5°F, dry gas meter with +2 percent accuracy,
and related equipment as required to maintain an isokinetic sampling rate and to
determine sample volume.

Barometer - Mercury barometer capable of measuring atmospheric pressure to within
10.1-in. Hg.

2.2.12.2 Sampling Procedures

The stack pressure, temperature, moisture and range of velocity head were measured
according to procedures described in USEPA Methods 1 through 4.

The sampling train was leak-checked at the sampling site by g)lugging the inlet to the nozzle and
pulling a vacuum of 15-in. Hg. Leak rates of less than 0.02 ft’/min at a vacuum of 15-in. Hg
were recorded in all cases. At the completion of each test run, the sampling train was again
leak-checked by the same procedure, but at the highest vacuum attained during the test run.
Both pre- and post-test leak checks of the pitot tube were made for each test run. Ice was
placed around the impingers to keep the temperature of the gases leaving the last impinger at
less than 68°F.

During sampling, stack gas and sampling train data were recorded at specified intervals.
Isokinetic sampling rates were based on the maximum volume capable of being pulled through
the meter at approximately 98-100 percent of moisture and a vacuum of 15 inches of mercury.
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2.2.12.3 Sample Recovery Procedures

VW ENVIRONMENTAL %

2
S

After sampling was completed and the final leak checks were performed, the sampling train was
moved carefully from the test site to the recovery area.

The sample fractions were as follows:

Container 1 - The filter was removed from the filter holder and placed in a clean Petri
dish and labeled.

Container 2 - A brush and acetone were used to clean the probe and other fittings as
required. The washings from the inner surfaces of the nozzle and upstream portions of
the filter holder were collected in a bottle and labeled.

Container 3 - A brush and 0.1 N nitric acid (HNOj3) were then used to rinse the probe and
other fittings as required. The washings from the inner surfaces of the nozzle and
upstream portions of the filter holder were collected in a bottle and labeled. The liquid
level was marked after the container was sealed.

Container 4 - The contents of impingers 1, 2 and 3 were placed in a graduated cylinder
to measure the total volume collected then rinsed with 0.1N HNO3, then transferred to a
bottle and labeled. The contents of impinger 4 were placed in a graduated cylinder to
measure the total volume.

Container § - The contents of impinger 5 were transferred to a clean bottle and labeled.
The weight of the silica gel was then determined. The difference between this final
weight and the initial weight was the total moisture collected by the silica gel.

2.2.12.4 Analytical Procedures

Containers #1, #2, #3 and #4 and associated blanks were transported to the laboratory and
analyzed for metals by ICAP in accordance with USEPA Method 29.

2.2.13 Gas Dilution System Verification (USEPA Method 205)

All applicable calibration gases were certified by USEPA Protocol 1 procedures. All diluted
calibration standards were prepared using an Environics Model 4040 Gas Dilution System that
was verified by a field evaluation prior to testing following the requirements of USEPA Method
205 (40 CFR 51, Appendix M).

ARI's Servomex Model 1440C O, analyzer was initially calibrated following USEPA Method 3A
procedures. After the calibration procedure was complete, diluted low and mid-range standards
and a mid-range EPA Protocol 1 standard were alternately introduced in triplicate and an
average instrument response was calculated for each standard. No single response differed by
more than +2% from the average response for each standard. The difference between the
instrument average and the predicted concentration was less than +2% for each diluted
standard. The difference between the certified gas concentration and the average instrument
response for the mid-range EPA Protocol 1 standard was less than +2%.
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2.2.14 Methanol Determination (USEPA Methods 308/18)

Methanol concentration and emission rate were determined following the basic principles of
USEPA Method 308. Since the refinery ICR volatile organic HAP sampling requirements
include surrogate spiking and recovery determination, the USEPA Method 308 test procedure
included the addition of a co-located sampling train spiked with the target analyte (methanol)
and operated simultaneously with the stack gas sampling train. This satisfies the ICR volatile
organic HAP surrogate spiking and recovery requirement.

2.2.14.1 Sampling Apparatus

As shown in Figure 2-9, each of the co-located sampling trains consisted of the following
components:

Probe - Heated stainless steel or borosilicate glass lined probe.
Teflon Tube - Connecting the probe to the absorbing solution/condensate impinger.

Impinger - Borosilicate glass impinger with tapered insert to collect moisture and
condensable organics.

Sorbent Tube - Two section silica gel trap to collect non-condensable methanol fraction.
Pump - To transport gas sample through sampling train.
Needle Valve - To control gas sample flow rate through the sampling train.

Meter Console - A VOST type meter console was used to control the sampling rate
through the impinger train and monitored the temperature of the sampling train
components. The meter console itself contained a dry gas meter to measure the volume
of gas sampled. The gas meter has an accuracy of + 1%.

The unspiked sampling train included one midget impinger charged with 20 mL of ultrapure
deionized water.

The spiked train included one midget impinger charged with 20 mL of laboratory prepared
spiking solution for the recovery determination. The spiked train also included a two-section
silica gel sorbent tube spiked with a known mass of ultra pure methanol into the first section for
the recovery determination.

2.2.14.2 Sampling Procedures

Prior to the start of sampling, each of the sampling trains was leak checked at 10 inches of Hg.
Acceptable leak rate is < 2% of the average sampling rate. Following the leak check, the
impinger was immersed in an ice water bath and the sample probe was positioned in the
centroid of the stack. The sample probe was purged and sampling began with the sample rate
adjusted to a selected flow rate in the range of 200 to 1000 mL/minute (dependent upon the
methanol concentration in the stack and the detection limit required). Sample train flow rate and
temperature data were recorded at five-minute intervals throughout the duration of the run.
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Following completion of the run, a post test leak check was performed in the same manner as
that conducted prior to the start of the run.

2.2.14.3 Sample Recovery Procedures
Sample recovery from each of the two co-located trains was conducted as follows:

Container #1 - The impinger absorbing solution and water rinse of the impinger and
upstream sample tubing weres stored in a labeled and sealed 40 mL VOA vial and
stored in a cooler with ice packs.

Silica Gel Sorbent Tube - The sorbent tube was capped, labeled, and stored in a cooler
with cold packs.

Blanks - A methanol field blank and a sorbent tube blank were collected once for each
source tested.

2.2.14.4 Analytical Procedures

At ARI's laboratory, the collected samples were analyzed using an SRI Model 8610 gas
chromatograph equipped with a FID following USEPA Method 308 procedures to determine the
methanol concentration.

Calibration of the gas chromatograph was performed using liquid standards prepared in the
same impinger absorbing solution matrix as well as standards prepared in the sorbent tube
desorbing solution. The samples were analyzed and target analyte recoveries were determined
to meet the QA recovery requirements set forth in USEPA Method 18.

2.2.15 Mercury (ASTM D6784-02 — Ontario Hydro Method)

Total Hg was determined following the test procedures as detailed in ASTM Method D6784-02
(Ontario Hydro Method).

2.2.15.1 Sampling Apparatus
Assembled by ARI personnel, the sampling train consisted of the following (see Figure 2-10):
Nozzle - Borosilicate glass with sharp, tapered leading edge.

Probe - Borosilicate glass with a heating system capable of maintaining a probe exit
temperature to within +27°F of the flue gas temperature and no less than 248°F.

Pitot Tube - Type-S, attached to probe for monitoring stack gas velocity.

Filter Holder - Borosilicate glass with a 4-in. Teflon frit filter support and a Viton O-ring
gasket. The holder design provided a positive seal against leakage from the outside or
around the filter. The filter holder was heated to within +27°F of the flue gas temperature
and no less than 248°F during sampling. A thermocouple was placed in the back-half of
the filter holder for direct measurement of the sample stream temperature.
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Draft Gauge - Inclined manometer with a readability of 0.01-in. H,O in the 0- to 1-in.
range and 0.1-in. H,O in the 1-in. to 10-in. range.

Impingers — Eight impingers connected in series with glass ball joints. The first, second,
fourth, fifth, sixth and eighth impingers were of the Greenburg-Smith design, but modified
by replacing the standard tip with a 2-in.-i.d. glass tube extending to within %2-in. of the
bottom of the impinger flask. The third and seventh impingers were of the Greenburg-
Smith design with standard tips. The first, second and third impingers contained 100 mL
of an aqueous 1 N potassium chloride (KCI) solution. The fourth impinger contained 100
mL of an aqueous solution of 5% HNO; and 10% hydrogen peroxide (H2O,). The fifth,
sixth and seventh impingers each contained 100 mL of an aqueous solution of 4%
potassium permanganate (KMnO,) and 10% sulfuric acid (H2SOy4). The last impinger
contained 200 g of silica gel.

Metering System - Apex Model 522. Vacuum gauge, leak-free pump, thermometers
capable of measuring temperature to within 5°F, dry gas meter with +2 percent accuracy,
and related equipment as required to maintain an isokinetic sampling rate and to
determine sample volume.

Barometer - Mercury barometer capable of measuring atmospheric pressure to within
+0.1-in. Hg.

2.2.15.2 Sampling Procedures

The stack pressure, temperature, moisture, and range of velocity head were measured
according to procedures described in USEPA Methods 1 through 4.

Prior to final sampling train assembly, the weight of each impinger was recorded. The sampling
train was leak-checked at the sampling site by plugging the inlet to the nozzle and pulling a
vacuum of 15-in. Hg. Leak rates of less than 0.02 ft*/min at a vacuum of 15-in. Hg were
recorded in all cases. Atthe completion of each run, the sampling train was again leak-checked
by the same procedure, but at the highest vacuum attained during the test run. Both pre- and
post-test leak checks of the pitot tube were made for each test run. Ice was placed around the
impingers to keep the ternperature of the gases leaving the last impinger at less than 68°F.

During sampling, stack gas and sampling train data were recorded at specified intervals.
Isokinetic sampling rates were based on the maximum volume capable of being pulled through
the meter at approximately 98-100 percent of moisture and a vacuum of 15 inches of mercury.

2.2.15.3 Sample Recovery Procedures

After sampling was completed and the final leak checks were performed, the filter and probe
(front-half) were disconnected from the impinger train and moved carefully from the test site to
the recovery area.
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The sample fractions were recovered as follows:

Container 1 - The filter was removed and placed in a petri dish.

Container 2 - Loose particulate and 0.1 N HNO3; washings from all sample-exposed
surfaces prior to the filter were placed in a glass bottle, sealed, and labeled. Particulate
was removed from the probe with the aid of a brush and 0.1 N HNO; rinsing. The liquid
level was marked after the container was sealed.

Container 3 — Impingers 1, 2 and 3 were weighed to the nearest 0.5 g. The filter support,
back half and connecting glassware were rinsed with 0.1 N HNO; and placed in a glass
bottle. Small amounts of 5% KMnO, solution were added very slowly to each impinger
and gently mixed until a purple color was obtained and remained for 15 minutes. The
contents of each impinger were then added to Container 3. The impingers and
connecting glassware were then rinsed with 10% HNO; and the rinses were added to
Container 3. If the solution was clear, a small amount of 5% KMnO, solution was added
until a pink or slightly purple color remained for 90 minutes. A final rinse of the impingers
and glassware was conducted with 0.1 N HNO; and added to Container 3. The liquid
level was marked after the container was sealed.

Container 4 — The contents of impinger 4 were placed in a glass bottle. The impinger
and connecting glassware were rinsed a minimum of two times with 0.1 N HNO; and
added to Container 4.

Container 5 — Impingers 5, 6 and 7 were weighed to the nearest 0.5 g. The contents of
each impinger were placed in a glass bottle. The impingers and connecting glassware
were rinsed a minimum of two times with 0.1 N HNO- and added to Container 5. A third
rinse was conducted using 0.1 N HNO; and several drops of 10% hydroxylamine solution
and added to Container 5. If the solution was clear, a small amount of H,SO4,/KMnO,4
solution was added until a pink or slightly purple color was obtained. The solution was
preserved by adding 1 mL of 5% dichromate solution to Container 5. A final rinse of the
impingers and glassware was conducted with 0.1 N HNO; and added to Container 5.
The liquid level was marked after the container was sealed.

Container 6 - The contents of the eighth impinger were weighed to the nearest gram and
discarded.

Containers 7, 8,9 & 10 — 50 mL each of 0.1 N HNO3, 1 N KCl, 5% HNO1/10% H,0, and
H2S04/KMnO, were taken for blank analysis.

Container 11 - 100 mL of hydroxylamine solution was taken for blank analysis.

2.2.15.4 Analytical Procedures

The samples were transported to the laboratory and analyzed for Hg by cold-vapor atomic
absorption (CVAAS) in accordance with ASTM Method D6784-02.
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2.2.16 Hydrogen Cyanide (OTM-29, Revised March 2011)

Sampling was conducted in accordance with USEPA OTM-29 using an Apex Instruments, Inc.
sampling console, glassware and impinger train. The back half impinger catch was analyzed in
accordance with OTM-29 procedures for HCN by ion chromatography (IC).

2.2.16.1 Sampling Apparatus
Nozzle — Borosilicate glass with sharp, tapered leading edge.

Probe - Borosilicate glass with a heating system capable of maintaining a probe exit
temperature of 248°F + 25°F.

Pitot Tube - Type-S, or equivalent, attached to probe for moriitoring stack gas velocity.

Filter Holder - Borosilicate glass with a Teflon filter support and a silicone rubber O-ring.
The holder design provided a positive seal against leakage from the outside or around
the filter. The filter holder was heated to 248°F + 25°F during sarnpling.

Filter Media — 4-in. quartz fiber filter.

Draft Gauge - Inclined manometer with a readability of 0.01 in. H,O in the 0- to 10-in.
range.

Impingers — Five (5) impingers connected in series with glass ball joints. The first four
impingers were of the Greenburg-Smith design with a standard tip. The fifth impinger
was of the Greenburg-Smith design, but modified by replacing the standard tip with a -
in.-i.d. glass tube extending to within % in. of the bottom of the impinger flask.

Metering System - Apex Model 522. Vacuum gauge, leak-free pump, thermometers
capable of measuring temperature to within 5°F, dry gas meter with +2 percent accuracy,
and related equipment as required to maintain an isokinetic sampling rate and to
determine sample volume.

Barometer - Mercury, aneroid, or other barometer capable of measuring atmospheric
pressure to within 0.1 in. Hg.

2.2.16.2 Sampling Procedures

The stack pressure, temperature, moisture, and range of velocity head were measured
according to procedures described in USEPA Methods 1 through 4. The first four impingers
initially contained 100 mL of 6.0 N sodium hydroxide (NaOH). The fifth impinger contained

200 g of silica gel. The train was set up with the probe and filter holder as shown in Figure 2-11.
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The sampling train was leak-checked at the sampling site by Elugging the inlet to the nozzle and
pulling a vacuum of 15 in. Hg. Leak rates of less than 0.02 ft*/min at a vacuum of 15 in. Hg
were recorded in all cases. At the completion of each test run, the sampling train was again
leak-checked by the same procedure, but at the highest vacuum attained during the test run.

Stack CO, was continuously recorded using procedures of USEPA Method 3A. In conjunction,
a bag sample of the dry gas meter effluent was collected to determine the CO, content of the
sample gas after being subjected to the impinger absorbents. The difference between the stack
gas and final sample CO; concentrations were used to adjust the final sample volume.

Both pre- and post-test leak checks of the pitot tube were made for each test run. Ice was
placed around the impingers to keep the temperature of the gases leaving the last impinger at
less than 68°F.

During sampling, stack gas impinger pH indicator and sampling train data were recorded at
specified intervals. The pH in the impingers needs to be 212 and was monitored at 15-minute
intervals. Isokinetic sampling rates were based on the maximum volume capable of being
pulled through the meter at approximately 100 percent of moisture and a vacuum of 15 inches
of mercury.

2.2.16.3 Sample Recovery Procedures

After sampling was completed, the sampling train was then moved carefully from the test site to
the recovery area. The sample fractions were recovered as follows:

Container 1 — The pH was recorded for the first three impingers and the contents of
impingers 1 through 3 were measured gravimetrically and placed in a glass bottle, sealed

and labeled. A rinse of 0.1 N NaOH was performed on each of the first three impingers
and placed in the same container.

Container 2 — After recording the pH and weighing, the contents of the fourth impinger
were placed in a glass bottle along with the 0.1 N NaOH rinses. The contents of
impinger 5 were weighed and then discarded.
Container 3 — 100 mL of 6.0 N NaOH was collected for blank analysis.

2.2.16.4 Analytical Procedures

The samples were analyzed by IC in accordance with USEPA OTM-29.

2.2.17 Speciated Semi-Volatile Organic HAP (SW-846 Method 0010)

Sampling in accordance with SW-846 Method 0010 was conducted for the following target
analytes:
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Acenaphthene 2-Chloronapthalele Fluorene
Acenaphthylene Chrysene Indeno(1,2,3-cd)pyrene
Aniline Dibenz[a,h]anthracene Isophorone
Anthracene Dibenzofuran 3-Methylcholanthrene
Benzidine Dibenzo(a,e)pyrene 2-Methylnaphthalene
Benz[a]lanthracene 3,3-Dimethoxybenzidine Naphthalene
Benzo[b]fluoranthene Dimethylaminobenzene Perylene

Benzo[k]fluoranthene 7,12-Dimethylbenz(a)anthracene  Phenanthrene

Benzo[g,h,i]perylene 3,3-Dimethylbenzidine Phenol
Benzo[a]pyrene a, a -Dimethylphenethylamine 1,4-Phenylenediamine
Benzo[e]pyrene 2,4-Dimethylphenol Pyrene

Biphenyl Fluoranthene o-Toluidine

The samples were withdrawn isokinetically from the stack location through a heated particulate
filter followed by a condenser, a XAD-2 resin sorbent trap and a series of chilled impingers.

2.2.17.1 Sampling Apparatus

The sampling train was an Apex Instruments Modified Method 5 sampling train (see Figure 2-
12). The major components are described below:

Nozzle - Borosilicate glass with sharp tapered leading edge.

Probe — Stainless steel with borosilicate glass liner and attached pitot tube and stack
temperature thermocouple.

Apex Sample Box - Borosilicate glass filter holder, quartz fiber filter, a water jacketed
sample chiller, a sorbent trap containing XAD-2 resin, five Greenburg-Smith impingers
and the connecting glassware.

Apex Control Module — (per USEPA Method § specifications) pump, heat controllers and
inclined-vertical oil gauge manometer.

The sample adsorbent traps and filters were cleaned and prepared by the laboratory following
SW-846 Method 0010 procedures. ARI cleaned all sampling train glassware to pesticide
analytical requirements using procedures outlined in Section 3A of the “Manual of Analytical
Methods for the Analysis of Pesticide in Human and Environmental Samples”.

The sample train was assembled as follows:
1. A glass nozzle was selected and attached to the probe.

2. A pre-weighed, pre-cleaned quartz fiber filter was placed in the filter holder and its
nurnber recorded on the data sheets.

3. The water jacket sample condenser and sorbent trap containing 50 grams of
XAD-2 resin were placed in series after the filter holder.
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4. The back half of the train consisted of five impingers. The first impinger was
assembled empty. The second and third impingers contained 100 mL of HPLC
grade water. The fourth impinger was assembled empty. The fifth impinger
contained 200 grams of silica gel.

5. The sampling train was assembled on-site in ARI’s monitoring trailer.
2.2.17.2 Sampling Procedures
The sampling train was leak checked prior to sampling using the following procedures:
1. The pump was started.
2. The course flow adjustment valve was opened.
3. Flow through the dry gas meter was checked.

4, The probe inlet was plugged.

5. The fine flow adjustment valve was adjusted so that the vacuum gauge read 15 in.
Hg.
6. If the flow exceeded .02 ACFM, the pump was shut off and all connections were

rechecked for tightness and the leak test procedure was repeated until acceptable
results were obtained.

The pitot tube assembly was leak checked using the following procedures:

1. A positive (or negative) pressure of greater than 3 inches of water was created in
the pitot line to be checked.

2. The line was plugged to hold the pressure, and the manometer was monitored to
watch for any change in the reading.

3. If the reading changed, the system was rechecked for leaks and the leak check
procedure was repeated until no leaks were present.

Crushed ice was added to the impinger compartment and the sample case was moved into
position outside the first port to be sampled. When the filter holder assembly was properly
heated, the nozzle was uncapped and the probe introduced into the stack to the first sampling
point. The dry gas meter reading was recorded and sampling started. At each point, a pitot
reading was made and the sampling rate adjusted using calculations based on preliminary
temperature, pressure and estimated moisture. The sorbent trap was maintained below 68°F to
insure XAD collection efficiency during testing. When sampling at the last point in the port was
complete, the pump was turned off and the probe was carefully removed from that port.
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A final leak test was performed on the sampling train, as previously described. The umbilical
cord was disconnected, and the sample case and probe were then disassembled.

2.2.17.3 Sample Recovery Procedures

Upon completion of each test run and final leak check, the following sampling train clean-up
procedure was performed:

Container 1 - The filter was removed from its holder and was placed and sealed in a glass
Petri dish.

Container 2 - All loose particulate matter and rinse washings from all sample-exposed
surfaces preceding the filter paper were placed in this container and sealed. The probe,
nozzle and connecting heated Teflon line were scrubbed with a stiff Teflon brush and rinsed
with a 1 to 1 (1:1) mixture of methanol and methylene chloride. The final level of liquid was
marked on the bottle.

Container 3 - The contents of impingers 1, 2, 3 and 4 were measured for volume and then
placed in Container 3. The total volume was measured to the closest +1 mL and the liquid
level was marked on the outside of the bottle.

Container 4 - The silica gel from impinger 5 was placed in Container 4.

Containers 5 & 6 - The sorbent traps were sealed with Teflon tape and glass end caps.
The traps were refrigerated in ARI's monitoring trailer.

Blanks - During testing, a methanol/methylene chloride blank, DI water blank, XAD-2 resin
blank and glass fiber filter blank were collected and placed into respective glass bottles
with Teflon lined lids for analysis.

2.2.17.4 Analytical Procedures

After all chain of custody forms were completed, the samples were shipped to the laboratory for
analysis in accordance with SW-846 Method 0010 and 8270C or D. The samples were stored
in ice chests containing cold packs.

2.2.18 Aldehydes (SW-846 Method 0011)

Sampling for aldehydes (formaldehyde, acetaldehyde, propanal) was conducted in accordance
with SW-846 Method 0011 using an Apex Instruments, Inc. sampling train as shown in Figure 2-
13. The impinger catch was analyzed for aldehydes in accordance with SW-846 Method 8315A
procedures.

2.2.18.1 Sampling Apparatus

The aldehydes sampling train met design specifications established by the USEPA. Assernbled
by ARI personnel, it consisted of the following:
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Nozzle — Borosilicate glass with sharp, tapered, leading edge and accurately measured
round opening.

Probe — Borosilicate glass with a heating system capable of maintaining a gas temperature
of 248°F x 25°F at the exit end during sampling.

Pitot Tube - A Type-S pitot tube that met all geometric standards; attached to the probe to
monitor stack gas velocity.

Draft Gauge - A dual-inclined oil gauge manometer made by Dwyer with a readability of
0.01 in. H2O in the O- to 1-in. range and 0.1 in. H2O in the 1- to 10-in. range.

Impingers - Five impingers connected in series with O-ring ball joints. The first, third,
fourth and fifth impingers were of the Greenburg-Smith design, modified by replacing the
tip with a 1/2-in.-i.d. glass tube extending to 1/2-in. from the bottom of the flask. The first
three impingers contained a 2,4-dinitrophenylhydrazine (DNPH) solution.

Filter Holder - Borosilicate glass with a quartz fiber, 4-in. diameter, placed between the
second and third impinger.

Metering System - Vacuum gauge, leak-free pump, thermometers capable of measuring
temperature to within 5°F, dry gas meter with 2 percent accuracy, and related equipment
to maintain an isokinetic sampling rate and to determine sample volume.

Barometer - Aneroid type to measure atmospheric pressure to £0.1 in. Hg.
2.2.18.2 Sampling Procedures

Approximately 200 grams of silica gel were weighed and placed in a sealed impinger prior to
each test run. 200 mL of DNPH was placed in the first impinger; the second and third impingers
each contained 100 mL DNPH; the fourth impinger was empty, and the fifth impinger contained
silica gel. The sampling train was leak-checked at the sampling site prior to each test run by
plugging the inlet to the nozzle and pulling a 15-in. Hg vacuum; and at the conclusion of the test
run, by plugging the inlet to the nozzle and pulling a vacuum equal to the highest vacuum
reached during the test run.

The pitot tube and lines were leak-checked at the test site prior to and at the conclusion of each
test run. The check was made by blowing into the impact opening of the pitot tube until 3 or
more inches of water was recorded on the manometer and then capping the impact opening
and holding it for 15 seconds to assure it was leak-free. The static pressure side of the pitot
tube was leak-checked by the same procedure, except suction was used to obtain the 3-in. H,O
manometer reading. Crushed ice was placed around the impingers to keep the temperature of
the gases leaving the last impinger at 68°F or less.

During sampling, stack gas and sampling train data were recorded at each sampling point and
whenever significant changes occurred in stack flow conditions. Isokinetic sampling rates were
based on the maximum volume capable of being pulled through the meter at approximately 98-
100 percent of moisture and a vacuum of 15 inches of mercury.
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2.2.18.3 Sample Recovery Procedures

The sampling train was moved carefully from the test site to the cleanup area. The volume of
DNPH from the first three impingers was measured, and sample fractions were recovered as
follows:

Container 1 - Methylene chloride washings from all sample-exposed surfaces prior to the
impinger train were placed in an amber glass container. Particulate was removed from the
probe with the aid of a Teflon brush. The DNPH in the first three impinger sections of the
sampling train was measured volumetrically and placed in the amber glass container. The
impingers and connecting glassware were rinsed with methylene chloride and this rinse was
added to the container for shipment to the laboratory. A final rinse of the impinger section
was conducted using distilled H,O and methylene chloride

Container 2 — Sample blank equal in volume to the sample runs.

Container 3 — The silica gel from the fifth impinger was weighed, and this value was
recorded on the Sample Recovery and Integrity Sheet along with other pertinent data. The
color of the indicating silica gel was observed to determine if there had been moisture
breakthrough. The silica gel was weighed to the nearest 0.5 g.

2.2.18.4 Analytical Procedures

The analytical procedures followed those described in SW-846 Method 8315A.
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SEGTION THREE Process Description

Houston Refining operates the 736 Coker Unit at their Houston, Texas facility. Within the 736
Coker Unit are four coke drums which vent to atmosphere following operational process cycles
of seven to eight hours. The venting process occurs after the drum has depressurized to
approximately five psi and continues for a period of twenty-five to forty-five minutes until the
drum is depressurized. Sampling was performed on the four coke drum vents through the two

vent headers in the 736 Coker.
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The test results are presented in Table 4-1 through 4-15.

The calculation summaries, field data, analytical data, ARI reference method monitoring data,
calibration data and test program qualifications are included in the appendices as detailed in the
Table of Contents.

DISCUSSION

Volatile Organic HAPs

Data presented for the volatile organic HAPs (see Tables 4-3 and 4-5) should be qualified with
the following observances:

Concentrations of acetone, methylene chloride and methanol appear as artifacts of cross-
method contamination. Elevated levels of these compounds were found in the associated
blanks, both field and reagent, and may not be considered characteristic of the Coker
atmospheric emissions.

The laboratory reported inconsistencies with the recovery of nitrobenzene-d5 and
subsequent quantification of native nitrobenzene. The purge and trap analysis suffered from
run to run carry-over and there was no clear evidence of nitrobenzene in the samples. The
detection limits for nitrobenzene were raised because of the uncertainty of low level data.
Nitrobenzene data is also available from the SVOC data presented in Appendix C.

Due to the extremely elevated levels of reported concentrations and detection limits during
the second run; the data is not considered representative of the coker emissions and is
presented, but not included in the averaged results.

Semi-Volatile HAPs

The test results are based upon analytical data from the analysis of diluted sample extracts due
to levels and interferences with dilutions of at least 1,000. The high dilutions resulted in the
extraction standards potentially being well below quantifiable limits. As a result, field sampling
and extraction standard recoveries could not be quantified. Additional extraction (internal)
standard was added for quantification. As a result, laboratory values were not recovery
corrected.

Methane

The methane concentration as measured during Run No. 3 on August 2, 2011, appears to be
high in relation to the total hydrocarbon (THC) as measured during the same period. As a
result, the three run average methane concentration and emission rate values are higher than
the THC values. The problems encountered resulting in the variability between the test
methods is due to the issues with the high concentrations of moisture and resuitant low dry
sample volumes.
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Aldehydes

The analytical results for the USEPA Method 0011 train indicated a rather high level of
formaldehyde measured in the blank train. No immediate explanation can be given for this
result. Since the measured concentrations and emission rates of formaldehyde from the Coker
Unit were not corrected for the blank train contamination value, the reported formaldehyde
emissions to atmosphere may be biased high.

Isokinetic Sampling Rates

It should be noted that at saturated gas stream moisture levels (97-99% by volume), maintaining
isokinetic sampling rates between 90 and 110% for those parameters requiring isokinetic
sampling, was virtually impossible. The extremely high volume of condensable water vapor, low
dry gas flow rates through the metering system dry gas meter, the continuously variable exhaust
gas flow rate from the Coker Unit during the venting cycle, and the short venting time periods
were the primary causes for the difficulty in maintaining acceptable isokinetic sampling rates

During periods of the vent cycles when the temperature of the vent gas dropped below 210° F the
moisture concentrations dropped accordingly with the saturation level, resulting in a low bias of the
moisture concentrations and a high bias of the pollutant concentrations. At the typical vent
temperature of 212 degrees when the vent stream is primarily steam (97 — 99+ % moisture), brief
periods of lower temperature result in a significant drop in saturation content (during the vent cycles
that this occurred the resultant average saturation content of the gas stream (approximately 78%
saturation content at 200° F) resulted in a significant bias low of the moisture content and a
corresponding high bias of the pollutant concentrations. Although the data from all runs are included
in the averages, these runs should be considered as outliers due to the moisture bias.

While these issues are believed to be the result of errors in moisture correction for the extremely
high moisture (approaching 100%) sample conditions, the data is reported as analyzed but should
be interpreted with care.
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TABLE 4-1. DCU 736 SVOC CONCENTRATION TEST RESULTS SUMMARY

TEST RUN 0010-1 0010-2 0010-3
TEST DATE 7/19/2011 7/20/2011 7/21/2011
TEST TIME 14:42 - 15:10 12:20 - 12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) 0.467 0.150 0.833
SVOC Sample Parameters
Time, min 28 9 50
Volume, dscm 0.018 0.036 0.069
Volume, dscf 0.636 1.263 2.429
Isokinetic rate, % 544.0 387.1 413.4
Concentration - ug/dscm
Acenaphthene 10,719 <461.4 10,425 <7,202
Acenaphthylene <855.3 <111.9 <761.9 <576.3
Aniline 1927 <234.9 543.8 <901.9
Anthracene 46,152 2,964 33,440 27,519
Benzidine <21,104 <1,063 <5,525 <9,231
Benzo[a]anthracene 3,832 <1,558 3,257 <2,882
Benzo[b]fluoranthene <2222 282.5 193.4 <232.7
Benzolk]fluoranthene <222.2 <111.9 <110.8 <148.3
Benzo[g,h,i]perylene <222.2 469.8 280.6 <324.2
Benzo[a]pyrene 391.0 688.0 526.3 535.1
Benzo[elpyrene 384.3 590.1 3315 435.3
Biphenyl 15,051 668.4 14,190 9,970
2-Chloronapthalene <222.2 <111.9 <58.16 <130.7
Chrysene 4932 1,907 3,737 3,525
Dibenz[a,h]anthracene <2222 170.0 125.9 <172.7
Dibenzofuran 7,942 385.9 3,649 3,992
Dibenzo(a,e)pyrene <2222 <111.9 <58.16 <130.7
3,3'-Dimethoxybenzidine <16,106 1,331 <4,216 <7,218
Dimethylaminobenzene <1,111 <55.93 <290.8 <485.8
7,12-Dimethylbenz(a)anthracene <2222 <111.9 <58.16 <130.7
3,3'-Dimethylbenzidine <16,106 <811.0 <4,216 <7,044
a,a-Dimethylphenethylamine <6,665 <3356 <1,745 <2,915
2,4-Dimethylphenol 9,053 757.9 2,908 4,239
Fluoranthene 11,941 1,152 4,900 5,998
Fluorene 37,044 1,560 32,568 23,724
Indeno(1,2,3-cd)pyrene <2222 127.0 93.92 <1477
Isophorone <1,250 <62.92 <327 .1 <546.6
3-Methylcholanthrene 2222 111.9 58.16 130.7
2-Methylnaphthalene 447,081 21,394 495,788 321,421
2-Methylphenol 3,654 5146 1,074 1,748
3-Methylphenol & 4-Methylphenol 4,643 542.5 <1,062.8 <2,082.8
Naphthalene 238,258 13,284 177,379 142,973
Perylene <2222 <111.9 <58.16 <130.7
Phenanthrene 153,840 8,753 97,704 86,766
Phenol <1,144 <489.4 <322.8 <652.1
1,4-Phenylenediamine <9,997 <503.4 <2,617 <4,372
Pyrene 57,204 6,208 21,082 28,165
o-Toluidine <2,777 <139.8 <442.0 <1,120
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TABLE 4-2. DCU 736 SVOC EMISSION RATE TEST RESULTS SUMMARY (LBS/HR)
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TEST RUN : 0010-1 0010-2 0010-3

TEST DATE : 711972011 7120/2011 712112011

TEST TIME : 14:42 - 15:10 12:20 - 12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) 0.467 0.150 0.833

Stack Gas Parameters

Temperature, av. °F 213.0 213.0 212.4 212.8
Velocity, av. ft/sec 58.010 75.943 74.146 69.366
Volume flow, acfm 1,215 1,591 1,553 1,453
Volume flow, scfm 960 1,257 1,225 1,147
Volume flow, dscfm 8 66 21 32
Volume flow, scfh 57,578 75,421 73,524 68,841
Volume flow, dscfh 454 3,940 1,277 1,890
Moisture, av. % vol 99.21 94.78 98.26 97.42
CO,, av. % vol, db 0.00 0.00 0.50 0.17
0Oy, av. % vol, db 20.50 21.00 18.00 19.83
SVOC Sample Parameters

Time, min 28 9 50

Volume, dscm 0.018 0.036 0.069

Volume, dscf 0.636 1.263 2.429

Isokinetic rate, % 544.0 387.1 413.4

Emission Rate - Ib/hr x 107°

Acenaphthene 0.3037 <0.1135 0.8314 <0.4162
Acenaphthylene <0.0242 <0.0275 <0.0608 <0.0375
Aniline 0.0546 <0.0578 0.0434 <0.0519
Anthracene 1.3076 0.7292 2.6669 1.5679
Benzidine <0.5980 <0.2614 <0.4406 <0.4333
Benzo[a]anthracene 0.1086 <0.3832 0.2597 <0.2505
Benzo[b]fluoranthene <0.0063 0.0695 0.0154 <0.0304
Benzolk]fluoranthene <0.0063 <0.0275 <0.0088 <0.0142
Benzo[g,h,i]perylene <0.0063 0.1156 0.0224 <0.0481
Benzo[a]pyrene 0.0111 0.1692 0.0420 0.0741
Benzo[e]pyrene 0.0109 0.1451 0.0264 0.0608
Biphenyi 0.4264 0.1644 1.1317 0.5742
2-Chloronapthalene <0.0063 <0.0275 <0.0046 <0.0128
Chrysene 0.1397 0.4691 0.2980 0.3023
Dibenz[a,h]anthracene <0.0063 0.0418 0.0100 <0.0194
Dibenzofuran 0.2250 0.0949 0.2910 0.2037
Dibenzo(a,e)pyrene <0.0063 <0.0275 <0.0046 <0.0128
3,3'-Dimethoxybenzidine 0.4563 0.3274 <(0.3363 <0.3733
Dimethylaminobenzene <0.0315 <0.0138 <0.0232 <0.0228
7.,12-Dimethylbenz(a)anthracene <0.0063 <0.0275 <0.0046 <0.0128
3,3'-Dimethylbenzidine <0.4563 <0.1995 <0.3363 <0.3307
a,a-Dimethylphenethylamine <0.1888 <0.0825 <0.1391 <0.1368
2,4-Dimethylphenol 0.2565 0.1864 0.2319 0.2249
Fluoranthene 0.3383 0.2834 0.3908 0.3375
Fluorene 1.0496 0.3838 2.5973 1.3436
Indeno(1,2,3-cd)pyrene <0.0063 0.0312 0.0075 <0.0150
Isophorone <0.0354 <0.0155 <0.0261 <0.0257
3-Methylcholanthrene 0.0063 0.0275 0.0046 0.0128
2-Methylnaphthalene 12.6671 5.2623 39.5391 19.1562
2-Methylphenol 0.1035 0.1266 0.0857 0.1053
3-Methylphenol & 4-Methylphenol 0.1315 0.1334 <0.0848 <0.1166
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TABLE 4-2 (CONTINUED). DCU 736 SVOC EMISSION RATE TEST RESULTS SUMMARY
(LBS/HR)
TEST RUN 0010-1 0010-2 0010-3
TEST DATE 7/19/2011 7/20/2011 7/21/2011
TEST TIME 14:42 - 15:10 12:20 - 12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) 0.467 0.150 0.833
Naphthalene 6.7505 3.2674 14.1460 8.0547
Perylene <0.0063 <0.0275 <0.0046 <0.0128
Phenanthrene 4.3587 2.1531 7.7919 47679
Phenol <0.0324 <0.1204 <0.0257 <0.0595
1,4-Phenylenediamine <0.2832 <0.1238 <0.2087 <0.2053
Pyrene 1.6208 1.5271 1.6813 1.6097
o-Toluidine <0.0787 <0.0344 <0.0352 <0.0494
4-5
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TABLE 4-3. DCU 736 SVOC EMISSION RATE TEST RESULTS SUMMARY (LBS/CYCLE)
TEST RUN 0010-1 0010-2 0010-3
TEST DATE 7/19/2011 7/20/2011 712172011
TEST TIME 14:42 - 15:10 12:20 -12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) 0.467 0.150 0.833
Stack Gas Parameters
Temperature, av. °F 213.0 213.0 212.4 212.8
Velocity, av. ft/sec 58.010 75.943 74.146 69.366
Volume flow, acfm 1,215 1,591 1,653 1,453
Volume flow, scfm 960 1,257 1,225 1,147
Volume flow, dscfm 8 66 21 32
Volume flow, scfh 57,578 75,421 73,524 68,841
Volume flow, dscfh 454 3,940 1,277 1,890
Moisture, av. % vol 99.21 94.78 98.26 97.42
CO,, av. % vol, db 0.00 0.00 0.50 0.17
O,, av. % vol, db 20.50 21.00 18.00 19.83
SVOC Sample Parameters
Time, min 28 9 50
Volume, dscm 0.018 0.036 0.069
Volume, dscf 0.636 1.263 2.429
Isokinetic rate, % 544.0 387.1 413.4
Emission Rate - Ib/cycle x 10°
Acenaphthene 0.1417 <0.0170 0.6928 <0.2839
Acenaphthylene <0.0113 <0.0041 <0.0506 <0.0220
Aniline 0.0255 <0.0087 0.0361 <0.0234
Anthracene 0.6102 0.1094 2.2224 0.9807
Benzidine <0.2790 <0.0392 <0.3672 <0.2285
Benzo[a]anthracene 0.0507 <0.0575 0.2164 <0.1082
Benzo[b]fluoranthene <0.0029 0.0104 0.0129 <0.0087
Benzolk]fluoranthene <0.0029 <0.0041 <0.0074 <0.0048
Benzolg,h,i]perylene <0.0029 0.0173 0.0186 <0.0130
Benzol[a]pyrene 0.0052 0.0254 0.0350 0.0218
Benzo[e]pyrene 0.0051 0.0218 0.0220 0.0163
Bipheny! 0.1990 0.0247 0.9431 0.3889
2-Chloronapthalene <0.0029 <0.0041 <0.0039 <0.0036
Chrysene 0.0652 0.0704 0.2483 0.1280
Dibenz[a,hjanthracene <0.0029 0.0063 0.0084 <0.0059
Dibenzofuran 0.1050 0.0142 0.2425 0.1206
Dibenzo(a,e)pyrene <0.0029 <0.0041 <0.0039 <0.0036
3,3'-Dimethoxybenzidine 0.2130 0.0491 <0.2802 <0.1808
Dimethylaminobenzene <0.0147 <0.0021 <0.0193 <0.0120
7,12-Dimethylbenz(a)anthracene <0.0029 <0.0041 <0.0039 <0.0036
3,3'-Dimethylbenzidine <0.2130 <0.0299 <0.2802 <0.1744
a,a-Dimethylphenethylamine <0.0881 <0.0124 <0.1160 <0.0722
2,4-Dimethylphenol 0.1197 0.0280 0.1933 0.1136
Fluoranthene 0.1579 0.0425 0.3256 0.1753
Fluorene 0.4898 0.0576 2.1644 0.9039
Indeno(1,2,3-cd)pyrene <0.0029 0.0047 0.0062 <0.0046
Isophorone <0.0165 <0.0023 <0.0217 <0.0135
3-Methylcholanthrene 0.0029 0.0041 0.0039 0.0036
2-Methylnaphthalene 59113 0.7893 32.9493 13.2167
2-Methylphenol 0.0483 0.0190 0.0714 0.0462
3-Methylphenol & 4-Methylphenol 0.0614 0.0200 <0.0706 <0.0507
H866-34 4-6



Houston Refining LP

== == = Source: 736 Coker Unit
- EEe Test Dates: July 18 through August 3, 2011
VW ENVIRONMENTAL G IN

“ Page: 50 of 65

SECTION FOUR Test Resuits

TABLE 4-3 (CONTINUED). DCU 736 SVOC EMISSION RATE TEST RESULTS SUMMARY

(LBS/CYCLE)

TEST RUN : 0010-1 0010-2 0010-3

TEST DATE X 7/19/2011 7/20/2011 712172011

TEST TIME : 14:42 - 15:10 12:20 - 12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) : 0.467 0.150 0.833

Naphthalene 3.1503 0.4901 11.7883 5.1429
Perylene <0.0029 <0.0041 <0.0039 <0.0036
Phenanthrene 2.0341 0.3230 6.4932 2.9501
Phenol <0.0151 <0.0181 <0.0215 <0.0182
1,4-Phenylenediamine <0.1322 <0.0186 <0.1739 <0.1082
Pyrene 0.7564 0.2291 1.4011 0.7955
o-Toluidine <0.0367 <0.0052 <0.0294 <0.0237
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Houston Refining LP

— E=_ E Source: 736 Coker Unit
RN N Test Dates: July 18 through August 3, 2011

Page: 53 of 65

SECTIONFOUR Test Resuits

TABLE 4-6. 736 COKER UNIT ALDEHYDES TEST RESULTS SUMMARY

TEST RUN 0011-1 0011-2 0011-3
TEST DATE 7/19/2011 7/20/2011 7/21/2011
TEST TIME 14:42 - 15:10 12:20 - 12:29 10:26 - 11:16 Average
CYCLE TIME (HRS) 0.467 0.150 0.833
Stack Gas Parameters
Temperature, av. °F 213 213.0 212.4 212.8
Velocity, av. ft/sec 58.05 77.07 74.09 69.74
Volume flow, acfm 1,216 1,614 1,552 1,461
Volume flow, scfm 960 1,275 1,225 1,153
Volume flow, dscfm 5 4 24 11
Volume flow, scfh 57,619 76,496 73,474 69,196
Volume flow, dscfh 319 261 1,452 677
Moisture, av. % vol 99.45 99.66 98.02 99.04
CO,, av. % vol, db 0.00 0.00 0.50 0.17
0O,, av. % vol, db 20.50 21.00 18.00 19.83
Aldehydes Sample
Time, min 28.0 9.0 50.0
Volume, dscf 0.527 0.098 2.995
Volume, dscm 0.015 0.003 0.085
Isokinetic Ratio, % 641.3 452.2 448.5
Formaldehyde®
Concentration
Ib/dscf x 10°® 124.8181 377.8952 17.8783 173.5305
ug/dscm 1,999,151.0 6,052,561.8 286,348.0 2,779,353.6
Emission rate
Ib/hr 0.0398 0.0986 0.0260 0.0548
Ib/cycle 0.0186 0.0148 0.0216 0.0183
Acetaldehyde
Concentration
Ib/dscf x 10° 160.3945 180.0385 42.5720 127.6683
ug/dscm 2,568,959.6 2,883,589.1 681,854.9 2,044,801.2
Emission rate
Ib/hr 0.0512 0.0470 0.0618 0.0533
Ib/cycle 0.0239 0.0070 0.0515 0.0275
Propanal
Concentration
Ib/dscf x 10°® 30.9065 20.5177 5.4535 18.9592
ug/dscm 495,013.8 328,621.4 87,346.0 303,660.4
Emission rate
Ib/hr 0.0099 0.0054 0.0079 0.0077
Ib/cycle 0.0046 0.0008 0.0066 0.0040

®Formaldehyde concentrations and emission rates were not corrected for blank train formaldehyde results.
Therefore, measured formaldehyde concentrations and emission rates from the 736 Coker to atmosphere may
be biased high. Acetaldehyde and propanal levels in the blank train were significantly lower and, therefore,
the stated concentrations and emission rates are deemed representative.
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SECTION FOUR

Houston Refining LP
Source: 736 Coker Unit
Test Dates: July 18 through August 3, 2011

Page: 54 of 65

Test Results

TABLE 4-7. 736 COKER UNIT METHANOL TEST RESULTS SUMMARY

TEST RUN

TEST DATE

TEST TIME

CYCLE TIME (HRS)

Stack Gas Parameters
Temperature, av. °F
Velocity, av. ft/sec
Volume flow, acfm
Volume flow, scfm
Volume flow, dscfm
Volume flow, scfh
Volume flow, dscfh
Moisture, av. % vol
CO,, av. % vol, db
0O,, av. % vol, db

Spiked Train Parameters
Time, min

Volume, std liters

Volume, dscf

Unspiked Train Parameters
Time, min

Volume, std liters

Volume, dscf

Methanol Data
Spike Recovered (R), percent

Concentration
ppbv db
mg/dscm
Ib/dscf x 10

Emission Rate
Ib/hr
Ib/cycle

308-1
7/21/2011

10:26 — 11:16

0.833

2124
73.880

1,547
1,221
36
73,260
2,158

98.81

0.00

20.50

25
14.911
0.527

25
7.087
0.250

-5625.419

-1,1247
-1,497°
-0.09349°

-0.00020°
-0.00017

308-2 308-3
7/21/2011 712712011
18:15-19:34 13:37 -14:45
1.317 1.133
212.4 212
91.306 106.027
1,912 2,221
1,509 1,765
18 32
90,540 105,875
1,075 1,891
98.81 98.21
0.50 0.50
19.50 18.50
65 68
18.877 25.057
0.667 0.885
65 68
13.084 40.063
0.462 1.415
-109.900 20.026
-1,677° 94
-2,2347 125
-0.13946° 0.00778
-0.00015° 0.000015
-0.00020 0.000017

Average

2123
90.405

1,893
1,498
28
89,892
1,708

98.61

0.33

19.50

94
125
0.00778

0.000015
0.000017

®Methanol concentration and emission rate results are negative due to cross method contamination of the
spiked and unspiked methanol trains resulting in negative spike recovery (R) values. The average methanol
concentration and emission rate is given as the Run No. 3 results only and may not be representative of the
736 Coker Unit methanol emissions to atmosphere.
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Houston Refining LP
Source: 736 Coker Unit
Test Dates: July 18 through August 3, 2011
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SECTIONFOUR Test Results
TABLE 4-8. 736 COKER UNIT HCI, Ci, AND HF TEST RESULTS SUMMARY
TEST RUN 26A-1 26A-3 26A-4
TEST DATE 7/21/2011 7/27/2011 7/28/2011
TEST TIME 18:15-19:34 13:37 - 14:45 15:18 - 16:11 Average
CYCLE TIME (HRS) 1.317 1.133 0.883
Stack Gas Parameters
Temperature, av. °F 212.2 212.0 213.3 212.5
Velocity, av. ft/sec 90.93 43.67 112.73 82.44
Volume flow, acfm 1,904 915 2,361 1,727
Volume flow, scfm 1,509 727 1,867 1,367
Volume flow, dscfm 29 13 48 30
Volume flow, scfh 90,514 43,606 111,996 82,030
Volume flow, dscfh 1,737 779 2,855 1,790
Moisture, av. % vol 98.08 98.21 97.45 97.92
CO,, av. % vol, db 0.50 0.50 0.50 0.50
0O,, av. % vol, db 19.50 18.50 19.00 19.00
Sampling System Data
Time, min 70.0 68.0 53.0
Volume, dscf 2.641 11.195 3.662
Volume, dscm 0.075 0.317 0.104
Isokinetic Ratio, % 236.1 2,279.2 263.1
Hydrogen Chloride (HCI)
Concentration
ppmy db <9202 <1.746 <5473 <5473
mg/dscm < 13.9437 < 2.6462 <8.2928 <8.2942
Ib/dscf x 10°® < 0.8706 <0.1652 <0.5178 <0.5179
Emission rate
Ib/hr < 0.00151 <0.00013 <0.00148 <0.00104
Ib/cycle < 0.00199 < 0.00015 < 0.00131 <0.00115
Chlorine (Cl)) -
Concentration
ppmv db 0.573 <0.123 <0.377 <0.358
mg/dscm 1.6711 <0.3596 < 1.0993 <1.0433
lb/dscf x 107 0.1043 <0.0224 < 0.0686 < 0.0651
Emission rate
Ib/hr 0.00018 < 0.00002 < 0.00020 <0.00013
Ib/cycle 0.00024 < 0.00002 < 0.00017 <0.00014
Hydrogen Fluoride (HF)
Concentration
ppmv db <2105 <0.428 <1.345 <1.293
mg/dscm <1.7513 < 0.3564 <1.1186 < 1.0754
lb/dscf x 10°® < 0.1093 <0.0223 < 0.0698 < 0.0671
Emission rate
Ib/hr < 0.00019 < 0.00002 < 0.00020 < 0.00014
Ib/cycle < 0.00025 < 0.00002 <0.00018 < 0.00015
H866-34 4-12



A I ]
G W .
W EE N WS
W O W .
W ENVIRONMENTAL G INC.

SECTION FOUR

Houston Refining LP
Source: 736 Coker Unit

Test Dates: July 18 through August 3, 2011
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TEST RUN

TEST DATE

TEST TIME

CYCLE TIME (HRS)

Stack Gas Parameters
Temperature, °F
Velocity, av. ft/sec
Volumetric flow, acfm
Volumetric flow, scfm
Volumetric flow, dscfm
Volumetric flow, scfth
Volumetric flow, dscth
Moisture, av. % vol
Carbon Dioxide, av. % vol
Oxygen, av. % vol

Metals Sample
Time, min
Volume, dscf
Isokinetic Ratio, %

Mercury Emissions
Mercury-particle bound

Mass, ug
Concentration

ug/dscm

Ib/dscf x 10
Emission Rate

[b/hr

Ib/cycle

Mercury-oxidized
Mass, ug
Concentration
ug/dscm
Ib/dscf x 10
Emission Rate
Ib/hr
Ib/cycle

Mercury-elemental
Mass, ug
Concentration
ug/dscm
Ib/dscf x 10
Emission Rate
Ib/hr
Ib/cycle

TABLE 4-9. 736 COKER UNIT MERCURY TEST RESULTS SUMMARY
OH-1 OH-3 OH-4
7/21/2011 7/27/2011 7/28/2011
18:15-19:34 13:37 - 14:45 15:18 - 16:11 Average
1.317 1.133 0.883
212.2 212.0 213.3 212.5
91.132 106.027 112.854 103.338
1,909 2,221 2,364 2,164
1,512 1,765 1,869 1,715
18 32 41 30
90,712 105,875 112,119 102,902
1,077 1,891 2,441 1,803
98.81 98.21 97.82 98.28
0.50 0.50 0.50 0.50
19.50 18.50 19.00 19.00
64.0 68.0 53.0
1.648 2.197 2.711
257.8 184.2 227.8
<0.0331 <0.0974 < 0.0200 < 0.0502
<0.70917 < 1.56528 < 0.26048 <0.84498
<0.04428 <0.09773 <0.01626 <0.05276
< 0.00048 <0.00185 < 0.00040 < 0.00091
< 0.00063 < 0.00209 < 0.00035 < 0.00102
1.0900 < 0.0250 < 0.1550 <0.4233
23.35332 <0.40177 <2.01872 < 8.59127
1.45808 < 0.02508 <0.12604 < 0.53640
0.01570 < 0.00047 < 0.00308 < 0.00642
0.02067 < 0.00054 < 0.00272 <0.00798
<1.2660 <1.0070 <1.4730 < 1.2487
<27.12413 <16.18316 <19.18435 < 20.83055
< 1.69351 < 1.01040 <1.19779 < 1.30057
<0.01824 <0.01911 <0.02924 <0.02219
< 1.69351 < 1.01040 <1.19779 < 1.30057

H866-34
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SECTION FOUR Test Resuits

TABLE 4-9 (CONTINUED). 736 COKER UNIT MERCURY TEST RESULTS SUMMARY

TEST RUN : OH-1 OH-3 OH-4
TEST DATE : 7/21/2011 7127/2011 712812011
TEST TIME : 18:15-19:34 13:37 - 14:45 15:18 - 16:11 Average
CYCLE TIME (HRS) : 1.317 1.133 0.883
Mercury-total
Mass, pg < 2.3891 <1.1294 < 1.6480 <1.7222
Concentration
ug/dscm < 51.18662 <18.15021 < 21.46354 < 30.26679
Ib/dscf x 10 < 3.19587 <1.13322 <1.34009 <1.88972
Emission Rate
Ib/hr < 0.03441 <0.02143 <0.03271 < 0.02952
Ib/cycle < 0.04531 <0.02429 < 0.02889 <0.03283

H866-34 4-14
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Test Resuits

TABLE 4-10. 736 COKER UNIT HCN TEST RESULTS SUMMARY

TEST RUN OTM 029-1 OTM 029-3 OTM 029-4
TEST DATE 712172011 712772011 7/28/2011
TEST TIME 18:25-19:30 13:37 -14:45 15:18 - 16:11 Average
CYCLE TIME (HRS) 1.083 1.133 0.883
Stack Gas Parameters
Temperature, av. °F 212.2 212.0 213.3 212.5
Velocity, av. ft/sec 91.1 105.5 112.8 103.2
Volume flow, acfm 1,909 2,211 2,363 2,161
Volume flow, scfm 1,512 1,761 1,868 1,714
Volume flow, dscfm 17 51 42 37
Volume flow, scfh 90,726 105,673 112,087 102,829
Volume flow, dscfh 1,026 3,038 2,549 2,204
Moisture, av. % vol 98.87 97.13 97.73 97.91
CO,, av. % vol, db 0.50 0.50 0.50 0.50
O,, av. % vol, db 19.50 18.50 19.00 19.00
Sampling Train Data
Sample volume, dscf 1.754 6.226 3.570 3.850
Sampie volume, dscm 0.050 0.176 0.101 0.109
% Isokinetic 389.0 327.0 287.0 334.3
Total Sample Time, min. 52.0 68.0 53.0 57.7
HCN collected, ug 112 3,446 1,007 1,521
Hydrogen Cyanide (HCN)
Concentration

Ib/dscfx 10° 0.140 1.220 0.622 0.661

ppmyv db 2.00 17.39 8.86 9.42

pug/dscm 2,248 19,542 9,956 10,582
Emission rate

Ib/hr 0.00014 0.00371 0.00158 0.00181

Ib/cycle 0.00016 0.00420 0.00140 0.00192

H866-34 4-15
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Test Resuits

TABLE 4-11. 736 COKER UNIT PARTICULATE MATTER TEST RESULTS SUMMARY

TEST RUN 5-202-1 5-202-2 5-202-3
TEST DATE 7/29/2011 8/1/2011 8/2/2011 ,
TEST TIME 07:52 - 09:07 12:42 - 13:01 16:11 - 16:16 Average
CYCLE TIME (HRS) 1.250 0.317 0.083
Stack Gas Parameters
Temperature, av. °F 212.6 262.8 212.0 229.1
Velocity, av. ft/sec 153.146 73.875 107.343 111.454
Volume flow, acfm 3,207 1,547 2,248 2,334
Volume flow, scfm 2,544 1,143 1,783 1,824
Volume flow, dscfm 32 25 482 180
Volume flow, dscfh 1,932 1,504 28,949 10,795
Moisture, av. % vol 98.73 97.81 72.95 89.83
CO,, av. % vol, db 0.16 0.1 0.49 0.25
O,, av. % vol, db 19.70 20.20 16.80 18.90
Sample Train Data
Time, min 75.0 19.0 50
Volume, dscf 2.207 1.461 1.274
Volume, dscm 0.063 0.041 0.036
Isokinetic Ratio, % 165.6 555.8 95.7
Particulate Matter (PM)
Filterable PM collected, mg 457.65 58.54 11.14 175.78
Concentration
gr/dscf 3.19948 0.61823 0.13488 1.31753
Ib/dscf x 10°° 457.2163 88.3468 19.2751 188.2794
Emission rate
Ib/hr 0.8830 0.1328 0.5578 0.5246
Ib/cycle 1.1038 0.0421 0.0465 0.3974
Condensable PM collected, mg 290.00 233.75 24.65 182.80
Concentration
gr/dscf ) 2.02742 2.46858 0.29846 1.59815
Ib/dscf x 10°° 289.7252 352.7686 42.6510 228.3816
Emission rate
Ib/hr 0.5595 0.5304 1.2343 0.7747
Ib/cycle 0.6994 0.1680 0.1029 0.3234
Total PM collected, mg 747.65 292.29 35.79 358.58
Concentration
gr/dscf 5.22690 3.08681 0.43334 2.91568
Ib/dscf x 10® 746.9415 441.1155 61.9261 416.6610
Emission rate
Ib/hr 1.4425 0.6633 1.7921 1.2993
Ib/cycle 1.8032 0.2100 0.1493 0.7209
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TABLE 4-12. 736 COKER UNIT METALS TEST RESULTS SUMMARY

TEST RUN 29-1 29-2 29-3
TEST DATE 7/29/2011 8/1/2011 8/2/2011
TEST TIME : 07:52 - 09:07 12:42 - 13:01 16:11 - 16:16 Average
CYCLE TIME (HRS): 1.250 0.317 0.083
Stack Gas Parameters
Temperature, av. °F 212.6 262.8 212.0 229.1
Velocity, av. ft/sec 128.642 73.592 114.633 105.622
Volume flow, acfm 2,694 1,541 2,401 2,212
Volume flow, scfm 2,137 1,138 1,905 1,727
Volume flow, dscfm 24 40 59 41
Volume flow, scfh 128,238 68,304 114,270 103,604
Volume flow, dscfh 1,417 2,383 3,545 2,448
Moisture, av. % vol 98.90 96.51 96.90 97.43
CO,, av. % vol, db 0.16 0.11 0.49 0.25
0,, av. % vol, db 19.70 20.20 16.80 18.90
Metals Sample
Time, min 75.0 19.0 50 33.0
Volume, dscf 2.631 2.143 1.075 1.950
Volume, dscm 0.075 0.061 0.030 0.055
Isokinetic Ratio, % 269.2 514.7 659.0 481.0
Antimony (Sb)
Concentration
Ib/dscf x 107° <0.25137 < 0.30859 < 0.61546 <0.39180
mg/dscm < 0.004027 < 0.004943 < 0.009859 < 0.006276
Emission rate
Ib/hr x 107 < 0.00356 <0.00735 <0.02182 < 0.01091
Ib/cycle x 10 < 0.00445 <0.00233 < 0.00182 < 0.00287
Arsenic (As)
Concentration
Ib/dscf x 107° < 1.00547 <1.23434 <2.46183 < 1.56721
mg/dscm <0.016106 <0.019773 < 0.039435 < 0.025105
Emission rate
Ib/hr x 107 <0.01424 < 0.02941 <0.08728 < 0.04364
Ib/cycle x 10 <0.01780 < 0.00931 < 0.00727 <0.01146
Beryllium (Be)
Concentration
Ib/dscf x 107° <0.25137 < 0.30859 < 0.61546 < 0.39180
mg/dscm < 0.004027 <0.004943 < 0.009859 < 0.006276
Emission rate
Ib/hr x 10™ < 0.00356 <0.00735 <0.02182 < 0.01091
ib/cycle x 10 < 0.00445 < 0.00233 <0.00182 < 0.00287
Cadmium (Cd)
Concentration
Ib/dscf x 107° 0.72645 0.40733 0.48826 0.54068
mg/dscm 0.011637 0.006525 0.007821 0.008661
Emission rate
Ib/hr x 107 0.01029 0.00971 0.01731 0.01244
Ib/cycle x 10™ 0.01286 0.00307 0.00144 0.00579
H866-34 4-17
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SECTION FOUR Test Results
TABLE 4-12 (CONTINUED). 736 COKER UNIT METALS TEST RESULTS SUMMARY
TEST RUN 29-1 29-2 29-3
TEST DATE 7/29/2011 8/1/2011 8/2/2011
TEST TIME : 07:52 - 09:07 12:42 - 13:01 16:11 - 16:16 Average
CYCLE TIME (HRS) 1.250 0.317 0.083
Chromium (Cr)
Concentration
lb/dscf x 10 22.33652 1.18291 2.35925 8.62623
mg/dscm 0.357804 0.018949 0.037792 0.138182
Emission rate
Ib/hr x 107 0.31641 0.02818 0.08364 0.14275
Ib/cycle x 10 0.39552 0.00893 0.00697 0.13714
Lead (Pb)
Concentration
Ib/dscf x 10°® 0.70048 0.56574 1.12834 0.79818
mg/dscm 0.011221 0.009062 0.018075 0.012786
Emission rate
lb/hr x 107 0.00992 0.01348 0.04000 0.02114
Ib/cycle x 10" 0.01240 0.00427 0.00333 0.00667
Manganese (Mn)
Concentration
Ib/dscf x 10° 10.36556 2.24239 18.42062 10.34285
mg/dscm 0.166044 0.035920 0.295076 0.165680
Emission rate
Ib/hr x 10 0.14684 0.05343 0.65308 0.28445
Ib/cycle x 10 0.18354 0.01692 0.05442 0.08496
Nickel (Ni)
Concentration
lb/dscf x 10 7.99265 6.24988 4.95648 6.39967
mg/dscm 0.128032 0.100116 0.079397 0.102515
Emission rate
Ib/hr x 10™ 0.11322 0.14891 0.17573 0.14595
Ib/cycle x 10" 0.14153 0.04716 0.01464 0.06778
Selenium (Se)
Concentration
Ib/dscf x 10°° < 2.51368 < 3.08585 < 6.15457 < 3.91803
mg/dscm < 0.040266 < 0.049432 < 0.098589 <0.062762
Emission rate
Ib/hr x 10 < 0.03561 <0.07352 <0.21820 < 0.10911
Ib/cycle x 10" < 0.04451 <0.02328 <0.01818 < 0.02866
Cobalt (Co)
Concentration
lb/dscf x 10°® 2.18690 0.30859 2.09255 1.52935
mg/dscm 0.035031 0.004943 0.033520 0.024498
Emission rate
Ib/hr x 107 0.03098 0.00735 0.07419 0.03751
Ib/cycle x 10 0.03872 0.00233 0.00618 0.01574
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TABLE 4-13.

TEST RUN

TEST DATE

TEST TIME :
CYCLE TIME (HRS)

Stack Gas Parameters
Temperature, av. °F
Velocity, av. ft/sec
Volume flow, acfm
Volume flow, scfm
Volume flow, dscfm
Volume flow, scfh
Volume flow, dscfh
Moisture, av. % vol
CO,, av. % vol, db
0O,, av. % vol, db

Total Reduced Sulfur (TRS) as SO,

Concentration
ppmvdb
Ib/dscf x 10°°

Emission rate

Ib/hr
Ib/cycle

Test Resuits
736 COKER UNIT TRS TEST RESULTS SUMMARY
16A-1 16A-2 16A-3
7/29/2011 8/1/2011 8/2/2011
07:52 - 09:08 12:43 - 13.09 16:11-16:16 Average
1.267 0.433 0.083
2126 262.8 212.0 2291
153.1 73.9 107.3 111.5
3,208 1,547 2,248 2,334
2,544 1,143 1,783 1,824
32 25 482 180
152,666 68,566 107,003 109,412
1,932 1,604 28,949 10,795
98.73 97.81 72.95 89.83
0.16 0.11 0.49 0.25
19.70 20.20 16.80 18.90
1.60 <0.16 98.40 <33.39
0.2660 <0.0266 16.3617 <5.5514
0.00051 <0.000040 0.47365 <0.15807
0.00065 <0.000017 0.03947 <0.01338

H866-34
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TEST RUN

TEST DATE
TEST TIME
CYCLE TIME (HRS)

Stack Gas Parameters
Temperature, av. °F
Velocity, av. ft/sec
Volume flow, acfm
Volume flow, scfm
Volume flow, dscfm

Volume flow, scth

Volume flow, dscfh
Moisture, av. % vol
CO,, av. % vol, db

0,, av. % vol, db

Carbonyl Sulfide

Concentration

ppmvdb
Ib/dscf x 10°

Emission rate

Carbon Disulfide

Ib/hr
Ib/cycle

Concentration

ppmv db
Ib/dscf x 10°

Emission rate

Hydrogen Sulfide

Ib/hr
Ib/cycle

Concentration

ppmv db
Ib/dscf x 10°°

Emission rate

Ib/hr
Ib/cycle

TABLE 4-14. 736 COKER UNIT COS, CS, AND H,S TEST RESULTS SUMMARY
15-1 15-2 15-3
7/29/2011 8/1/2011 8/2/2011
07:52 - 09:08 12:43 - 13:09 16:11 - 16:16 Average
1.267 0.433 0.083
212.6 262.8 212.0 2291
153.1 73.9 107.3 111.5
3,208 1,547 2,248 2,334
2,544 1,143 1,783 1,824
32 25 482 180
152,666 68,566 107,003 109,412
1,932 1,504 28,949 10,795
98.73 97.81 72.95 89.83
0.16 0.11 0.49 0.25
19.70 20.20 16.80 18.90
<82.2 <822 <506 <717
<12.817 <12.817 <7.890 <11.174
<0.0248 <0.0193 <0.2284 < 0.0908
<0.0314 <0.0084 <0.0190 <0.0196
<40.1 <401 <32.0 <37.4
<7.921 <7.921 <6.321 <7.388
<0.0153 <0.0119 <0.1830 < 0.0701
<0.0194 <0.0052 <0.0152 <0.0133
425.0 <917 82.9 <199.9
37.595 <8.112 7.333 <17.680
0.073 <0.012 0.212 < 0.099
0.092 <0.0053 0.018 <0.0383
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Test Resuits

TABLE 4-15. 736 COKER UNIT SO, NOx, CO, THC, CH4s AND C,Hjs

TEST RESULTS SUMMARY
TEST RUN 1 2 3
TEST DATE 7/29/2011 8/1/2011 8/2/12011
TEST TIME 07:52 - 09:08 12:43 - 13:09 16:11 - 16:16 Average
CYCLE TIME (HRS) 1.267 0433 0.083
Stack Gas Parameters
Temperature, av. °F 212.6 262.8 212.0 229.1
Velocity, av. ft/sec 153.15 73.87 107.34 111.45
Volume flow, acfm 3,207 1,547 2,248 2,334
Volume flow, scfh 152,666 68,566 107,003 109,412
Volume flow, dscfh 1,932 1,504 28,949 10,795
Moisture, av. % vol 98.73 97.81 72.95 89.83
CO,, av. % vol, db 0.16 0.11 0.49 0.25
O,, av. % vol, db 19.70 20.20 16.80 18.90
Sulfur Dioxide (SO,)
Concentration
ppmv db 3.4 <1.8 <1.8 <2.3
Ib/dscf x 10° 0.560 <0.299 <0.299 <0.386
Emission rate
Ib/hr 0.00108 <0.000450 <0.008656 <0.003396
Ib/cycle 0.00138 <0.000195 <0.000721 <0.000765
Nitrogen Oxides (NO,)
Concentration
ppmvdb <1.8 <1.8 <1.8 <1.8
Ib/dscf x 10® <0.215 <0.215 <0.215 <0.215
Emission rate
Ib/hr <0.000415 <0.000323 <0.006222 <0.002320
Ib/cycle <0.000526 <0.000140 <0.000518 <0.000395
Carbon Monoxide (CO)
Concentration
ppmv db <1.8 22 26 <2.2
Ib/dscf x 10°® <0.131 0.159 0.188 <0.159
Emission rate
Ib/hr <0.000253 0.000239 0.005454 <0.001982
ib/cycle <0.000320 <0.000115 <0.000455 <0.000297
Total VOC (as Propane)
Concentration
ppmv db 58,961 16,843 11,205 29,003
Ib/dscf x 10-6 6,748 1,928 1,282 3,319
Emission rate
ib/hr 13.04 2.90 37.12 17.69
Ib/cycle 16.51 1.26 3.09 6.95
Total Methane (CH,)
Concentration
ppmv db 27,322 9,050 123,154 53,175
Ib/dscf x 10-6 1,138 377 5127 2,214
Emission rate
Ib/hr 2.20 0.57 148.43 50.40
Ib/cycle 2.78 0.25 12.37 5.13
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TABLE 4-15 (CONTINUED). 736 COKER UNIT SO;, NOx, CO THC, CH4; AND C3H;

TEST RESULTS SUMMARY
TEST RUN : 1 2 3
TEST DATE : 712912011 8/1/2011 8/2/2011
TEST TIME : 07:52 - 09:08 12:43 - 13:09 16:11-16:16 Average
CYCLE TIME (HRS) : 1.250 0.317 0.083
Total Ethane (C,Hs)
Concentration
ppmv db 2,168 862 9,853 4,294
Ib/dscf x 10-6 169 67 769 335
Emission rate
Ib/hr 0.33 0.10 22.26 7.56
Ib/cycle 0.41 0.04 1.86 0.77

H866-34 4-22
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/29/2011
RUN NUMBER: 5-202-1

y FACTOR: 0.999 STACK DIAM: 8.00 inches
BAROMETRIC: 30.04 in. Hg METER VOLUME: 2.266 ft’
STATIC PRES: 2.65 in.H,0 METER TEMP: 83.6 °F
STACK TEMP: 212.6 °F LIQUID COLL:  3658.5 milliliters
SQ.RT AP: 1.9256 in.H,0 CO;: 0.16 % by volume
AH: 0.03 in.H,0 0, 19.70 % by volume
ENGLISH UNITS
(29.92 in.Hg & 68 °F)
VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 5=
528 bar
Vinga = [@] x Vi x ¥ % = 2207  dscf
y= 0.999
|VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Viysg = 004707 xV,, = 172.206  scf
Vic = 3658.5 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =g — = 0.9873
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.VP.
Buws@saturation = T P - 0.9896
Pbar + static
13.6
SV.P = 29.92 in. Hg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9873




ARI ENVIRONMENTAL, INC.

FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 7/29/2011
RUN NUMBER: 5-202-1
BAROMETRIC: 30.04 in. Hg STACK DIAM: 8.00 inches
STATIC PRES: 2.65 in.H,0 CO,: 0.16 % by volume
STACK TEMP: 212.6 °F 0,: 19.70 % by volume

SQ.RT AP: 1.9256 in.H,O

DRY MOLECULAR WEIGHT OF STACK GAS

My = 044(%CO,)+0.32(%0,) + 0.28(%N, +%CO) 28.81 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-Bys ) +18Bs 18.14  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP =EZ JAp 1.9256  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.6 °F + 460 672.6 °R
ABSOLUTE STACK GAS PRESSURE
P_..
P = Pyar + f;'g 3024  inHg
STACK GAS VELOCITY
T
V, =(8549)(C, )(avgVaP) |2 153.146  ftisec
(Ps)(M5)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x Vg xA, 3,207 acfin
Stack Area = 0.349 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qqigw = (—ZQQZJ(QS)[T—SJ 2,544  scfm, wb
’ s 152,666 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qqq = [mJ(QS)[T—S]“ -Bys) 32 dscfin
) s 1,932 dscfh




ARI ENVIRONMENTAL, INC.
USEPA METHOD 5/202 - TOTAL PM CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/29/11
RUN NUMBER: 5-202-1
Cycle Time: 1.250 hrs

INPUT

V! 2266 ft° Q: 32 dscfm

y FACTOR: 0.9987 Ts: 212.6 °F

Ppar: 30.04 in.Hg Runtime: 75 minutes
AH: 0.031 in.H,0O Vg: 153.146 ft/sec
Tt 836 °F Ps: 30.24 in.Hg
Vic: 3658.5 mL Noz. diam: 0.188 inches
M, total: 7477 mg

CO,: 0.16 % by volume

0O, 19.70 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

P, + —AH
528 bar
Vinstd = [mj x Vi x ¥ % = 2.207 dscf
y= 0.999

VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS

V,qq = 0.04707 x V. = 172206  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
V,
B,.=— " 100 = 98.73 %
' vwsld + Vinstd ) ?
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
M Total = 5.22690 gridscf
Ce= (0.01543)[ n }
mstd
Cs =(2205x1 0‘6)[%—] C', Total = 746.9415 x 10° Ibs/dscf
mstd
EMISSION RATE c
pmr = [—SJ(Q £4)(60) Total = 1.4425  Ibsihr
7000 1.8032  Ibslcycle

ISOKINETIC SAMPLING RATE

(100)(Ts ){(0.002669 x Vi) + \_I{—m](y)[Pbar + [é—gm
%SO = N m : = 165.60 %I
(60)(8)(Vs J(Ps X(An)
A,= 0.000193 ft‘ Runtime = 75 minutes

A-3



ARI ENVIRONMENTAL, INC.

USEPA METHOD 5 - FILTERABLE PARTICULATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOLIRCE: 736 DCU
TEST DATE: 7/29/11
RUN NUMBER: 5-202-1
Cycle Time: 1.250 hrs
INPUT
Vo 2266 ft* Qq: 32
y FACTOR: 0.9987 Ts: 212.6
Ppar: 30.04 in.Hg Runtime: 75
AH: 0.0307 in.H,O V! 153.146
Tt 83.6 °F Ps: 30.24
Vic: 3658.5 mL Noz. diam: 0.188
M, front: 45765 mg
CO,: 0.16 % by volume
(0% 19.70 % by volume

dscfm
°F
minutes
ft/sec
in.Hg
inches

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

P...+ —AH
528 bar
Vinstd = [m] x Vi x Tm1 36 = 2.207 dscf
y= 0.999
VOLLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Vg = 0.04707 x V, = 172.206  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
v
Bus = —— % »100 = 98.73 9
" Viysta + Vinsta ) %
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
M Total = 3.19948  gridscf
C,= (0.01543)[—“]
mstd
Cq =(2205x 1 0’6)[“"—"] C', Total = 4572163 x 10” Ibs/dscf
Vinstd
EMISSION RATE c
pmr = [7080](Q5m)(60) = 0.8830  Ibs/hr
1.1038 Ibs/cycle
ISOKINETIC SAMPLING RATE
(100)(T, )[(0.002669 X Vig) + [¥—m](y)[Pbar + [%m
%ISO = - i 16560 . %I
(60)(B)(Vs )(Ps)(An)
A,= 0.0001928 ft Runtime = 75 minutes

A-4




ARI ENVIRONMENTAL, INC.

USEPA METHOD 202 - CONDENSIBLE PARTICULATE CALCULATION SUMMARY

COMPANY:
LOCATION:
SOURCE:
TEST DATE:
RUN NUMBER:
Cycle Time:
INPUT
V!
y FACTOR:
Pbar:
AH:
Tt
Vie:
N:
Vi
m,:
my:

Houston Refining
Houston, TX

736 DCU

7129111
5-202-1
1.250

2.266
0.9987
30.04
0.03
83.6
3658.5
0.0000
0.00
24585
4415

hrs

in.Hg
in.H,0
°F

mL

mL
mg
mg

Qs: 32
Te: 212.6
Runtime: 75
Ve: 153.146
P: 30.24
Noz. diam: 0.188
Mip: 0.00
Mgp: 0.00

dscfm
°F
minutes
ft/sec

_in.Hg

inches
mL
mL

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

528 Poar + %
Vimsta = [M] XV X Y| = = 2207  dscf

MASS OF AMMONIA CORRECTION

Equation #1 m, =17.03xV; xN = 0.00 mg
MASS OF THE FIELD BLANK

Equation #2 Mg, =My, + Mgy = 0.00 mg
MASS OF INORGANIC CONDENSIBLE PM

Equation #3 m, =m,—-m, = 245.85 mg
TOTAL MASS OF CONDENSIBLE PM

Equation #4 com = My =My —Mp, = 29000 mg
TOTAL CONCENTRATION OF CONDENSIBLE PM - METRIC UNITS

Equation #5 Ceom = Meorm = 131.3946 mg/dscf

Vm(Sld)
TOTAL CONCENTRATION OF CONDENSIBLE PM - ENGLISH UNITS
C, =(0.01543)(C,,,,) Total = 2.02742  gridscf
C, =(2.205x10°)(C,,,) C'; Total = 289.7252 x 10™ Ibs/dscf
EMISSION RATE c
pmr = [ﬁ]{Qad)(GO) Total = 0.5595  Ibs/hr
0.6994 Ibs/cycle
ISOKINETIC SAMPLING RATE
(100)(TS)[(0.002669 <o)+ ¥ o )[pba, R [1A3Hﬁm
o= CO AN T e
A,= 0.000193 ft’ Runtime = 75 minutes

A-5



ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/1/2011
RUN NUMBER: 5-202-2

v FACTOR: 1.005 STACK DIAM: 8.00 inches
BAROMETRIC: 30.04 in. Hg METER VOLUME: 1.563 ft°
STATIC PRES: 2.85 in.H,O METER TEMP: 110.0 °F
STACK TEMP: 262.8 °F LIQUID COLL: 1384.0 milliliters
SQ.RT AP: 0.8988 in.H,O CO,: 0.11 % by volume
AH: 0.05 in.H,0 0,: 20.20 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

b, AH
bar T T A a
mstd:[ 528 ]vaxy 136 -

m Tm = 1.461 dscf
y = 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg =004707xV, = 65145  scf
V. = 1384.0 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus = 20— 0.9781
" Vista *+ Vinsta
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = - P, = 0.9891
Pb P+ static
136
SVP.= 29.92 in. Hg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9781




ARI ENVIRONMENTAL, INC.

FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: 5-202-2

BAROMETRIC:
STATIC PRES:
STACK TEMP:

SQ.RT AP:

30.04 in. Hg
2.85 in.H,0
262.75 °F

0.8988 in.H,0

SOURCE: 736 DCU
TEST DATE: 8/1/2011

STACK DIAM:

CO,:
02:

8.00 inches
0.11 % by volume
20.20 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) + 0.32(%0,) + 0.28(%N, + %CO) 28.83 Ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-Bys ) +18Bys 18.24 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O
—_— 1 n
JAP = - Jap 0.8988 in. H,0
j=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 262.8 °F + 460 722.8 °R
ABSOLUTE STACK GAS PRESSURE
Pyiat .
Ps =Ppar + 15‘?:2 30.25  in.Hg
STACK GAS VELOCITY
T
V, = (8549)(C, )(avgVaP) | —= 73.875  ftisec
(P )(Ms)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V, xAq 1,547 acfm
Stack Area = 0.349 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
28 P,
staw = (—25992]@5)[%] 1,143 scfm, wb
) s 68,566  scth, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qga = (WJ(QS )[T—s]“ ~Bus) 25 dscfm
] s 1,504 dscfh
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ARI ENVIRONMENTAL, INC.
USEPA METHOD 5/202 - TOTAL PM CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/1/11
RUN NUMBER: 5-202-2
Cycle Time: 0.317 hrs
INPUT
V! 1563 ft’
y FACTOR: 1.005
Poar: 30.04 in.Hg
AH: 0.045 inH,O
Tt 110 °F
Vie: 1384 mL
M, total 2923 mg
CO,: 0.11 % by volume
0, 20.20 % by volume

Qq:
Ts:
Runtime:
V!
Ps:

Noz. diam:

25
262.8
19
73.875
30.25
0.188

dscfm
°F
minutes
ft/sec
in.Hg
inches

ENGLISH UNITS

(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

P, + —AH
528 bar
Vingd = [m} x Vi, % % = 1.461 dscf
Y= 1.005
VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
V,,qq =0.04707 x V, = 65.145  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
By = — 8, 100 = 9781 %
Vwstd + Vinstd
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
M Total = 3.08681 gr/dscf
C, =(0.01 543)[—“]
Vmstd
Cg =(2205x 10—6)[&J C'; Total = 4411155 x10° Ibs/dscf
mstd
EMISSION RATE c
pmr = [70()0)(05“,)(60) Total = 0.6633  Ibs/hr
0.2100 Ibs/cycle
ISOKINETIC SAMPLING RATE
(100)(T, )[(o 002669 x Vi) + [ ] [ - 136m
%SO = ( = 555.82 % 1
= 0.000193 ft‘ Runtime = 19 minutes




ARI ENVIRONMENTAL, INC.

USEPA METHOD 5 - FILTERABLE PARTICULATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/1/11
RUN NUMBER: 5-202-2

Cycle Time: 0.317 hrs
INPUT
Vo 1563 ft* Qs 25 dscfm
y FACTOR: 1.005 Ts: 262.8 °F
Ppar: 30.04 in.Hg Runtime: 19 minutes
AH: 0.045 in.H,0O Vg: 73.875  ftlsec
T 110 °F Ps: 30.25 in.Hg
Vic: 1384 mL Noz. diam: 0.188 inches
M, front: 58.54 mg
CO,: 0.11 % by volume

O, 20.20

% by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

b AH
_[. 528 <V x _bm = 1.461 dscf
mstd = 2992 mXx7Y T = . sC
Y= 1.005
VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Vg = 004707 x V. = 65.145  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
V.
B, —— —wstd 400 = 97.81 %
' sztd + Vmstd °
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
M Total = 0.61823  gr/dscf
C.= (0.01543){—"]
mstd
Cy =(2205x1078 )[—M“ ] C' Total = 88.3468  x 10" Ibs/dscf
mstd
EMISSION RATE c
pmr = [mﬁ](aﬁd)(so) = 0.1328  Ibs/hr
0.0421 Ibs/cycle
ISOKINETIC SAMPLING RATE
(100)(T, )| (0.002669 x Vi) + | w. (3 Pygr + [A—H]
Ty 136 ~ .
%SO = = 55582 %I
(60)(9)(Vs)(Ps JAn) @ saturation
A,= 0.0001928 ft* Runtime = 19 minutes
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ARI ENVIRONMENTAL, INC.

USEPA METHOD 202 - CONDENSIBLE PARTICULATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/1/11
RUN NUMBER: 5-202-2

Cycle Time: 0.317 hrs
INPUT Q,: 25 dscfm
Vi 1563 ft° T, 2628  °F
v FACTOR: 1.005 Runtime: 19 minutes
Ppar: 30.04 in.Hg V: 73.875  ftisec
AH: 0.045 in.H,0 P, 30.25 in.Hg
Tt 110 °F Noz. diam: 0.188 inches
Vie: 1384 mL mjy: 0.00 mL
N: 0.0000 Mgp: 0.00 mL
Vi 0.00 mL
m,: 4540 mg ENGLISH UNITS
m,: 188.35 mg (29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

528 Poo + 136
Vimstd = [m} %V %Y % _ = 1.461 dscf

MASS OF AMMONIA CORRECTION

Equation #1 m, =17.03xV; xN = 0.00 mg
MASS OF THE FIELD BLANK

Equation #2 My, =My, +M, = 0.00 mg
MASS OF INORGANIC CONDENSIBLE PM

Equation #3 m, =m.-m, = 4540 mg
TOTAL MASS OF CONDENSIBLE PM

‘Equation #4 Mepm = My =M, =My, = 233.75 mg
TOTAL CONCENTRATION OF CONDENSIBLE PM - METRIC UNITS

Equation #5 Ceom = Mepm_ = 159.9858 mg/dscf

Vingsta)
TOTAL CONCENTRATION OF CONDENSIBLE PM - ENGLISH UNITS
C, =(0.01543)(C,,,) Total = 246858  gridscf
C. =(2.205x10°)(C,,) C'; Total = 352.7686 x 107 Ibs/dscf
EMISSION RATE C
pmr= (%J(Q a)(60) Total = 0.5304  Ibs/hr
0.1680 Ibsi/cycle
ISOKINETIC SAMPLING RATE
(100)(T, )[(0.002669 X Vi) + [\_[{—m](y)[Pba, N [f;ém
%ISO = DA ;(‘An) 555.82 %I
A,= 0.000193 ft’ Runtme= 19 minutes




ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/2/2011
RUN NUMBER: 5-202-3

vy FACTOR: 1.005 STACK DIAM: 8.00 inches
BAROMETRIC: 30.06 in. Hg METER VOLUME: 1.360 ft°
STATIC PRES: 2.00 in.H,O METER TEMP: 109.0 °F
STACK TEMP: 212.0 °F LIQUID COLL: 73.0 milliliters
SQ.RT AP: 1.4491 in.H,0 CO,: 0.49 % by volume
AH: 0.04 in.H,0 0,: 16.80 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

Pooy +
528 bar
Vinsig = [__29.92] x Vo Xy —Tm1 36 = 1274  dscf
y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 004707 %V, = 3.436 scf
Vi = 73.0 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus = 20— = 0.7295
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.V.P.
Bws@saturation = P, = 0.9905
P + static
b 13.6
SVP. = 29.92 in. Hg

FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.7295




ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 8/2/2011
RUN NUMBER: 5-202-3
BAROMETRIC: 30.06 in. Hg STACK DIAM: 8.00 inches
STATIC PRES: 2 in.H,0 CO,: 0.49 % by volume
STACK TEMP: 212 °F 0;: 16.80 % by volume

SQ.RT AP:  1.4491 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,)+0.32(%0,) + 0.28(%N, +%CO) - 2875  Ib/lb-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

Mg =My (1-Bys) +18B,s = 20.91 Ib/ib-mole

PITOT TUBE COEFFICIENT

C,, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O

R n

JaP - %Z JAp - 14491 In.H,0

i=1

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

T = 212.0 °F + 460 = 672.0 °R

ABSOLUTE STACK GAS PRESSURE

P...
Py =Prar + -2 = 30.21  in.Hg
STACK GAS VELOCITY
T
V, = (8549)(C, )(avgvAP) s = 107.343  ftisec
(Ps)(M;)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q¢ =60 x V, xA, = 2,248 acfm
Stack Area = 0.349 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
Qg =[ 528 ](QS)[P_S] = 1,783 scfm, wb
2992 Ts 107,003 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
2 P
Qgq = [25; :2]((-)5)[_]__5](1 -Bys) = 482 dscfm
) s 28,949 dscfh




USEPA METHOD

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/2/11
RUN NUMBER: 5-202-3
Cycle Time: 0.083 hrs

INPUT

Vi 1.36 ft°

vy FACTOR: 1.005

Poar: 30.06 in.Hg

AH: 0.04 in.H,O

Tt 109 °F

V! 730 mL

M, total: 358 mg

CO.: 0.49 % by volume
0O, 16.80 % by volume

ARI ENVIRONMENTAL, INC.
5/202 - TOTAL PM CALCULATION SUMMARY

Q: 482 dscfm
T,: 212 °F
Runtime: 5 minutes
Vs: 107.343 ftisec
Ps: 30.21 in.Hg
Noz. diam: 0.188 inches
Regenerator Coke Burn (R;): 29,679 Ib/hr

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

b, AH
528 bar
Ve = [ng] X Vi X ¥ % = 1274  dscf
y = 1.005
VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Vg = 0.04707 x Vi, = 3436  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
V,
By = wstd x 100 = 72.95 %
" sztd + mstd °
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
M Total = 0.43334 gri/dscf
Ce = (0.01543)[ n ]
mstd
Cs =(2205x 1 0‘6)[—Mn ] C' Total = 61.9261 x 10° Ibs/dscf
mstd
EMISSION RATE c
pmr = [7080]((25,(1 )(60) Total = 1.7921  Ibs/hr
0.1493 Ibs/cycle
ISOKINETIC SAMPLING RATE
V \
(100)(T, )| (0.002669 x Vig) +| ~™ |(y)| Poy + A—HJ
T, ) 136
%ISO = = 95.70 % 1
(GONENVa )P XAL)
A,= 0.000193 ft* Runtime = 5 minutes
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ARI ENVIRONMENTAL, INC.

USEPA METHOD 5 - FILTERABLE PARTICULATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/2/11
RUN NUMBER: 5-202-3

Cycle Time: 0.083 hrs
INPUT
Vi 136  ft’ Q;: 482 dscfm
y FACTOR: 1.005 Ts: 212 °F
Poar: 30.06 in.Hg Runtime: 5 minutes
AH: 0.04 in.H,O V,: 107.343 ft/sec
Ten: 109 °F Ps: 30.21 in.Hg
Vic: 73 mL Noz. diam: 0.188 inches
M, front: 11.14 mg
CO,: 0.49 % by volume
0;: 16.80 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

Cs=(0.01543)[ Mo ]

mstd

Cs =(2205x1 0—6)[M—"
mstd

b . AH
ar +
Vi = | 228 ] x v, x y| —— 136 = 1274  dscf
2992 T,
Y= 1.005
VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Vistg = 0.04707 % Vi = 3436  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
V,
B.,.=——wstd___ 100 = 72.95 %
" Vusta T Vinsta 0
PARTICULATE CONCENTRATION IN STACK GAS ON A DRY BASIS
Total = 0.13488  gridscf

19.2751 x 10° Ibs/dscf

] C's Total

EMISSION RATE
pmr=

[C ](Qm)( 0) = 0.5578  Ibsihr
7000 0.0465 Ibs/cycle

ISOKINETIC SAMPLING RATE

(100)(T, )[(o 002669 x Vi) + [ J

bar + ]H
[ 136 = 95.70 % |

#IS0= (60))(Y)P=)An)

A,= 0.0001928 ft*

Runtime = 5 minutes
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ARI ENVIRONMENTAL, INC.
USEPA METHOD 202 - CONDENSIBLE PARTICULATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/2/11
RUN NUMBER: 5-202-3
Cycle Time: 0.083 hrs

INPUT Qq: 482 dscfm
Vo 136 ft Te: 2120  °F
v FACTOR: 1.005 Runtime: 5 minutes
Ppar: 30.06 in.Hg V,: 107.343  ft/sec
AH: 0.04 in.H,0 Pg: 30.21 in.Hg
Tt 109 °F Noz. diam: 0.188 inches
Vie: 73 mL Mip: 0.00 mL
N: 0.0000 Mgyt 0.00 mL
Vi 0.00 mL
m,: 1275 mg ENGLISH UNITS
my: 11.90 mg (29.92 in.Hg & 68 °F)
VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 5=
528 bar
Vi = [—29_92] x Vi X ¥ 7Tm1 36 = 1274  dscf

MASS OF AMMONIA CORRECTION

Equation #1 m, =17.03x V; xN = 0.00 mg
MASS OF THE FIELD BLANK

Equation #2 Mg, = mib + mob = 0.00 mg
MASS OF INORGANIC CONDENSIBLE PM

Equation #3 m;=m, -m, = 12.75 mg
TOTAL MASS OF CONDENSIBLE PM

Equation #4 Mepm =M, +My —My, = 24.65 mg

TOTAL CONCENTRATION OF CONDENSIBLE PM - METRIC UNITS
m

Equation #5 CCpm =__@m = 19.3428 mgl/dscf
Vm(std)
TOTAL CONCENTRATION OF CONDENSIBLE PM - ENGLISH UNITS
C, =(0.01543)(C,,,,) Total = 0.20846  gridscf
C, =(2:205x107°)(C,,,) C's Total = 426510 x10” Ibs/dscf
EMISSION RATE C,
pmr= [7000](Qstd)(60) Total = 1.2343  Ibs/hr
0.1029 Ibs/cycle

ISOKINETIC SAMPLING RATE

%ISO=(100)(Ts)[(0.002669xvlc) ]y)[Pba 136m : o

(60)(6)(Vs )(Ps J(A

—
a\a

= 0.000193 ft* Runtime = 5 minutes
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COMPANY:
LOCATION:
SOURCE:
TEST DATE:
RUN NUMBER:

y FACTOR:
BAROMETRIC:
STATIC PRES:
STACK TEMP:

SQ.RT AP:

AH:

ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

Houston Refining
Houston, Texas
736 DCU
7/19/2011

00111

0.999
30.00 in. Hg
1.67 in.H,0
213.0 °F
0.7268 in.H,0
0.03 in.H,0

STACK DIAM:
METER VOLUME:
METER TEMP:
LIQUID COLL:
CO,:

O,

8.0 inches
0.537 ft*
78.8 °F
2010.7 milliliters
0.00 % by volume
20.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P.. + —AH
bar
Vinstd = [—528 ] X Vi xy — 136

5092 T 0.527 dscf
Y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Bws@saturation = S‘Vlf. Vista = 0.04707 x Vi, = 94.644 scf
Pb + static
_ ar 1&?
Ve = 0.7 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =g = 0.9945
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
[8.361 - [~—-—~—T182:;'25 ﬂ
10 ' -05 = 1.0000
MF =
P
T= 373.6 °K
P= 765.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9945




ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, Texas
RUN NUMBER: 0011-1

BAROMETRIC: 30.00 in. Hg STACK DIAM:
STATIC PRES: 1.67 in.H,O CO,:
STACK TEMP: 213 °F 0O,:

SQ.RT AP: 0.726784 in.H,0

TEST DATE: 7/19/2011

8.0 inches
0.00 % by volume

20.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

M, = 0.44(%CO,) + 0.32(%0,) + 0.28(%N, + %CO) = 28.82 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =M, (1-B,,) +18(B,,) = 18.06 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O
- 1 n
JAP = ;Z JAp = 07268  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Te= 213.0 °F + 460 = 673.0 °R
ABSOLUTE STACK GAS PRESSURE
P...
Ps = Poor + 228 = 30.12  in.Hg
STACK GAS VELOCITY
Ve =(8549)(C, ) avgvAP = 58.050 ft/sec
: (e )ova /3P, e 3
STACK GAS VOLUMETRIC FLOW RATE, actual
Q; =60 x V, xA, = 1,215.80 acfm
Stack Area = 0.34907 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528
Qsaw = [29 92]( s)[ ] = 960.31  scfm,wb
Te 57,619 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Qgq = [29 92](0 )[ J(1 Buws) = 5.32 dscfm
319 dscfh
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ALDEHYDES CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/19/2011
RUN NO: 0011-1

INPUT
(A 0.537 ft’ Q,: 319 dscfh
y FACTOR: 0.999 Ts: 213.0 °F
Ppar: 30.00 in. Hg (OH 28.0 minutes
AH: 0.03 V! 58.050 fps
Tt 78.8 °F Ps: 30.12 in. Hg
Formaldehyde: 29,837 ug Vie: 2,010.7 mL
Acetaldehyde: 38,341 ug %0,: 20.50 %
Propanal; 7,388 pg Cycle Time: 0.467 hrs
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
_ b AH G
{ 528 bar T 436 -
Vet < / = 0.527 dscf
mstd L\29.92_> V<
Isokinetic Sampling Rate
N
. /
(100)(T, ){(o 002669 x Vi, )- [ } afcul ))J
%|SO= SED) = 641.3 %1
(80)(®) s.)(F’sJ(An)
A, = 0.00019277 ft° Runtime (6) = 28 minutes
Total ug Formaldehyde in sample (M,)} = 29,837 ngd
Total pg Acetaldehyde in sample {M,) = 38341 ng
Total ug Propanal in sample (M,)) = 7,388 ug
x 10° Ib/dscf
Concentration of Aldehydes (-2 2046 %10 Ib/;.tg](M ) = 124.8181 formaldehyde
» . - n

s(ibidset) = = Y,
msid =

(M, )(35.311° /m’)
(V:ns:d)

C

s{ugrdsem)

160.3945 acetaldehyde
30.9065 propanal
ugl/dscm
1,999,151.0 formaldehyde
2,568,959.6 acetaldehyde

495,013.8 propanal

Aldehydes Mass Rate: )
E=Q, x Cs(%b/dscf} =

Ib/hr
0.0398 formaldehyde
0.0512 acetaldehyde
0.0099 propanal

Aldehydes Mass Rate: ‘
E=Q, x Cs(%b;’dscf) =

Ib/cycle
0.0186 formaldehyde

0.0239 acetaldehyde
0.0046 propanal
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/20/2011
RUN NUMBER: 0011-2

y FACTOR: 0.999 STACK DIAM: 8.0 inches
BAROMETRIC: 30.04 in. Hg METER VOLUME: 0.101 ft*
STATIC PRES: 1.10 in.H,0 METER TEMP: 87.5 °F
STACK TEMP: 213.0 °F LIQUID COLL: 606.3 milliliters
SQ.RT AP: 0.9643 in.H,0 CO,: 0.00 % by volume
AH: 0.02 inglyQp 0, 21.00 % by volume
Bws@saturation = 7]3”
Poar * 136 ENGLISH UNITS
(29.92 in.Hg & 68 °F)
VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
I:,bar + 3a
Vinsta = [%J x Vi x ¥ Tim“"-s = 0.098  dscf
y= 0.999

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

V,qq = 0.04707 x V, = 28539  scf
Vi = 606.3 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =—24 = 0.9966
v Vistd T Vinstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
[8‘361 _[ 1893.5 H
10 T-2185)1|_os = 1.0000
MF =
P
T= 373.6 °K
P= 765.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
SVP.
Bws@saturation =P Bys = 0.9966

Pstatic

Poar 15 ¢
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, Texas TEST DATE: 7/20/2011
RUN NUMBER: 0011-2
BAROMETRIC: 30.04 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 1.10 in.H,O CO,: 0.00 % by volume
STACK TEMP: 213 °F 0,: 21.00 % by volume

SQ.RT AP: 0.964309 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) + 0.32(%0,) + 0.28(%N, + %CO) = 28.84  Ib/lb-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

M, =My (1-B,)+18B,s) = 18.04  Ib/lb-mole

PITOT TUBE COEFFICIENT

C,, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n

JaP =;Z JAp = 0.9643  in. H,0
i=1

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

T = 213.0 °F + 460 = 673.0 °R

ABSOLUTE STACK GAS PRESSURE

P, <Py, + ':s;atéc = 3012  in.Hg
STACK GAS VELOCITY
=
V, =(85.49)(C, )(avg VaP) W(SM) = 77.073  ftisec
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x Vg XA, = 1,614.22 acfm
Stack Area = 0.34907 ft?
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qqgw = [2—9—9—2](03)[%] = 1,274.93  scfm, wb
] s 76,496  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qs (rags @ Eo-Bu) - 435 dscm
) $ 261 dscfh
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ALDEHYDES CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/20/2011
RUN NO: 0011-2

INPUT
Vo 0.101 ft Q. 261 dscfh
vy FACTOR: 0.999 T.: 213.0 °F
Poar: 30.04 in. Hg o: 9.0 minutes
AH: 0.02 V¢ 77.073 fps
Tt 87.5 °F Ps: 30.12 in. Hg
Formaldehyde: 16,742 ug Vi: 606.3 mL
Acetaldehyde: 7,976 ug %0,: 21.00 %
Propanal: 909 ug Cycle Time: 0.150 hrs
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
b AH
7 528 1 bar m _
V.o, = <\ 1 : = 0.098 dscf
mee =| 5565 | % Vm XY
Isokinetic Sampling Rate
(100)(T,) (0002669 x V, )+ ¥ I B, +| iﬂjﬂ
o ! Vs )L T M 1 6’/J
o = - - = 4522 %1
(60YO)(Va)(P. A, ’
A= 0.00019277 ft* Runtime (0) = 9 minutes

Total pg Formaldehyde in sample (M,) = 16,742 png
Total pg Acetaldehyde in sample (M) = 7976 ung
Total ug Propanal in sample (M) = 909 ug

Concentration of Aldehydes (2 2046 %10 lb/pg‘}(M )
- n

\ /

Cs(lbids:f) = v
msid

(M,)(35.311 /m*)
ngggidscm} = '
(Vnisxd)

x10° Ib/dscf
= 377.8952 formaldehyde
= 180.0385 acetaldehyde
= 20.5177 propanal
ug/dscm
6,052,561.8 formaldehyde
= 2883589.1 acetaldehyde
328621.4 propanal

Aldehydes Mass Rate: .
E=Q.x Cs(%b;’dscf)

Ib/hr
0.0986 formaldehyde
0.0470 acetaldehyde
0.0054 propanal

Aldehydes Mass Rate: i
E=Q, x Cypipraser)

ib/cycle
0.0148 formaldehyde

= 0.0070 acetaldehyde
0.0008 propanal
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COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: 0011-3
v FACTOR: 0.999 STACK DIAM:
BAROMETRIC: 29.98 in. Hg METER VOLUME:
STATIC PRES: 1.20 in.H,0 METER TEMP:
STACK TEMP: 212.4 °F LIQUID COLL:
SQ.RT AP: 0.9311 in.H,0 CO,;:
AH: 0.04 in.H,0 0::

ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

8.0 inches
3.106 ft°
88.0 °F

3155.7 milliliters

0.50 % by volume
18.00 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

o, AH
528 bar T 72
mstd = (29.92) XV ¥ Tm1 2

y= 0.999

2.995

dscf

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

V,sq = 0.04707 x Vi

Vi = 3155.7 mL

148.539

scf

FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED

VW std

Bus = =
sztd + Vmstd

0.9802

FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION

[8.361—[————T1823'2 H
10 —2765 -05 =

P

T= 3732 °K
P= 763.7 mmHg

MF =

0.9964

FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus =

0.9802
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY': Houston Refining
LOCATION: Houston, Texas
RUN NUMBER: 0011-3

BAROMETRIC: 29.98 in. Hg STACK DIAM:
STATIC PRES: 1.20 in.H,0 CO,:
STACK TEMP: 212.4 °F 0,:

SQ.RT AP: 0.93113 in.H,0

SOURCE: 736 DCU
TEST DATE: 7/21/2011

8.0 inches
0.50 % by volume

18.00 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

M, = 0.44(%CO,) + 0.32(%0, ) + 0.28(%N, + %CO) = 28.80 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =My(1-B,,) +18(B,,) = 18.21 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP =—3 Jap = 0.9311  in. H0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts = 212.4 °F + 460 = 672.4 °R
ABSOLUTE STACK GAS PRESSURE
P,
Py =Poar + 25 = 30.07  in.Hg
STACK GAS VELOCITY
T
V, =(85.49)(C,)(avgVAP) | —=—~ = 74092  ftisec
(C )= V2P ) i)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V, XA, = 1,551.77 acfm
Stack Area = 0.34907 ft°
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
P
Qgw = [—zsgi:EJ(Qs)[T—s] = 1,224.56 scfm, wb
) s 73,474 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qu- (2 J 2w - 2420 dscim
) s 1,452 dscfh
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ALDEHYDES CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: 0011-3

INPUT
V! 3.106 ft’ Q. 1,452 dscfh
y FACTOR: 0.999 T, 2124 °F
Poar: 29.98 in. Hg . 50.0 minutes
AH: 0.04 V! 74.092 fps
Tt 88.0 °F Pg: 30.07 in.Hg
Formaldehyde: 24,288 ug Vie: 3,155.7 mL
Acetaldehyde: 57,836 ug %0;,: 18.00 %
Propanal: 7,409 pg Cycle Time: 0.833 hrs
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
P AH
= (528 ] V, xy —e 138 | = 2.995 dscf
msd = | 129.92 ' Tn
Isokinetic Sampling Rate
: vy S \
(100Y(T,) (0.002668 = V) {Ym P —(_H |)
%ISO To /1) 3] 4485 % |
(o] = - .
(BO)@)(Vs)(Ps )(An ] ’
A= 0.00019277 ft* Runtime (6) = 50 minutes
Total pg Formaldehyde in sample (M,) = 24,288 ug
Total pg Acetaldehyde in sample (M,)) = 57,836 g
Total pg Propanal in sample (M,) = 7,409 ug
x 10° Ib/dscf
Concentration of Aldehydes ‘ (2_2046 <10~ b/ pg'_](Mn ) i 17.8783 formaldehyde
cs(lb_] dsehy = - v / = 42 5720 acetaldehyde
msid = 5.4535 propanal
ug/dsem
(M, ){35.311° /m*) 286,348.0 formaldehyde
Cotugrasem = —— = 681854.9 acetaldehyde
(Vi) 87346.0 propanal
Ib/hr
Aldehydes Mass Rate: ( 0.0260 formaldehyde
E=Q xCypigsety = 0.0618 acetaldehyde
0.0079 propanal
Ib/cycle
Aldehydes Mass Rate: i 0.0216 formaldehyde
E=Q¢ xCyiaser; = 0.0515 acetaldehyde
0.0066 propanal
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COMPANY:
LOCATION:
SOURCE:
TEST DATE:
RUN NUMBER:

vy FACTOR:
BAROMETRIC:
STATIC PRES:
STACK TEMP:
SQ.RT AP:

AH:

ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

Houston Refining
Houston, TX

736 DCU
7/21/2011

26A-1

0.997

30.00 in. Hg
2.32 in.H,0

212.2 °F

1.1448 in.H,0
0.03 in.H,0

STACK DIAM:
METER VOLUME:
METER TEMP:
LIQUID COLL:
CO,:

0,:

8.0 inches
2.772 £t
94.0 °F

2867.1 milliliters

0.50 % by volume
19.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 75
528 bar
Vinsta = [@J X Vi X ¥ Timﬁs‘ﬁ = 2641  dscf
Y= 0.997
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Viystg = 0.04707 x V. = 134.954  scf
Vi = 2867.1 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =——2d 0.9808
e Vwstd + Vmsta
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
5 _ S\VP.
ws @ saturation = m = 0.9881
Par 7 13.6
T= 373.1 °K
P= 766.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9808
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 7/21/2011
RUN NUMBER: 26A-1
BAROMETRIC: 30.00 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 2.32 in.H,O CO,: 0.50 % by volume
STACK TEMP: 212.2 °F 0,: 19.50 % by volume

SQ.RTAP:  1.1448 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO, )+ 0.32(%0, ) + 0.28(%N, +%CO) 28.86  Ib/lb-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

M, =M, (1-B,,) +18(B,,) 18.21 Ib/lb-mole

PITOT TUBE COEFFICIENT

C, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0O

-5 0

1.1448  in. H,0

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

Ty = 212.2 °F + 460 = 672.2 °R

ABSOLUTE STACK GAS PRESSURE

Ps =Poar + 136 = 30.17 in.Hg
STACK GAS VELOCITY
=(85.49)(C =
(85.49)(C, J(avgv/aP) F00 )(M ) 90.933  ftsec
STACK GAS VOLUMETRIC FLOW RATE, actual
Q. =60xV,xA, = 1,904.50 acfm

Stack Area = 0.35 ft?

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis

528
Qsﬁw=[2992]( s)[ J = 1,508.56 scfm, wb
90,514 scfth, wb

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis

Qs 3amg @] 2 Ji-B

28.96 dscfm
1,737 dscfh
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HYDROGEN CHLORIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: 26A-1

CYCLE TIME: 1.317 hrs
INPUT
Vo 2.772 £ Q. 1,737 dscfh
v FACTOR: 0.997 T, 212.2 °F
Ppar: 30.00 in.Hg o: 79 minutes
AH: - 0.03 V. 90.933 fps
T 940 °F P: 30.17 in. Hg
HCl in sample: <1,043 ug Vi: 2,867.1 mL

%0,: 1950 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hq, 68 °F)
AH
Poor + 725
528 bar " 136 | =
V, V,, X7 : = 2641 dscf
metd = [2992)>< T
Isokinetic Sampling Rate
Vi AR Y]
(100)(Ts) (0.002669 % V. )+ T— () Poar + 136 J
%ISO = i =
° (60)0)( Vs (P = 209.2 %1
A,=  0.00019277 ft* Runtime (8) = 79 minutes

Total pg HCl in sample (M,). = <1,043 ug

Concentration of HCI
c

(_2.2046><1o* b/ ng)(M,)

<0.8706 x 10 Ib/

s(lb/dsct) —

385.26ft* /b —mole

V,

mstd

dscf

x10°

Cotppmvary = Cs(]b/dscf) X

C

s(mg/dscm) =

36.451b/Ib —mole

<9.202 ppmv db

(M,)(35.311t> /m®)

(1000ug/mg)( Vi) <13.9437 mg/dscm

HCI Mass Rate:

< 0.00151 Ib/hr
< 0.00199 Ib/cycle

E= Qs x Cs(lb/dscf‘)
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CHLORINE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011

RUN NO: 26A-1
CYCLE TIME: 1.317 hrs
INPUT
Vo 2.772 £ Q: 1,737 dscfh
vy FACTOR: 0.997 Ts: 2122 °F
Ppar: ' 30.00 in.Hg ©: 79 minutes
AH: 0.03 Vq: 90.933 fps
T 94.0 °F Ps: 30.17 in. Hg
Cl, in sample: <125 ug Vi: 2,867.1 mL
%0,: 19.50 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
AH
P, + ==
528 bar _
Vg = [__29.92) x V., xy 71: 36| = 2641 dscf
| J
Isokinetic Sampling Rate
\ ' '
(100)(Ts ){(0.002669 x Vi )+ [%”-‘J(y){Pbar + [%—HBB
%ISO = : m : - o
(60)(®)(Vs)(Ps)(An) 209.2 %
Ay=  0.00019277 ft’ Runtime (6) = 79 minutes
Total pg Cl, in sample (M,) = 125 ng
Concentration of Cl, . (2'2045 <102 b/ ng)(Mn) .
Cotorasery = v = 0.1043 x 10°° Ib/
mstd
dscf
c -C 385.26ft*/Ib —mole 10°
spomiab) = ebrdse X 76 0661b /b —mole = 0.573 ppmv db
c (M, )(35.311t°/m®)
s(mg/dsem) = (1 OOOpg /mg)(vmstd) = 1.6711 mgldscm
Cl, Mass Rate:
E=Q, xCyppraery = 0.00018 Ib/hr
0.00024 Ib/cycle

A-28



HYDROGEN FLUORIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: 26A-1
CYCLE TIME: 1.317 hrs
INPUT
V. 2772 ft Q.: 1,737 dscfh
y FACTOR: 0.997 Ts: 212.2 °F
Ppar: 30.00 in. Hg o: 79 minutes
AH: 0.03 V! 90.933 fps
T 940 °F Ps: 30.17 in. Hg
HF in sample: <131 ug V: 2,867.1 mL
%0,: 1950 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
AH
Poar + 75~
528 bar " 136
V= . - = 2.641 dscf
mstd [2992) X Vm e Tm SC
Isokinetic Sampling Rate
(100)(Ts) (0.002669x V. }+ [\T{m J(‘{)[Pbar +(%D
%ISO = m : _ o
(60)(©)(Vs)(Ps)(An) 209.2 %1
A, = 0.00019277 ft* Runtime (6) = 79 minutes
Total pg HF in sample (M,)) = <131 ug

Concentration of HF

(2.2046x10° b/ pg)(M,)

s{lbedsef) =

385.26t>/Ib—mole

V,

mstd

x10°

Cs(ppmvdb) = Ch-x’b;‘csd)

C

20.01ib/Ib—mole

(M,)(35.311t*/m®)

s(ma’dsem) (1 000 Hg /mg)(vmsld )

<0.1093 x 10°® Ib/
dscf

<2.105 ppmv db

< 1.7513 mg/dscm

HF Mass Rate:

E= Qs x Cs(lbrdscf)

<0.00019 Ib/hr
< 0.00025 Ibicycle
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/27/2011
RUN NUMBER: 26A-3

y FACTOR: 0.997 STACK DIAM: 8.0 inches
BAROMETRIC: 30.06 in. Hg METER VOLUME:  12.016 ft°
STATIC PRES: 2.71 in.H,0 METER TEMP: 107.7 °F
STACK TEMP: 212.0 °F LIQUID COLL:  3029.0 milliliters
SQ.RT AP: 0.5504 in.H,0O CO,: 0.50 % by volume
AH: 0.05 in.H,0 0, 18.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 75
528 bar
Vmstd=(mjxvme T7m136 = 11.195 dscf
y= 0.997
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x V. = 142.575 scf
Vi = 3029.0 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bug =——2d - 0.9272
" Vistd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bus@saturation = ———p —— = 0.9821
Pbar + static
13.6
T= 373.0 °K
P= 768.6  mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9821
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: 26A-3

BAROMETRIC: 30.06 in. Hg STACK DIAM:
STATIC PRES: 2.71 in.H0 CO,:
STACK TEMP: 212 °F O;:

SQ.RT AP:  0.5504 in.H,0

1

TEST DATE: 7/27/2011

8.0 inches
0.50 % by volume
8.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

Mgy = 0.44(%CO0O;) +0.32(%0, ) + 0.28(%N, + %CO) = 28.82  Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =M, (1-B,.) +18(Bys) = 18.19 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C,, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0O
— 1 n
VAP =—> Jap = 0.5504  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.0 °F + 460 = 672.0 °R
ABSOLUTE STACK GAS PRESSURE
Pyias .
P, =Ppar + —ﬁzg = 30.26 in.Hg
STACK GAS VELOCITY
V, =(85.49)(C, )(avg VAP | | —<>—— 43669  ftisec
()9 ) @iy
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x Vg XA, = 91460  acfm
Stack Area = 0.35 ft?
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P,
Qstdw = [@](Qs)[_r—s] = 726.77 scfm, wb
) s 43,606 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Quq = [2992]( s)[ JU Bus) = 1298  dscfm
779 dscfh
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HYDROGEN CHLORIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/27/2011
RUN NO: 26A-3

CYCLE TIME: 1.133 hrs
INPUT
Vo 12.016 ft Q.: 779 dscfh
y FACTOR: 0.997 Te: 2120 °F
Poar 30.06 in.Hg o: 68 minutes
AH: 0.05 V: 43.669 fps
T 107.7 °F P.: 30.26 in. Hg
HCI in sample: <839 ug V: 3,029.0 mL

%0,: 18.50 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
AH ]
Poar + o |
528 © bar
Vi = [W’J “Vpxy 138 = 11.195 dsct
Isokinetic Sampling Rate
VN p \
(100)(T.)| (0.002669 x Vi, ) <| Ym | ) By, +| A
%SO ) ’ ’ Tm : \ 13,
4SO = , ’ = 564.0 % |
(80)(O)( Vs Ps)(Aq) 22792 % I
A=  0.00019277 ft’ Runtime (8) = 68 minutes

* based upon saturation

Total ug HCl in sample (M,)

= <839 ng

Concentration of HCI

Cs(ébfdscf) =

C

S{ppmvet)

sahfdsels

C

(2.2046x10°Ib/pg)(M,)
V,

mstd

385.26ft°/Ib~mole s

simga:dscm’

38.451b/Ib —mole

(M,)(35.31ft°/m?)
(1000 1g/mg) (Ve

= <0.1652 x 10 Ib/
dscf

< 1.746 ppmvdb

< 2.6462 mg/dscm

HCI Mass Rate:

< 0.00013 tb/hr
< 0.00015 Iblcycle




CHLORINE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/27/2011

RUN NO: 26A-3
CYCLE TIME: 1.133 hrs
INPUT
3
\/ 12.016 ft Q;: 779 dscfh
vy FACTOR: 0.997 Ts: 2120 °F
Ppar: 30.06 in. Hg O: 68 minutes
AH: 0.05 Vg 43.669 fps
T 107.7 °F P,: 30.26 in. Hg
Cl, in sample: <114 pg V: 3,029.0 mL
%0,: 18.50 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: {29.92 in. Hq, 68 °F)
528 ) Par + %
ar
Vo= x V 136 = 11.195 dscf
metd [2992Jx SO B P
Isokinetic Sampling Rate
\ 3
(100)(T, ) (0.002669 x V) + (Vm J V) Pba, WL
%ISO | T \ \ 138 })
° = - = 564.0 % |
( )( )(VS)( s)(An) 22792 %I*
A= 0.00019277 ft‘ Runtime (8) = 68 minutes
* based upon saturation
Total pg Cl, in sample (M,) = <114 pg
Concentration of Cl, v (2.2046 «1021b/ HQ)(Mn )
Coraset = : = <0.0224 x 10° Ib/

385.26ft° /b -~ mole

C

Vm std

x10°

s{ppnwdp) — C=Si“"(54"
s{pprvaD) wrasch) X 70.0961b/Ib -mole

(M, )(35.317°/m*)

Cs{mg:’dscn

(1000 18/ Mg)(V,ga)

dscf

<0.123 ppmv db

= <0.3596 mg/dscm

Cl, Mass Rate:

E=Q, x Cs(lb:’dscf)

< 0.00002 Ib/hr
< 0.00002 Ib/cycle
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HYDROGEN FLUORIDE CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 7/27/2011

RUN NO: 26A-3

CYCLE TIME: 1.133 hrs
INPUT
Vo 12.016 ft’ Q,: 779 dscfh
vy FACTOR: 0.997 T, 212.0 °F
Poar 30.06 in. Hg o: 68 minutes
AH: 0.05 v, 43669 fps
To: 107.7 °F P.: 30.26 in. Hg
HF in sample: <113 ng V! 3,029.0 mL

%0,: 18.50 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
AH
P + ——
528 bar
Vo u----[29.92J>< V,, %y _—_Tm13-6 = 11.195 dscf
Isokinetic Sampling Rate
- Vin | ( AH
(100)(T, ){( 0.002669x V, ) + ( T: J(«, );\ Poar + |\ 313_.6" m
%SO = - — = 564.0 %I
(80)(B)( Vs )(Ps )(An) 2279.2 % I*
A=  0.00019277 ft’ Runtime (8) = 68 minutes

* based upon saturation

Total ug HF in sample (M,)

<113 ug

Concentration of HF

(2.2046 10 1b/ ug)(M, )

sy dsct) = V rd
ms

385.26ft° /b —mole
20.01lb/1b—mole

=C!

s ib s

C

s(ppmvdl) <f 3

&

<0.0223 x 10 Ib/
dscf

<0.428 ppmv db

(M,)(35.31ft° /m®)

ngmg.‘dsa:m} -

(1000 g/ M@)(Vea)

< (.3564 mg/dscm

HF Mass Rate:

E=Qg % Cs(lb,’dscf)

< 0.00002 Ib/hr
< 0.00002 Ibicycle




ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/28/2011
RUN NUMBER: 26A-4

vy FACTOR: 0.997 STACK DIAM: 8.0 inches
BAROMETRIC: 29.98 in. Hg METER VOLUME: 3.843 ft’
STATIC PRES: 2.47 in.H,0 METER TEMP: 93.7 °F
STACK TEMP: 213.3 °F LIQUID COLL:  2974.1 milliliters
SQ.RT AP: 1.4205 in.H,0 CO,: 0.50 % by volume
AH: 0.07 in.H,0 0, 19.00 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

b, AH
528 bar T I3
Vinstd = [mj x Vi, xy % = 3.662 dscf
y= 0.997

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

Vg = 004707 x V. = 139.991  scf
Vi = 2974.1 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bue =0 = 0.9745
" Vwstd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = P, = 1.0000
Pbar + static
13.6
T= 373.7 °K
P= 766.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9745
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: 26A-4

BAROMETRIC: 29.98 in. Hg STACK DIAM:
STATIC PRES: 2.47 in.H,O CO,:
STACK TEMP: 213.3 °F 0O

SQ.RTAP:  1.4205 in.H,0

1

TEST DATE: 7/28/2011

8.0 inches
0.50 % by volume
9.00 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

M, = 0.44(%CO,) +0.32(%0,)+ 0.28(%N, + %CO) = 28.84 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =My(1- Bus) +18(Bys) = 18.28 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C,, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP =—3> Jap = 1.4205  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 213.3 °F + 460 = 673.3 °R
ABSOLUTE STACK GAS PRESSURE
P...
Ps = Poar +% = 30.16  in.Hg
STACK GAS VELOCITY
T
V, =(85.49)(C, )(avg VAP | |-——=— 112.729 ft/sec
(€. )(vaVaP) oy
STACK GAS VOLUMETRIC FLOW RATE, actual
Qs =60 x Vg XA, = 2,361.00 acfm
Stack Area = 0.35 ft?
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
Qugw = [%](Qs)[%] = 1,866.59 scfm, wb
) s 111,996  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P,
Qqq = [@](Qs)[T—S]U ~Bue) = 4758  dscfm
) S 2,855 dscfh
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HYDROGEN CHLORIDE CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 7/28/2011

RUN NO: 26A-4
CYCLE TIME: 0.883 hrs
INPUT
Vo 3.843 ft’ Q.: 2,855 dscfh
y FACTOR: 0.997 T.: 213.3 °F
Ppar: 29.98 in. Hg (CH 53 minutes
AH: 0.07 V! 112.729 fps
T 93.7 °F P,: 30.16 in. Hg
HCI in sample: <860 ug Vit 29741 mL
%0,: 19.00 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
AH
Poar + 555 |
528 A bar .13
Vo= O = 3.662 dscf
mts [2992JXV'”X" Tw |
]
Isokinetic Sampling Rate
N [
(100)(T, ) (0.002669 x V. ) + [ Yo ](«,/ ) Paoy o+ (_Aﬂ]\
%SO : ' T /0 13.6)) y
(] = - - T 3 = 63
CIOACN N 2051 %!
A= 0.00019277 ft* Runtime (6) = 53 minutes
Total pg HCI in sample (M,)) = <860 ug
Concentration of HCI . (2_2046>< 102°1b/ MQ)(Mn ) .
Covraset; = v = <0.5178 x10° Ib/
msid dscf
: 385.26ft° /Ib —mole 5
C_ N B :ngu, SC"‘rx X10b =
S(pprmvdt) svasen X e S /b —mole <5473 ppmv db
c (Mn)(35.31ﬂ3/m3)
simg:dsem; (1 000 “g/mg)(vms‘d) = < 8.2928 mg/dscm
HCI Mass Rate:
E=QoxClipgsery = <0.00148 Ib/hr
< 0.00131 lIbicycle
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CHLORINE CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 7/28/2011

RUN NO: 26A-4
CYCLE TIME: 0.883 hrs
INPUT
Vi 3.843 ft’ Q. 2,855 dscfh
vy FACTOR: 0.997 T.: 2133 °F
Pyar: 29.98 in. Hg (OH 53 minutes
AH: 0.07 V! 112.729 fps
Tt 93.7 °F P.: 30.16 in. Hg
Cl, in sample: <114 pg V.: 29741 mL
%0,: 19.00 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hq, 68 °F)
AH ]
/ P + oo
528 bar o
Vinsd = 1—29‘92 [ Vi x ¥ ————Tm13'6 J = 3662 dscf
Isokinetic Sampling Rate
' / / 3
(100)(T)[(0.002669 % V,. ) }( Y ()] Poar | AH) l
%SO A T /70 \136))
b = - — = 263.1 %1
(BOYB)(Vs JP=)(An) %
A= 0.00019277 ft* Runtime (6) = 53 minutes
Total ug Cl, in sample (M,) = <114 ug
Concentration of Cl, . (2.2046 <10°1b/ HQ)(Mn ) .
Cotbrasery = - = < 0.0686 x 10° Ib/
Vms:d
dscf
: 385.26ft° /b —mole o
Cs(ppnwdb) - Cs:"b:’dsc() % 70.0981b/ b — mole =10 = <0.377 ppmv db
c (M, _)(\35.31ft3 /ma)
s{mgrasenn = (1000 g/ M@} (Vg ) = <1.0993 mg/dscm
Cl, Mass Rate:
E=Q, x C;._([b;dsd) = < 0.00020 Ib/hr
< 0.00017 Iblcycle
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HYDROGEN FLUORIDE CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 7/28/2011

RUN NO: 26A-4

CYCLE TIME: 0.883 hrs
INPUT
V. 3.843 ft’ Q. 2,855 dscfh
vy FACTOR: 0.997 T, 213.3 °F
Pyar: 29.98 in. Hg OH 53 minutes
AH: 0.07 V! 112.729 fps
Tt 93.7 °F Ps: 30.16 in. Hg
HF in sample: <116 ng V. 29741 mL

%0,: 19.00 %
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
528 bar i
Vingd = [__29‘92/ x Vi X 7 -.____Tm13-6 3662 dscf
i
Isokinetic Sampling Rate
e
(1 00)(1-5) (0.002669 x Vlc) +[\{m ](?’ )‘ Poar (AH]\
%SO ' \Tm,,' L \_13‘6,,]
) = —— = 2631 %I
CIONACAT *
A= 0.00019277 ft* Runtime (8) = 53 minutes

Total pg HF in sample (M,) = <116 ng
Concentration of HF ‘ (2.2046 10 Ib/ug)(M, )

s(/asct) = V
mstd

385.26ft" /lo ~mole s
20.01ib/Ib— mole

Cs:‘lb et )

C

sippmvetey T

c (M, )(35.31%°/m°)
simorasm (1 OOO “’g/mg)(vmsid)

= <0.0698 x 10 Ib/
dscf

= <1.345 ppmv db

= <1.1186 mg/dscm

HF Mass Rate:

= < 0.00020 Ib/hr
< 0.00018 Ib/cycle
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: OTM 029-1

y FACTOR: 1.005 STACK DIAM: 8.00 inches
BAROMETRIC: 30.00 in. Hg METER VOLUME: 1.836 ft
STATIC PRES: 2.32 in.H,0 METER TEMP: 97.0 °F
STACK TEMP: 212.2 °F LIQUID COLL: 3551.0 milliliters
SQ.RT AP: 1.1448 in.H,0 CO,: 0.50 % by volume
AH: 0.03 in.H,0 0,: 19.50 % by volume
Meter Out CO,: 0.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS AH
Pear + 5=
528 bar
Vinsta = (—29.92) x Vo %y —Tm1 36 |- 1754  dscf
V. _ (Vmstd)(1 - %COZ(dry)out)
actual (1 __ O/OCO2(dry)in) - 1 754 dSCf
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vieg = 0.04707 x V,, = 167.146  scf
Ve = 3551.0 mL
Vic = 3257.6 mL adjusted for saturation
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
Bur = — 0.9896
e sztd + Vactual - ’
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = T P = 0.9887
+ static
136
T= 373.1 °K
P= 766.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bws = 0.9887
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: OTM 029-1

BAROMETRIC: 30 in. Hg STACK DIAM:
STATIC PRES: 2.315385 in.H,O CO,:
STACK TEMP: 212.1818 °F 0,:

SQ.RT AP: 1.144773 in.H,0

SOURCE: 736 DCU
TEST DATE: 7/21/2011

8.00 inches
0.50 % by volume
19.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

Mgy = 0.44(%CO,) + 0.32(%0, ) + 0.28(%N, + %CO) = 28.86 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-Bys) +18Bys = 18.12  Ib/ib-mole
PITOT TUBE COEFFICIENT
C,, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
—_— 1 n
JA—P=;Z\/E = 1.1448  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Te = 212.2 °F + 460 = 672.2 °R
ABSOLUTE STACK GAS PRESSURE
Ps =Poar + <35 = 30.17  inHg
STACK GAS VELOCITY
=(8549)(C, lavgva = 91.15 ftisec
( )( )( )]f ) )(M ) 0
STACK GAS VOLUMETRIC FLOW RATE, actual
Q. =60 x Vg xA, = 1,909 acfm
Stack Area = 0.349 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qstaw = [—2992](Qs)[T—5] = 1,512.1  scfm, wb
] s 90,726 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Qgq = [2992]@ )[ ](1 Bus) = 17.1 dscfm
Ts 1,026 dscfh
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ARI ENVIRONMENTAL, INC.
ISOKINETIC RATIO CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: OTM 029-1

INPUT
Vs 1754 f 17 dscfm
y FACTOR: 1.005 212.1818182 °F
Poar: 30 in.Hg 52.0 minutes
AH: 0.03 in.H,O 91.150 ftisec
To: 97 °F 30.17 in.Hg
Vi: 3551 mL 0.188 inches

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS
v _ (Vmsld)(1 - %COZ(dry)oul )
actual (1 _ %Coz(d,y)in) 1.754 dscf
VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Vg =0.04707xV,,  167.146  scf
FRACTIONAL MOISTURE CONTENT OF STACK GAS
V,
B,. = wstd x 100 0
s sztd + Vmstd 98'96 A)
ISOKINETIC SAMPLING RATE
(100)(T, ){(0.002669 x V) + [VaTC‘“a'](y) [Pbar + [%m
%ISO = R —= = 389.0 %l
(80)(8)(VL)(P)(A,) : .
_ 357.2 @ saturation
A,= 0.00019277 ft* Runtime = 52 minutes
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HYDROGEN CYANIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: OTM 029-1

INPUT

Vinsta: 1.754 ft° Q. 1,026 dscfh
y FACTOR: 1.005 Ts: 2122 °F

Poar: 30.00 in. Hg O: 52.0 minutes
AH: 0.03 in. H,0 V! 91.150 fps

Tt 97.0 °F P,: 30.17 in. Hg
HCN in sample: 112 pg Vi: 3,551.0 mL
Cycle Time: 1.083 hrs %0,: 19.50 %
Volume of Sample at Standard English Units

Conditions on a Dry Basis:

(Vmstd)(1 - %COZ(dry)oul )

{29.92 in. Hg, 68 °F)

Vac ual = =
t (1 _ %Coz(dry)in) 1 754 dscf
Isokinetic Sampling Rate
(100)(Ts)[(0.002669x )+[ actual ](Y)[ bar + (—Hem
%ISO =
’ 0)(O)(V,) ) (A 389.0 % |
‘ 357.2 @ saturation
A,= 000019277 ft* Runtime (8) = 52 minutes
Total ug HCN in sample (M,) = 112 ng
Concentration of HCN . (2.2046 x 10-°1b/pug)(M,)
Coibrasety = Voo = 0.1404 x 10 Ibs/
dscf
385.261t> /ib —mole
Cs(ppmvdb) Cs(lbldscf) x x10° = 2.00 ppmvdb

27.031b/Ib —mole

C

(My,15)(35-31)

s(pg/dsem) = (V )
mstd, dsef

2,248 pgl/dsem

HCN Mass Rate:

E=Q x Cs(lbldsd)

= 0.00014 Ibs/hr
0.00016 Ibs/cycle
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/27/2011
RUN NUMBER: OTM 029-3

y FACTOR: 0.999 STACK DIAM: 8.00 inches
BAROMETRIC: 30.06 in. Hg METER VOLUME: 6.730 ft*
STATIC PRES: 3.80 in.H,0 METER TEMP: 112.8 °F
STACK TEMP: 212.0 °F LIQUID COLL:  4469.1 milliliters
SQ.RT AP: 1.3364 in.H,0 CO,: 0.50 % by volume
AH: 0.07 in.H,0 0,: 18.50 % by volume
Meter Out CO,: 0.50 % by volume
ENGLISH UNITS
(29.92 in.Hg & 68 °F)
VOLUME OF SAMPLE

@ STANDARD CONDITIONS, DRY BASIS AH
Poar + =
mstdz(st]Xme'Y T _136

5092 T = 6.226 dscf
vV _ (Vmstd ) (1 - %COZ(dry)out)
actual (1 _ %Coz(dw)in) = 6.226 dscf
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg =0.04707 x V, = 210.361  scf
Ve = 4469.1 mL
6336.6
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
B =y — 0.9713
" sztd + Vac(ual - )
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = P = 0.9796
P + static
" 13.6
T= 373.0 °K
P= 7706 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9713
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: OTM 029-3

BAROMETRIC:  30.06 in. Hg STACK DIAM:
STATIC PRES: 3.8 in.H,0 co,:
STACK TEMP: 212 °F 0,:

SQ.RT AP: 1.336367 in.H,0

SOURCE: 736 DCU
TEST DATE: 7/27/2011

8.00 inches
0.50 % by volume
18.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO;) + 0.32(%0;, ) + 0.28(%N, + %CO) = 28.82 Ib/ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-Bs) +18Bys = 18.31 Ib/ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP = Hz Jap = 1.3364  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
T, = 212.0 °F + 460 = 672.0 °R
ABSOLUTE STACK GAS PRESSURE
Patat .
P = Ppar + 18;'160 = 30.34 in.Hg
STACK GAS VELOCITY
T
V; = (8549)(C, )(avgVAP) [ ——=— = 105.547 ftisec
(Ps)(Ms)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x Vg xA, = 2,211 acfm
Stack Area = 0.349 ft°
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P,
Qgiaw = [—29 92](05)[?5] = 17612  scfm, wb
. ] N 105,673  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P,
Qg = [MJ(QS)[T—SJO ~Bus) = 50.6  dscfm
] © 3,038 dscfh
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COMPANY:
LOCATION:
SOURCE:
TEST DATE:
RUN NUMBER:

ARI ENVIRONMENTAL, INC.
ISOKINETIC RATIO CALCULATION SUMMARY

Houston Refining

Houston, TX

736 DCU

7/27/2011

OTM 029-3
6.226 ft’ 51 dscfm
0.9987 212 °F
30.06 in.Hg 68.0 minutes

0.07142857 in.H,0 105.547 ftisec

112.785714 °F 30.34 in.Hg
4469.1 mL 0.188 inches

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

Vv _ (Vmsld)(1 - %COZ(dry)out )
actual (1 _ %COz(dw)in )

6.226 dscf

VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS

Vysg = 0.04707xV,; 210361  scf

FRACTIONAL MOISTURE CONTENT OF STACK GAS

V,
Bus = 5—20—x100 9713 %
" Vistd + Vinsta °

ISOKINETIC SAMPLING RATE

(100)(T, ){(o.oozeeg XV )+ [vaTdua. ](v)[Pbar . [éHsm
%SO = - 8))]_
° COIGIAIICY 3270 %I
A, = 0.00019277 Runtime = 68 minutes
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HYDROGEN CYANIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/27/2011
RUN NO: OTM 029-3

INPUT

Vet 6.226 ft° Q. 3,038 dscfh

vy FACTOR: 0.999 T.: 2120 °F

Pyar: 30.06 in. Hg e: 68.0 minutes
AH: 0.07 in.H,0 Vs 105.547 fps

T 112.8 °F Pg: 30.34 in. Hg
HCN in sample: 3,446 ug V: 44691 mL
Cycle Time: 1.133 hrs %0, 18.50 %
Volume of Sample at Standard English Units

Conditions on a Dry Basis:

_ (Vmstd )(1 - %COZ(dry)out )

(29.92 in. Hg. 68 °F)

Ve = -
actual (1 — %Coz(dw)in) = 6.226 dscf
Isokinetic Sampling Rate
.
(100)(T,)[ (0.002669 x V) + Vo (y)[Pbar + [AH_J]
%ISO I s 27.0 %
Ol = =
(B0)(@)(V: )P )(An) 5270 %
A,=  0.00019277 ft* Runtime (8) = 68 minutes
Total ug HCN in sample (M,) = 3,446 ug

Concentration of HCN
c

(2.2046 %x107° Ib/ug)(Mn)

s(lb/dsct) =

C =C,

Vv,

actual

s(ppmvdb) s(lb/dscf) X

C

385.26ft° /ib —mole <10°
27.03Ib/Ib —mole

_(M,,)(35.31)
s(ug/dsom) — (V

mstd, dscf )

= 1.2204 x 10 Ibs/
dscf

= 17.39 ppmv db

= 19,542 pg/dsem

HCN Mass Rate:

E=Q, x Cs(lbldscf)

= 0.00371 Ibs/hr
0.00420 Ibs/cycle
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/28/2011
RUN NUMBER: OTM 029-4

vy FACTOR: 0.999 STACK DIAM: 8.00 inches
BAROMETRIC: 29.98 in. Hg METER VOLUME: 3.750 ft*
STATIC PRES: 2.47 in.H,0 METER TEMP: 95.0 °F
STACK TEMP: 213.3 °F LIQUID COLL:  3259.3 milliliters
SQ.RT AP: 1.4205 in.H,0 CO,: 0.50 % by volume
AH: 0.04 in.H,0 0,: 19.00 % by volume
Meter Out CO,: 0.50 % by volume
ENGLISH UNITS
(29.92 in.Hg & °F)
VOLUME OF SAMPLE

@ STANDARD CONDITIONS, DRY BASIS AH

Poar + 75~
528 bar
Vinstd = [—) x Vo, xy — 136 |_

5992 T 3.570 dscf
V _ (Vmstd)(1 - %Co2(dry)oul)
actual (1 _ OA)Coz(dw)in) = 3570 dSCf
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x Vi, = 153415  scf
Vi = 3259.3 mL
#DIV/0!
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V
B =2 — .
sztd + actual 09773
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S\VP.
Bws@saturation = - P, = 1.0000
Pbar + static
13.6
T= 373.7 °K
P= 766.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9773
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YARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: OTM 029-4

BAROMETRIC: 290.98 in. Hg STACK DIAM:
STATIC PRES: 2.472727 in.H,0 CO.:
STACKTEMP: 213.25°F 0,:

SQ.RT AP: 1.420456 in.H,0

TEST DATE: 7/28/2011

8.00 inches
0.50 % by volume
19.00 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) + 0.32(%0,) + 0.28(%N, + %CO) = 28.84 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M =Mg(1-Bys ) +18Bys = 1825  Ib/ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
JaP = Z Jap = 14205  in. H,0
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 213.3 °F + 460 = 673.3 °R
ABSOLUTE STACK GAS PRESSURE
P.,..
Ps =Poar + 25 = 30.16  in.Hg
STACK GAS VELOCITY
=(85.49)(C, )lavgvAP = 112.821
STACK GAS VOLUMETRIC FLOW RATE, actual
Q¢ =60 x V, xA, = 2,363 acfm
Stack Area = 0.349 f*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
52
Qstow =[29:2]( s)[ ] 1,868.1  scfm, wb
112,087  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Qqa = [2992]@ )[ J(1 Bus) = 425  dscfm
2,549 dscfh
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ARI ENVIRONMENTAL, INC.
ISOKINETIC RATIO CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/28/2011
RUN NUMBER: OTM 029-4

INPUT

Vst 3570 ft 42 dscfm

y FACTOR: 0.9987 213.25 °F

Poar: 29.98 in.Hg 53.0 minutes
AH: 0.04 in.H,O 112.821  ft/sec
Tt 95 °F 30.16 in.Hg
V: 32593 mL 0.188 inches

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE @ STANDARD CONDITIONS, DRY BASIS

v _ (Vmstd )(1 - %COZ(dry)out )

actual — (1 _ %Coz(d.—y)in) 3.570 dscf

VOLUME OF WATER IN SAMPLE @ STANDARD CONDITIONS
Viusta =0.04707x V. 153415  scf

FRACTIONAL MOISTURE CONTENT OF STACK GAS

V,
B,,=——%d 100 97.73 %
e sztd + Vmstd ’

ISOKINETIC SAMPLING RATE
(1 00)(Ts)[20-002659x\/.c)+[Verm“a'](y)[pbar +[ % m
%ISO = (80)(0)(V.)(P)(A,) = 2870 %l

A,= 000019277 ft* Runtime = 53 minutes
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HYDROGEN CYANIDE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/28/2011
RUN NO: OTM 029-4

INPUT

Vistat 3.570 ft’ Q,: 2,549 dscfh
vy FACTOR: 0.999 Ts: 213.3 °F

Ppar: 29.98 in. Hg (OH 53.0 minutes
AH: 0.04 in.H,O | 112.821 fps

Tt 95.0 °F Ps: 30.16 in. Hg
HCN in sample: 1,007 pg Vi.: 3,259.3 mL
Cycle Time: 0.883 hrs %0,: 19.00 %
Volume of Sample at Standard English Units

Conditions on a Dry Basis:

_ (Vmstd ) (1 - 0/'-"C02(dry)ou: )

{29.92 in. Hg, 68 °F)

Vo = -
actual (1 _ %Coz(d,y)i,.,) = 3.570 dscf
Isokinetic Sampling Rate
(100)(T,)| (0.002669 x V) + h](y)(Pbar N [A'H]]
%ISO In 198 287.0 % |
ol = = X
(BO)(O)(Vs )(Ps )(An) ’

A = 000019277 ft’ Runtime (8) = 53 minutes

Total pg HCN in sample (M,)) = 1,007 ung

Concentration of HCN

(2.2046 x107°Ib/pg)(My)

Cs(lbldscf) =

C =C,

Vv,

actual

3
385.26ft” /Ib -mole %10°

s(ppmvdb) s(lb/dsef) <

27.03Ib/Ib —mole

C

(M, )(35.31)

a, Hg

s(ug/dscm) — (V )
mstd, dscf

= 0.6216 x10° Ibs/
dscf

= 8.86

= 9,956 pg/dscm

HCN Mass Rate:

E=Q, x Cs(lbldsc:f)

= 0.00158 Ibs/hr
0.00140 Ibs/cycle
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/29/2011
RUN NUMBER: 29-1

y FACTOR: 1.005 - STACK DIAM:
BAROMETRIC: 30.04 in. Hg METER VOLUME:
STATIC PRES: 2.65 in.H,0 METER TEMP:
STACK TEMP: 2126 °F LIQUID COLL:

SQ.RT AP: 1.6167 in.H,0 CO,:

AH: 0.02 in.H,0 0,:

8.00 inches
2.697 f°
86.1 °F
5004.4 milliliters
0.16 % by volume
19.70 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

-\
528 bar
Vineta = [m) X Vi X ¥ % = 2631  dscf
y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x V], = 235.557  scf
Vi = 5004.4 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =20 0.9890
i sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.V.P.
Bws@saturation = T P = 0.9950
Pbar + static
13.6
8/2/2011 3733 °K
P= 768.0 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9890
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY': Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: 29-1

BAROMETRIC: 30.04 in. Hg STACK DIAM:
STATIC PRES: 2.7 in.H,0 CO;:
STACK TEMP: 2126 °F 0,

SQ.RT AP:  1.6167 in.H,0

TEST DATE: 7/29/2011

8.00 inches
0.16 % by volume
19.70 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) +0.32(%0, ) + 0.28(%N, + %CO) = 28.81 ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M =My (1-Bys) +18Bys = 18.12  Ib/tb-mole
PITOT TUBE COEFFICIENT
C,, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
JAP = HZ JAp = 1.6167  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.6 °F + 460 = 672.6 °R
ABSOLUTE STACK GAS PRESSURE
P._.
Ps = Poar + 5725 = 30.24  in.Hg
STACK GAS VELOCITY
T
V, =(8549)(C, )(avgVAP) | ——=— = 128642 ftisec
(Ps)(Ms)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 x Vg xA, = 2,694 acfm
Stack Area = 0.3491 ft?
STACK GAS VOLUMETRIC FLOW RATE,
standard con 40757.00
528 P
16:11-16:16  Qguw = [WJ(QS)[T—S] = 2,137.3  scfm, wb
' s 128,238  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P,
Qqa = [WJ(QS)[T—SJM —Bus) = 236  dscfm
* S
1,417 dscfh
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METHOD 29 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/29/2011

RUN NO: 29-1
INPUT
Vo 2697 ft° Q.: 1,417 dscfh
v FACTOR: 1.005 T,: 212.6 °F
Pyar: 30.04 in. Hg (OH 75.0 minutes
AH: 0.02 in. H,O V: 128.642 fps
Tt 86.1 °F P.: 30.24 in. Hg
Vi: 5,004.4 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: {29.92 in. Hq., 68 °F)
! AH T
’ P, + =
528 ) | T bar -
Voga = [m,} XV x V| 7;35 = 2631 dscf
Isokinetic Sampling Rate
(V) (AHY
(100)(Ts _){(0.002669 * Vic) +[ " J(__—,' )| Poar +[ T’:’Té]
%ISO = ML - 0
(80)(6)(Vs)(Ps (An) N 269.23 %l
A=  0.00019277 ft* Runtime (6) = 75 minutes
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USEPA Method 29

=== = Metals Emissions Calculation Summary

EEE

Client: Houston Refining

Location Houston, TX

Source 736 DCU

Date 7/29/2011

Run #: 2981

Test Data Input Metals Laboratory Analysis Weights (M)

Barometric pressure (Py,,): 30.04 inches Hg Antimony (Sb): <0.30 ng Manganese (Mn): 12.37 ug
Stack pressure (Pg): 30.24 Inches Hg Abs. Arsenic (As): <1.20 ng

Test length (8): 75.0 minutes Beryllium (Be): <0.30 ug Nickel (Ni): 9.54 ng
Sample nozzle diameter (D): 0.1880 inches Cadmium (Cd): 0.87 ug Selenium (Se): <3.00 ug
Sample nozzle area (A,): 0.000193 ft* Chromium (Cr): 26.66 19 Cobalt (Co) 261 ug
Stack temperature (Ts): 2126 °F Lead (Pb): 0.84 ug

Volume metered (Vigia): 2.631 dscf

Stack gas velocity (V,): 128.642 ft/sec

Stack gas volumetric flow {Qgq): 1.417 dscfh

Fractional Moisture content (B,,): 0.9890

Stack Oxygen Content (%0,): 19.70 %

Cycle Time: 1.25 hrs

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

ion' ( ug/dscm):

M,

C.=

AN
|

s
o Mewa
35.315dscf / dscm

11.636878 ng/dscm
357.803784 ng/dscm

11.220795 pg/dscm
Metals concentration ( x10”° Ibidsci):

Cadmium (Cd)
Chromium (Cr)
Lead (Pb)

< 4.026601 pg/dscm Antimony (Sb) =
< 16.106405 png/dscm Arsenic (As) =
< 4.026601 pg/dscm Beryllium (Be) =

-9
[2.2046>< 0% M‘]
Clh =

ug
Vmsld
= <0.251368 x 10° |b/dscf Antimony (Sb) =
= < 1.005470 x 10° Ib/dscf  Arsenic (As)
= <0.251368 x 10° Ib/dscf  Beryllium (Be) =

= < 0.726452 x 10°° Ib/dscf
= 22.336521 x 10 Ib/dscf

Cadmium (Cd)
Chromium (Cr)

= 0.700478 x 10° Ib/dscf  Lead (Pb)
Metals emissiori rate ( x10-%. Ib/he):
Enpme = Clax Qqq
= < 0.003561 x10™ Ib/hr Antimony (Sb) =
= < 0.014243 x10™ Ib/hr Arsenic (As)
= < 0.003561 x10™ Ib/hr Beryllium (Be) =

= 0.010291 x10™ ib/hr

= 0.316414 x10~ ib/hr

= 0.009923 x10~* Ib/hr
Metals emission rate ( x10°*-Ib/cycie): -

= <0.004451 x10™ Ib/cycle
= <0.017804 x10™ Ib/cycle
= < 0.004451 x10™ Ib/cycle
= 0.012863 x10™ Ib/cycle
= 0.395517 x10™ Ib/cycie
= 0.012403 x10™ Ib/cycle

ARI Environmental, Inc.

Cadmium (Cd)
Chromium (Cr)
Lead (Pb)

Antimony (Sb)
Arsenic (As)
Beryllium (Be)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)

Method 29 Multi-Metals Calc Summary

166.043612 pg/dscm

128.032497 pg/dscm
< 40.266012 pg/dscm
35.031431 pg/dscm

10.365560

7.992650
< 2.513676
2.186898

0.146836 x107* Ib/hr

0.113222 x10* Ib/hr
< 0.035608 x10™ Ib/hr
0.030979 x107 Ib/hr

0.183545 x10* ibicycle

0.141527 x10* Ib/cycle
<0.044510 x10”* Ibicycle
0.038724 x10”* Ibicycle

Manganese (Mn)

Nickel (Ni)
Selenium (Se)
Cobalt (Co)

x 10® Ib/dscf Manganese (Mn)

x 10°° Ib/dscf Nickel (Ni)
x 10? Ib/dscf Selenium (Se)
x 10° Ib/dscf Cobalt (Co)

Manganese (Mn)
Nickel (Ni)

Selenium (Se)
Cobalt (Co)

Manganese (Mn)
Nickel (Ni)

Selenium (Se)
Cobalt (Co)
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Metals Laboratory Data Summary

Client Houston Refining
Location: Houston, TX
Source 736 DCU
Date 7/29/2011
Run # 29-1
Front Half Metal Calculation
I Value Il Values
Detection FH Sample FH Blank A Value 5 % of FH Lesser value Greater Value  Blank Value Blank Corrected
Limit (M) (M) (4 inch filter) Sample (M) Vs 5% fvsii Used Sample Mass
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) {micrograms)
Antimony 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.0000
Arsenic 1 1.0000 1.0000 17.590 0.050 0.050 17.590 1.000 0.0000
Beryllium 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.0000
Cadmium 041 0.1370 0.1220 17.590 0.007 0.007 17.590 0.122 0.0150
Chromium 1 1.4100 1.3500 17.590 0.071 0.071 17.590 1.350 0.0600
Lead 0.5 0.5140 0.5000 17.590 0.026 0.026 17.590 0.500 0.0140
Manganese 0.5 2.0400 1.9200 17.590 0.102 0.102 17.590 1.920 0.1200
Nickel 0.2 1.6400 1.56800 17.590 0.082 0.082 17.590 1.580 0.0600
Selenium 2 2.0000 2.0000 17.590 0.100 0.100 17.590 2.000 0.0000
Cobalt 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.0000
Back Half Metal Calculation
16:11 - 16:16 | Value Il Values
Detection BH Sample BH Blank 5 % of BH Lesser value Greater Value Blank Value Blank Corrected
Limit (Mpn) (M) Sample (Mys) vs 5% lvs i Used Sample Mass
Metal {micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) {micrograms)
Antimony 0.1 0.1040 0.1000 1.000 0.005 0.005 1.000 0.100 0.0040
Arsenic 0.2 0.4150 0.2000 1.000 0.021 0.021 1.000 0.200 0.2150
Beryllium 0.1 0.1000 0.1000 1.000 0.005 0.005 1.000 0.100 0.0000
Cadmium 0.05 0.9020 0.0500 1.000 0.045 0.045 1.000 0.050 0.8520
Chromium 0.15 26.9000 0.3020 1.000 1.345 1.000 1.000 0.302 26.5980
Lead 0.05 0.9310 0.1090 1.000 0.047 0.047 1.000 0.109 0.8220
Manganese 0.15 12.5000 0.2490 1.000 0.625 0.625 1.000 0.249 12.2510
Nickel 041 10.4000 0.9210 1.000 0.520 0.520 1.000 0.921 9.4790
Selenium 1 1.2500 1.0000 1.000 0.063 0.063 1.000 1.000 0.2500
Cobalt 0.1 2.7100 0.1000 1.000 0.136 0.136 1.000 0.100 2.6100
FH Sample FH Blank BH Sampie BH Blank Total Metal
(M) (Mgnb) (Myn) (Myns) (M)
Metal (micrograms) {(micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.200 0.200 0.104 0.100 0.300 BDL
Arsenic 1.000 1.000 0415 0.200 1.200 BDL
Beryllium 0.200 0.200 0.100 0.100 0.300 BDL
Cadmium 0.137 0.122 0.902 0.050 0.867 ADL
Chromium 1.410 1.350 26.900 0.302 26.658 ADL
Lead 0.514 0.500 0.931 0.109 0.836 ADL
Manganese 2.040 1.920 12.500 0.249 12.371 ADL
Nickel 1.640 1.580 10.400 0.921 9.539 ADL
Selenium 2.000 2.000 1.250 1.000 3.000 BDL
Cobait 0.200 0.200 2710 0.100 2.610 ADL
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/1/2011
RUN NUMBER: 29-2

y FACTOR: 0.999 STACK DIAM:
BAROMETRIC: 30.04 in. Hg METER VOLUME:
STATIC PRES: 2.85 in.H,0 METER TEMP:
STACK TEMP: 262.8 °F LIQUID COLL:

SQ.RT AP: 0.8988 in.H,0 Co,:

AH: 0.11 in.H,0 0,:

8.00 inches
2.300 ft
108.3 °F
1259.8 milliliters
0.11 % by volume
20.20 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

b, AH
528 bar
mstd =[mjxvm xy T)m”ﬁ 2143 dscf
Y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x V= 59.299  scf
Vi = 1259.8 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =580 — = 0.9651
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.VP.
Bws@saturation = P - 1.0000
Pb + - static
e 136
T= 401.2 °K
P= 768.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9651
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: 29-2

BAROMETRIC: 30.04 in. Hg STACK DIAM:
CO,:
02:

STATIC PRES: 2.9 in.H,0
STACK TEMP: 262.8 °F
SQ.RT AP:  0.8988 in.H,0

SOURCE: 736 DCU
TEST DATE: 8/1/2011

8.00 inches
0.11 % by volume
20.20 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My =0.44(%CO,)+ 0.32(%0, ) + 0.28(%N, + %CO) = 28.83 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-Bye ) +18Bys = 18.38  Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP :HZ JAp = 0.8988  in.H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
T = 262.8 °F + 460 = 722.8 °R
ABSOLUTE STACK GAS PRESSURE
Ptat .
P =Pyar + % = 30.25 in.Hg
STACK GAS VELOCITY
T
V, =(8549)(C, )(avgVAP) | —2— = 73592  ftlsec
(Ps)(M,)
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V; xA, = 1,541 acfm
Stack Area = 0.3491 ft°
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qsiow =[—2992](Qs)[T—S] = 1,1384  scfm, wb
’ s 68,304 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qaa = (@J(Qs)[T—S]U -Buw) = 39.7 dscfm
' s 2,383 dscfh
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METHOD 29 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 8/1/2011

RUN NO: 29-2
INPUT 8/2/2011
V. 2.300 ft’ Q,: 2,383 dscfh
y FACTOR: 0.999 T.: 262.8 °F
Ppar: 30.04 in. Hg O: 19.0 minutes
AH: 0.11 in.H,O V: 73.592 fps
T 108.3 °F P.: 30.25 in. Hg
V: 1,259.8 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
( L AHT
528 ) MGRETT- I
V, = = [ x V, x ¥ — =22 = 2.143 dscf
mstd [ 26627 '~ t T
Isokinetic Sampling Rate
. (Vo Vo CAHN)
(100](Ts)]i(0.002669>< Vlc)+i\_|_—‘“ ](7_) Poar +(ﬁJ J
%SO = : — 7 - ‘ A o
A= 0.00019277 ft* Runtime () = 19 minutes
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USEPA Method 29

== E‘-E Metals Emissions Calculation Summary

W ENVIRONAENTAL G INC.

Client: Houston Refining

Location: Houston, TX

Source: 736 DCU

Date: 8/1/2011

Run #: 29-2

Test Data Input Metals Laboratory Analysis Weights (M,)

Barometric pressure (Py): 30.04 inches Hg Antimony (Sb): <0.30 ng Manganese (Mn): 218 vy
Stack pressure (P;): 30.25 Inches Hg Abs. Arsenic (As): <1.20 ng

Test length (6): 19.0 minutes Beryllium (Be): <0.30 ng Nickel (Ni): 6.08 ng
Sample nozzle diameter (D,): 0.1880 inches Cadmium (Cd): 0.40 ng Selenium (Se): <3.00 ng
Sample nozzle area {A,): 0.000193 ft* Chromium (Cr): 1.15 ug Cobalt (Co) 0.30 ng
Stack temperature (T;): 262.8 °F Lead (Pb): 0.55 ug

Volume metered (Vpsa): 2.143 dscf

Stack gas velocity (Vs): 73.592 ftisec

Stack gas volumetric flow {Qg): 2,383 dscth

Fractional Moisture content (B,): 0.9651

Stack Oxygen Content (%0,): 20.20 %

Cycle Time: 0.317 hrs

Metals cc ation ( pg/dscm):

< 4.943162 pg/dscm
< 19.772648 pg/dscm
< 4.943162 pug/dscm
6.524974 pg/dscm
18.948788 pg/dscm
9.062464 pg/dscm
Metals concentration (x10™:1b/dsch):

C. =

Antimony (Sb)
Arsenic (As)

Beryllium (Be)
Cadmium (Cd)
Chromium (Cr)

° P Vm:(q IR
35.315dscf / dsom

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

Ml

[h—

35.920310 pg/dscm

100.115507 pg/dscm
<49.431620 pg/dscm
4.943162 pg/dscm

Manganese (Mn)

Nickel (Ni)
Selenium (Se)
Cobalt (Co)

= < 0.308585 x 10°° Ib/dscf

= < 1.234342 x 10” Ib/dscf

= <0.308585 x 10 Ib/dscf

= 0.407333 x 107 Ib/dscf

= 1.182911 x 10 Ib/dscf

= 0.565740 x 107 Ib/dscf
Metals emission rate:( X107 ib/hr):

= < 0.007352 x10°* Ib/hr
= < 0.029410 x10™*Ib/hr
= < 0.007352 x10* Ib/hr
= 0.009705 x10™* Ib/hr
= 0.028184 x10™* Ib/hr

= 0.013479 x10* Ib/hr
Metals emission rate ( x10~ bicycle):

= < 0.002328 x10* Ib/cycle
= <0.009313 x10*Ib/cycle
= <0.002328 x10™* b/cycle
= 0.003073 x10°* Ib/cycle
= 0.008925 x10°* Ib/cycle
= 0.004268 x10*Ib/cycle

A@ﬁi@vgonmental, Inc.

x 10” Ib/dscf Manganese (Mn)

x 10 Ib/dscf Nickel (Ni)
x 10 Ib/dscf Selenium (Se)
x 10 Ib/dscf Cobalt (Co)

Lead (Pb)
-9
[27.2046110 b M.]
cl = ng
Vrnsld
Antimony (Sb) = 2.242388
Arsenic (As)
Beryliium (Be) = 6.249884
Cadmium (Cd) = < 3.085854
Chromium (Cr) = 0.308585
Lead (Pb)
Em =Cs x Qsld
Antimony (Sb) = 0.053428 x10™* fb/hr
Arsenic (As)
Beryllium (Be) = 0.148911 x10* Ib/hr

Cadmium (Cd) =
Chromium (Cr) =
Lead (Pb)

Antimony (Sb) =
Arsenic (As)

Beryliium (Be) =
Cadmium (Cd) =
Chromium (Cr) =
Lead (Pb)

Method 29 Multi-Metals Calc Summary

< 0.073524 x10™ Ib/hr
0.007352 x10°* Ib/hr

0.016919 x10°* Ib/cycle

0.047155 x10* Ib/cycle
< 0.023283 x107* Ib/cycle
0.002328 x107*Ib/cycle

Manganese (Mn)

Nickel (Ni)
Selenium (Se)
Cobalt (Co)

Manganese (Mn)

Nickel (Ni)
Selenium (Se)
Cobait (Co)




Metals Laboratory Data Summary

s=ERE
W N . .
W EMVROARENIAL W VT,
Client: Houston Refining
Location: Houston, TX
Source: 736 DCU
Date: 8/1/2011
Run #: 29-2
Front Half Metal Calculation
1 Value I Values
Detection FH Sample FH Blank A Value 5% of FH Lesser value Greater Value  Blank Value Blank Corrected
Limit (M) (Miib) (4 inch filter) Sample (M) vs 5% Ivsil Used Sample Mass
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Arsenic 1 1.0000 1.0000 17.590 0.050 0.050 17.590 1.000 0.000
Beryllium 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Cadmium 0.1 0.1300 0.1000 17.590 0.007 0.007 17.590 0.100 0.030
Chromium 1 1.6200 1.7100 17.590 0.081 0.081 17.590 1.710 -0.090
Lead 0.5 0.5000 0.5000 17.590 0.025 0.025 17.590 0.500 0.000
Manganese 0.5 1.1000 0.6100 17.590 0.055 0.055 17.590 0.610 0.490
Nickel 0.2 4.5000 3.5600 17.590 0.225 0.225 17.590 3.560 0.940
Selenium 2 2.0000 2.0000 17.590 0.100 0.100 17.590 2.000 0.000
Cobalt 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Back Half Metal Calculation
| Value Il Values
Detection BH Sample BH Blank 5 % of BH Lesser value Greater Value  Blank Value Blank Corrected
Limit (Mpr) (Mbhb) Sample (M) vs 6% lvsll Used Sample Mass
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.1 0.1040 0.1000 1.000 0.005 0.005 1.000 0.100 0.004
Arsenic 0.2 0.2000 0.2000 1.000 0.010 0.010 1.000 0.200 0.000
Beryllium 0.1 0.1000 0.1000 1.000 0.005 0.005 1.000 0.100 0.000
Cadmium 0.05 0.4160 0.0500 1.000 0.021 0.021 1.000 0.050 0.366
Chromium 0.15 0.9920 0.5820 1.000 0.050 0.050 1.000 0.582 0.410
Lead 0.05 0.3950 0.0883 1.000 0.020 0.020 1.000 0.088 0.307
Manganese 0.15 1.8400 0.1500 1.000 0.092 0.092 1.000 0.150 1.690
Nickel 0.1 5.4500 0.3140 1.000 0.273 0.273 1.000 0.314 5.136
Selenium 1 1.0000 1.0000 1.000 0.050 0.050 1.000 1.000 0.000
Cobalt 0.1 0.3240 0.1000 1.000 0.016 0.016 1.000 0.100 0.224
FH Sample FH Blank BH Sample BH Blank Total Metal
(Ms) (M) (Myp) (Myip) (M)
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.200 0.200 0.104 0.100 0.300 BDL
Arsenic 1.000 1.000 0.200 0.200 1.200 BDL
Beryliium 0.200 0.200 0.100 0.100 0.300 BDL
Cadmium 0.130 0.100 0.416 0.050 0.396 ADL
Chromium 1.620 1.710 0.992 0.582 1.150 BDL
Lead 0.500 0.500 0.395 0.088 0.550 BDL
Manganese 1.100 0.610 1.840 0.150 2.180 ADL
Nickel 4.500 3.560 5.450 0.314 6.076 ADL
Selenium 2.000 2.000 1.000 1.000 3.000 BDL
Cobalt 0.200 0.200 0.324 0.100 0.300 BDL

M, = (Mm - Mmb) + (Mbh - Mbhb)
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ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining

LOCATION: Houston, TX
SOURCE: 736 DCU

TEST DATE: 8/2/2011

RUN NUMBER: 29-3

y FACTOR:
BAROMETRIC:
STATIC PRES:
STACK TEMP:

SQ.RT AP:

AH:

0.999
30.06 in. Hg
2.00 in.H,0
212.0 °F
1.4491 in.H,0
0.06 in.H,0

STACK DIAM:
METER VOLUME:
METER TEMP:
LIQUID COLL:
CO;:

0,:

8.00 inches
1.154 ft*
109.0 °F
713.0 milliliters
0.49 % by volume
16.80 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

5, AH
528 bar
vmsm=[ )vaxy BT .

5993 T 1.075 dscf
Y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vyeaq =0.04707 x Vi, = 33.561 scf
Vie = 713.0 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =— 2 - 0.9690
" Viwstd + Vimstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.VP
Bws@saturation = P = 0.9838
Pb + static
& 13.6
T= 373.0 °K
P= 767.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9690
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 8/2/2011
RUN NUMBER: 29-3
BAROMETRIC: 30.06 in. Hg STACK DIAM: 8.00 inches
STATIC PRES: 2.0 in.H,0 CO,: 0.49 % by volume
STACK TEMP: 212.0 °F 0,: 16.80 % by volume

SQ.RT AP: 1.4491 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,)+ 0.32(%0,) + 0.28(%N, + %CO)

28.75 Ib/Ib-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

Mg =Mg(1-Byg ) +18Bys 18.33  Ib/lb-mole

PITOT TUBE COEFFICIENT

C, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0O
JE— n

VAP = %Z JAp
i=1

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

1.4491  in. H,0

Ts= 212.0 °F + 460 = 672.0 °R

ABSOLUTE STACK GAS PRESSURE

(=3
Ps = Poar + 256 = 30.21  in.Hg
STACK GAS VELOCITY
-
V, = (8549)(C, )(avgVAP) | ——2— = 114.633  ft/sec

(P)(Ms)

STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V; XA,

2,401 acfm

Stack Area = 0.3491 ft?

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis

Qstdw=[2592—982J(Qs)[%] = 1,904.5 scfm, wb
) 114,270 scfh, wb

S

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis

Qus 5 @ 52 -8

2002 _ 59.1 dscfm

3,545 dscfh
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METHOD 29 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 8/2/2011

RUN NO: 29-3
INPUT
V. 1.154 ft* Q. 3,545 dscfh
v FACTOR: 0.999 T 2120 °F
Ppar: 30.06 in. Hg e: 5.0 minutes
AH: 0.06 in. H,0O Vi 114.633 fps
T 109.0 °F P: 30.21 in.Hg
Vi 713.0 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: {29.92 in. Hq, 68 °F)
| Tp L AH]
508 Poar tizs |
Vinsig =[ 29.92} <V Tm1 361 = 1075 dscf
L
Isokinetic Sampling Rate
o v, S “AH Y]
(100)(T, )(( 0.002669x V) + (_m ](‘-‘/)l Boar + [ WJ ‘J
%ISO = - - ——— = 65003 %I
(BO)(O)(Vs )(Ps )(An) B ' °
A,= 0.00019277 ft Runtime (0) = 5 minutes
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USEPA Method 29

— — e s -
E=ER s Metals Emissions Calculation Summary
W ENYDTOMMENTAL " INC.
Client: Houston Refining
Location: Houston, TX
Source: 736 DCU
Date: 08/02/11
Run #: 29-3
Test Data Input Metals Laboratory Analysis Weights (M,)
Barometric pressure {Py,,,): 30.06 inches Hg Antimony (Sb): <0.30 ug Manganese (Mn): 8.98 vy
Stack pressure (Ps): 30.21 Inches Hg Abs. Arsenic {As): <1.20 ug
Test length (6): 5.0 minutes Beryllium (Be): <0.30 ug Nickel (Ni): 242 ug
Sample nozzle diameter (D,): 0.1880 inches Cadmium (Cd): 0.24 ug Selenium (Se): <3.00 ng
Sample nozzle area (A,): 0.000193 ft* Chromium (Cr): 1.15 ug Cobait (Co) 1.02 ng
Stack temperature {T,): 2120 °F Lead (Pb): 0.55 ug
Volume metered (Vi,q): 1.075 dscf
Stack gas velocity (V;): 114633 ftisec
Stack gas volumetric flow (Qqq): 3,545 dscth
Fractional Moisture content (B,,.): 0.9690
Stack Oxygen Content {%0;): 16.80 %
Cycle Time: 0.0833 hrs

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

Metals concentration {.i1g/dscm):

7.821365 pg/dscm
37.792308 pg/idscm

Cadmium (Cd)
Chromium (Cr)

C, = M,
AP Vinsta .
35.315dscf/ dscm
< 9.858863 pg/dscm Antimony (Sb) =
< 39.435452 pg/dscm Arsenic (As) =
<9.858863 pg/dscm Beryllium (Be) =

) . 18.074582 pgldscm Lead (Pb)
Metals concentration { x107-tb/dsch):
-9
[2-2,0,431,0, ,beMt]
Cl = ug
Vmstd
= < 0.615457 x 10° Ib/dscf  Antimony (Sb) =
= <2.461826 x 10° Ib/dscf  Arsenic (As)
= <0.615457 x 10° Ib/dscf  Beryllium (Be) =
= 0.488262 x 10° Ib/dscf  Cadmium (Cd)
= 2.359250 x 107 ib/dscf  Chromium (Cr) =
= 1.128337 x 10° Ib/dscf  Lead (Pb)
‘Metals émission rate (x10:* th/hr):

Em = C15 x Qad
= < 0.021820 x10™* Ib/hr Antimony (Sb) =
= <0.087281 x10”* Ib/hr Arsenic (As)
= < 0.021820 x10™ Ib/hr Beryllium (Be) =

= 0.017311 x10* Ib/hr
= 0.083645 x10™ Ib/hr

Cadmium (Cd) =
Chromium (Cr) =

= ~0.040004 x10™ Ib/hr Lead (Pb)
Metals emission rate { x10™* Ib/cycle): )
Enpm = C's x Qqq
= <0.001818 x10* Ibicycle  Antimony (Sb) =

= < 0.007273 x10 Ibicycle
= < 0.001818 x10”* Ibicycle
= 0.001443 x10* Ib/cycle
= 0.006970 x10™ Ib/cycle
= 0.003334 x10”* Ib/cycle

ARI Environmental, Inc.

Arsenic (As)

Beryllium (Be) =
Cadmium (Cd) =
Chromium (Cr) =
Lead (Pb)

Method 29 Multi-Metals Calc Summary

295.075768 pg/dscm Manganese (Mn)

79.396709 pg/dscm Nickel (Ni)
< 98.588629 pg/dscm Selenium (Se)
33.520134 pg/dscm Cobalt (Co)

18.420616 x 10™ Ib/dscf Manganese (Mn)
4.956477 x 10°° Ib/dscf Nickel (Ni)

< 6.154566 x 107 Ib/dscf Selenium (Se)
2.092552 x 10 Ib/dscf Cobalt (Co)

0.653083 x10°* Ib/hr Manganese (Mn)

0.175727 x10”* Ib/hr Nickel (Ni)
<0.218204 x10~* Ib/hr Selenium (Se)
0.074189 x10”* Ib/hr Cobalt (Co)

0.054424 x10™* Ib/cycle Manganese (Mn)

0.014644 x10* Iblcycle Nickel (Ni)
< 0.018184 x10”* Ib/cycle Selenium (Se)
0.006182 x10™* Ib/cycle Cobalt (Co)
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S===E Metals Laboratory Data Summary
T
N
W EAVRONMENTAL G NE.
Client: Houston Refining
Location: Houston, TX
Source 736 DCU
Date: 8/2/2011
Run # 29-3
Front Half Metal Calculation
I Value Il Values
Detection FH Sample FH Blank A Value 5 % of FH Lesser value Greater Value Blank Value Blank Corrected
Limit (M) (Mins) (4 inch filter) Sample (M) vs 5% Ivsii Used Sample Mass
Metal {micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Arsenic 1 1.0000 1.0000 17.590 0.050 0.050 17.590 1.000 0.000
Beryllium 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Cadmium 0.1 0.1000 0.1000 17.590 0.005 0.005 17.590 0.100 0.000
Chromium 1 1.4000 1.7100 17.590 0.070 0.070 17.590 1.710 -0.310
Lead 0.5 0.5000 0.5000 17.590 0.025 0.025 17.590 0.500 0.000
Manganese 0.5 9.5300 0.6100 17.590 0.477 0477 17.590 0.610 8.920
Nickel 0.2 4.9200 3.5600 17.590 0.246 0.246 17.590 3.560 1.360
Selenium 2 2.0000 2.0000 17.590 0.100 0.100 17.590 2.000 0.000°
Cobalt 0.2 0.2000 0.2000 17.590 0.010 0.010 17.590 0.200 0.000
Back Half Metal Calculation
1 Value il Values
Detection BH Sample BH Blank 5 % of BH Lesser value Greater Value Blank Value Blank Corrected
Limit (M) (Mpho) Sample (M) vs 5% lvsll Used Sample Mass
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.1 0.1000 0.1000 1.000 0.005 0.005 1.000 0.100 0.000
Arsenic 0.2 0.2000 0.2000 1.000 0.010 0.010 1.000 0.200 0.000
Beryllium 0.1 0.1000 0.1000 1.000 0.005 0.005 1.000 0.100 0.000
Cadmium 0.05 0.2880 0.0500 1.000 0.014 0.014 1.000 0.050 0.238
Chromium 0.15 0.8730 0.5820 1.000 0.044 0.044 1.000 0.582 0.291
Lead 0.05 0.3150 0.0883 1.000 0.016 0.016 1.000 0.088 0.227
Manganese 0.15 0.2090 0.1500 1.000 0.010 0.010 1.000 0.150 0.059
Nickel 0.1 1.3700 0.3140 1.000 0.069 0.069 1.000 0.314 1.056
Selenium 1 1.0000 1.0000 1.000 0.050 0.050 1.000 1.000 0.000
Cobalt 0.1 1.1200 0.1000 1.000 0.056 0.056 1.000 0.100 1.020
FH Sample FH Blank BH Sample BH Blank Total Metal
(M) (Minp) (Myn) {(Mgns) My
Metal (micrograms) (micrograms) (micrograms) (micrograms) (micrograms)
Antimony 0.200 0.200 0.100 0.100 0.300 BDL
Arsenic 1.000 1.000 0.200 0.200 1.200 BDL
Beryllium 0.200 0.200 0.100 0.100 0.300 BDL
Cadmium 0.100 0.100 0.288 0.050 0.238 ADL
Chromium 1.400 1.710 0.873 0.582 1.150 BDL
Lead 0.500 0.500 0.315 0.088 0.550 BDL
Manganese 9.530 0.610 0.209 0.150 8.979 ADL
Nickel 4.920 3.560 1.370 0.314 2.416 ADL
Selenium 2.000 2.000 1.000 1.000 3.000 BDL
Cobalt 0.200 0.200 1.120 0.100 1.020 ADL
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TRS EMISSION RATE DATA SHEET
USEPA METHOD 16A

COMPANY': Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: GC-FPD
RUN NO: 16A-1
TEST DATE: 7/29/2011

INPUT

TRS as SO, AVERAGE READING (C):
STACK GAS VOLUMETRIC FLOW RATE (Qg):
CYCLE TIME:

CALCULATIONS

1.60 ppmv

1,932 dscfh

1.267 hrs

TRS CONC.(Ibs/dscf) =

64.06lb/Ib —mole

Cgas,lb/dscf = (Cgas,ppm )[

385.26 x10°1t3 /Ib — mole

)

TRS EMISSION RATE (AS SO,):

0.2660 x 10°
lbs/dscf

STACK GAS VOLUMETRIC FLOW RATE

STACK TRS EMISSION RATE =

TRS pmr= (Cgas,lb/dscf )(Qstd)

1,932 dscth

0.00051 tbs/hr
0.00065 Ibs/cycle
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A-68

USEPA METHOD 16A: TOTAL REDUCED SULFUR CALCULATION SHEET

Company: Houston Refining

Location: Houston, Texas
Source: 736 DCU

Test Date: 7/29/2011

Run #: 16A-1
Raw Test Data:
16A-1 SRU-16A-1RS
Vo 5474 Vo 2579 ft°
Y 1.000 dimensionless Y4 1.000 dimensionless
Ppar: 30.04 in.Hg Pyar: 29.85 in.Hg
AH: 0.24 in.H,O AH: 0.10 in.H,O
T 98.3 °F Tt 103.0 °F
Qs 1,932 dscfh Cra (acty” 20.0 ppm
Laboratory Analysis of Hydrogen Peroxide (H,O,) for SO,:
16A-1 SRU-16A-1RS
Normality of BaCl, titrant: 0.00992 N 0.00992 N
Volume of Sample: 70 milliliters 80 milliliters
Volume of Sample Aliquot: 20 milliliters 20 milliliters
Volume of BaCl, titrant used: 0.78 milliliters 0.78 milliliters
Volume of Blank titrant used: ' 0.2 milliliters 0.2 milliliters
Calculations:
) English Units
Volume of sample at standard r A (29.92 in. Hg, 68° F)
" . AH
conditions on dry basis: 508 Ppar + 136
mstd = [mj x Vi, — | = 5.200 dscf
' m ] 147.250 liters
Volume of recovery sample at standard
"™ N AH
conditions on dry basis: 508 Poar + PETS
mstd = [WJ XV Xy T - = 2.413 dscf
’ m 68.328 liters
Concentration of TRS as SO, in Sample
V.
(1 2025)(N) (V‘ - Vb)[—\‘/"'" ]
Crrs = 2 = 1.630 ppmv db TRS
Vmsld as SOZ
Concentration of TRS as SO, in Recovery Sample
) N/
(1 2025)(N)(Vl -V, )[—\‘/‘"" ]
Crom = 2 = 4.016 ppmv db TRS
Vmstd

Recovery Efficiency for the System Performance Check

R:Mmoo

RG(act)

as SO,

= 20.08 %



TRS EMISSION RATE DATA SHEET

USEPA METHOD 16A

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: GC-FPD
RUN NO: 16A-2
TEST DATE: 8/1/2011

INPUT

TRS as SO, AVERAGE READING (C):
STACK GAS VOLUMETRIC FLOW RATE (Qqy):
CYCLE TIME:

CALCULATIONS

<0.16 ppmv
1,504 dscfh
0.433 hrs

TRS CONC.(lbs/dscf) = -

64.06lb/Ib —mole

gas,Ib/dsc | ( gas,ppm) 385.26 x10%#3 /Ib — mole

)

TRS EMISSION RATE (AS SO,):

<0.027 x10°®
Ibs/dscf

STACK GAS VOLUMETRIC FLOW RATE

STACK TRS EMISSION RATE =

TRS pmr= (Cgas,lb/dscf )(Qstd)

1,504 dscth

<0.000040 (bs/hr
<0.000017 Ibs/cycle
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USEPA METHOD 16A: TOTAL REDUCED SULFUR CALCULATION SHEET

Company: Houston Refining

Location: Houston, Texas
Source: 736 DCU

Test Date: 8/1/2011

Run #: 16A-2
Raw Test Data:
16A-2 ' SRU-16A-2RS
V! 1.441 7 V! 3.394 ft°
Y 1.0000 dimensionless Ya 1.0000 dimensioniess
Ppar: 30.04 in.Hg Ppar: 30.06 in.Hg
AH: 0.39 in.H,0 AH: 0.13 in.H0
T 100.8 °F T 99.2 °F
Qg 1,504 dscth Cra (acty: 20.0 ppm
Laboratory Analysis of Hydrogen Peroxide (H,O,) for SO,:
16A-2 SRU-16A-2RS
Normality of BaCl, titrant: 0.00992 N 0.00992 N
Volume of Sample: 110 milliliters 100 miliiliters
Volume of Sample Aliquot: 20 milliliters 20 milliliters
Volume of BaCl, titrant used: 0.20 milliliters 3.80 milliliters
Volume of Blank titrant used: 0.2 milliliters 0.2 milliiters
Calculations:
English Units
Volume of sample at standard r AH T (29.92 in. Hg, 68° F)
conditions on dry basis: 528 Poar + 152
- v 136 | _
mstd 2992 X Vm XY T = 1.363 dscf
. m ]
38.602 liters
Volume of recovery sample at standard r -
ces . AH
conditions on dry basis: 528 Poar +———
505 | Vo xv| —138| = 3.221 dscf
mstd 2992 m T . SC
m 91.205 liters
Concentration of TRS as SO,
V.
(1 2025)(N)(Vt - Vb)[—\s;'" ]
Cirs = a = 0.000 ppmv db TRS
Vst as SO,
Concentration of TRS as SO, in Recovery Sample
V.,
(12028) ) (v - ) 2= |
Crem = v 2 = 23.544 ppmv db TRS
mstd as SO,
Recovery Efficiency for the System Performance Check
C
R=_F@ »100 = 117.72 %
RG(act)



TRS EMISSION RATE DATA SHEET
USEPA METHOD 16A

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: GC-FPD
RUN NO: 16A-3
TEST DATE: 8/2/2011

INPUT
TRS as SO, AVERAGE READING (C): 98.40 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgy): 28,949 dscfh
CYCLE TIME: 0.083 hrs
CALCULATIONS
TRS CONC (Ibs/dscf) =
Consib /g f=(c )[ 64.06lb/Ib —mole J
gaslbrdsct =\ ~9asPPM /| ‘385 26 x 10 #3 /1b — mole = 16.3617
TRS EMISSION RATE (AS SO,):
STACK GAS VOLUMETRIC FLOW RATE = 28,949
STACK TRS EMISSION RATE =
= 0.4736
TRS pmr= (Cgas,lb/dscf )(Qstd) <0.039471

x 10®
Ibs/dscf

dscfh

Ibs/hr
Ibs/cycle
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USEPA METHOD 16A: TOTAL REDUCED SULFUR CALCULATION SHEET

Company: Houston Refining
Location: Houston, Texas
Source: 736 DCU
Test Date: 8/2/2011
Run#: 16A-3
Raw Test Data:
16A-3 SRU-16A-3RS
Vi 0.155 °t' Vo 3.308 ft°
Y4 1.000 dimensionless Y4 1.000 dimensionless
Poar: 30.06 in.Hg Pyar 29.85 in.Hg
AH: 1.38 in.H,O AH: 0.10 in.H,O
T 956 °F T 99.7 °F
Qg 28,949 dscth CRre (act’ 20.0 ppm
Laboratory Analysis of Hydrogen Peroxide (H,0,) for SO,:
16A-3 SRU-16A-3RS
Normality of BaCl, titrant: 0.00992 N 0.00992 N
Volume of Sample: 100 milliliters 100 milliliters
Volume of Sample Aliquot: 20 milliliters 20 milliliters
Volume of BaCl, titrant used: 0.88 milliliters 3.80 milliliters
Volume of Blank titrant used: 0.2 milliliters 0.2 milliliters
_Calculations:
English Units
Volume of sample at standard r AH ] (29.92 in. Hg, 68° F)
conditions on dry basis: 528 bar ¥ 135
Vm§d=[m]xvm xy T = 0.149 dscf
' m 4.215 liters
Volume of recovery sample at standard r AH ]
conditions on dry basis: 528 Poar + 136
Vms\d=[T92J"Vm xy - = 3.114 dscf
) Tm .
J 88.168 liters
Concentration of TRS as SO,
V,
(12025)(N)(V‘ - Vb)[—\s;'" ]
Crrs = a = 95.525 ppmv db TRS
Vmstd as SOZ
Concentration of TRS as SO, in Recovery Sample
V O
(12025)(N)(V, - vb)[—\sl ‘"]
Crom = v 2 = 24.355 ppmv db TRS

mstd

Recovery Efficiency for the System Performance Check

R = Srem 100

RG(act)

as SO,

= 121.78 %



MONITOR DATA SUMMARY CLOCK TIME ELAPSED TIME NO, S0, co CiHg (e €O,
7:52 0 e - R mmees emeeen e

7:53 1 03 9.1 08 64484 20.69 -0.08

COMPANY : Houston Refining 7:54 2 05 8.9 09 64438 2071 -0.09

SOURCE : 736 Coker 7:55 3 34 8.8 39 64484 20.55 -0.09

REPETITION : 1 7:56 4 04 9.0 15.8 64223 20.50 -0.08

TEST DATE : 712912011 7:57 5 0.3 9.0 34 62950 20.77 -0.09

START TIME : 7:52 7:58 6 03 9.1 07 62542 2031 -0.09

END TIME : 9:07 7:59 7 0.3 9.2 09 62078 20.03 -0.09

8:00 8 03 9.0 23 61617 20.66 -0.08

GAS ANALYZER [ 8:01 9 04 87 16 61167 20.88 -0.08
8:.02 10 03 8.5 14 61166 20.90 -0.08

SPAN VALUE : 2270% 8:03 11 03 8.6 1.5 61265 20.91 -0.08

AVERAGE CAL. BIAS (C,p): 11.219 8:04 12 0.3 8.4 07 60462 20.92 -0.08
AVERAGE ZERO BIAS (C,): 0.013 8:05 13 0.3 8.0 0.5 59978 20.92 -0.09
8:06 14 03 77 16 59710 20.94 -0.09

CALIBRATION GAS: EPA Protocol O, 8:07 15 03 7.5 1.7 59800 20.96 -0.09
CALIBRATION % (C.na): 11.00 8:08 16 03 72 1.4 59632 2097 -0.09

% CORRECTED (Cgas): 20.57 8:09 17 03 6.8 1.3 59652 20.98 -0.09
8:10 18 03 6.6 1.4 59829 20.98 -0.09

GAS ANALYZER CO, 8:11 19 03 6.5 1.4 60435 20.99 -0.08
8:12 20 03 62 16 59995 21.00 -0.08

SPAN VALUE : 19.60 % 8:13 21 0.3 6.0 1.6 60022 21.00 -0.08

AVERAGE CAL. BIAS (C.): 9.74 8:14 22 0.3 56 1.5 60168 21.00 -0.08
AVERAGE ZERO BIAS (C,): -0.09 8:15 23 0.3 5.4 1.5 60334 21.01 -0.08
8:16 24 0.3 5.1 1.4 60653 21.01 -0.08

CALIBRATION GAS: EPA Protocol CO, 817 25 03 51 1.4 60794 21.02 -0.09
CALIBRATION % (Cpa): 9.50 8:18 26 03 49 1.2 60782 21.02 -0.09

% CORRECTED (C_,,) 0.00 8:19 27 03 49 13 60805 21.01 -0.09
8:20 28 03 50 1.3 60577 21.00 -0.09

GAS ANALYZER CO 8:21 29 03 49 1.3 61395 21.00 -0.09
8:22 30 03 4.9 1.2 61426 21.00 -0.09

SPAN VALUE : 90 ppm 8:23 31 03 49 0.8 59603 21.04 -0.08

AVERAGE CAL. BIAS (Cr): 45.58 8:24 32 03 49 1.3 61487 21.02 -0.08
AVERAGE ZERO BIAS (C,): 0.61 8:25 33 0.3 49 1.1 61361 21.02 -0.08
8:26 34 03 47 1.0 61402 21.02 -0.08

CALIBRATION GAS: EPA Protocot CO 8:27 35 03 48 1.0 60932 21.03 -0.08
CALIBRATION PPM (Crna): 45.0 828 36 03 4.9 1.0 60698 21.03 -0.09
PPM CORRECTED (Cgas): <1.80 829 37 03 4.9 1.1 60866 21.03 -0.09
8:30 38 03 5.1 1.0 61017 21.03 -0.09

8:31 39 03 49 1.1 60687 21.03 -0.09

GAS ANALYZER NO, 8:32 40 03 52 1.1 60380 21.03 -0.09
8:33 41 03 5.0 1.0 59941 21.03 -0.08

SPAN VALUE : 90 ppm 8:34 42 03 52 1.0 59715 21.03 -0.08

AVERAGE CAL. BIAS (Cn): 45.2 8:35 43 03 54 0.9 59423 21.03 -0.08
AVERAGE ZERO BIAS (C,): 0.5 8:36 44 0.3 52 0.8 59359 21.04 -0.08
8:37 45 03 54 0.5 59509 21.03 -0.08

CALIBRATION GAS: EPA Protocol NO 8:38 46 0.3 52 0.4 58400 21.02 -0.09
CALIBRATION ppm (Cpno): 450 8:39 47 0.3 53 06 59156 21.03 -0.09
ppm CORRECTED {Cg,s): <1.80 8:40 48 03 52 05 59280 21.03 -0.09
841 49 03 52 0.5 58752 21.04 -0.09

GAS ANALYZER VOCs 8:42 50 0.3 50 0.5 59222 21.04 -0.09
8:43 51 03 51 0.5 59115 21.04 -0.09

SPAN VALUE : 300000 ppm ' 8:44 52 0.3 48 03 58931 21.056 -0.08

AVERAGE CAL. BIAS (Cy,): 95897 8:45 53 0.3 5.0 0.4 59025 21.056 -0.08
AVERAGE ZERO BIAS (C,): 1654 8:46 54 03 4.9 0.3 58573 21.056 -0.08
8.47 56 0.2 4.3 0.4 58209 21.05 -0.08

CALIBRATION GAS: EPA Protocol C3Hy 8:48 56 03 48 0.5 58028 21.05 -0.08
CALIBRATION ppm (Cp,,): 100000 8:49 57 0.2 46 0.4 58250 21.06 -0.08
ppm CORRECTED (Cg,s): 62023 8:50 58 03 4.4 09 58424 21.06 -0.09
8:51 59 03 46 1.0 58614 21.07 -0.08

GAS ANALYZER S0, 8:52 60 03 4.4 0.9 58450 21.07 -0.09
8:53 61 03 46 08 58314 21.08 -0.08

SPAN VALUE : 500 ppm 8:54 62 03 4.5 09 58498 21.08 -0.08

AVERAGE CAL. BIAS (Cp): 2448 8:55 63 03 46 0.9 61291 21.08 -0.08
AVERAGE ZERO BIAS (C,): 25 8:56 64 03 4.5 09 64168 21.08 -0.08
8:57 65 03 45 1.0 62342 21.08 -0.08

CALIBRATION GAS: EPA Protocol NO 8:58 66 03 45 1.0 60480 21.08 -0.08
CALIBRATION ppm (Cpra): 250.0 8:59 67 03 44 0.9 59760 21.07 -0.08
ppm CORRECTED (Cg,;): 3.4 9:00 68 03 45 0.9 59002 21.07 -0.08
9:01 69 03 45 09 58665 21.07 -0.09

9:02 70 03 45 08 57589 21.07 -0.09

9:03 71 03 46 09 56529 21.06 -0.09

—_ C 9:04 72 03 47 1.0 56296 21.06 -0.09

Example Calculation = Cgas = (C - Co ) T4 9:05 73 03 45 1.0 56558 21.06 -0.08

m C 9:06 74 03 47 0.9 56794 21.06 -0.08

9:07 75 03 43 09 56997 21.06 -0.08
Uncorrected Average (C) = 0.33 8.75 1.26 60105.8 20.971 -0.084
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker

TEST DATE: 7/29/2011
RUN NUMBER: 1

y FACTOR: 0.999 STACK DIAM:
BAROMETRIC: 30.04 in. Hg METER VOLUME:
STATIC PRES: 2.65 in.H,0 METER TEMP:
STACK TEMP: 2126 °F LIQUID COLL:

SQ.RTAP:  1.9256 in.H,0 CO,:

AH: 0.03 in.H,0O O,:

8 inches
2.266 ft*
83.6 °F
3658.5 milliliters
0.16 % by volume
19.70 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

. - AH
( 528 bar T 43
= — V —_— =
mstd k2992 X m X Y Tm 2207 dscf
y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vigq =004707xV,, = 172.206  scf
Vlc = 3658.5 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bys =24 0.9873
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
(oo (225 )]
Lm , ~2765/11 _os
MF = =
= 0.995
T= 373.3 °K
P= 768.0 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Buws = 0.9873
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ARI ENVIRONMENTAL, INC.
* FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Ret ning
LOCATION: Houston, TX
RUN NUMBER: 1

BAROMETRIC: 30.04 in.Hg | STACK DIAM:
STATIC PRES: 2.653333 in.H,0 CO,:
STACK TEMP: 2126 °F 0,:

SQ.RT AP: 192561 in.H,0

SOURCE: 736 Coker
TEST DATE: 7/29/2011

8.00 inches
0.16 % by volume
19.70 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

Mg = 0.44(%CO;)+0.32(%0, )+ 0.28(%N, + %CO) = 28.81 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M =My(1-Bys) +18Bs = 18.14 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
—_— 1 n
JAP =HZ JAp = 1.9256  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.6 °F + 460 = 672.6 °R
ABSOLUTE STACK GAS PRESSURE
P...
Ps =Poar + 225 = 3024  in.Hg
STACK GAS VELOCITY
V, =(85.49)(C, )(avg = 153.1457 ftisec
) ) iy
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x Vg xA, = 3,207.5 acfm
Stack Area = 0.3491 f*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528
Quaw = [29 92]( )[ ] = 2,5444  scfm, wb
152,666 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Q.= (29 92] (Q )[ ](1 B.s) = 322  dscfm
1,932 dscfh
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SO, CALIBRATION CORRECTION
USEPA METHOD 6C

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker

DATA SHEET

MONITOR ID: Ametek Wesgtern Research Model 721

RUN NO: 1
TEST DATE: 7/29/2011
INPUT
SO, AVERAGE CHART READING (C): 5.75 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 2.5 ppmv
CAL GAS CONCENTRATION (Cpna): 250.0 ppmv
AVG CAL PRE/POST TEST READING (C..): 244.8 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgy): 1,932 dscth
Cycle Time: 1.267 hrs
CALCULATIONS
STACK SO, AVERAGE CHART READING = 5.75

STACK SO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

Cma

SO, CONC, ppmv = Cgas,ppm = (6 - CO)CT
m o

= 3.39
(corrected)
S0, CONC.(Ibs/dscf) =
, 64Ib/Ib —mole
c e -
sesprcr = (Cosmpon "[385.26 <10 /1o - mole] 0.563
SO, EMISSION RATE:

STACK GAS VOLUMETRIC FLOW RATE = 1,932

STACK SO, EMISSION RATE =
SO , pr (C gas b I dscf XQ sid ) = <0.00109
<0.00138
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NO, CALIBRATION CORRECTION DATA SHEET

USEPA METHOD 7E
COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker
MONITOR ID: California Analytical Instruments, Inc. Series 600
RUN NO: 1
TEST DATE: 7/29/2011
INPUT
NO, AVERAGE CHART READING (C): 0.33 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 0.5 ppmv
CAL GAS CONCENTRATION (C,.): 45.0 ppmv
AVG CAL PRE/POST TEST READING (C,,): 45.2 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 1,932 dscth
Cycle Time: 1.267 hrs
CALCULATIONS
STACK NO, AVERAGE CHART READING = 0.33

STACK NO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

NO,CONC, ppmv =" Cgasgom =(C~Co) =™~ = <1.80
m o]
(corrected)
NO, CONC.(Ibs/dscf) =
461b/Ib~mole
C =(C =
gas,Ib/ dscf ( gas,ppm)[385.26>< 106ﬁ3/|b—mole] <0.215
NO, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,932
STACK NOx EMISSION RATE =
NO e = (Cgas,lb/dscf )(Qstd) = <0.00042
<0.00053

ppmv

ppmv db

x 10°
Ibs/dscf

dscth

Ibs/hr
Ibs/cycle
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CO CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 10

COMPANY: Houston R'efining
LOCATION: Houston, TX
SOLIRCE: 736 Coker

MONITOR ID: Thermo Environmental Model 48H

RUN NO: 1
TEST DATE: 7/29/2011
INPUT
CO AVERAGE CHART READING (C): 1.26 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 0.6 ppmv
CAL GAS CONCENTRATION (C,): 450 ppmv
AVG CAL PRE/POST TEST READING (C,): 456 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qg): 1,932 dscfh
Cycle Time: 1.267 hrs
CALCULATIONS
STACK CO AVERAGE CHART READING = 1.26 ppmv
STACK CO CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:
—= C
CO CONC, ppmv = Cgasom =(C - Co) =2 = <1.80 ppmv db
Cm - Co
(corrected)
CO CONC.(Ibs/dscf) =
28Ib/Ib-mole
C ={(C - -6
gas,Ib/ dscf ( gas,ppm)[38s.26 % 10r3ft3 /b moIeJ = <0.131 x 10 Ibs/dscf
CO EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,932 dscfh
STACK CO EMISSION RATE =
' = 0.000253 Ibs/hr
COpmr = (C gas orasct ) Qsta) = 0.00032 Ibs/cycle
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METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker
RUN NUMBER: 1
TEST DATE: 7/29/2011

INPUT DATA

THC (as propane) average concentration:
Propane/N, avg. Zero pre-test System Bias:

Propane/N, avg. Zero post-test System Bias:
Propane/N, Cal. Gas Conc.:

Propane/N, avg. Cal. pre-test System Bias:
Propane/N, avg. Cal. post-test System Bias:

Dilution Factor:

Undiluted Moisture Fraction:

Diluted Moisture Fration:

Cycle Time :

Averag« THC (as propane) value (C) =

" THC as carbon, C, =

Stack gas volumetric flow rate (Q;) =
CALCULATIONS

THC concentration in stack gas (Ib/dscf)

C as(pro; ane) = (Cgas(pmpane))(44.09) _
g (385.26x10°)
C‘Qas(camqn) — (Cgas(carbOn))(12.O1) _

(385.26x106)

THC emission rate .
ETH( propane) = Cgas(propane) XQ“ =

ETHC(carbon) = C gasteamon) X Qgq =

60106 ppmv db
479 ppmv db
2829 ppmv db
100000.0 ppmv db
97522.1 ppmv db

94271.4 ppmv db
0.95
0.987
0.0494
1.267 hrs
58960.8 ppmv db

176882.4 ppmv db

1,932 dscth

6748 x 10° Ib/dscf
as propane

5514 x 10°° Ib/dscf

as carbon

13.0357 Ib/hr
16.51 Ib/cycle

10.6526 Ib/hr
13.49 Ib/cycle
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METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX'
SOURCE: 736 Coker
RUN NUMBER: 1
TEST DATE: 7/29/2011

INPUT DATA
Methane (CH,) average concentration: 27322 ppmv db
Ethane (C,Hg) average concentration: 2168 ppmv db
Cycle Time : 1.26666667 hrs
Stack gas volumetric flow rate (Qg) = 1,932 dscfh
CALCULATIONS

THC concentration in stack gas (Ib/dscf)
(Cgas(Methane) ) (1 604)

Methane C gasir sthane) = = 1138 x 10° Ib/dscf
(38526 X 1 06) as methane
, C... 30.07
Ethane C gas(ethane) = (Coastonane ) ) = 169.21 x 10°® Ib/dscf
THC emission rate
Ericimetnanej = C gas(metnane) X Qg = 2.1976 Ib/hr

2.7836 Ib/cycle

E “HC(ethane) = C'gas(ethane) X Qsld = 0.3269 Ib/hr
0.4141 Ib/cycle

A-80



MONITOR DATA SUMMARY CLOCK TIME ELAPSED TIME NO, S0, co CaHg 0, CO,
12:42 0 e e o s e
12:43 1 1.0 -1.7 1.2 60530 20.00 -0.11
COMPANY : Houslon Refining 12:44 2 1.0 -1.8 13 59187 20.00 -0.11
SOURCE : 736 Coker 12:45 3 1.0 -1.9 14 57584 20.01 -0.10
REPETITION : 2 12:46 4 1.0 -1.9 1.5 52802 20.02 -0.10
TEST DATE : 87172011 12:47 5 08 2.1 58 61361 20.11 -0.10
START TIME : 12:42 12:48 6 03 -0.1 6.7 16329 20.21 -0.09
END TIME : 13:09 12:49 7 03 -1.8 22 12895 20.30 -0.10
12:50 8 03 2.2 20 12607 2030 -0.10
GAS ANALYZER [ 12:51 9 03 -2.1 22 12081 20.30 -0.10
12:52 10 03 22 19 11376 20.31 -0.10
SPAN VALUE : 2270 % 12:53 1 0.3 -24 17 10721 20.31 -0.11
AVERAGE CAL. BIAS (C,): 10.998 12:54 12 0.3 2.2 18 11156 20.31 -0.11
AVERAGE ZERO BIAS (C,): 0.024 12:55 13 0.3 -22 1.7 11021 20.30 -0.11
12:56 14 03 -24 18 10481 20.31 -0.11
CALIBRATION GAS: EPA Protocol O, 12:57 15 0.3 -24 16 9546 20.31 -0.10
CALIBRATION % (Crna): 11.00 12:58 16 03 -24 14 9258 20.31 -0.10
% CORRECTED (C.;): 20.26 12:59 17 03 -2.5 14 8885 20.31 -0.10
13:00 18 03 -24 1.5 8567 20.31 -0.10
GAS ANALYZER CO, 13:01 19 0.3 -26 1.5 8408 20.31 -0.10
Uncorrected Average (C) = 0.42 -2.09 219 21292.6 20.240 0.102
SPAN VALUE : 19.60 %
AVERAGE CAL. BIAS (C,): 9.48
AVERAGE ZERO BIAS (C,):  0.02
CALIBRATION GAS: EPA Prolocol CO,
CALIBRATION % (Cpp):  9.50
% CORRECTED (Cgps):  -0.12
GAS ANALYZER cO
SPAN VALUE : 90 ppm
AVERAGE CAL. BIAS (C.):  46.39
AVERAGE ZERO BIAS (C,): -0.28
CALIBRATION GAS: EPA Proloco! CO
CALIBRATION PPM (C,o): 45.0
PPM CORRECTED {Cg,sl:  <2.39
GAS ANALYZER NO,
SPAN VALUE : 90 ppm
AVERAGE CAL. BIAS (Cn):  46.2
AVERAGE ZERO BIAS (C,): 0.3 c
Coas = (C—Co )2
CALIBRATION GAS:  EPA Protocol NO Example Calculation = gas o cC -C
CALIBRATION ppm (Cpo):  45.0 m
pPM CORRECTED (Cgos):  <1.80
GAS ANALYZER VOCs
SPAN VALUE : 300000 ppm
AVERAGE CAL. BIAS (Cp): 43860
AVERAGE ZERO BIAS (C,): 3363
CALIBRATION GAS: EPA Protocol CyHg
CALIBRATION ppm (Cma):  100000.0
pPm CORRECTED (Cg,;):  44273.3
GAS ANALYZER 50,
SPAN VALUE : 200 ppm
AVERAGE CAL. BIAS (C,):  100.0
AVERAGE ZERO BIAS (C): -1.8

CALIBRATION GAS:
CALIBRATION ppm (Crra):
ppm CORRECTED (Cy):

EPA Protocol NO
100.0
<1.8
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ARI ENVIRONMENTAL, INC.
- MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Tx
SOURCE: 736 Coker

TEST DATE: 8/1/2011
RUN NUMBER: 2

y FACTOR: 1.005 . STACK DIAM: 8.0 inches
BAROMETRIC: 30.04 in. Hg METER VOLUME: 1.563 ft*
STATIC PRES: 2.85 in.H,0 METER TEMP: 110.0 °F
STACKTEMP: - 2628 °F LIQUID COLL: 1384.0 milliliters
SQ.RT AP:  0.8988 in.H,0 CO,: 0.11 % by volume
AH: 0.05 in.H,0 0,: 20.20 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

AH

Poor + ——
528 bar * 136
Vogg = V - =

mstd [2992] X Vo XY Tm 1.461 dscf

Y= 1.005

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

Vg = 0.04707 x Vi, 65.145  scf

Vi = 1384.0 mL

FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED

V,
By =——2 = 0.9781
" wstd + Vinstd

FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
( {8_361_ [T1823.55 H
10 -216 -05

MF = ~ = 1.000
P

T= 401.2 °K
P= 768.3 mmHg

FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9781
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: 2

BAROMETRIC: 30.04 in. Hg STACK DIAM:
STATIC PRES: 2.85 in.H,0 CO.:
STACKTEMP:  262.75 °F . 0,:

SQ.RT AP: 0.89877 in.H,0

SOURCE: 736 Coker
TEST DATE: 8/1/2011

8.0 inches
0.11 % by volume
20.20 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,)+0.12(%0, )+ 0.28(%N, + %CO) = 28.83  Ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =My (1-Byg ) +18B,s = 1824  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
— 4 n )
VAP =—3%" Jap = 0.8988  in.H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
T, = 262.8 °F + 460 = 722.8 °R
ABSOLUTE STACK GAS PRESSURE
P y .
Py =Pogr + %a'g = 3025 in.Hg
STACK GAS VELOCITY
T
V, =(85.49)(C, )(avg VAP ), [-——— = 73.8746 ft/sec
(Co)(evV2P) iy
STACK GAS VOLUMETRIC FLOW RATE, actual
Q,=60xV xA, = 1,547.2 acfm
Stack Area = 0.3491 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
P
Qg = (2—59—2685](Q5)[T_5] = 1,142.77 scfm, wb
) s 68,566 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
. [ 528 P,
Qsld = [m} (QS)[T—](1 _Bws) = 25.07 dscfm
: s 1,504 dscfh
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SO, CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 6C

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker
MONITOR ID: Ametek Wesgtern Research Model 721
RUN NO: 2
TEST DATE: 8/1/2011

INPUT
SO, AVERAGE CHART READING (Cy: -2.09 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): -1.85 ppmv
CAL GAS CONCENTRATION (Cpa): 100.0 ppmv
AVG CAL PRE/POST TEST READING (C,,): 100.0 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qg): 1,504 dscfh
Cycle Time: 0.433 hrs
CALCULATIONS
STACK SO, AVERAGE CHART READING = (2.09) ppmv
STACK SO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:
~ C:ma
SO, CONC, ppmv = Cgasppm = (C - Co)ﬁ = <1.80 ppmv db
(corrected) meoe
S0, CONC.(Ibs/dscf) =
641b/lb —mole 6
C —(c — = <0.299 x10
seswrasc = (Coasoom )( 385.26 x10°ft* /1b — molej los/dscf
SO, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,504 dscth

STACK NOx EMISSION RATE -

SO 2 pm = (C gas ,Ib | dscf XQ std ) <0.00045  Ibs/hr

<0.00019 Ibs/cycle

A-84



NO, CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 7E

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker
MONITOR ID: California Analytical Instruments, Inc. Series 600
RUN NO: 2
TEST DATE: 8/1/2011

INPUT
NO, AVERAGE CHART READING (C): 0.42 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 0.32 ppmv
CAL GAS CONCENTRATION (C,.): 45.0 ppmv
AVG CAL PRE/POST TEST READING (C,,): 46.2 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 1,504 dscfh
Cycle Time: 0.433 hrs
CALCULATIONS
STACK NO, AVERAGE CHART READING = 0.42

STACK NO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

. — C
NO, CONC, ppmv = Cgasppm = (C - Co)—c—‘m‘a‘c_ = <1.80
m~ Yo
(corrected)
NO, CONC.(Ibs/dscf) =
461b/lb-mole =
C =(C = <0.215
st = gas""’"’)(:sss.zcs " 106ft3llb—molej

NO, EMISSION RATE:

STACK GAS VOLUMETRIC FLOW RATE = 1,504

STACK NOx EMISSION RATE =

<0.00032

NOpmr = (Cgas brosct )(Qsta) <0.00014

ppmv

ppmv db

x 10°
Ibs/dscf

dscfh

Ibs/hr
Ibs/cycle
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CO CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 10

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736.Coker
MONITOR ID: Thermo Environmental Model 48H
RUN NO: 2
TEST DATE: 8/1/2011

INPUT
CO AVERAGE CHART READING (C): 219 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): -0.3 ppmv
CAL GAS CONCENTRATION (C.): 45.0 ppmv
AVG CAL PRE/POST TEST READING (C,): 456 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qq4): 1,504 dscfh
Cycle Time: 0.433 hrs
CALCULATIONS

2.1928

STACK CO AVERAGE CHART READING

STACK CO CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

ppmyv

Cma
Cm _Co

CO CONC, ppmv = Cgas,ppm = (6_ Co) 243

(corrected)

CO CONC.(Ibs/dscf) =

28Ib/1b—mole
c =(C
st = gas'ppm)[385.26x10’ft3llb—mole]

= 0.177

CO EMISSION RATE:

ppmv db

x 10° Ibs/dscf

STACK GAS VOLUMETRIC FLOW RATE = 1,504
STACK CO EMISSION RATE =

= 0.00027

COpmr = (Cgas,lb/dsd )(Qstd) = 0.00012
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METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 Coker

RUN NUMBER: 2
TEST DATE: 8/1/2011

INPUT DATA

THC (as propane) average concentration:
Propane/N, avg. Zero pre-test System Bias:

Propane/N, avg. Zero post-test System Bias:
Propane/N, Cal. Gas Conc.:

Propane/N, avg. Cal. pre-test System Bias:
Propane/N, avg. Cal. post-test System Bias:

Dilution Factor:

Undiluted Moisture Fraction:

Diluted Moisture Fration:

Cycle Time :

Average THC (as propane) value (C) =

THC as carbon, C, =

Stack gas volumetric flow rate (Q;) =

CALCULATIONS

THC concentration in stack gas (Ib/dscf)
(Cgas(pmpane) ) (44 09 )

C'gas(pm.ane) = =

-(385.26><106)

(Cgas(camon))(1 2-01) _

C gas(caton) = =

(385.26>< 106)

THC emission rate .
ETH< propane) ~ Cgas(pmpane) X Qad =

ETHC(carbon) = Cgas(oarbon) X di =

21293 ppmv db
856.65 ppmv db
5870.00 ppmv db
40000.0 ppmv db
43480.0 ppmv db

44240.2 ppmv db
0.95
0.978
0.0489
0.433 hrs
16843.3 ppmv db

50529.8 ppmv db

1,504 dscfh

1928 x 10 ib/dscf
as propane

1575 x 10 Ib/dscf
as carbon

2.90 Ib/hr
1.26 Ib/cycle

2.37 Ib/hr
1.03 Ib/cycle
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METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY:
LOCATION:
SOURCE:

RUN NUMBER:
TEST DATE:

INPUT DATA

CALCULATIONS

Houston Refining
Houston, TX

736 Coker

2

8/1/2011

Methane (CH,) average concentration:
Ethane (C,Hg) average concentration:
) Cycle Time :

Stack gas volumetric flow rate (Q,) =

THC concentration in stack gas (Ib dscf)

Methane

Ethane

THC emission rate
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(Cgas(Melhane) ) (1 604) _
(385.26x10°)

C gas(n »thane) =

(Cgas(ethane) )(3007) _
(385.26x10°)

C gas(ethane) =

E HC(methane) = Cgas(methane) X Qstd =

ETHC(ethane) = C gas(ethane) X Qgy =

9050 ppmv db

862 ppmv db
0.433 hrs
1,504 dscfh

377 x 10°® Ib/dscf
as methane

67.28 x 10 Ib/dscf
as ethane

0.5667 Ib/hr
0.2456 Ib/cycle

0.1012 Ib/hr
0.0439 Ib/cycle



MONITOR DATA SUMMARY CLOCK TIME ELAPSED TIME NO, S0, co C3Hg 0, CO,
16:11 0 ——— e — e e e e
16:12 1 0.7 -0.9 0.7 7338 20.75 -0.12
COMPANY : Houston Refining 16:13 2 06 -1.0 0.7 9039 20.76 -0.12
SOURCE : 736 Coker 16:14 3 03 -0.8 1.0 26818 2083 -0.11
REPETITION : 3 16:15 4 0.2 -0.8 3.8 8001 21.01 -0.12
TEST DATE : 8/2/2011 16:16 5 0.2 -0.9 1.8 6309 21.04 -0.12
START TIME : 16:11 Uncorrected Average (C) = 0.41 20.89 3.58 11501.0 20.878 0.119
END TIME : 16:16
GAS ANALYZER 02
SPAN VALUE : 2270%
AVERAGE CAL. BIAS (C,):  9.970
AVERAGE ZERO BIAS (C,): 0.007
CALIBRATION GAS: EPA Protocol O,
CALIBRATION % (Cpna): 10.00
% CORRECTED (Cqys): 2095
GAS ANALYZER CO,
SPAN VALUE : 19.60 %
AVERAGE CAL. BIAS (Cr): 8.56
AVERAGE ZERO BIAS (C,):  -0.10
CALIBRATION GAS: EPA Protocol CO, Example Calculation = Cgas = (C - Co ) —ma__
CALIBRATION % (Cpma): 8.63 Cm - Co
% CORRECTED (Cgys):  -0.01
GAS ANALYZER [ofe]
SPANVALUE: 90 ppm
AVERAGE CAL. BIAS (C,):  45.62
AVERAGE ZERO BIAS (C):  1.01
CALIBRATION GAS: EPA Protocol CO
CALIBRATION PPM (C.): 45.0
PPM CORRECTED (Cgas):  <2.59
GAS ANALYZER NO,
SPAN VALUE : 90 ppm
AVERAGE CAL. BIAS (C): 459
AVERAGE ZERO BIAS (C)): 0.4
CALIBRATION GAS: EPA Protocol NO
CALIBRATION ppm {C,na): 45.0
ppm CORRECTED (Cgps):  <1.80
GAS ANALYZER VOCs
SPAN VALUE : 300000 ppm
AVERAGE CAL. BIAS (Cp): 9878
AVERAGE ZERO BIAS (C):: .76
CALIBRATION GAS: EPA Protocol C3Hg
CALIBRATION ppm (Cpra): 10000.0
ppm CORRECTED (Cgy):  11629.0
GAS ANALYZER S0,
SPAN VALUE: 200 ppm
AVERAGE CAL. BIAS (Cp): 98.0
AVERAGE ZERO BIAS (C;):  -0.6
CALIBRATION GAS: EPA Protocol NO
CALIBRATION ppm (Cpa): 100.0
ppm CORRECTED (Cgye):  <1.8
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 Coker
TEST DATE: 8/2/2011
RUN NUMBER: 3

v FACTOR;: 1.005 STACK DIAM: 8.0 inches
BAROMETRIC: 30.06 in. Hg METER VOLUME: 1.360 ft°
STATIC PRES: 2.00 in.H,0 METER TEMP: 109.0 °F
STACK TEMP: 212.0 °F LIQUID COLL: 73.0 milliliters
SQ.RT AP:  1.4491 in.H,0 CO,: 0.49 % by volume
AH:  0.04 in.H,0 0,: 16.80 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P +A—H
’528] bar T 136

= — V ———— =
mstd k29.92 X Vi XY T 1.274 dscf

y= 1.005

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

V,aq = 0.04707 x Vg 3436  scf

VIC = 73.0 mL

FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED

v
By =24 = 0.7295
" wstd + Vmstd

FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
{8.361—[1_182?'2 H
10 —2085/0|_ 0.5

MF = = 0.984
P

T= 3730 °K
P=  767.3 mmHg

FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.7295
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ARI ENVIRONMENTAL, INC.

FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Ref ning SOURCE: 736 Coker

LOCATION: Houston, Texas TEST DATE: 8/2/2011
RUN NUMBER: 3
BAROMETRIC: 30.06 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 2 in.H,O CO.: 0.49 % by volume
STACKTEMP: -~ 212°F 0,: 16.80 % by volume

SQ.RT AP: 1.449138 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My =0.44(%CO,)+0.32(%0,)+ 0.28(%N, + %CO) 28.75 ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M =Mg(1-Bys)+18Bys 20.91  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or ge-ometric specifications) 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O
- 1 n
VAP =5 Jap 1.4491  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.0 °F + 460 672.0 °R
ABSOLUTE STACK GAS PRESSURE
P._.
Py = Ppar + f;‘g 3021  in.Hg
STACK GAS VELOCITY
T
V, =(85.49)(C, )avg VAP ) | ——=— 107.3431 ft/sec
(C.)(e2%) iy
STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V xA, 22482  acfm
Stack Area = 0.3491 ft°
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
Q. = [———528 J(Qs)[&] 1,783.4  scfm, wb
29.92 T 107,003 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
P
Q.= [%—](QJ[T—SJU -B,.) 4825  dscfm
) s 28,949 dscfh
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SO, CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 6C

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 Coker

MONITOR ID: Ametek Wesgtern Research Model 721

RUN NO: 3
TEST DATE: 8/2/2011
INPUT
SO, AVERAGE CHART READING (C): -0.89 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): -0.6 ppmv
CAL GAS CONCENTRATION (C..): 100.0 ppmv
AVG CAL PRE/POST TEST READING (C,,): 98.0 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgy): 28,949 dscfh
Cycle Time: 0.0833 hrs
CALCULATIONS
STACK SO, AVERAGE CHART READING = (0.89) ppmv

STACK SO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

— c
SO, CONC, ppmv = Cgag gom = (C - Co)ﬁ = <1.80
(corrected) m.oTe
SO, CONC.(Ibs/dscf) =
641b/Ib —mole
c _(c = <0.299
sosrass = (Comoon [385.2'6 x10°#t* /1b — moIe]
SO, EMISSION RATE:

STACK GAS VOLUMETRIC FLOW RATE = 28,949

STACK SO, EMISSION RATE =
SO, pr (C gas JIb | dscf XQ sid )= <0.00866
= <0.00072
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ppmv db

x 10°
ibs/dscf

dscth

Ibs/hr
Ibs/cycle



NOX CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 7E

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 Coker
MONITOR ID: California Analytical Instruments, Inc. Series 600
‘RUN NO: 3
TEST DATE: 8/2/2011

INPUT
NO, AVERAGE CHART READING (C): 0.41 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 0.4 ppmv
CAL GAS CONCENTRATION (C..): 45.0 ppmv
AVG CAL PRE/POST TEST READING (C,): 459 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 28,949 dscfh
Cycle Time: 0.0833 hrs
CALCULATIONS
STACK NO, AVERAGE CHART READING = 0.41 ppmv

STACK NO, CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:

‘ — C
NO, CONC, ppmv = Cgas pom =(C - Co)ﬁ = <1.80 ppmvdb
(corrected) moTe
NO, CONC.(Ibs/dscf) =
c _(c 46Ib/1b—mole = <0215 x10°
susorcst = (Counom) 385.26 < 10°ft®/Ib— mole Ibs/dsct
NO, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 28,949 dscfh

STACK NOx EMISSION RATE =

<0.00622 |bs/hr

NOspme = (Cgasiorasct [(Quta) <0.00052 lbs/cycle
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CO CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 10

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 Coker
MONITOR ID: Thermo Environmental Model 48H
RUN NO: 3
TEST DATE: 8/2/2011

INPUT
CO AVERAGE CHART READING (C): 3.58 ppmv
AVG PRE/POST ZERO DRIFT READING (C,): 1.0 ppmv
CAL GAS CONCENTRATION (C..): 45.0 ppmv
AVG CAL PRE/POST TEST READING (C,,): 456 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qg): 28,949 dscfh
' Cycle Time: 0.083 hrs
CALCULATIONS

STACK CO AVERAGE CHART READING = 3.58 ppmv
STACK CO CONC. CORRECTED FOR ZERO AND CALIBRATION DRIFT:
= C -{c-¢c _Cma _
CO CONC, ppmyv = gas,ppm ( o) = 259 ppmvdb
Cm - Co
(corrected)
CO CONC.{Ibs/dscf) =
28Ib/lb—-mole
C ={C - = -6
gas,Ib/ dscf ( gas,ppm)[Sgs.ZGX 10° ft3 /b— molej = 0.188 x 107 Ibs/dscf
CO EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 28,949 dscfh
STACK CO EMISSION RATE =
= 0.00545 lbs/hr
COpme = (CammressQus) 0.00045  Ibs/cycle
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METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 Coker
RUN NUMBER: 3
TEST DATE: 8/2/2011

INPUT DATA

THC (as propane) average concentration:
Propane/N, avg. Zero pre-test System Bias:

Propane/N, avg. Zero post-test System Bias:
Propane/N, Cal. Gas Conc.:

Propane/N, avg. Cal. pre-test System Bias:
Propane/N, avg. Cal. post-test System Bias:

Dilution Factor:

Undiluted Moisture Fraction:

Diluted Moisture Fration:

Cycle Time :

Average THC (as propane) value (C) =

THC as carbon, C, =

Stack gas volumetric flow rate (Q) =

CALCULATIONS

THC concentration in stack gas (Ib/dscf)
(Coaspropancy ) (44.09)

Clgas(pro.ane) = =

(385.26 105)

(Cgas(camon) ) (1 201)
(385.26x10°)

C gas(carbon) =

THC emission rate '
ETH( propane) — Cgas(pmpane) sztd =

ETHC(carbon) = Cgas(carbon) X di =

11501 ppmv db
-47.20 ppmv db
-104.14 ppmv db
10000.0 ppmv db
9941.4 ppmv db

9817.4 ppmv db
0.95
0.729
0.0365
0.0833

11204.8 ppmv wb

33614.5 ppmv db

28,949 dscfh

1282 x 10 Ib/dscf
as propane

1048 x 10° Ib/dscf
as carbon

37.12 Ib/hr
3.09 Ib/cycle

30.33 Ib/hr
2.53 Ib/cycle

A-95



METHOD 25A TOTAL HYDROCARBON (THC) CALCULATION SUMMARY

COMPANY:
LOCATION:
SOURCE:

RUN NUMBER:
TEST DATE:

INPUT DATA

CALCULATIONS

Houston Refining
Houston, Tr:xas
736 Coker

3

8/2/2011

Methane (CH,4) average concentration:
Ethane (C,Hg) average concentration:
Cycle Time :

Stack gas volumetric flow rate (Qg) =

THC concentration in stack gas (Ib/dscf)

Methane

Ethane

THC emission rate
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(CQES(Melhane) ) (1 604)
(385.26x10°)

C gas(m-thane) =

(Cgas(elhane))(30.07)
(385.26x10°)

C gas(ethane) =

E THC(methane) — C gas(methane) X Qstd =

ETHC(ethane) = Cgas(ethane) X Qsld =

123154 ppmv db

9853 ppmv db
0.0833 hrs
28,949 dscfh

5127 x 10°° Ib/dscf
as methane

769.04 x 10°® Ib/dscf
as ethane

148.431 Ib/hr
12.369 Ib/cycle

22.2625 Ib/hr
1.855 Ib/cycle



ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: OH-1

v FACTOR: 0.999 STACK DIAM: 8.000 inches
BAROMETRIC: 30.00 in. Hg METER VOLUME: 1.738 ft
STATIC PRES: 2.32 in.H,0 METER TEMP: 97.6 °F
STACK TEMP: 2122 °F - LIQUID COLL: 4050.7 milliliters
SQ.RT AP: 1.1448 in.H,0 CO,: 0.50 % by volume
AH: 0.03 in.H;0 0,: 19.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + o=
528 bar
Vinsta = [mj XV X ¥ T—m136 = 1.648 dscf
y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vyaq = 0.04707 x V, = 190.666  scf
Vi = 4050.7 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =0 — = 0.9914
e sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = P~ 0.9881
Pbar + static
13.6
T= 3731 °K
P= 766.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9881
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU
LOCATION: Houston, Texas TEST DATE: 7/21/2011

RUN NUMBER: OH-1

BAROMETRIC: 30 in. Hg STACK DIAM:
STATIC PRES: 2.32 in.H,0 CO,:
STACK TEMP: 212.2 °F 0,:

SQ.RTAP:  1.1448 in.H,O

8.000 inches
0.50 % by volume
19.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) +0.32(%0, ) + 0.28(%N, + %CO) = 28.860 Ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
My =My (1-Byus ) +18Bys = 18.129  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
—_— 1 n
‘/A_P:;Zm = 1.1448  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Te= 212.2 °F + 460 = 672.2 °R
ABSOLUTE STACK GAS PRESSURE
P.._.
Py = Poar + =22 = 3017  in.Hg
STACK GAS VELOCITY
T
V, =(8549)(C, )(avgv/aP) | = = 91132  ftisec
(Ps)(M;)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 x Vg XAq = 1,909 acfm
Stack Area = 0.3491 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qouw = (M](Qs)[}i} = 156119 scfm,wb
' S 90,712 scfh, wh
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qg = (TQZ](QS)[T_S](‘] -Buws) = 17.9 dscfm
' s 1,077  dscfh
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ONTARIO HYDRO ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: OH-1
INPUT
V. 1.738 ft° Q.: 1,077 dscfh
vy FACTOR: 0.999 T 212.2 °F
Ppar: 30.00 in. Hg (OH 64 minutes
AH: 0.03 in.H,0 V,: 91.132 fps
Tt 97.6 °F P: 30.17 in. Hg
Vi.: 4,050.7 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
p L AH T
{528 bar * m
V.o = AR 0| = 1.648 dscf
rmstd ’\,29.92 S .
J
Isokinetic Sampling Rate
I AV ©AH Y
(100)(TS}IL(0.002669X Vie)+| \T/_m (1) Poar ¢{ 133—H6J }
%ISO = s L AT o
(BO)6)(Vs )(Ps (An) so0 3%l ,
257.82 % I* @saturation
A=  0.00019277 ft* Runtime (6) = 64 minutes
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E E—: ;_ Mercury Emissions Calculation Summary

P e Ontario Hydro (ASTM Method D6784-02)

Client: Houston Refining

Location: Houston, Texas

Source: 736 DCU

Date: 7/21/2011

Run #: OH-1

Test Data Input Metals Laboratory Analysis Weights (Mt)

Barometric pressure (Ppy):
Stack pressure (Pg):

Test length (6):

Sample nozzle diameter (D,):

30.00 inches Hg
30.17 Inches Hg Abs.
64.0 minutes
0.1880 inches

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Sample nozzle area (A,): 0.000193 ft*
Stack temperature (T): 212.2 °F
Volume metered (Visa): 1.648 dscf
Stack gas velocity (V): 91.132 ftisec
Stack gas volumetric flow (Qgq): 1,077 dscfh
Fractional Moisture content (B,,): 0.9881 %
Run Time 1.317 hrs

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

Merciry concentration (ug/dscm):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury concentration (x10°°: Ib/dsct):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury emission rate ( x10;‘ Ib/hr):

Hg-FH (particle bound)
Hg-KCl (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury emission rate { X107 Ib/cycie):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total
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C, = M,

° Vmsld
35.31dscf/dscm

< 0.70917 pg/dscm
23.35332 pg/dscm
< 27.12413 ugldscm
<51.18662 pg/dscm

1o
Vv

mstd

-9
[2.2046x10 Ib XM‘]
C1s =

< 0.04428 x 10° Ib/dscf
1.45808 x 10°° Ib/dscf
<1.69351 x 10° Ib/dscf

<3.19587 x 107 Ib/dscf

En =Cl xQy

<0.00048 x 10™Ib/hr
0.01570 x 10*Ib/hr
<0.01824 x 107*Ib/hr

<0.03441 x 10*Ib/hr

Em = C‘s x Qstd

<0.00063 x 107 Ib/cycle
0.02067 x 10 Ib/cycle
<0.02401 x 10%Ibicycle

<0.04531 x 10”Ibicycle




ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/27/2011
RUN NUMBER: OH-3

y FACTOR: 1.005 STACK DIAM:
BAROMETRIC: 30.06 in. Hg METER VOLUME:
STATIC PRES: 2.71 in.H,0 METER TEMP:
STACK TEMP: 212.0 °F LIQUID COLL:
SQ.RT AP: 1.3364 in.H,0 CO,:

AH: 0.07 in.H,0 0,:

8.000 inches
2.362 ft*
113.2 °F
4231.2 milliliters
0.50 % by volume
18.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P, +—AH
528 bar
Vmsid=( )xvmxy_r*‘]&s
m

m = 2197 dscf
y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x V, = 199.163  scf
Ve = 4231.2 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus = = 0.9891
" Visa + Vinsta
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.V.P.
Bw::‘.@saturation = P = 0.9821
Pb s static
1386
T= 373.0 °K
P= 768.6 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
By = 0.9821
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY': Houston Refining
LOCATION: Houston, Texas
RUN NUMBER: OH-3

SOURCE: 736 DCU
TEST DATE: 7/27/2011

BAROMETRIC: 30.06 in. Hg STACK DIAM:

STATIC PRES: 2.71 in.H,0
STACK TEMP: 212.0 °F
SQ.RTAP:  1.3364 in.H,0

CO,:
0,:

8.000 inches
0.50 % by volume
18.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%C0O,) +0.32(%0,) + 0.28(%N, +%CO) = 28.82 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M; =My (1-Bys) +18Bys = 18.19  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP = HZ JAp = 1.3364  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.0 °F + 460 = 672.0 °R
ABSOLUTE STACK GAS PRESSURE
Pt .
Ps = Ppar + 152230 = 30.26 in.Hg
STACK GAS VELOCITY
T
V; =(8549)(C, )(avgVAP) | —<=—~ = 106.027  ftisec
(Ps )(M;)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qs =60 x Vg XA, = 2,221 acfm
Stack Area = 0.3491 ft?
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
528 P
Qqiaw = [EJ(QS){—ﬁ] = 17646  scfm, wh
' s 105,875 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P
Qqq = [WJ(QS )[}S—J“ -Bus) = 31.5 dscfm
' ® 1,891 dscfh
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ONTARIO HYDRO ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/27/2011

RUN NO: OH-3
INPUT
Vo 2.362 ft* Q. 1,891 dscfh
y FACTOR: 1.005 T,: 212.0 °F
Ppar: 30.06 in. Hg o: 68 minutes
AH: 0.07 in. H,O V,: 106.027 fps
Tt 1132 °F P.: 30.26 in. Hg
V. 42312 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: {29.92 in. Hg. 68 °F)
[ 528 ) Py + 8
=948 | y 2138 ) = 2.197 dscf
Viss = 5.3 | Vi ’,L T, ' °
Isokinetic Sampling Rate
r . N / . A
e I\ AH
(100)T.) (0.002669 x Vi ) | )] P + [\_1 5)
%SO = L SRELEEL . 304.06 % |
(‘60}(9_)(\/5 (P )(Aa) _ 184.2 % I* @saturation
A,=  0.00019277 ft* Runtime (8) = 60 minutes
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Mercury Emissions Calculation Summary
Ontario Hydro (ASTM Method D6784-02)

Client: Houston Refining

Location: Houston, Texas

Source 736 DCU

Date: 7/127/2011

Run # OH-3

Test Data Input Metais Laboratory Analysis Weights (Mt)

Barometric pressure (Pp,): 30.06 inches Hg Hg-FH (particle bound) < 0.097 ug
Stack pressure (Pg): 30.26 Inches Hg Abs.  Hg-KClI (oxidized) < 0.025 ng
Test length (6): 68.0 minutes Hg-Acid/KMnO, (elemental) < 1.0070 ug
Sample nozzle diameter (D,): 0.1880 inches Hg-Total <1.1294 ug
Sample nozzle area (A,): 0.000193 ft*

Stack temperature (T): 212.0 °F

Volume metered (Vpmgq): 2.197 dscf

Stack gas velocity (V,): 106.027 ft/sec

Stack gas volumetric flow (Q,): 1,891 dscth

Fractional Moisture content (B,,): 0.9821 %

Run Time 1.133 hrs

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

Mercury concentration (ug/dscm):

Hg-FH (particle bound)
Hg-KCI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury concentration ( x10° Ib/dsc):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO,4 (elemental)
Hg-Total

Mercury emission rate'(x10~* Ib/hr):

Hg-FH (particle bound)
Hg-KCI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury emission rate (x10~ Ib/cycle):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO,4 (elemental)
Hg-Total
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C, = M

) Vmsld
35.31dscf/dscm

< 1.566528 pg/dscm
< 0.40177 pg/dscm
<16.18316 pg/dscm
< 18.15021 pg/dscm

1o
V,

mstd

-9
[2.2046x10 Ib XM‘]
C1s =

<0.09773 x 10 Ib/dscf
<0.02508 x 10°° Ib/dscf
<1.01040 x 10° Ib/dscf

<1.13322 x 10° Ib/dscf

Em = C15 X Qstd

<0.00185 x 107 Ib/hr
<0.00047 x 10 Ib/hr
<0.01911 x 10%Ib/hr

<0.02143 x 10*Ib/hr

Em =C's xQqq

<0.00209 x 107 Ib/cycle
0.00054 x 10*Ibicycle
<0.02166 X 10'4Ib/cycle

<0.02429 x 10*Ib/cycle




ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/28/2011
RUN NUMBER: OH-4

vy FACTOR: 1.005 STACK DIAM:
BAROMETRIC: 29.98 in. Hg METER VOLUME:
STATIC PRES: 2.47 in.H,0O METER TEMP:
STACK TEMP: 213.3 °F LIQUID COLL:
SQ.RT AP: 1.4205 in.H,O CO,:
AH: 0.04 in.H,0 0,:

8.000 inches
2.832 ft
95.5 °F
2588.2 milliliters
0.50 % by volume
19.00 % by volume

ENGLISH UNITS
(29.92 in.Hg & °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P4 AH
528 bar
Vinsta =[§§9—2] X Vi X ¥ % 2711 dscf
Y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vysta = 0.04707 x V; = 121.827  scf
Vi = 2588.2 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =2 = 0.9782
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation - pP..._= 1.0000
Pbar + static
13.6
T= 373.7 °K
P= 766.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9782
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, Texas TEST DATE: 7/28/2011
RUN NUMBER: OH-4
BAROMETRIC: 29.98 in. Hg STACK DIAM: 8.000 inches
STATIC PRES: 2.47 in.H,O CO,: 0.50 % by volume
STACK TEMP: 213.3 °F (0% 19.00 % by volume

SQ.RT AP: 1.4205 in.H0O

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,) +0.32(%0,) + 0.28(%N, + %CO) = 28.84 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Mg =My (1-B,s) +18B s = 18.24  Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O
—_— 1 n
JaP =—3  Jap = 14205  in.H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts = 213.3 °F + 460 = 673.3 °R
ABSOLUTE STACK GAS PRESSURE
P...
Pe = Poar + =28 = 30.16  in.Hg
STACK GAS VELOCITY
T
V, =(8549)(C, )(avgVaP) | -2 — = 112.854  ftisec
(Ps)(Ms)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 X Vg xAg = 2,364 acfm
Stack Area = 0.3491 f*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
Qsigw = [ 222982J( s)[ J = 1,868.7  scfm, wb
112,119  scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528
Qstd [ZQQZJ(Q )[ ](1 Bws) = 40.7 dscfm
Ts 2,441 dscfh
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ONTARIO HYDRO ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
TEST DATE: 7/28/2011

RUN NO: OH-4
INPUT
Vo 2.832 ft° Q.: 2,441 dscfh
y FACTOR: 1.005 Ts: 213.3 °F
Poar: 29.98 in.Hg (OH 53 minutes
AH: 0.04 in.H,O Vg 112.854 fps
Tt 955 °F Pg: 30.16 in. Hg
Vic: 2,588.2 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
vV 528 1 v, oo 12”% | 2.711 dscf
==X KA e | = .
mse {2092 " T
Isokinetic Sampling Rate
U VRN FAH )
(100)(T. ) (0002668 x Vi) | 3 (1) Poge [ 3|
g L Limy e
%lSO = TR = 227.84 %I
(60)O)(Vs)(Ps ) An)
A,=  0.00019277 ft° Runtime (8) = 60 minutes
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== EE = Mercury Emissions Calculation Summary

P Ontario Hydro (ASTM Method D6784-02)

Client: Houston Refining

Location: Houston, Texas

Source: 736 DCU

Date: 7/28/2011

Run #: OH-4

Test Data Input Metals Laboratory Analysis Weights (Mt)

Barometric pressure (Py,,):
Stack pressure (Pg):

Test length (6):

Sample nozzle diameter (D,):
Sample nozzle area (A,):
Stack temperature (T):
Volume metered (Viswa):
Stack gas velocity (V;):

29.98 inches Hg
30.16 Inches Hg Abs.
53.0 minutes
0.1880 inches

Hg-FH (particle bound)
Hg-KCl (oxidized)
Hg-Acid/KMnQ, (elemental)
Hg-Total

0.000193 ft*

213.3 °F
2.711 dscf

112.854 ft/sec

Stack gas volumetric flow (Qgq): 2,441 dscfh
Fractional Moisture content (B,,s): 0.9782 %
Run Time 0.883 hrs

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F).

Mercury concentration (ug/dscmj:

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnO, (elemental)
Hg-Total

Mercury concentration ( x10°° Ib/dscf):

Hg-FH (particle bound)
Hg-KCI (oxidized)
Hg-Acid/KMnOQ, (elemental)
Hg-Total

Mer_cufy emission rate (x107* Ib/nr):

Hg-FH (particle bound)
Hg-KCl {oxidized)
Hg-Acid/KMnQ, (elemental)
Hg-Total

Mercury emission rate ( x107* Ib/cycle):

Hg-FH (particle bound)
Hg-KClI (oxidized)
Hg-Acid/KMnOQ, (elemental)
Hg-Total
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C.= M

s
Vms(d
35.31dscf/dscm

<0.26048 pg/dscm
<2.01872 pg/dscm

<19.18435 png/dscm
< 21.46354 pg/dscm

-9
[2.2046x10 Ib XM(]

Hg
\Y

mstd

Cl =

<0.01626 x 107 Ib/dscf
<0.12604 x 107 Ib/dscf
<1.19779 x 107 Ib/dscf

<1.34009 x 10 Ib/dscf

Em = C1s X Qs1d

<0.00040 x 107 Ib/hr
<0.00308 x 107 Ib/hr
<0.02924 x 10*1b/hr

<0.03271 x 10”Ib/hr

Em = C15 x Qsld

< 0.00035 x 107 Ib/cycle
0.00272 x 107 Ib/cycle
<0.02582 x 10*Ib/cycle

<0.02889 x 107 Ib/cycle
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Volatile Organic HAPs Laboratory Data Summary

Client: Houston Refining
Location: Houston, Texas
Source: 736 DCU
Date: 7/19/2011
Run No: 18-1
Sample Train A Sample Train B
Analysis Analysis
Molecular (M,) (M,)

Compound Weight (micrograms) % Recovery (micrograms) % Recovery
Acetone 58.08 1,355.0 1130
Acetonitrile 41.05 <68.8 84 <3135.2 49
Acrolein 56.06 <17.7 <1036.8
Acrylonitrile 53.06 <17.7 84 <17.7 49
Benzene 78.11 < 377.8 76 <918 59
1,3-Butadiene 54.09 <17.7 78 <17.7 135
Carbon disulfide 76.14 <17.7 <17.7
Chlorobenzene 112.56 <17.7 <177
Cumene 120.19 <17.7 <17.7
1,2-Dibromoethane 187.86 <17.7 118 <17.7 56
Ethylbenzene 106.17 <66.8 87 <33.8 67
Hexane 86.18 <23.8 60 <17.7 69
Methyl isobutyl ketone 100.16 <17.7 < 3850.3 136
Methyl! t-butyl ether 88.15 <17.7 80 <17.7 54
Methylene chloride 84.93 223.0 237.0
Nitrobenzene 123.06 < 88.5 71 <88.5 50
2-Nitropropane 89.09 <304.8 80 <348 50
Pentane 72.15 <70 57 <21 63
Styrene 104.15 <177 75 <17.7 52
Tetrachloroethene 165.83 <17.7 <17.7
Toluene 92.14 <916.4 < 24948
Trichloroethene 131.39 <177 <4825 89
2,24 Trimethyl pentane 114.23 <17.7 63 <17.7 73
Xylenes (m+p) 106.16 <696.0 < 286.8
Xylenes (o) 106.16 <127.8 < 56.8
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Volatile Organic HAPs Laboratory Data Summary

Client: Houston Refining
Location: Houston, Texas
Source: 736 DCU
Date: 7/20/2011
Run No: 18-2
Sample Train A Sample Train B
Analysis Analysis
Molecular (M) (M,)

Compound Weight (micrograms) % Recovery (micrograms) % Recovery
Acetone 58.08 ~1,687.0 ~ 5156
Acetonitrile 41.05 6487.0 <176
Acrolein 56.06 <7878.3 <17.2
Acrylonitrile 53.06 <11.0 106 <17.2 90
Benzene 78.11 <13.2 108 <17.2 89
1,3-Butadiene 54.09 <11.0 183 <17.2 160
Carbon disulfide 76.14 <11.0 <17.2
Chlorobenzene 112.56 <11.0 <17.2
Cumene 120.19 <11.0 <172
1,2-Dibromoethane 187.86 <11.0 104 <17.2 99
Ethylbenzene 106.17 <11.0 110 <17.2 101
Hexane 86.18 <11.0 97 <17.2 87
Methyl isobutyl ketone 100.16 < 42433 <17.2
Methyl t-butyl ether 88.15 <11.0 106 <17.2 88
Methylene chloride 84.93 184.0 186.0
Nitrobenzene 123.06 <55.0 79 <86.0 74
2-Nitropropane 89.09 <11.0 103 <286 86
Pentane 72.15 <22 94 <17.2 81
Styrene 104.15 <11.0 107 <17.2 99
Tetrachloroethene 165.83 <11.0 <17.2
Toluene 92.14 1502 46
Trichloroethene 131.39 < 3998.3 <17.2
2,2,4 Trimethyl pentane 114.23 <11.0 100 <17.2 90
Xylenes (m+p) 106.16 <16.3 63.0
Xylenes (o) 106.16 <11.0 <186
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Volatile Organic HAPs Laboratory Data Summary

Client: Houston Refining
Location: Houston, Texas
Source: 736 DCU
Date: 7/21/2011
Run No: 18-3
Sample Train A Sample Train B
Analysis Analysis
Molecular (M) (M,)

Compound Weight (micrograms) % Recovery (micrograms) % Recovery
Acetone 58.08 ~ 603.0 7440
Acetonitrile 41.05 <1948 7249
Acrolein 56.06 <221 <653.0
Acrylonitrile 53.06 <220 50 < 30.1 77
Benzene 78.11 3285 63 2769 81
1,3-Butadiene 54.09 <276 < 30.1
Carbon disulfide 76.14 <220 <329
Chlorobenzene 112.56 <220 <301
Cumene 120.19 <44.4 54.0
1,2-Dibromoethane 187.86 <220 116 < 30.1 132
Ethylbenzene 106.17 882 61 910 92
Hexane 86.18 137 53 <702 19
Methyl isobutyl ketone 100.16 <220 <6187.0
Methyl t-butyl ether 88.15 <220 61 < 30.1 93
Methylene chloride 84.93 130.0 152.0
Nitrobenzene 123.06 <432.0 160 <270.0 192
2-Nitropropane 89.09 <590.0 63 <630.0 90
Pentane 72.15 982 29 < 169 4
Styrene 104.15 <50.4 47 56.8 80
Tetrachloroethene 165.83 <220 < 30.1
Toluene 92.14 8182 8705
Trichloroethene 131.39 <236 5221.0
2,2,4 Trimethyl pentane 114.23 <336 54 < 30.1 37
Xylenes (m+p) 106.16 8425 8404
Xylenes (o) 1424 1664

106.16
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CARBONYL SULFIDE EMISSION RATE CALCULATION SHEET

COMPANY:
LOCATION:
SOURCE:
MONITOR ID:
RUN NO:
TEST DATE:

INPUT

USEPA METHOD 15

Houston Refining
Houston, Texas

736 DCU

SRI-9300B: GC-FPD
15-1

7/129/2011

COS CONCENTRATION (C): <82.2 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgqg): 1,932 dscth

CALCULATIONS

CYCLE TIME: 1.267 hrs

STACK COS AVERAGE CHART READING = <82.2 ppmv

COS CONCENTRATION (Ibs/dscf) =

= <12.817 x10°

C gas |b/dscf = (’C gas,ppm ){

38526 x 107t /Ib — mole

60.07Ib/1b ~mole J

Ibs/dscf

COS EMISSION RATE:

A-118

STACK GAS VOLUMETRIC FLOW RATE = 1,932 dscfh

STACK COS EMISSION RATE =

COSpmr = (Cgas,lb/dscf )(Qstd)

<0.0248 lbs/hr
<0.031 Iblcycle




HYDROGEN SULFIDE EMISSION RATE CALCULATION SHEET
USEPA METHOD 15

COMPANY:
LOCATION:
SOURCE:
MONITOR ID:
RUN NO:
TEST DATE:

INPUT

Houston Refining
Houston, Texas

736 DCU

SRI-9300B: GC-FPD
15-1

7/29/2011

H,S CONCENTRATION (C):
STACK GAS VOLUMETRIC FLOW RATE (Qgq):
CYCLE TIME:

425.0 ppmv
1,932 dscfh
1.267 hrs

CALCULATIONS

STACK H,S AVERAGE CHART READING

H,S CONCENTRATION (Ibs/dscf) =

34.08lb /b —mole

c ~(c
aeeioct = (Coneppr )[ 385.26 x10-°ft° /Ib — mole

)

H.S EMISSION RATE:

425.0 ppmv

37.595 x10°
Ibs/dscf

STACK GAS VOLUMETRIC FLOW RATE

STACK H,S EMISSION RATE =

HZspmr = (Cgas,lb/dscf )(Qstd)

1,932 dscfh

0.0726 Ibs/hr
0.0920 Ib/cycle
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CARBON DISULFIDE EMISSION RATE CALCULATION SHEET
USEPA METHOD 15

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736.DCU
MONITOR ID: SRI-3300B: GC-FPD
RUN NO: 15-1
TEST DATE: 7/29/2011

INPUT
CS, CONCENTRATION (C): <40.1 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgg): 1,932 dscfh
CYCLE TIME: 1.267 hrs
CALCULATIONS
STACK CS, AVERAGE CHART READING = <40.1 ppmv

CS, CONCENTRATION (Ibs/dscf) =

A-120

o P )[ 76.1b/1b — mole ] _ <7.921 x10°
gas,Ib/dscf gas.PPm /| 38526 x 10~ t3 /1b — mole - . *
Ibs/dscf
CS, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,932 dscfh

STACK CS, EMISSION RATE =

<0.0153 tbs/hr
< 0.0194 Ib/cycle

CS2pmr = (Cgas,lb/dscf )(Qstd)




CARBONYL SULFIDE EMISSION RATE CALCULATION SHEET
USEPA METHOD 15

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736'DCU
MONITOR ID: SRI-9300B: GC-FPD
RUN NO: 15-2
TEST DATE: 8/1/2011

INPUT
COS CONCENTRATION (C): <82.2 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgqq): 1,504 dscfh
CYCLE TIME: 0.433 hrs
CALCULATIONS
STACK COS AVERAGE CHART READING = < 82.2 ppmv

COS CONCENTRATION (Ibs/dscf) =

60.07Ib/Ib—mole j
38526 x 10°°ft° /Ib —mole

= <12.817 x10°

Cgas,lb/dsd = (Cgas,ppm )[
Ibs/dscf

COS EMISSION RATE:

STACK GAS VOLUMETRIC FLOW RATE = 1,504 dscth

STACK COS EMISSION RATE =

<0.0193 Ibs/hr

C:Ospmr = (Cgas,lb/dscf )(Qstd)
< 0.0084 Ib/cycle
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HYDROGEN SULFIDE CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 15

COMPANY:
LOCATION:
SOURCE:
MONITOR ID:
RUN NO:
TEST DATE:

INPUT

Houston Refining
Houston, Texas

736 DCU

SRI-9300B: GC-FPD
15-2

8/1/2011

H,S CONCENTRATION (C):
STACK GAS VOLUMETRIC FLOW RATE (Qqa):
CYCLE TIME:

CALCULATIONS

<91.7 ppmv

1,504 dscfh

0.433 hrs

A-122

STACK H,S AVERAGE CHART READING = <91.7 ppmv
H,S CONCENTRATION (Ibs/dscf) =
C =(’C )[ 34.08Ib/Ib —mole ] = <8112 x10°
gaslbldsa T\ 0aePPM /| 385 96 x 1063 /Ib — mole Ibs/dscf
H,S EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,504 dscfh

STACK H,S EMISSION RATE =

HZSpmr = (Cgas,lb/dsd )(Qs’td)

<0.0122 Ibs/hr
< 0.0053 Ib/cycle



CARBON DISULFIDE EMISSION RATE CALCULATION SHEET

COMPANY:
LOCATION:
SOURCE:
MONITOR ID:
RUN NO:
TEST DATE:

INPUT

USEPA METHOD 15

Houston Refining
Houston, Texas

736 DCU

SRI-9300B: GC-FPD
15-2

8/1/2011

CS, CONCENTRATION (C): <40.1 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qqq): 1,504 dscfh

CALCULATIONS

CYCLE TIME: 0.433 hrs

STACK CS, AVERAGE CHART READING = <40.1 ppmv

CS, CONCENTRATION (Ibs/dscf) =

7641b /Ib - mole ©
C =(C = <7.921 x10
sesiosct =(Coasipom )[ 385.26x107°ft3 /Ib— moleJ lbs/dscf
CS, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 1,504 dscfh

STACK CS, EMISSION RATE =

CSme'r = (Cgas,lb/dscf )(Qstd)

< 0.0119 Ibs/hr
< 0.0052 Ib/cycle
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CARBONYL SULFIDE EMISSION RATE CALCULATION SHEET
USEPA METHOD 15

COMPANY': Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: SRI-9300B: GC-FPD
RUN NO: 15-3
TEST DATE: 8/2/2011

INPUT
COS CONCENTRATION (C): <50.6 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 28,949 dscth
CYCLE TIME: 0.083 hrs
CALCULATIONS
STACK COS AVERAGE CHART READING = <50.6 ppmv

COS CONCENTRATION (Ibs/dscf) =
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60.07Ib/1b—mole
C =(C )[ ) = <7.890 x 10°
gas,Ib/dscf gas,ppm ) .
38526 x107°ft° /Ib—-mole Ibs/dscf
COS EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 28,949 dscfh

STACK COS EMISSION RATE =

<0.2284 Ibs/hr

Cospmr = (Cgas,lb/dscf )(Qstd) <0.0190 Iofeycle




HYDROGEN SULFIDE CALIBRATION CORRECTION DATA SHEET
USEPA METHOD 15

COMPANY: Houston Refining
LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: SRI-9300B: GC-FPD
RUN NO: 15-3
TEST DATE: 8/2/2011

INPUT
H,S CONCENTRATION (C): 82.9 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 28,949 dscfh
CYCLE TIME: 0.083 hrs
CALCULATIONS

STACK H,S AVERAGE CHART READING = 82.9 ppmv

H,S CONCENTRATION (Ibs/dscf) =

34.08Ib/1lb - mole - -6
C -(c = 7.333 x 10
aasiorasct = (Cgas o )[ 38526 x 1073 /b — mole] Ibs/dscf
H,S EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 28,949 dscfh

STACK H,S EMISSION RATE =

<0.212 Ibs/hr
<0.018 Ib/cycle

HZSpmr = (Cgas,lb/dsd )(Qstd)
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CARBON DISULFIDE EMISSION RATE CALCULATION SHEET
USEPA METHOD 15

COMPANY: Houston Refining
-LOCATION: Houston, Texas
SOURCE: 736 DCU
MONITOR ID: SRI-9300B: GC-FPD
RUN NO: 15-3
TEST DATE: 8/2/2011

INPUT
CS, CONCENTRATION (C): <32.0 ppmv
STACK GAS VOLUMETRIC FLOW RATE (Qgq): 28,949 dscfh
CYCLE TIME: 0.083 hrs
CALCULATIONS
STACK CS, AVERAGE CHART READING = < 32.0 ppmv

CS, CONCENTRATION (Ibs/dscf) =

761b/1b-—mole -6
c -(c = <6.321 x 10
sastocct = (Coampm )[ 38526 x107°ft° /1b - mole] lbs/dscf
CS, EMISSION RATE:
STACK GAS VOLUMETRIC FLOW RATE = 28,949 dscfh

STACK CS, EMISSION RATE =

<0.1830 Ibs/hr

CSmer = (Cgas,lb/dscf )(Qstd) <0.0152 Iblcycle




ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/19/2011
RUN NUMBER: 0010-1

vy FACTOR: 1.005 : STACK DIAM: 8.000 inches
BAROMETRIC: 30.00 in. Hg METER VOLUME: 0.655 ft*
STATIC PRES: 1.667 in.H,0 METER TEMP: 88.2 °F
STACK TEMP: 213.0 °F LIQUID COLL:  1700.3 milliliters
SQ.RT AP: 0.7268 in.H,O CO,: 0.00 % by volume
AH: 0.02 in.H,O 0,: 20.50 % by volume

ENGLISH UNITS
{29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
528 bar
Vingd = {WJ x Vi X ¥ —Tmlﬁ = 0636  dscf
y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Viystg = 004707 <V, = 80.033 scf
Vi = 1700.3 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus = wetd 0.9921
" Vastd * Vinsta
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = P, = 1.0000
Pbar + static
13.6
T= 373.6 °K
P= 765.1 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9921
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: 0010-1

BAROMETRIC: 30 in. Hg STACK DIAM:
STATIC PRES: 1.67 in.H,O CO;,:
STACK TEMP: 213 °F 0.

SQ.RT AP:  0.7268 in.H,0

TEST DATE: 7/16/2011

8.0 inches
0.00 % by volume
20.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

My = 0.44(%CO,)+0.32(%0,)+0.28(%N, + %CO) = 28.820  Ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
Ms =My (1-B,s )+ 18Bys = 18.085 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C,, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
J— 1 n
JAP = Ez Jap = 0.7268  in. H,0
i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
T, = 213.0 °F + 460 = 673.0 °R
ABSOLUTE STACK GAS PRESSURE
P...
Ps=Poar + 206 = 3012  inHg
STACK GAS VELOCITY
T
V, = (8549)(C, (avgVAP) [ = 58.010  ftsec
(Ps)(Ms)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 x Vg xAg = 1,215 acfm
Stack Area = 0.3491
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
2 P,
Qgw = [—259 ;2](Qs)[T—s] = 959.6 scfm, wb
) s 57,578 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P,
Qg = [—29 QZJ(QS)[T_SJU -Bus) = 7.6 dscfm
) s 454 dscfh
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METHOD 0010 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/19/2011
RUN NO: 0010-1

INPUT
V,.: 0.655 ft° Q,: 454 dscfh
vy FACTOR: 1.005 T.: 213.0 °F
Poar: 30.00 in.Hg e 28 minutes
AH: 0.02 in.H,0 V! 58.010 fps
T 88.2 °F P, 30.12 in. Hg
Vi: 1,700.3 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg. 68 °F)
) ‘o . AH
_{.528 LT
Vo = 29.92]’(\/“‘ | 108 0636 dscf
L
Isokinetic Sampling Rate
s N I ,,' y
(100)('1'5][(0.00266% Vig) #| \T/T"l ( J[ Poar H\::s } }
Lm s N J
%ISO = —— = 43.98 % |
(60)O)(Ve)(PsI(An) 54398 %
A,=  0.00019277 ft* Runtime (6) = 28 minutes
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SVOC CALCULATION SUMMARY

COMPANY : Houston Refining
LOCATION : Houston, TX
SOURCE : 736 DCU
TEST DATE : 7119/2011
TEST RUN NO. : 0010-1
CYCLE TIME: 0.467 hrs
SAMPLE VOLUME : 0.636 dscf
SAMPLE VOLUME : 0.018 dscm
GAS FLOW RATE : 454 dscfh
STACK O, CONTENT : 20.50 %
TOTAL
SAMPLE STACK GAS STACK GAS STACK GAS EMISSION EMISSION
VOST MASS MOLECULAR CONCENTRATION CONCENTRATION CONCENTRATION RATE RATE
COMPOUND (nanogram) WEIGHT (Ib/dscf x 10°) (ng/dscm) (ppb db) (Ib/hr x 10%) (Ibicycle x 107)

Acenaphthene 193,000 154.21 669.2 10,719 1672 0.3037 0.1417
Acenaphthylene <15,400 1562.19 <53.40 <865.3 <135.2 <0.02423 <0.01131
Aniline 34,700 93.13 120.3 1,927 497.8 0.05460 0.02548
Anthracene 831,000 178.23 2882 46,152 6,229 1.308 0810
Benzidine <380,000 184.24 <1,317.7 <21,104 <2,765.3 <0.59795 <0.27904
Benzo[a]anthracene 69,000 228.29 239.3 3,832 403.8 0.1086 0.0507
Benzo{b]fluoranthene <4,000 252.31 <13.87 <222.2 <21.18 <0.006294 <0.002937
Benzo[K]fluoranthene <4,000 252.31 <13.87 <222.2 <21.18 <0.006294 <0.002937
Benzolg,h.i]perylene <4,000 276.33 <13.87 <222.2 <19.34 <0.006294 <0.002937
Benzo[a]pyrene 7,040 252.31 24.41 391.0 37.27 0.01108 0.00517
Benzole]pyrene 6,920 252.31 24.00 384.3 36.64 0.01089 0.00508
Biphenyl 271,000 154.21 939.7 15,051 2,348 0.4264 0.1990
2-Chloronapthalene <4,000 162.62 <13.87 <222.2 <32.86 <0.006294 <0.002937
Chrysene 88,800 228.28 307.9 4,932 519.7 0.1397 0.0652
Dibenz[a,h]anthracene <4,000 278.35 <13.87 <222.2 <19.20 <0.006294 <0.002937
Dibenzofuran 143,000 168.19 495.86 7.941.9 1,135.8 0.22502 0.10501
Dibenzo(a,e)pyrene <4,000 302.37 <13.87 <2222 <17.67 <0.006294 <0.002937
3,3'-Dimethoxybenzidine <290,000 24429 <1,006 <16,106 <1,586 <0.4563 <0.2130
Dimethylaminobenzene <20,000 22529 <69.35 <1,111 <118.6 <0.03147 <0.01469
7.12-Dimethylbenz(a)anthracene <4,000 256.34 <13.87 <222.2 <20.85 <0.006294 <0.002937
3,3'-Dimethylbenzidine <290,000 212.29 <1,006 <16,106 <1,825 <0.4563 <0.2130
a,a-Dimethylphenethylamine <120,000 149.23 <416.1 <6,665 <1,074 <0.1888 <0.0881
2,4-Dimethylphenol 163,000 122.17 565.2 9,053 1,782 0.2565 0.1197
Fluoranthene 215,000 202.26 745.5 11,941 1,420 0.3383 0.1579
Fluorene 667,000 166.22 2313 37,044 5,361 1.050 0.490
Indeno(1,2,3-cd)pyrene <4,000 276.33 <13.87 <222.2 <19.34 <0.006294 <0.002937
Isophorone <22,500 138.21 <78.02 <1,250 <2175 <0.03540 <0.01652
3-Methylcholanthrene <4,000 268.35 <13.87 <222.2 <19.91 <0.006294 <0.002937
2-Methylnaphthalene 8,050,000 142.20 27914 447,081 75,626 1267 5.91
2-Methylphenol 65,800 108.14 228.2 3,654 812.9 0.1035 0.0483
3-Methyiphenol & 4-Methylphenol 83,600 108.14 289.9 4,843 1,033 0.1315 0.0614
Naphthalene 4,290,000 128.17 14,876 238,258 44714 6.751 3.150
Perylene <4,000 252.31 <13.87 <2222 <21.18 <0.006294 <0.002937
Phenanthrene 2,770,000 178.23 9,605 153,840 20,762 4359 2.034
Phenol <20,600 94.11 <71.43 <1,144 <292.4 <0.03242 <0.01513
1.4-Phenylenediamine <180,000 108.10 <624.2 <9,997 <2,224 <0.2832 <0.1322
Pyrene 1,030,000 202.25 3572 57,204 6,803 1.621 0.756
o-Toluidine <50,000 107.17 <173.38 <2777 <623.3 <0.07868 <0.03672
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/20/2011
RUN NUMBER: 0010-2

v FACTOR: 1.005 STACK DIAM: 8.000 inches
BAROMETRIC: 30.04 in. Hg METER VOLUME: 1.301 ft*
STATIC PRES: 1.350 in.H,O METER TEMP: 89.0 °F
STACK TEMP: 213.0 °F LIQUID COLL: 486.7 milliliters
SQ.RT AP: 0.9643 in.H,0 CO.,: 0.00 % by volume
AH: 0.03 in.H,0 O, 21.00 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P, + AH
528 bar + 2
Vst =[mjx Vi Xy T—1‘°"6 = 1263  dscf

m

Y= 1.005

VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS

V,qq = 004707 x V,, = 22909  scf
Ve = 486.7 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus = —0— = 0.9478
" Vista + Vimsta
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
SVP.
Bws@saturation = — P = 1.0000
P + static
bar
13.6
T= 373.6 °K
P= 765.5 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9478
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 7/20/2011
RUN NUMBER: 0010-2
BAROMETRIC: 30.04 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 1.35 in.H,O CO,: 0.00 % by volume
STACK TEMP: 213 °F 0,: 21.00 % by volume

SQ.RTAP:  0.9643 in.H,0

DRY MOLECLILAR WEIGHT OF STACK GAS

My = 044(%CO,) +0.32(%0, )+ 0.28(%N, + %CO) = 28.84 Ib/Ib-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

M =My (1-Bs ) +18B s = 18.57  Ib/lb-mole

PITOT TUBE COEFFICIENT

C, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,O
_— n

VAP =23 o
i=1

0.9643  in. H,0

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

Ts= 213.0 °F + 460 = 673.0 °R

ABSOLUTE STACK GAS PRESSURE

Py = Pyy, + S = 3014  in.Hg

STACK GAS VELOCITY
Ts
(Ps)(M,)

V, = (8549)(C, ((avg/aP) = 75943  ftisec

STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V, XA,

1,591 acfm

Stack Area = 0.3491 ft?

STACK GAS VOLUMETRIC FLLOW RATE,
standard conditions, wet basis

528 P
Qgiow = [—29 QZJ(QS)[T—S] = 1,257.0  scfm, wb
) s 75,421 scfh, wb

STACK GAS VOLUMETRIC FLLOW RATE,
standard conditions, dry basis
528 P
Qgq = [5@](05)[%](1 ~Bus) 657  dscfm
) s 3,940 dscfh
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METHOD 0010 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/20/2011
RUN NO: 0010-2

INPUT
V. 1.301 ft’ Q,: 3,940 dscfh
y FACTOR: 1.005 Ts: 213.0 °F
Poart 30.04 in.Hg o 9 minutes
AH: 0.03 in. H,0 v 75.943 fps
To 89.0 °F P: 30.14 in. Hg
Vi 486.7 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: (29.92 in. Hg, 68 °F)
I AH
{ 528 ] i b T q3 _
Voo, = Vo x = 1.263 dscf
med [\29.92, AT
L
Isokinetic Sampling Rate
» ;’I !/ ~\ { 7 ; \\
(100)(T, ) (0002688 V) +| 32 [} Py +/ 2L }
WSO = L Teg 4 \BS)) = 387.12 %1
(BOYBY Vs IP. (A, ) o
A= 0.00019277 ft’ Runtime (6) = 9 minutes
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SVOC CALCULATION SUMMARY

COMPANY : Houston Refining
LOCATION : Houston, TX
SOURCE : 736 DCU
TEST DATE : 7/20/2011
TESTRUN NO. : 0010-2
CYCLE TIME: 0.150 hrs
SAMPLE VOLUME : 1.263 dscf
SAMPLE VOLUME : 0.036 dscm
GAS FLOW RATE : 3,940 dscfh
STACK O, CONTENT : 21.00 %
TOTAL ]
SAMPLE STACK GAS STACK GAS STACK GAS EMISSION EMISSION
VOST MASS MOLECULAR CONCENTRATION CONCENTRATION CONCENTRATION RATE RATE
COMPOUND {nanogram) WEIGHT (Ibidscf x 10°) (ngfdscm) {ppb db) (Ibihr x 10%) (Ibicycle x 10°)

Acenaphthene <16,500 154.21 <28.81 <461.4 <71.97 <0.1135 <0.0170
Acenaphthylene <4,000 152.19 <6.984 <111.9 <17.68 <0.02752 <0.00413
Aniline <8,400 93.13 <14.67 <234.9 <60.67 <0.05778 <0.00867
Anthracene 106,000 178.23 185.1 2,964 400.1 0.7292 0.1094
Benzidine <38,000 184.24 <66.35 <1,063 <138.7 <0.2614 <0.0392
Benzo[a)anthracene <55,700 228.29 <97.25 <1,558 <164.1 <0.3832 <0.0575
Benzo[b]ilucranthene 10,100 252.31 17.64 2825 26.93 0.06948 0.01042
Benzo[k]flucranthene <4,000 252.31 <6.984 <111.9 <10.66 <0.02752 <0.00413
Benzo[g,h,ijperylene 16,800 276.33 29.33 469.8 40.90 0.1156 0.0173
Benzofalpyrene 24,600 252.31 42.95 688.0 65.59 0.1692 0.0254
Benzo[e]pyrene 21,100 252.31 36.84 590.1 56.25 0.1451 0.0218
Biphenyl 23,900 154.21 4173 £668.4 104.3 0.1644 0.0247
2-Chloronapthalene <4,000 162.62 <6.98 <111.9 <16.55 <0.02752 <0.00413
Chrysene 68,200 228.28 119.1 1,907 201.0 0.4691 0.0704
Dibenz[a,h]anthracene 6,080 278.35 10.62 170.0 14.69 0.04182 0.00627
Dibenzofuran 13,800 168.19 2410 385.9 55.18 0.09493 0.01424
Dibenzo(a,e)pyrene <4,000 302.37 <6.984 <111.9 <8.90 <0.02752 <0.00413
3,3-Dimethoxybenzidine 47,600 244.29 83.11 1,331 1311 0.3274 0.0491
Dimethylaminobenzene <2,000 22529 <3.492 <55.93 <56.97 <0.01376 <0.00206
7.12-Dimethyibenz{ajanthracene <4,000 256.34 <6.984 <111.9 <10.50 <0.02752 <0.00413
3,3-Dimethylbenzidine <28,000 212.29 <50.64 <811.0 <91.89 <0.1995 <0.0299
a,a-Dimethylphenethylamine <12,000 149.23 <21.0 <336 <54.09 <0.0825 <0.0124
2,4-Dimethylphenol 27,100 122.17 47.32 757.9 149.2 0.1864 0.0280
Fiuoranthene 41,200 202.26 71.94 1,152 137.0 0.2834 0.0425
Fluorene 55,800 166.22 97.43 1,560 2258 0.3838 0.0576
Indeno(1,2,3-cd)pyrene 4,540 276.33 7.927 127.0 11.05 0.03123 0.00468
Isophorone <2,250 138.21 <3.93 <62.9 <11.0 <0.0155 <0.0023
3-Methylcholanthrene <4,000 268.35 <6.984 <111.9 <10.03 <0.02752 <0.00413
2-Methylnaphthalene 765,000 142.20 1,336 21,394 3,619 5.262 0.788
2-Methylphenol 18,400 108.14 32.13 5146 114.5 0.1266 0.0190
3-Methylphenol & 4-Methylphenol 19,400 108.14 33.87 542.5 120.7 0.1334 0.0200
Naphthalene 475,000 128.17 829.4 13,284 2,493 3.267 0.490
Perylene <4,000 252.31 <6.984 <111.9 <10.66 <0.02752 <0.00413
Phenanthrene 313,000 178.23 546.5 8,753 1,181 2153 0.323
Phenol <17,500 94.11 <30.56 <489.4 <1251 <0.1204 <0.0181
1,4-Phenylenediamine <18,000 108.10 <31.43 <503.4 <112.0 <0.1238 <0.0186
Pyrene 222,000 202.25 387.6 6,208 738.4 1.527 0.229
o-Toluidine <5,000 107.17 <8.730 <139.8 <31.38 <0.03439 <0.00516
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ARI ENVIRONMENTAL, INC.

MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: 0010-3
y FACTOR: 1.005 STACK DIAM: 8.000 inches
BAROMETRIC: 29.98 in. Hg METER VOLUME: 2.500 ft*
STATIC PRES: 1.180 in.H,0 METER TEMP: 87.4 °F
STACK TEMP: 212.4 °F LIQUID COLL:  2918.3 milliliters
SQ.RT AP: 0.9311 in.H,O CO,: 0.50 % by volume
AH: 0.05 in.H,0 0,: 18.00 % by volume
ENGLISH UNITS
(29.92 in.Hg & °F)
VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar +—=—
528 bar
Vmstd = [m] X Vm Xy % = 2.429 dscf
Y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg =0.04707 x V. = 137.364  scf
Vi = 2918.3 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bys = o—¢ 0.9826
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
S.\V.P.
Bws@saturation = P._. = 0.9965
Pbar + _ static.
13.6
T= 373.2 °K
P= 763.7 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bus = 0.9826
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 7/21/2011
RUN NUMBER: 0010-3
BAROMETRIC: 29.98 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 1.18 in.H,0 CO.: 0.50 % by volume
STACK TEMP: 2124 °F 0;: 18.00 % by volume

SQ.RTAP:  0.9311 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

My = 044(%CO,)+0.32(%0,) +0.28(%N, + %CO) 28.80 Ib/Ib-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

Mg =My (1-Bys)+18B,s 18.19  Ib/Ib-mole

PITOT TUBE COEFFICIENT

0.84

C, (from calibration curve or geometric specifications)

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
T 1 n
JAP = HZ JAp
i=1

0.9311 in. H;O

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

T = 212.4 °F + 460 = 672.4 °R

ABSOLUTE STACK GAS PRESSURE

P...
Py = Pogr + 28 = 30.07  in.Hg

STACK GAS VELOCITY
V, =(8549)(C, )(avg/AP)

Ts
(Ps)(M;)

= 74 146 ft/sec

STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 x V xAg

1,553 acfm

Stack Area = 0.3491 ft?

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis

Qggw = [—Z%J(Qs)[?—s] = 1,2254  scfm, wb
: s 73,524 scfh, wb

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis

Quq =[ 228 j(os)[ijm—sm)

ng Ts 21.3 dscfm

1,277 dscfh
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METHOD 0010 ISOKINETIC CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NO: 0010-3

INPUT
Vo 2500 ft° Q,: 1,277 dscfh
v FACTOR: 1.005 T, 2124 °F
Ppar: 29.98 in.Hg ©: 50 minutes
AH: 0.05 in.H,O V,: 74.146 fps
Tt 874 °F P: 30.07 in. Hg
V. 29183 mL
Volume of Sample at Standard English Units
Conditions on a Dry Basis: {29.92 in. Hg, 68 °F)
(o . AHT
528 136 = 242 f
mao [‘2'9.92‘)* XY 429 dee
Isokinetic Sampling Rate
NP (VA [ AHY)
(100)(T.) (0.002669 x V) +| 2™ (7} P +| 135 ||
%SO = L AN S s = 413.40 % |
(BOYB) VL P, )(A,) ) T
A,=  0.00019277 ft* Runtime (6) = 50 minutes
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SVOC CALCULATION SUMMARY

COMPANY : Houston Refining
LOCATION : Houston, TX
SOURCE : 736 DCU
TEST DATE : 712112011
TEST RUN NO. : 0010-3
CYCLE TIME: 0.833 hrs
SAMPLE VOLUME : 2.429 dscf
SAMPLE VOLUME : 0.069 dscm
GAS FLOW RATE : 1,277 dscfh
STACK O; CONTENT : 18.00 %
TOTAL
SAMPLE STACK GAS STACK GAS STACK GAS EMISSION EMISSION
VOST MASS MOLECULAR CONCENTRATION CONCENTRATION CONCENTRATION RATE RATE
COMPOUND (nanogram) WEIGHT (Ibldscf x 10°) (ng/dscm) (ppb db) (Ib/hr x 10°) (Iblcycle x 107)

Acenaphthene 717,000 154.21 650.9 10,425 1,626.05 0.8314 0.6928
Acenaphthylene <52,400 152.19 <47.57 <761.9 <1204 <0.06076 <0.05063
Aniline 37,400 93.13 33.95 5438 1404 0.04337 0.03614
Anthracene 2,300,000 178.23 2.088 33,440 4,513 2.667 2222
Benzidine <380,000 184.24 <344.95 <5,524.9 <721.32 <0.44061 <0.36718
Benzo[ajanthracene 224,000 228.29 203.3 3,257 343.2 0.2597 0.2164
Benzo[bjfluoranthene 13,300 252.31 12.07 1934 18.44 0.01542 0.01285
Benzolkjfluoranthene <7,620 252.31 <6.917 <110.8 <10.56 <0.008835 <0.007363
Benzo[g,h,ijperylene 19,300 276.33 17.52 280.6 24.43 0.02238 0.01865
Benzo[a]pyrene 36,200 252.31 32.86 526.3 50.18 0.04197 0.03498
Benzo[e]pyrene 22,800 252.31 20.70 331.5 31.60 0.02644 0.02203
Biphenyl 976,000 154.21 886.0 14,190 2,213 1.132 0.943
2-Chloronapthalene <4,000 162.62 <3.631 <58.16 <8.602 <0.004638 <0.003865
Chrysene 257,000 228.28 2333 3,737 393.7 0.2980 0.2483
Dibenz[a,hjanthracene 8,660 278.35 7.861 125.9 10.88 0.01004 0.00837
Dibenzofuran 251,000 168.19 2278 3,649 521.9 0.2910 0.2425
Dibenzo(a,e)pyrene <4,000 302.37 <3.631 <58.16 <4.626 <0.004638 <0.003865
3,3'-Dimethoxybenzidine <290,000 244.29 <263.3 <4,216 <415.2 <0.3363 <0.2802
Dimethylaminobenzene <20,000 225.29 <18.16 <290.8 <31.05 <0.02318 <0.01933
7,12-Dimethylbenz(a)anthracene <4,000 256.34 <3.631 <b8.16 <5.457 <0.004638 <0.003865
3,3'-Dimethylbenzidine <290,000 212.29 <263.3 <4216 <4777 <0.3363 <0.2802
a,a-Dimethylphenethylamine <120,000 149.23 <108.9 <1,745 <2812 <0.1391 <0.1160
2,4-Dimethylphenol 200,000 12217 181.6 2,908 572.5 0.2319 0.1933
Fluoranthene 337,000 202.26 305.9 4,900 582.7 0.3908 0.3256
Fluorene 2,240,000 166.22 2,033 32,568 4,713 2.597 2164
Indeno(1,2,3-cd)pyrene 6,460 276.33 5.864 93.92 8.176 0.007490 0.006242
Isophorone <22,500 138.21 <20.42 <327.1 <56.93 <0.02609 <0.02174
3-Methylcholanthrene <4,000 268.35 <3.631 <58.16 <5.213 <0.004638 <0.003865
2-Methylinaphthalene 34,100,000 142.20 30,955 495,788 83,865 39.54 32.95
2-Methylphenol 73,900 108.14 67.08 1,074 239.0 0.08569 0.07141
3-Methylphenol & 4-Methylphenol <73,100 108.14 <66.36 <1,063 <236.4 <0.08476 <0.07063
Naphthalene 12,200,000 128.17 11,075 177,379 33,289 14.15 11.79
Perylene <4,000 252.31 <3.631 <58.16 <5.544 <0.004638 <0.003865
Phenanthrene 6,720,000 178.23 6.100 97,704 13,186 7.792 6.493
Phenol <22,200 94.11 <20.15 <322.8 <82.50 <0.02574 <0.02145
1,4-Phenylenediamine <180,000 108.10 <163.4 <2,617 <582.3 <0.2087 <0.1738
Pyrene 1,450,000 202.25 1,316 21,082 2,507 1.681 1.401
o-Toluidine <30,400 107.17 <27.60 <442.0 <99.20 <0.03525 <0.02937
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: 0010-3 (308-1)

v FACTOR: 1.005 STACK DIAM: 8.0 inches
BAROMETRIC: 29.98 in. Hg METER VOLUME: 2.500 ft*
STATIC PRES: 1.18 in.H,0 METER TEMP: 87.4 °F
STACK TEMP: 212.4 °F LIQUID COLL: 1700.3 milliliters
SQ.RT AP:  0.9311 in.H,0 - CO.: 0.00 % by volume
AH: 0.05 in.H,O 0,: 20.50 % by volume

ENGLISH UNITS
(29.92 in.Hg & 68 °F)

VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS

P4 AH
528 bar
netd = [W] X Vy X ¥ %6— = 2429  dscf
Y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CQNDITIONS
SVP.
Bws@saturation =———5—Viyaq = 0.04707x V,; = 80.033 scf
Pb + static
ar 6
Vi = 1700.3 mL
FRACTIONAL MOISTURE CONTENT. OF STACK GAS AS MEASURED
\YA
Bus =g—"— = 0.9705
" Vistd + Vimstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
[8'361 - [T18S233'25 J]
10 T -05 0.9965
MF =
P
T= 373.2 °K
P= 763.7 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
: Bus = 0.9705
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY': Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX TEST DATE: 7/21/2011
RUN NUMBER: 0010-3 (308-1)
BAROMETRIC: 29.98 in. Hg STACK DIAM: 8.0 inches
STATIC PRES: 1.18 in.H,0 CO,: 0.00 % by volume
STACK TEMP: 212.4 °F 0,: 20.50 % by volume

SQ.RTAP:  0.9311 in.H,0

DRY MOLECULAR WEIGHT OF STACK GAS

M, = 0.44(%CO, ) + 0.32(%0,) + 0.28(%N, + %CO) = 2882  Ib/ib-mole

MOLECULAR WEIGHT OF STACK GAS, wet basis

M, =M, (1-B,) +18(B.s) = 18.32  Ib/lb-mole

PITOT TUBE COEFFICIENT

C, (from calibration curve or geometric specifications) = 0.84

AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n

VAP =HZ Jap
i=1

0.9311 in. H,0

AVERAGE ABSOLUTE STACK GAS TEMPERATURE

Ts= 212.4 °F + 460 = 672.4 °R

ABSOLUTE STACK GAS PRESSURE

P ..
Ps = Poar + 225 = 30.07  in.Hg

STACK GAS VELOCITY
V, = (8549)(C, )(avgvaP)

TS

(P )(Ms)

= 73.880 ft/sec

STACK GAS VOLUMETRIC FLOW RATE, actual
Q, =60 x V, XA,

1,547.35 acfm

Stack Area = 0.34907 fté

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis

528 P
Qggw = (m](QS)[T_SJ = 1,221.01  scfm, wb
: s 73,260 scfh, wb

STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis

528 P,
: s 2158  dscfh
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ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
SOURCE: 736 DCU
TEST DATE: 7/21/2011
RUN NUMBER: OH-1 (308-2)
y FACTOR: 0.999 STACK DIAM: 0.8 inches
BAROMETRIC: 30.00 in. Hg METER VOLUME: 1.738
STATIC PRES: 2.32 in.H,0 METER TEMP: 97.6 °F
STACK TEMP: 212.2 °F LIQUID COLL: 4050.7 milliliters
SQ.RT AP:  1.1448 in.H,0 CO,: 0.50 % by volume
AH: 0.03 in.l;0P. 0,: 19.50 % by volume
Bws@saturation = P
=] + static
bar " 13.6 ENGLISH UNITS
' (29.92 in.Hg & 68 °F)
VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 752
528 bar
Vinsta = [E@J X Vi x ¥ T—m13'6 1648  dscf
Y= 0.999
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Viyetg = 0.04707 x V. = 190.666 scf
V= 4050.7 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bue =g—20— = 0.9914
" sztd + Vmstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
[8_361_[ 18935 H
10 T-2765 _05 = 0.9881
MF =
P
T= 3731 °K
P= 766.3 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
S.\VP. B.. =
Bws@saturation = —P - ws — 0.9881
F)bar + %
13-6
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY: Houston Refining
LOCATION: Houston, TX
RUN NUMBER: OH-1 (308-2) -

BAROMETRIC: . 29.98 in. Hg STACK DIAM:
STATIC PRES: 1.18 in.H,0 CO,:
STACK TEMP: 2124 °F 0,:

SQ.RT AP:  1.1448 in.H,O

SOURCE: 736 DCU
TEST DATE: 7/21/2011

8.0 inches
0.50 % by volume
19.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

Mg = 0.44(%CO,)+0.32(%0,) + 0.28(%N, +%CO)

= 28.86 Ib/Ib-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =M, (1-B,) +18(B,;) = 18.13 Ib/Ib-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
J— 1 n
JaP =3 Jap = 11448 in. H,0
- i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
T, = 212.4 °F + 460 = 672.4 °R
ABSOLUTE STACK GAS PRESSURE
Pyiaii .
Py =Py + 13;:; = 30.07 in.Hg
STACK GAS VELOCITY
T
V, = (85.49)(C,)(avg VAP) | —~: = 91.306 ftisec
U ) (P)(M,)
STACK GAS VOLUMETRIC FLOW RATE, actual
Qg =60 x Vg xAg = 1,912.31 acfm
Stack Area = 0.34907 ft*
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
28 P
Qqtaw = (—ZSQQZJ(QS)[T—S] = 1,509.00 scfm, wb
. ) s 90,540 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
528 P,
Qgq = (w](Qs)[T—SJU —Bus) = 17.91  dscfm
) s 1,075 dscfh
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COMPANY:
LOCATION:
SOURCE:
TEST DATE:

ARI ENVIRONMENTAL, INC.
MOISTURE CALCULATION SUMMARY

Houston Refining
Houston, TX

736 DCU
7/27/2011

RUN NUMBER: OH-2 (308-3)

y FACTOR:  1.005 STACK DIAM: 8.0 inches
BAROMETRIC: 30.06 in. Hg METER VOLUME: 2.352 ft*
STATIC PRES: 2.71 in.H,O METER TEMP: 113.2 °F
STACK TEMP: 212.0 °F LIQUID COLL: 4231.2 milliliters
SQ.RT AP:  1.3364 in.H,O CO,: 0.50 % by volume
AH: 0.07 in.H,O . 0,: 18.50 % by volume
ENGLISH UNITS
. (29.92 in.Hg & °F)
VOLUME OF SAMPLE
@ STANDARD CONDITIONS, DRY BASIS
AH
Poar + 75~
528 bar
Vinetd = (m] X Vo Xy T—m13'6 = 2188  dscf
y= 1.005
VOLUME OF WATER IN SAMPLE
@ STANDARD CONDITIONS
Vg = 0.04707 x V,, = 199.163  scf
Ve = 4231.2 mL
FRACTIONAL MOISTURE CONTENT OF STACK GAS AS MEASURED
V,
Bus =g—"0— = 0.9891
" wstd + Vinstd
FRACTIONAL MOISTURE CONTENT OF STACK GAS @ SATURATION
[8.361 _[ 1893.5 H
10 T-2765)]| 45 = 0.9821
MF =
P
T= 373.0 °K
P= 768.6 mmHg
FRACTIONAL MOISTURE CONTENT USED IN CALCULATIONS
Bys = 0.9821
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ARI ENVIRONMENTAL, INC.
FLOW RATE CALCULATION SUMMARY

COMPANY': Houston Refining SOURCE: 736 DCU

LOCATION: Houston, TX
RUN NUMBER: OH-2 (308-3)

BAROMETRIC: 30.06 in. Hg STACK DIAM:
STATIC PRES: 2.71 in.H,0 CO,:
STACK TEMP: 2120 °F 0O,:

SQ.RT AP:  1.3364 in.H,0

TEST DATE: 7/27/2011

8.0 inches
0.50 % by volume
18.50 % by volume

DRY MOLECULAR WEIGHT OF STACK GAS

M, =0.44(%CO,) + 0.32(%0,) + 0.28(%N, + %CO) = 28.82 Ib/lb-mole
MOLECULAR WEIGHT OF STACK GAS, wet basis
M, =My(1-B,,) +18(B.s) = 18.19 Ib/lb-mole
PITOT TUBE COEFFICIENT
C, (from calibration curve or geometric specifications) = 0.84
AVERAGE VELOCITY HEAD OF STACK GAS, in. H,0
- 1 n
VAP = ;Z JAp = 1.3364  in. H,0
. i=1
AVERAGE ABSOLUTE STACK GAS TEMPERATURE
Ts= 212.0 °F + 460 = 672.0 °R
ABSOLUTE STACK GAS PRESSURE
P...
Pe = Poar + 25 = 30.26  in.Hg
STACK GAS VELOCITY
T
V, = (85.49)(C, )(avgVAP ) |——— = 106.027  ft/sec
A [ACA
STACK GAS VOLUMETRIC FLOW RATE, actual
Q,=60xV,xA, = 2,220.63 acfm
Stack Area = 0.34907 ft°
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, wet basis
Qugy = {%J(QQ[?—SJ = 176459  scfm, wb
99 s 105,875 scfh, wb
STACK GAS VOLUMETRIC FLOW RATE,
standard conditions, dry basis
28 P,
Quq - [5559—2}(05)[?5]0 ~Bys) - 3152 dscfm
] s 1,891 dscfh
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USEPA Nethod 18 Field Data Summary

Company: Houston Refining
Location: Houston, TX
Source: 736 DCU
Sample: Methanol
Test Date: 7/21/2011
Run # : 308-1
Test Length (min): 24.62
Test Time: 10:26 - 10:55
Ppar : 29.98 in Hg
Qs : 2,158 dscfh
Spiked Train: Sample Train:
V., Spiked: 15.434 liters V,, Sample: 7.700 liters
V., Spiked: 0.545 cubic ft V., Sample: 0.272 cubic ft
Y Spiked : 1.000 Y Sample : 0.951
T., Spiked: 88.0 °F T Sample: 88.0 °F
AH Spiked: 0.30 in. H,O AH Sample: 1.00 in.H,O
Test Date: 7/21/2011
Run #: 308-2
Test Length (min): 64.72
Test Time: 18:15-19:19
Ppar: 30.00 inHg
Qs : 1,075 dscth
Spiked Train: Sample Train:
V., Spiked: 19.991 liters V., Sample: 13.593 liters
V., Spiked: 0.706 cubic ft V., Sample: 0.480 cubic ft
Y Spiked : 0.975 Y Sample : 1.000
T, Spiked: 876 °F T, Sample: 91.8 °F
AH Spiked: 0.73 in. H,0 AH Sample: 1.31 in. H,0
Test Date: 7/27/2011
Run #: 308-3
Test Length (min): 68
Test Time: 13:37 - 14:45
Par : 30.06 in Hg
Qs: 1,891 dscfh
Spiked Train: Sample Train:
V,, Spiked: 27.244 liters V., Sample: 42.382 liters
V., Spiked: 0.962 cubic ft V., Sample: 1.497 cubic ft
Y Spiked : 0.975 Y Sample : 1.000
T, Spiked: 1026 °F T., Sample: 102.9 °F
AH Spiked: 0.18 in. H,0 AH Sample: 1.26 in. H,0
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COMPANY
LOCATION
SOURCE

RUN NO

TEST TIME

TEST DATE

CYCLE TIME (HRS)
Stack Gas Parameters
Temperature, av. °F
Velocity, av. ft/sec
Volume flow, acfm
Volume flow, scfm
Volume flow, dscfm’
Volume flow, scfth
Volume flow, dscfh
Moisture, av. % vol
CO,, av. % vol, db

0O,, av. % vol, db

Spiked Train Parameters
Time, min

Volume, std liters
Volume, dscf

Unspiked Train Parameters
Time, min

Volume, std liters

Volume, dscf

Methanol Data
Spike Recovered (R), fractional

Concentration
ppbv db
mg/dscm
Ib/dscf x 10°°

Emission Rate
Ib/hr
Ib/cycle

SUMMARY OF METHANOL TEST RESULTS

. Houston Refining

Houston, TX
736 DCU

308-1
10:26 - 10:55
7/21/2011
0.833

2124
73.880
1,547
1,221
36
73,260
2,158
98.81
0.00

20.50

25
14.911
0.527

25
7.087
0.250

-525.419

-1,124
-1,497
-0.09349

-0.00020
-0.00017

308-2
18:15 - 19:19
7/21/2011
1.317

2124
91.306
1,912
1,509
18
90,540
1,075
98.81
0.50

19.50

65
18.877
0.667

65
13.084
0.462

-109.900

-1,677
-2,234
-0.13946

-0.00015
-0.00020

308-3
13:37 - 14:45
7/27/2011

212
106.027
2,221
1,765
32
105,875
1,891
98.21
0.50

18.50

68
25.057
0.885

68
40.063
1.415

20.026

94
125

0.00778

0.00001
0.00002

Average

2123
90.405
1,893
1,498
28
89,892
1,708
98.61
0.33

19.50

-903
-1,202
-0.07506

-0.00011
-0.00012
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_____ Houston Refining LP
—— - Source: 736 Coker Unit

Test Dates: July 18 through August 3, 2011

APPENDIK B Field Data

H866-34
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USEPA Method 18 Field Data Summary

Company: Houston Refining
Location: Houston, TX
Source: 736 DCU
Sample: Methanol
Test Date: 7/21/2011
Run # : 308-1
Test Length (min): 24.62
Test Time: 10:26 - 10:55:37
Pyar & 29.98 in Hg
Qs: 2,158 dscfh
Spiked Train: Sample Train:
V,, Spiked: 15.434 liters V., Sample: 7.700 liters
Vi, Spiked: 0.545 cubic ft Vi, Sample: 0.272 cubic ft
Y Spiked : 1.000 Y Sample : 0.951
T Spiked: 88.0 °F T Sample: 88.0 °F
AH Spiked: 0.30 in.H,O AH Sample: 1.00 in. H,O
Test Date: 7/21/2011
Run # : 308-2
Test Length (min): 64.72
Test Time: 18:15-19:19:43
Ppar: 30.00 inHg
Qs: 1,075 dscth _
Spiked Train: Sample Train:
V,, Spiked: 19.991 liters V,, Sample: 13.593 liters
V,, Spiked: 0.706 cubic ft V., Sample: 0.480 cubic ft
Y Spiked : 0.975 Y Sample : 1.000
Tm Spiked: 876 °F T Sample: 91.8 °F
AH Spiked: 0.73 in.H,0 AH Sample: 1.31 in.H,0
Test Date: 7/27/2011
Run # : 308-3
Test Length (min): 68
Test Time: 13:37 - 14:45
Ppar: 30.06 inHg
Qs: 1,891 dscfh
Spiked Train: Sample Train:
V,, Spiked: 27.244 liters Vy, Sample: 42.382 liters
V,, Spiked: 0.962 cubic ft V., Sample: 1.497 cubic ft
Y Spiked : 0.975 Y Sample : 1.000
T., Spiked: 102.6 °F T Sample: 1029 °F
AH Spiked: 0.18 in. H,0 AH Sample: 1.26 in. H,0
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Methanol Laboratory Data Summary

== ss =
L 2N
Client Houston Refining
Location Houston, TX
Source 736 DCU
Date: 7/21/2011
Run No 308-1
Spiked Spiked Train Unspiked Train
Value Analysis Analysis
Molecular (S) (M) (M)
Compound Weight (micrograms) (micrograms) (micrograms)
Methanol 32.04 17.6 2,485.0 5,576.0
Client: Houston Refining
Location: Houston, TX
Source: 736 DCU
Date: 7/21/2011
Run No: 308-2
Spiked Spiked Train Unspiked Train
Value Analysis Analysis
Molecular S) M) M)
Compound Weight (micrograms) (micrograms) (micrograms)
Methanol 32.04 17.6 2,700.0 3,212.0
Client: Houston Refining
Location: Houston, TX
Source: 736 DCU
Date: 7/27/2011
Run No: 308-3
Spiked Spiked Train Unspiked Train
Value Analysis Analysis
Molecular (S) (M) (M)
Compound Weight (mic‘rggrams) (micrograms) (micrograms)
Methanol 32.04 17.6 415.0 <100
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Houston Refining LP
— E —4 E Source: 736 Coker Unit

Test Dates: July 18 through August 3, 2011

APPENDIK C Analytical Data

H866-34
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V" ENVIRONVENTAL NG INC.
Project Name: Lyondeil Basell (Houston Refining)
Project Number: Houston Refining-ICR H09487
Sample Location: Houston, TX
Sample Date: 7-29-11, 8-1-11, 8-2-11
Analysis Date: 8-4-11, 8-10-11 to 8-12-11
Analytical Method: M-18, and ASTM 1946/1946 Fixed Gases
Prepared For: Prepared By:
ARI Environmental, Inc. ARI Environmental, Inc.
1710 Preston Road, Unit C 1710 Preston Road, Unit C
Pasadena, TX 77503 Pasadena, TX 77503
Project Manager: Greg Burch Jim Presley, Senior Chemist
Phone: (713) 946-6222 Phone: (713) 946-6222 Ext 309
Fax: (713) 946-8813 Fax: (713) 946-8813
E-mail: gburch@arienv.com E-mail: jpresley@arienv.com

- This analytical report has been made for your exclusive and confidential use.
- The results and interpretations expressed in this report represent the best judgment of ARI Environmental, Inc.
- This report shall not be reproduced, except in full, without the expressed written approval of ARt Environmental, Inc.

ARI Environmental, Inc. Texas NELAP ID: T104704428-10-2
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Laboratory Analytical Report
AR Project Number:

Houston Refining-ICR H09487
Page Number: 2 of 5

PROJECT NARRATIVE

This report contains the results of analyses performed on samples received under the project
name referenced on the cover page and identified with the ARI Project Number:
Houston Refining-ICR H09487

g
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N
g
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<

All analytical results reported under this report number apply only to the samples as received and
properly identified in the signed chain-of-custody. The original chain of custody documentation is

included with this report.

The samples were received in good condition and were logged in on 8/3/11. The samples were
analyzed at the ARI Environmental, inc. laboratory located in Pasadena, TX between 8/4/11 and

8/12/11.

Unless otherwise noted in this project narrative, all test results reported in this analytical report
meet all requirements of the NELAC standards and all requirements set forth in the applicable
USEPA reference methods.

This report will be filed for a minimum of five years after which it may be destroyed without further
notice, unless otherwise arranged by the sponsoring client. The samples received and described in
this report will be filed for 60 days after which they may be properly disposed without further notice,
unless otherwise arranged by the sponsoring client.

Sample Receipt Quality Assurance:

Unless otherwise noted, all sample receipt criteria listed on the ARI Sample Receipt Checklist were
met.

Analytical Quality Assurance:

Unless otherwise noted, all sample analyses met the procedural requirements and QA/QC criteria
contained in the test method(s), associated analytical standard operating procedure(s), and, where
applicable, the project test plan.

C-2



=== Laboratory Analytical Report
— 1 ARI Project Number:
'emﬁmﬁm_? - Houston Refining-ICR H09487

Page Number: 3 of 5

Data Interpretation and Comments:

Unless otherwise noted, there were no deviations from the test methods and no non-standard
conditions that may affect the quality of the test results.

Method 18 requires the determined concentrations be corrected for bias from matrix interferences
and moisture.

The lower percent recovery was used in all determinations of bias for recovery. No results were
corrected downward where the recovery study had greater than 100% recovery.

The correction for moisture was done with the highest percent moisture determined on all analysis
days assuming saturated conditions in the bag.

Therefore the M-18 results are the most conservative estimates of the bias corrections was used
for all sample runs.

o A &—r2—t/

Date

Ocan 1ol k. 8-12- 20l

Signature: Ron White, Laboratory Manager Date




Laboratory Analytical Report
- — ARI Project Number:

- . . Houston Refining-ICR H09487

Page Number: 4 of 5

SAMPLE ID AND METHOD SUMMARY

JLO! A ¥
Bag 1 Run 7 H41156 H0811017 | M-18 C1 to C6 Hydrocarbons
Bag 1 Run?7 H41156 H0811017 | ASTM 1945/1946 Mol Wt
Bag 2 Run 8 H41154 H0811018 | M-18 C1 to C6 Hydrocarbons
Bag 2 Run 8 H41154 HO0811018 | ASTM 1945/1946 Mol Wt
Bag 3Run 9 H41155 H0811019 | M-18 C1 to C6 Hydrocarbons
Bag 3 Run 9 H41155 HO0811019 | ASTM 1945/1946 Mol Wt
Notes:

- The analytical results of the samples listed above are presented on the following pages.

Notes:

- All calculations are performed before rounding to avoid round-off errors in final resuits.

- Results noted as “ND” were not detected below the stated limit.

- This report shall not be reproduced, except in full, without the expressed written approval of ARl Environmental, Inc.
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o E Laboratory Analytical Report
—a— ARI Project Number:
P eimoienra W e Houston Refining-ICR H09487

Page Number: 5 of 5
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c

DATA FLAGGING CRITERIA

Quality control deficiency observed and flagged as noted.

A target analyte or common lab contaminant was identified in the blank which may indicate field or
lab contamination.

The sample(s) required dilution due to analyte detection over the highest calibration point. Test
results are from a diluted sample.

The results are reported as estimated since the data exceeds the upper calibration limit.
Analyte was identified, but below the limit of quantitation (LOQ).
Analyte was not detected (below the limit of detection)..

Sample(s) analyzed outside of maximum recommended holding time.
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Client Lyondell (Houston Refining) —_— ===

Location Pasadena, TX ———r——

Source 736 Coker =_-= E E

Sample Dates 7129111, 811111, 8/2/11 W NN B WA
W ENVIRONMENTAL N INC.

[ “ASTM 1945/1946 Composition Summary & Molecular Wt. ]

Lab No H0811017 H0811018 H0811019

Sample No H41156 H41154 H41155

Description Bag1Run7 Bag2 Run 8 Bag 3 Run9

Component Mol % Nol % Nol %

Hydrogen 1.7 0.22 6.4

Oxygen 19.7 20.2 16.8

Nitrogen 73.7 75.7 63.1

Methane 2.5 0.63 9.8

Carbon Monoxide <0.050 <0.050 <0.050

Carbon Dioxide 0.16 0.11 0.49

Ethylene 0.031 <0.010 0.14

Ethane 0.25 0.071 1.0

Acetylene <0.010 <0.010 <0.010

Hydrogen Suifide 0.066 <0.010 0.11

Propane 0.037 0.011 0.10

Propylene 0.012 <0.010 0.040

Isobutane <0.010 <0.010 <0.010

n-Butane 0.012 0.013 0.019

c-2-Butene 0.010 <0.010 <0.010

1-Butene 0.015 0.012 0.016

Isobutylene 0.012 <0.010 <0.010

t-2-Butene <0.010 <0.010 <0.010

1,3-Butadiene <0.010 <0.010 <0.010

Isopentane 0.019 <0.010 0.012

n-Pentane <0.010 0.028 <0.010

n-Hexane <0.010 <0.010 <0.010

Mol wt 27.61 27.89 25.43
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USEPA Method 4
Relative Humidity and Moisture Calculation
Using Wet Bulb/Dry Bulb Measurements

Client: Lyondell (Houston Refining)

Location: Pasadena, TX

Source: 736 Coker

Analysis Date: 8/11/2011

Sample No.: All Samples

Data Input:

Barometric pressure (P,,): 29.91 inches Hg
Dry bulb (ty) or ambient {T,,,) temperature: 714 9F

Wet bulb temperature (t,} 71.4 °F

Static Pressure {Sy): 0.0 inches H0

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):
A‘!‘solmpmm - e .

Actual Vapor prassure: [

Fractioriaj moistirs contsnt:.

Moisture conterit: -

A= 8,361

B8=1893.5
C=27.65

Percent moisture at saturated coriditions:

Percent relative humidity:

Parcent moisture used for emissions calculations:

For Bag Calculations not Stacks =

Pargent mbisture used for emissions calculations:

29,91 inches Hg

759.74 mm Hg

0.7643 inches Hg

0.7643 inches Hg

0.0256 B,

2.56 %

294.9 °Kelvin

0.0242 B,

242 %

100.00 %

242 %

0.0242 fractional

0.9758 correction

C-33



|

]

USEPA Method 4
Relative Humidity and Moisture Calculation
Using Wet Bulb/Dry Bulb Measurements

;‘.:“::lh
Elﬂlll

Client: Lyondell (Houston Refining)
Location: Pasadena, TX

Source: 736 Coker

Analysis Date: 8/10/2011 ;

Sample No.: . All Samples

Data input:

Barometric pressure (Py,,): 29.88 inches Hg
Dry bulb (ty) or ambient {T,n) p a: 69.7 °F

Wet bulb temperature (t,) 69.7 °F

Static Pressure (S): 0.0 inches H;0

Sample calculations @ standard conditions (29.92 inches Hg, 68.0 °F):

“Absolute Pressure:” :

= 29.88 inches Hg

= 758.98 mm Hg

Sy = 0.7140 inches Hg
Hetual vapor pressuréi, .
= 0.7140 inches Hg
Fractional moisture.content:
= 0.0239 B,,
Molsturg content: -
239 %
Fractional. moisture content of gas at Saturated conditions:
= 293.9 %Kelvin
where:
A= 8.361
518035 = 0.0228 B,
C€=27.65
Parcent méisture at saturated conditions:
= 2.28 %
Percant relativa humidity:
= 100.00 %
Peirent malsture used foremission
For Bag Calculations not Stacks = 2.28 %
-Percent méfsture used for emissions Gaiculatioris:
= 0.0228 fractional
= 0.9772 correction
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10

11

12

13

14

15

16

17

18

18

Component Area
Methane 27426
Ethane 532.1
Ethylene 64.6
Propane 106.2
Propylene 23.1
Isobutane 12.2
n-Butane 19.0
t-2-Butene 10.9
1-Butene 8.6
Isobutylene 84
c-2-Butene 13.3
Isopentane 2786
n-Pentane 328
13-Butadiene 6.0
n-Hexane 76.3

3683.6

Lab name: ARI Environmental
Clignt: Houston Refining
Client ID: H41156
Analysis date:
Method: M-18
Lab ID: HO811017
Description: 1:30 Dil
Data file: DC811-15.CHR ()
Sample: DCU Bag1 Run7

-20.00

08/10/2011 16:08:53

500.00

- Ethylene/3.200

== Propane/4.483

~'—’7Pr86y|ene/7.966

Isobutane/8 733
- n-Butane/9.133

-/9.850

s

¥

; /t-7-nmpm=/11 766
+ 1-Butene/12.066

’enkuh:lanal‘i 2 ARND

-o n..
/1? tenel12 683

13 q1ﬁ.ntane/13 216
==-—"n-Pentane/13.583

> 13-Butadiene/14.266

[“ﬂ ey

-M& 360 -
-115.633

-/16.133
-/16.583

» -/17.250
~—=== r-Hexane/18.000
-/18.650

= Ethane/2.383

Methane/1.900

C-35



Lab name: ARI Environmental
Client: Houston Refining

Client ID: H41156

Analysis date: 08/10/2011 16:33:53

Method: M-18
Lab ID: H0811017
Description: 1:30 Dil

Data file: DC811-16.CHR ()
Sample: DCUBag1 Run7

-20.00 500.00
1k
2+ f— Methane/1.916
Co——————==> Ethane/2.383
3( = Ethylene/3.200
ab
== Propane/4.450
5 (-
6
7C
8k = Propylene/7.916
> lsobutane/8.700
S = n-Butane/9.100
10}
11
> 1-2-Ritene/11 75
12L T ‘A %?‘:?/?2. 500
3 el 12 668
13 [-129n0 :
E» Isopentane/13.200
=- n-Pentane/13.550
Lo
4 ¢ 13-Butadiene/14.250
|
15
-15 333
-115.733
18- }.16.433
118 522
17}~ -116.91
-117.400
18- ~=== n-Hexane/17.983
19 L -118.816
Component Area
Methane 2692.6
Ethane 518.8
Ethylene 62.4
Propane 103.5
Propylene 22.8
Isobutane 10.0
n-Butane 154
t-2-Butene 7.2
1-Butene 4.4
Isobutylene 5.8
c-2-Butene 8.6
Isopentane 215
n-Pentane 236
13-Butadiene 26
n-Hexane 64.9
3564.1
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11

12

13

4| 13-Butadiene/14.250
15 . -5 033
» {15 333
; -115.616
16 | sam 2o
| -116.366
17 [ -116.750
| -117.400
18 ‘ra n-Hexane/17.983
19r |.18345
Component Area
Methane 2695.3
Ethane 517.3
Ethylene 61.9
Propane 103.3
Propylene 216
Isobutane 11.6
n-Butane 14.4
t-2-Butene 5.6
1-Butene 3.2
Isobutylene 45
c-2-Butene 5.0
Isopentane 16.5
n-Pentane 16.8
13-Butadiene 2.0
n-Hexane 482
3527.0

Lab name: ARI Environmental
Client: Houston Refining
Client ID: H41156
Analysis date:
Method: M-18
Lab ID: H0811017
Description: 1:30 Dil
Data file: DC811-17.CHR ()
Sample: DCUBag1 Run 7

-20.00

08/10/2011 16:58:53

500.00

=

> Ethane/2.383

f
~ Ethylene/3.166

~= Propane/4.416

> Propylene/7.883

» Isobutane/8.666
> n-Butane/9.083

= t-2-Rutena/11 750
+ *0% m4e12.050
leahithidanaldd A4

[ c-2-Butene/12.65

‘[- Isopentane/13.200
P n-Pentane/13.550

Methane/1.900
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Lab name: ARI Environmental
Client: Houston Refining
Client ID: H41156
Analysis date: 08/11/2011 10:29:29
Method: M-18
Lab ID: HO811017
Description: 1:60 Dil
Data file: DC811-27.CHR ()
Sample: DCU Bag 1 Run 7 Spike

Comments: 9800 mi N2, 2000 ml of 1000 STD, 200 ml Sample,

-40.00 1000.00
1 —
oL = Methane/1.883
— Ethane/2.350
3r == Ethylene/3.150
A4
F: — Propanef4.400
il
6 -
7 -
8L =~ Propylenef7.800
i Isobutane/8.566
ol ff_ n-Butane/9.000
10
np TS
1./11.450 _ t-2-Rutenait1 583
12 = 1-Butene/11.883
B snh ivlanal12 222
: e ¢-2-Butene/12.483
13} Isopentane/13.000
—- - e - n-Pentane/13.416
141+ 13-Butadiene/14.083
15+
16+ -115.966
17k -/16.716
= -17.400
18l L n-Hexane/17.783
191 -/19.050
Component Area
Methane 1894.5
Ethane 1639.5
Ethylene 1422.8
Propane 21271
Propylene 2080.9
Isobutane 2771.8
n-Butane 2882.3
{-2-Butene 29126
1-Butene 2874.0
Isobutylene 27227
c-2-Butene 2886.9
Isopentane 35345
n-Pentane 35779
13-Butadiene 2770.5
n-Hexane 4084.2
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Lab name: ARI Environmental
Client: Houston Refining
Client ID: H41166
Analysis date: 08/11/2011 10:54:29
Method: M-18
Lab ID: H0811017
Description: 1:60 Dil
Data file: DC811-28.CHR ()
Sample: DCU Bag 1 Run 7 Spike

Comments: 9800 ml N2, 2000 m! of 1000 STD, 200 mi Sample,

-40.00 1000.00
1 -
2 L = Methane/1.883
— Ethane/2.350
3 p= Ethylene/3.133
4
’; Propane/4.383
S5+ :
6 -
s .
8l F:_. P — Propylene/7.766
' Isobutane/8.550
gl ‘( n-Butane/8.983
10F
1L » -[10.733
o t-2-Butene/11.550
121 — 1-Butene/11.866
_ - - [gnhilanal13 218
¢-2-Butene/12.466
13 e — o Isopentane/12.983
‘(__ — n-Pentane/13.400
14 o 13-Butadiene/14.066
5 |aese
-116.550
16 -116.066
ol |88
i~ -117.383
18- o P = ~— n-Hexane/17.766
10l
Component Area
Methane 1850.9
Ethane 1614.4
Ethylene 1397.7
Propane 21119
Propylene 2004.9
{sobutane 2801.7
n-Butane 29315
t-2-Butene 2808.9
1-Butene 2852.2
Isobutylene 2745.7
c-2-Butene 2855.1
Isopentane 3533.9
n-Pentane 3548.1
13-Butadiene 2764.1
n-Hexane 41151
39935.9
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Lab name: ARI Environmental

Client: Houston Refining

Client ID: H41156

Analysis date: 08/11/2011 11:19:28

Method: M-18
Lab {D: HO811017

Description: 1:60 Dil

Data file: DC811-28.CHR ()
Sample: DCU Bag 1 Run 7 Spike

Comments: $800 ml N2, 2000 m{ of 1000 STD, 200 mi Sample,

-40.00 1000.00
1
2 — - Methane/1.883
o = === Ethane/2.350
3 - Ethylene/3.133
4
P e Propane/4.366
5
B
7
8 ‘.:__ R Propylene/7.750
— Isobutane/8.533
9 F = n-Butane/8.966
10 .
1" - -10.716
= = = e 1-2-Butene/11.550
12 o= e 1-Butene/11.866
= — leahthilanal12 215
i ¢c-2-Butene/12.466
13 = — Isopentane/12.983
— . n-Pentane/13.400
14 [ — s {3-Butadiene/14.066
(“1na.600
16 -114 983
-1k 283
-115.566
16 -116.100
17 -116.833
¢ /17.383
18 r.. - n-Hexane/17.766
19
Component Area
Methane 1844.6
Ethane 1611.3
Ethylene 1390.2
Propane 2107.2
Propylene 2002.2
Isobutane 2769.2
n-Butane 2868.8
{-2-Butene - 2807.9
1-Butene 2843.8
Isobutylene 2740.8
c-2-Butene 2873.0
Isopentane 3534.9
n-Pentane 3563.7
13-Butadiene 2714.0
n-Hexane 4123.1
39795.0
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Lab name:
Client:

Client 1D:
Analysis date;
Method:

Lab ID:
Description:
Data file:

ARI Environmental
Houston Refining
H41154

08/10/2011 17:22:23
M-18

H0811018

1:10 Dil
DC811-18.CHR ()

Sample: DCU Bag 2 Run 8
.20.00 500.00
T
oL p— Methane/1.916
oo - Ethanef2.366

3r > Ethylene/3.166

4r ~=> Propane/4.383
5

6l

7L

sk = -/7.850

L > Isobutane/8.650
9 = n-Butane/9.066

10
1M
> t-2-Rutena/11 716
12 1;Rutens/12,016
lenhishilanal1) ANnN
c-2-Butene/12.633
13- i Isopentane/13.166
L n-Pentane/13.533
14 13 Butadiene/14.216
5L -
» ~(15 300
1 /15.600
16 } -116.200
y MAa 718
17 14/16.950
} -/17.366

18 = n-Hexane/17.950

19 1-/18.883
Component Area
Methane 2699.8
Ethane 625.7
Ethylene 68.1
Propane 89.8
Propylene 0.0
Isobutane 76
n-Butane 13.3
t-2-Butene 5.5
1-Butene 3.2
Isobutylene 3.0
c-2-Butene 38
Isopentane 11.4
n-Pentane 11.2
13-Butadiene 1.0
n-Hexane 34.6
3578.2
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10

11

12

13

Lab name:

-20.00

AR} Environmental
Client: Houston Refining
Client ID: H41154
Analysis date:
Method: M-18
Lab ID: H0811018
Description: 1:10 Dit
Data file:
Sample:

08/10/2011 17:47:23

DC811-19.CHR ()
DCUBag2 Run8

500.00

-
f

= Ethylene/3.150

/== Propane/4.433

= Propylene/7.883

> Iscbutane/8.666
= n-Butane/9.083

~ t-2-Rutenaf11 733
L 33
leahs |hllnnal1 72 AN0)
719 -E "°nel12 650
[ Isopentane/13 183
# n-Pentane/13.550

oV

__._———_—._.—3 Ethane/2.366

Methane/1.916

14 ¢ 13-Butadiene/14.233
15 .15 016

(-8 310
161 [-/15 = -116.066

l
17k 1716983

! -/17.383
18 ‘[>- n-Hexane/17.966

|
191 |

Component Area
Methane 2700.3
Ethane 622.9
Ethylene 67.9
Propane 88.8
Propylene 26.7
Isobutane 76
n-Butane 12.9
t-2-Butene 6.1
1-Butene 2.8
Isobutylene 32
c-2-Butene 4.0
Isopentane 10.5
n-Pentane 9.7
13-Butadiene 16
n-Hexane 29.2
3594.3
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Lab name: ARI Enviranmental
Client: Houston Refining
Client ID: H41154
Analysis date: 08/10/2011 18:12:23
Method: M-18
Lab ID: H0811018
Description: 1:10 Dil
Data file: DC811-20.CHR ()
Sample: DCUBag 2 Run 8

-20.00 500.00
1k
i = Methane/1.916
g —= Ethane/2.366
3 > Ethylene/3.166
4 L
~— Praopane/4.433
sk -
6 [
7 for
sl =- Propylene/7.866
~ |sobutane/8.650
9 > n-Butane/9.066
10}
11+
2‘ t-2-Rutene/11 716
120 % 54 hEe12.016
t tenhithrlanal/t19 IR
{ c-2-Butene/12.61
13- C Isopentane/13.166
= n-Pentane/13.533
14| 43.Butadiene/14.216
e
1 -/15.583
16§ 16,183
. Ma7ia
47L  1-116.933
| -/17.350
18| = n-Hexane/17.950
i -/18.666
19+
Component Area
Methane 2678.8
Ethane 621.7
Ethylene 67.6
Propane 88.4
Propylene 270
Isobutane 7.4
n-Butane 134
t-2-Butene 6.2
1-Butene 24
Isobutylene 36
c-2-Butene 6.0
Isopentane 9.1
n-Pentane 9.2
13-Butadiene 1.8
n-Hexane 231
3565.6
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Lab name: ARI Environmental
Client: Houston Refining
Client ID: H41155
Analysis date: 08/11/2011 09:01:03
Method: M-18
Lab ID: H0811019
Description: 1:200 Dil
Data file: DC811-24.CHR ()
Sample: DCUBag 3 Run g

-20.00

400.00

S —— Ethane/2.350
3r => Ethylene/3.133

“:’ Propane/4.383

8l 7 Propylene/7.883

Methane/1.883

R Isobutane/8.683
9 r - n-Butane/9.083
10F | -10.050
| -/10.416
11 | -/10.900
! t-2-Ritanal/11 71
12 ¢ 1-Butene/12.000
i leahuhilonal/1n 2073
{ c-2-Butene/12.616
13- [ Is%nemntane/{l133.183
> N-Pantal
14k Taace 5%
13-Butadiener/14.150
 -114.616
15} 18 QRN
<15 283
-115.583
18- 1.46.983
7k -16.716
-117.350
18 ( n-Hexane/17.950
19+
Component Area
Methane 1818.3
Ethane 361.3
Ethylene 49.6
Propane 51.3
Propylene 17.9
Isobutane 5.1
n-Butane 7.0
t-2-Butene 3.6
1-Butene 1.8
Isobutylene 1.4
c-2-Butene 3.0
Isopentane 2.2
n-Pentane 2.0
13-Butadiene 6.6
n-Hexane 2.8
2333.7
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Lab name: ARI Environmental

Client: Houston Refining

Client ID: H41155
Analysis date: 08/11/2011 09:26:03
Method: M-18
Lab ID: HO811019
Descriptior: 1:200 Dil
Data file: DC811-25.CHR ()
Sample: DCUBag 3 Run9

-20.00 400.00
1 -
ol ‘( - Methane/1.883
> Ethane/2.333
3r = Ethylene/3.066
ar
~= Propane/4.300
5 [
6
T
sl r— Propylene/7.750
( Isobutane/8.550
9r - n-Butane/8.966
10
r 11.183
t-2-Butene/11.616
121 4 Bibnmntd® 4NN
lenhithidanal/19 00
/ c-2-Butene/12.550
131 Isopentane/13.100
-/13.6683ne/13.466
145 | 13-Butadiene/t4.118
5 -[14.583
18F s
-5 518
16l -[15.816
L e cce
17k i -116.866
{ -117.300
181 } n-Hexane/17.900
19 L
Component Area
Methane 1833.7
Ethane 353.6
Ethylene 48.1
Propane 511
Propylene 18.3
Isobutane 41
n-Butane 7.2
t-2-Butene 27
1-Butene 5.4
Isobutylene 12
c-2-Butene 26
Isopentane 23
n-Pentane 22
13-Butadiene 9.2
n-Hexane 5.9
23475
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Lab name: ARI Environmental
Client: Houston Refining
Client ID: H41155

Analysis date: 08/11/2011 09:51:03

D

Method: M-18
Lab ID: HO811018
escription: 1:200 Di
Data fite: DC811-26.CHR ()
Sample: DCUBag 3 Run 9

-20.00 400.00
.
21 i -~ Methane/1.866
I-—-v-' == Ethane/2.316
3- ,L:-s Ethylene/3.066
a4 L
== Propane/4.300
5r -15.250
6 -
7
sl L. Propylene/7.750
b Isobutane/8.550
g+ - n-Butane/8.966
10l
111
t-2-Butene/11.633
12 } 1-Butene/12.100
c-2-Butene/12.550
131 } Isopentane/13.100
¢ n-Pentane/13.466
14 5 13-Butadiene/14.083
¢ -/14.566
151 { 144’080
-115.233
415 816
18- -116.116
HMe eENn
17k -/16.866
-117.300
18} n-Hexane/17.883
19 {

Component Area
Methane 1845.2
Ethane 354.3
Ethylene 484
Propane 50.2
Propylene 17.8
Isobutane 4,3
n-Butane 7.0
t-2-Butene 3.6
1-Butene 44
Isobutylene 0.0
c-2-Butene 26
Isopentane 25
n-Pentane 26
13-Butadiene 12.0
n-Hexane 6.9

2361.8
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Lab name: ARI Environmental
Analysis date; 08/12/2011 11:39:32
Method: M-18
Data file: DC811-39.CHR ()
Sample: 100 ppmv LCS

-20.00 500.00
4L j-oTe8
-11.250
2k mro———rmm===— Methane/1.883
=~ Ethane/2.250
3 s == Ethylene/2.700
ak [L, Propane/3.783
5 -
6
e — Propylene/6.483
7 -
b = Isobutane/7.666
8- "_—1;433 — - n-Butane/8.100
ol |
> -19.566
T Lugaso
3 S -2 R 4
— 1-Butene/ 10, T1a el 10433
1M+ ' - Isobutylana/11 NAN

c-2-Butene/11.333

12 Cl1 1.900

Isopentane/12.150

e n-Fentane/12.550
13 Ef o 13-Butadiene/12.916
\ -/13.600

- -114 983

ase
151 115.183
16 Y .15816

- -/16.233
- — n-Hexane/16.600
17 {.A7533
181
19l
Component Area

Methane 392.6
Ethane 745.5
Ethylene 7325
Propane 1103.2
Propylene 1046.0
Isobutane 1420.3
n-Butane 1608.4
t-2-Butene 1484.3
1-Butene 1483.8
isobutylene 1397.6
c-2-Butene 1807.9
Isopentane 1882.7
n-Pentane 1895.1
13-Butadiene 1460.9
n-Hexane 22125

202731
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Lab name: ARI Environmental
Analysis date: 08/12/2011 12:04:32

Method: M-18

Data file: DC811-40.CHR ()
Sample: 100 ppmv LCS

500.00

-20.00
[

[

2L ——————====— Methane/1.866

T
|

= Ethane/2.266
Ethylene/2.733

- Propane/3.800

Propylene/6.633

— - lsobutane/7.766

=
I

|

i

'.
e }
=

\

(o]
T
—_—

n-Butane/8.216

-/;'Jgsnn
10k -19.733
t-2-Rutana/10 K83
QI e
= c-2-Butene/11.500
12t (1208 Isopentane/12.266
c - n-Pentane/12.683
13| = 13-Butadiene/13.083
1ab |
| 114 280
15k | -/14.750
Y 415.283
16] L;;:z 58
F -116.366
e S—— n-Hexane/16.750
17
I
el |73
-/18.183
1-/19.750
Componen