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STATEMENT OF CONFORMANCE AND TEST REPORT CERTIFICATION 

I 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 Testins Bodies, and that project management and supervision of all project related 
activities were performed by qualified individuals as defined by this practice. 

I 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. 

Greg Burch, QSTl 
South Central Regional Manager, Source Testing Division 
ARI Environmental, Inc. 
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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 testirlg was conducted on July 18 through August 3, 201 1 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, 201 1. 

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, ARl's test team consisted of Messrs. Zack 
McCain, Chris Hall, Jeff Knapp and Ron Mullins. Sarr~ple 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. 
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SECTION ONE 
TABLE 1-1. POLLUTANTS, TEST RUN DURATION AND UNITS OF MEASURE 

Test Run 
GrouplSub Duration 

~ r o u p '  Pollutant (hours)' Units of Measure 

A1 Speciated Volatile Organic Hazardous 
Air Pollutants (HAP) 

1 Iblhr, pgldscm 

A2 Speciated Semi-Volatile Organic HAP 4 Iblhr, pgldscm 

A1 Aldehydes 1 Iblhr, pgldscm 

A3 Total Hydrocarbons (THC) 1 Iblhr, ppmv db 

A3 Methane, Ethane 1 Ib/hr, ppmv db 

A3 Carbon Monoxide (CO) 1 Iblhr, ppmv db 

C 1 Hydrogen Chloride (HCI), Chlorine (C12), 2 Iblhr, mgldscm 
Hydrogen Fluoride (HF) 

C 1 Hydrogen Cyanide (HCN) 1 Iblhr, pgldscm 

C2 Hydrogen Sulfide (H2S), Carbonyl Sulfide 3 Iblhr, ppmv db 
(COS), and Carbon Disulfide (CS2) 

C2 Total Reduced Sulfur (TRS) Compounds 3 Ib/hr, ppmv db 

D2 Mercury (Hg) 

D 1 Other ~e ta l s "  

D 1 Particulate Matter (PM), PM under 2.5 
microns (PM2.5) (filterable) 

D 1 PM2.5 (condensable) 

D4 Nitrogen Oxides (NO,) 

D4 Sulfur Dioxide (SO2) 

A, B, C, D~ Flow 
Oxygen (02), Carbon Dioxide (C02) 
Moisture 

3 Iblhr, pgldscm 

3 Iblhr, mgldscm 

2 Iblhr, grldscf 

2 Iblhr, grldscf 

2 Iblhr, ppmv db 

2 Iblhr, ppmv db 

Conducted acfm, scfm, dscfm 
simultaneously % volume db 

with the sampling % volume 
in each group 

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. 

1 Concurrent sampling was conducted for all pollutants in each subgroup. 
2 Three test runs were conducted for each pollutant. 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. 

3 Metals included antimony (Sb), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (Co), lead 
(Pb), manganese (Mn), nickel (Ni) and selenium (Se). 

4 ~ l o w s  were measured in a fourth port that was a minimum of 2 inches ID per Method 1A. 
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TABLE 1-2. POLLUTANTS AND TEST METHODS 

GrouplSub 
Group 

A I 

A2 

Pollutant 

Speciated Volatile Organic HAP 

Speciated Semi-volatile Organic HAP 

Aldehydes 

THC 

Methane, Ethane 

CO 

HCI, CI2, HF 

HCN 

H2S, COS, and CS2 

TRS Compounds 

Test Methods 

USEPA Methods 18 and 308 

SW-846 Method 001 0 with SW-846 
Method 8270ClD analytical finish 

SW-846 Method 0011 with SW-846 
Method 831 5A 

USEPA Method 25A 

USEPA Method 18 

USEPA lblethod 10 

USEPA Method 26A 

USEPA Other Test Method (OTM) 29 

USEPA Method 15 

USEPA Method 16A 

D2 H g 

D 1 Other Metals 

D 1 PIbl, Condensable PM 

D4 S02, NO, 

ASTM D6784-02 (Ontario-Hydro Method) 

USEPA Method 29 

USEPA Methods 51202 

USEPA Methods 6C and 7E 



- I I n=== = m = -= 
TENV/RONMENTAL INC. 

SECTION TWO 

Houston Refining LP 
Source: 736 Coker Unit 

Test Dates: July 18 through August 3, 201 1 
Page: 4 of 65 

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 0010,001 1,8270CiD and 8315A; ASTM D6784-02 (Ontario-Hydro Iblethod); 
and the Quality Assurance Handbook for Air Pollution Measurement Svstems, Volume Ill, 
Stationary Source Specific Methods. All methods followed are those listed in Component 4 of 
the Petroleum Refinery Emissions lnformation Collection, Part VIII, Test Procedures, Methods 
and Reporting Requirements for the lnformation Collection Request for Petroleum Refineries. 

2.2.1 Sampling Location (USEPA Method ?A) 

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 deterrrlined followi~ig 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) 

O2 and C02 concentrations were determined following USEPA Method 3A using an integrated 
bag system and analysis by Orsat or Method 3A procedures using ARl's Servomex, Inc. lblodel 
1440C combination paramagnetic O2 and non-dispersive infrared C02 analyzer. SO2 sampling 
followed USEPA Method 6C procedures using ARl's Ametek (Bovar) Model 721-ATM non- 
dispersive ultraviolet SO2 analyzer. NOx sampling followed USEPA Method 7E procedures 
using ARl's California Analytical Instruments, Inc. Model 600-CLD chemiluminescent NOx 
analyzer with low temperature NO2 to NO conversion. CO sampling followed USEPA Method 
10 procedures using ARl's Thermo Environmental Instruments, Inc. Model 48i gas filter 
correlation non-dispersive infrared CO analyzer. 
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Testing and Analytical Procedures 
FIGURE 2-1. 736 COKER UNIT STACK SAMPLING LOCATION 
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As shown in Figure 2-2, ARl'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 ARl's 02,  C02, SO2, NOx and CO analyzers. 

ARl'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 Enviror~ics 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 prelpost 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 ARl'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 lblethod 4 and saturated vapor stream calculation 
techniques. The lower of the two moisture values was used in the en-~issior~ rate calculations as 
required in Method 4. The following calculation was used to determine the stack moisture 
content at saturation: 

- S.V.P. 
Bws@saturation - D 

pbar+ I static 

13.6 

where: 

S.V.P. = Saturation vapor pressure at the stack temperature, in. Hg 
Pbar = Barometric pressure, in. Hg 
Pstatic = Absolute stack pressure, in. H20 
13.6 = Conversion faction, in. Hg to in. H20 

2.2.5 PM/PMZm5 (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 



C
al

ib
ra

tio
n 

FI
G

U
R

E
 2

-2
. 

A
R

I R
E

FE
R

E
N

C
E

 M
E

TH
O

D
 C

02
, 0

2
, S

02
, N

O
x A

N
D

 C
O

 S
A

M
P

LI
N

G
 S

Y
S

TE
M

 

T
ee

 

C
al

ib
ra

ti
o

n
 G

as
 D

ilu
ti

o
n

 S
ys

te
rn

 
E

nv
iro

ni
cs

 M
od

el
 4

04
0 

C
on

de
ns

er
 

. 
. 

D
at

a 
R

ec
or

de
rl

Lo
gg

er
 

,
 . 

.. 
S

am
pl

e 
:',

,'\
 

,
 

. 
T

ra
ns

po
rt

 
S

am
p

le
 C

on
di

tio
ne

r 
U

ni
ve

rs
al

 A
na

ly
ze

r,
 In

c.
 

P
um

p 
T

ef
lo

n 
M

od
el

 3
08

2S
S

 

C
ar

bo
n 

D
io

xi
de

 
A

na
ly

ze
r 
- N

on
- 

D
is

pe
rs

iv
e 

S
er

vo
m

ex
, I

nc
. M

od
el

 1
44

0C
 

4
 

I 
I 

I 
I 

I 

C
ar

bo
n 

M
on

ox
id

e 
A

na
ly

ze
r 
- G

as
 F

ilt
er

 
C

or
re

la
tio

n 
In

fr
ar

ed
 

Th
er

m
o 

E
nv

ir
on

m
en

la
l 

ln
st

ru
m

en
ls

 M
od

el
 4

8i
 

N
itr

og
en

 O
xi

de
s 

A
na

ly
ze

r 
- 

C
he

m
ilu

m
in

es
ce

nt
 

C
al

ifo
rn

ia
 A

na
ly

tic
al

 
ln

st
m

m
en

ls
 M

od
el

 G
O

O
C

LD
 

O
xy

g
en

 A
n

al
yz

er
- 

P
ar

am
ag

ne
tic

 
S

ew
o

m
ex

. I
n

c 
M

od
el

 1
44

0C
 

S
u

lf
u

r 
D

io
xi

de
 

A
na

ly
ze

r 
- 

U
on

-d
is

pe
rs

iv
e 

U
ltr

av
io

le
t 

A
m

el
eW

B
ov

ar
 

M
od

el
 7

2 
1-

A
TM

 



T
H

E
R

M
O

C
O

U
P

L
E

 

-
-
-
-
-
-
 

P
lT

O
T

 T
U

B
E

 

IM
P

IN
G

E
R

 C
O

N
T

E
N

T
S

 

1.
 

E
m

pt
y 

2
. 

E
m

pt
y 

3.
 

10
0 

rn
L 

de
io

ni
ze

dl
di

st
ill

ed
 w

at
er

 
4.

 
20

0 
g 

si
lic

a 
ge

l 
-
 Va

cu
um

 P
um

p 

F
IG

U
R

E
 2

-3
. 

U
S

E
P

A
 M

E
T

H
O

D
 5

12
02

 P
A

R
T

IC
U

L
A

T
E

 M
A

T
T

E
R

 S
A

M
P

L
IN

G
 T

R
A

IN
 



SECTION TWO 

Houston Refining LP 
Source: 736 Coker Unit 

Test Dates: July 18 through August 3, 201 1 
Page: 9 of 65 

2.2.5.1 Sampling Apparatus 

Assembled by ARI personnel, the sarr~plirlg train consisted of ,the following: 

Nozzle - Borosilicate glass. 

Probe - Borosilicate glass with a heating system capable of maintaining a probe exit 
terr~perature 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 k25"F during sampling. 
A thermocouple was placed in the back-half of the filter support in direct contact with ,the 
sample stream. A quartz 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 85OF. A Teflon filter disc was placed in 
the filter holder. 

Draft Gauge - Inclined manometer with a readability of 0.01-in. H20 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 %-in.-i.d. glass tube extending to 
within %-in. of the bottom of the impinger flask. The second and third impingers were 
connected using the ambient filter holder. 

lkletering 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 
kO.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 deionizedldistilled water. 
The fourth impinger contained 200 to 300 g of silica gel. 
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SECTION TWO Testing and Analytical Procedures 
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 85OF at the exit of the ambient filter. 
The second corrlpartment contained ice water to reduce the sample gas to 568°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 lugging the inlet to the nozzle and I: pulling a vacuum of 15-in. Hg. Leak rates of less than 0.02 ft Imin 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 irrlpingers to keep the temperature of the gases leaving the last irr~pinger at 
less than 68°F. 

During sampling, stack gas and sampling train data were recorded at specified intervals. 
lsokinetic sampling rates were based on the maximum volume capable of beiug pulled through 
the meter at approximately 98-1 00 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 impiugers 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 '%-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 distilledldeior~ized water and the 
rinse was added to this container. The liquid level was marked after the container was 
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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 distilledldeionized 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 f1.1nnel. Approximately 30 mL of hexane was added, mixed well and the lower 
orgarlic phase drained off. This procedure was repeated twice, leaving a small amount 
of the organiclhexane 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 105OC 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 0.1 N hlH40H to a pH of 7.0. The aqueous phase was evaporated 
in an oven at 105OC 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. 

H866-34 2-8 
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Container 5 - The contents of this container were corr~bined 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 deionizedldistilled 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 105OC, 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, CS2 and H2S (USEPA Method 15) 

Determination of COS, CS2 and H2S 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 followirlg: 

1. No sample dilution was required (GC range -500 ppm) 

2. Protocol 1 calibration gases were used to calibrate the GC (no permeation tubes) 
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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 SO2 
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 nllmber 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 SO2 using a citrate buffer 
scrubbing solution. TRS compounds were then oxidized in a combustion tube to SO2 and 
collected as sulfate in the hydrogen peroxide (H202) impinger assembly. The sample collection 
assernbly was followed by a dry gas metering system. The mass of TRS as SO2 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 - %-in borosilicate glass or Teflon tubing. 

Particulate Filter - 50 millimeter (mm) Teflon filter holder containing a 1-2 ym porosity 
Teflon filter. The filter holder was heated to a sufficient temperature that prevented 
condensation of moisture (>250°F). 

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 irr~pinger 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 I- in expanded diameter 
combustion chamber with %-in connections on both ends. 

Furnace - Capable of housing and heating the combustion tube to 1,472"F *18O0F. 
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Peroxide lmpiuqers - Four (4) rr~idget impingers connected in series. The first two 
impingers contained 20 mL of 3% H202, the third impinger is initially empty and the fourth 
contained silica gel. 

Dw Gas Meter - Capable of measuring gas volume at a sample rate of 2 LPM at an 
accuracy of k2%. 

The sampling system was assembled with the probe connected to the heated filter followed by 
the citrate buffer SO2 scrubber, then to the heater combustion tube followed by the H202 
impingers and nietering system. The appropriate volumes of solutions were placed in the SO2 
scrubber and H202 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 H2S prior to cleaning the components upstream of the peroxide impingers and 
before recharging the citrate buffer solution. A 30-minute sarr~ple was collected at a rate of 2.5 
LPM and the H202 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 001 0 semi-volatile sample run described in Subsection 2.2.1 7. 

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 ARl's Environics Model 4040 Gas Dilution System. The dilution system 
was verified onsite before the start of testing following procedures described in USEPA Method 
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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 
lmpinger 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 simultaneously 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 Correspondinq Deuterium Count (added to each of the co-located 
trains): 

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

Acrolein 
Acetonitrile 
Toluene 
Trichloroethene 
Methyl iso-Butyl Ketone 
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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 stair~less steel probe with borosilicate glass liner. 

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

lmpinaer 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 k 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. 

Recoverv Surrogate Spiking of lmpinger 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. 
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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 impirlgers of the sampling train were placed into a dry icelmethanol 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 literslminute 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 

San-~ple recovery from each of the co-located sampling trains was conducted as follows: 

Container No. 1 - The contents of midget impingers # I  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 vol~~mes of methanol and added to the Container No. 1 (VOA vial). The 
vial was labeled as Method 18 lSt and 2nd lklethanol lmpinger 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 3rd 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 4th 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 sari-~ples 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 sam~les were recovered in the same manner as 
those for the stacisampling runs. 
H866-34 2-1 6 



--- 
I - - - - -  - ---- - I I ,, I I - - I 
m = m -= 
TENVIRONMENTAL 7 INC. 

SECTION TWO 

Houston Refining LP 
Source: 736 Coker Unit 

Test Dates: July 18 through August 3, 201 1 
Page: 20 of 65 

Testing and Analytical Procedures 
Additiolially, 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 GCIMS 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 alialyzer 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 ARl'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 ARl's data acquisition system which 
consisted of an Omega OMB-DAQ-56 datalogger col-lnected to a computer for digital data 
archiving and data reduction. DaqViewXL and Excel spreadsheet computer software were used 
for calculation of emission rates. 

2.2.1 1 Hydrogen Chloride, Chlorine and Hydrogen Fluoride (USEPA Method 26A) 

HCI, C12 and HF sampling were conducted following USEPA Method 26A. 
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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 impiqgers. The first and second impingers (Greenburg- 
Smith) each contained 100 mL of 0.1 N H2SO4, the third and fourth impirlgers contained 0.1 N 
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 0.1 N H2SO4 was placed in Container 4. 

At ARlls 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. sampliqg train (see Figure 2-8): 

Antimony (Sb) Cobalt (Co) 
Arsenic (As) Lead (Pb) 
Beryllium (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 contairring an acidlperoxide 
solution (back-half catch). 

2.2.1 2.1 Sampling Apparatus 

Assembled by ARI personnel, the sampling train consisted of the following: 
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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. H20 in the 0- to I-in. 
range and 0.1-in. H20 in the I-in. to 10-in. range. 

lmpinaers - 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 acidlhydrogen peroxide mixture, the fourth impinger was empty, and the fifth 
impinger contained approximately 200 grams of silica gel. 

Metering Svstem - 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 
20.1-in. Hg. 

2.2.1 2.2 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 lugging the inlet to the nozzle and !' pulling a vacuum of 15-in. Hg. Leak rates of less than 0.02 fi lmin 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. 
lsokinetic sampling rates were based on the maximum volume capable of being pulled through 
the meter at approximately 98-1 00 percent of moisture and a vacuum of 15 inches of mercury. 
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2.2.1 2.3 Sample Recovery Procedures 

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 (HN03) 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 0.1 N HN03, then transferred to a 
bottle and labeled. The contents of impinger 4 were placed in a graduated cylinder to 
measure the total volume. 

Container 5 - 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. 

2.2.1 2.4 Analytical Procedures 

Containers # I ,  #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). 

ARl's Servomex Model 1440C O2 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 52% from the average response for each standard. The difference between the 
instrument average and the predicted concentration was less than 52% 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 22%. 
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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 tlie 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 - Connectirlg 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 k 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 5 2% of the average sarr~pling rate. Followirlg 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 mLIminute (dependent upon the 
methanol conce~itration 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. 

2.2.1 4.3 Sample Recovery Procedures 

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

Container # I  - The irr~pinger 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 ARl'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 06784-02 - 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 2-1 0): 

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 monitoriqg stack gas velocity. 

Filter Holder - Borosilicate glass with a 4-in. Teflon frit filter SI-~pport 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 sam~ le  stream tem~erature. 
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Draft Gauge - Inclined manometer with a readability of 0.01-in. H20 in the 0- to I-in. 
range and 0.1-in. H20 in the I-in. to 10-in. range. 

lmpinaers - 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 1/2-in.-i.d. glass tube extending to within 1/24. 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 
rr~L of an aqueous solution of 5% HN03 and 10% hydrogen peroxide (H202). The fifth, 
sixth and seventh impingers each contained 100 mL of an aqueous solution of 4% 
potassium permanganate (KMn04) and 10% sulfuric acid (H2S04). The last impinger 
contained 200 g of silica gel. 

Metering Svstem - 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 
kO.1-in. Hg. 

2.2.1 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. 

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 ft3/min at a vacuum of 15-in. Hg were 
recorded in all cases. At the 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 
impirrgers to keep the terr~perature of the gases leavirlg the last impirrger at less than 68°F. 

During sampling, stack gas and sampling train data were recorded at specified intervals. 
lsokinetic sampling rates were based on the maximum volume capable of being pulled through 
the meter at approximately 98-1 00 percent of moisture and a vacuum of 15 inches of mercury. 

2.2.1 5.3 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 HN03 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 HN03 rinsing. The liquid 
level was marked after the container was sealed. 

Container 3 - lmpingers 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 HN03 and placed in a glass 
bottle. Small amounts of 5% KMn04 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% HN03 and the rinses were added to 
Container 3. If the solution was clear, a small amount of 5% KMn04 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 HN03 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 HN03 and 
added to Container 4. 

Container 5 - lmpingers 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 HN03 and added to Container 5. A third 
rinse was conducted using 0.1 IV HN03 and several drops of 10% hydroxylarrrine solution 
and added to Container 5. If the solution was clear, a small amount of H2S04/KMn04 
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 
irr~pingers and glassware was conducted with 0.1 N HN03 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 HN03, 1 N KCI, 5% HNO3/1 0% H202 and 
H2S04/KMn04 were taken for blank analysis. 

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

2.2.1 5.4 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 k 25°F. 

Pitot Tube - Type-S, or equivalent, attached to probe for mor~itoring 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 k 25°F during sampling. 

Filter Media - 4-in. quartz fiber filter. 

Draft Gaune - Inclined manometer with a readability of 0.01 in. H20 in the 0- to 10-in. 
range. 

lmpinners - 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 1/2 in. of the bottom of the impinger flask. 

Meterinn Svstem - Apex Model 522. Vacuum gauge, leak-free pump, thermometers 
capable of measuring temperature to within 5"F, dry gas meter with k2 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 kO.l 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 2-1 1. 
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The sampling train was leak-checked at the sampling site byflugging the inlet to the nozzle and 
pulling a vacuum of 15 in. Hg. Leak rates of less than 0.02 ft /mln 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 C02 was continuously recorded using procedures of USEPA Method 3A. In conjunction, 
a bag sarr~ple of the dry gas nieter effluent was collected to determine the C02 content of the 
sample gas after being subjected to the impinger absorbents. The difference between the stack 
gas and final sample C02 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 irr~pinger 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. lsokinetic 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 impirlgers 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 (S W-846 Method 0010) 

Sarr~plilig in accordance with SW-846 Method 001 0 was conducted for the following target 
analytes: 
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Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine 
Benz[a]anthracene 
Benzo[b]fluoranthene 
Benzo[k]fluoranthene 
Benzo[g , h,i]perylene 
Benzo[a]pyrene 
Benzo[e]pyrene 
Biphenyl 

2-Chloronapthalele 
Chrysene 
Dibenz[a, hlanthracene 
Dibenzofuran 
Dibenzo(a,e)pyrene 
3,3-Dimethoxybenzidine 
Dimethylaminobenzene 
7,12-Dimethylbenz(a)anthracene 
3,3-Dimethylbenzidine 
a, a -Dimethylphenethylamine 
2,4-Dimethylphenol 
Fluoranthene 

Fluorene 
Indeno(l,2,3-cd)pyrene 
lsophorone 
3-Methylcholanthrene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
Phenol 
1,4-Phenylenediamine 
Pyrene 
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 5 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 
nurr~ber 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 ARl's monitoring trailer 

2.2.1 7.2 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:l) 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 *I 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 ARl's monitoring trailer. 

Blanks - During testing, a methanollmethylene chloride blank, Dl 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. 

2.2.1 7.4 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 (S W-846 Method 001 1) 

Sampling for aldehydes (formaldehyde, acetaldehyde, propanal) was conducted in accordance 
with SW-846 Method 001 1 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. Asserr~bled 
by ARI personnel, it consisted of the following: 
H866-34 2-36 
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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 k 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. H20 in the 0- to I-in. range and 0.1 in. H20 in the 1- to 10-in. range. 

lmpingers - 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 112-in.-i.d. glass tube extending to 112-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 kO.l 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 impirrger 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. H20 
manometer reading. Crushed ice was placed around the impingers to keep the temperature of 
the gases leaving the last impinger at 68OF 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. lsokinetic 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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WENVIRONMEMAL INC. 

Houston Refining LP 
Source: 736 Coker Unit 

Test Dates: July 18 through August 3, 201 1 

APPENDIX D ARI Reference Method Monitoring Data 




























































































































































































