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AMERICAN PETROLEUM INSTITUTE

REFINERY A
SOURCE NO. 1

STACK 0. )
Table A-7

SUMMARY OF PARTICULATE TEST DATA

Test data
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Samoiing Data

Samoling Ouration, minutes
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Sarometric Pressure, inchas mercury
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Gas Stream Comoosition

€02, percent by volums
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Fuel Firing Ratio. % Gas: 3 0i1
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1.0 EXECUTIVE SUMMARY

This report presents the results of a field testing effort to
characterize particulate emissions from refinery combustion
sources. The effort included 155 tests on two process heaters
and three boilers over a one year period. The units are de-
scribed in Table 1-1 along with process conditions and number of
tests by category.

The major objective of this program was to determine emission
factors, size distribution, and chemical composition of particu-
lates from refinery combustion sources. This was accomplished by
measuring and analyzing source emissions from several types of
units under a variety of fuel firing and excess air ‘conditions.
The tests were run under steady load conditions.

Key study findings and data interpretation are presented in Sec-
tion 4. A brief discussion of major study findings is given be-
low. ,

1.1 Particulate Emission Rates

Particulate emission rates for heaters and boilers on 100 per-
cent gas or 100 percent 0il were less than those predicted by
EPA emission factors (AP-42).l Emission rates for 100 percent
gas or 100 percent o0il firing ranged from 7 to 87 percent of the
values predicted by AP-42. EPA particulate emission factors are
shown on pages 8 and 12 in the report and compared to our test
data. Emission rates for the two units firing 100 percent gas
ranged from 7 to 65 percent of the lower range predicted by
AP-42 estimates. Emission rates for the two units firing 100
percent oil ranged from 52 to 87 percent of the AP-42 estimates.
Fuel oil emission test results are compared with AP-42 data in
Figure 4-1 of the text. Although survey data are lower than the

lrhe u.s. Environmental Protection Agency developed emission
factors from tests conducted on industrial process boilers
firing either 100 percent gas or 100 percent fuel oil. These
factors were published in AP-42, "Compilation of Air Pollution
Emission Factors,"” Third Edition, with Supplements 1 through 13.
During this project, tests were conducted under both single- and
mixed-fuel-firing conditions. Results from tests completed under
single fuel conditions are compared directly herein with the AP-
42 factors. For those tests performed under mixed-fuel-firing
conditions, comparison emission factors were calculated by pro-
rating the AP-42 emission factors for oil and gas based on the
heat rate of each fuel. -
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AP-42 predicted values, the data are within the range of data
used to develop the AP-42 correlation.

Emission rates for mixed-fuel-firing ranged from 9 percent of
the AP-42 lower limit to 125 percent of the AP-42 upper limit.
Emissions from three of the four units were below those predict-
ed by AP-42.

The effect of excess air on mass emissions was examined. Over
the range of excess air conditions tested, no significant ef-
fects were observed.

l.2 Particle Size Distribution

The particle size distribution (PSD) test results indicate that
relatively small particles are produced during both gas and oil
firing. The data show that ~ 50 weight (wt) percent of the par-
ticles for most tests were submicron (<1 um). An average of
about 75 percent of the particles by weight were <10 um effec-
tive aerodynamic diameter. Excess air showed no effect on size
distributions. The data show that a greater weight percentage
of small particles is formed during gas firing than for oil-
and mixed-fuel-fired conditions.

1.3 Chemical Composition-

Particles were analyzed for heavy metals, extractable organics,
sulfates, nitrates, and elemental carbon, hydrogen, and nitro-
gen. The particles generally contained small quantities of met-
als (<2 wt percent) and no nitrates (<0.1l wt percent). Organ-
ics content varied widely from less than 1 percent to over 50
percent. Sulfate content ranged from 25 to 85 wt percent. The
remaining chemical consituents were not identified in this
study.

l.4 Nitrogen Oxides
Results of limited oxides of nitrogen testing indicated that

NO; emissions increased with rising excess air levels and al-
so with the proportion of o0il fired in those sources.
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2.0 INTRODUCTION

2.1 Background

The importance of airborne particulate size and chemical compo-
sition is being examined by EPA as the Agency considers revising
the National Ambient Air Quality Standard for particulate mat-
ter. The impact of discrete size fractions and fine or respira-
ble particles is being considered rather than the currently con-
trolled total suspended particulate (TSP) matter.

As mandated by the Federal Clean Air Act, the promulgation of a
revised particulate standard could have impact on control strat-
egies and revisions to the existing State Implementation Plans.
This would affect many source types, including refinery combus-
tion sources (i.e., steam generators and process heaters) and
non-fired sources (e.g., FCC stacks and cokers) . The purpose of
this test program is to provide a pPreliminary data base of par-
ticulate emission rates, size distributions, and chemical compo -
sitions.

2.2 The Study Objeqtives

The objectives of this program were:
l. To determine particulate emission factors.
2. To obtain particle size distribution data.

3. To determine the chemical composition of the par-
ticulate.

2.3 The Project Organization

The test program determined the particulate mass emission rates,
particle size distribution, and chemical composition (i.e., sul-
fates, heavy metals, nitrates, and elemental analyses) from
process heaters and steam-generating boilers. These data were
related to fuel composition and to predicted AP-42 emission
rates. Nitrogen oxides emission rates were measured and compared
to predicted AP-42 values to demonstrate the relationship be-
tween particulates generation and nitrous oxide formation. The
effects of excess air levels were examined for each test unit.
Testing on the first unit started 14 July 1981, and on 19 May
1982 all testing was completed. A total of 155 tests on two
heaters and three boilers were conducted.
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2.4 Field Test Methods

Standard test methods were employed in the program as follows:
l. Mass emissions - EPA Method 5.
2. Particle size distribution - Andersen impactor.

3. NOy - EPA Method 7.
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3.0 DESCRIPTIONS OF UNITS TESTED

Five sources (two heaters and three boilers) were surveyed under
this contract. A brief description of each unit is presented be-
low. Additional information on each unit is provided in Appendix
BI

3.1 Process Heaters
3.1.1 Refinery A - Source 1

This source is a 1978 Foster Wheeler side-fired horizontal radi-~
iant-tube crude process heater. It has a maximum gross fired du-
ty of 315 x 106 Btu/hr; fuel ratios can be varied from 0 to

100 percent gas or oil.

3.1.2 Refinery B - Source 1

This source is a 1978 G.C. Broach Company vertical-fired process
heater on a hydrotreating unit used for desulfurization of die-
sel distillate. Unit processing capacity is 25,000 barrels per
operating day (bpod). Its maximum fired duty is 60.1 x 106
Btu/hr and it is typically operated at 25 percent of maximum
duty. It is designed to only fire 100 percent plant fuel gas.

3.2 Boilers .
3.2.1 Refinery A - Source 2

This source is a Riley Stoker boiler constructed in 1948. It is
a balanced draft, end-horizontal-fired boiler with radiant tubes
and horizontal section convection tubes. It has a maximum gross
fired duty of 215 x 106 Btu/hr; fuel ratios can be varied from

0 to 100 percent refinery fuel gas or oil.

3.2.2 Refinery B - Source 2

This horizontal-fired steam generator, built in 1978 by Riley
Stoker, is of a natural circulation, water tube-type design. 1Its
steam production capacity is 440 x 103 1b/hr at a maximum

heat rating of 576 x 106 Btu/hr. Its fuel-firing ratio is in-
finitely adjustable but is currently limited to about 30 percent
gas based on the availability of process fuel gas.

3.2.3 Refinery C - Source 1

This boiler was designed by Babcock and Wilcox and constructed
in 1942. It is a balanced draft, horizontal-fired unit with a
maximum steam rating of 125,000 lb/hr at 7500F and 700 psig.

The boiler has a design efficiency of 86 percent and is rated at

200 x 106 Btu/hr. It can be fired on gas or oil or any combi-
nation thereof. '

-6=



4.0 RESULTS OF MEASUREMENTS

4.1 Mass Emissions
4.1.1 Process Heaters

Process heater emission factors based on the front-half catchl
are compared to those from AP-42 in Table 4-1. Key particulate
data and results are listed, by run, in Tables 4-2 and 4-3 for
Refinery A Source 1 and Refinery B Source 1, respectively. De-
tailed data are included in Appendix A.

Data for Refinery A process heater were obtained while the
source fired a combination of process gas and a No. -4 fuel oil
(0.09 wt percent S, <0.0l1 wt percent ash) ranging from 51 to 97
percent gas on a Btu basis. The measured particulate emission
factors were all less than the lower limits of the prorated EPA
emission factor ranges for all combinations of fuel-firing and
excess air. The avera%e measured particulate emission factor was
0.0024 + 0.0006 1b/10°® Btu. The lower limits of the prorated
EPA emission factor ranges varied from 0.0055 to 0.027 1b/106
Btu.

Refinery B process heater operated on 100 percent fuel gas at
its typical firing rate during the survey. The measured particu-
late emissions factors were an order of magnitude less than the
lower limit of the AP-42 predicted range. As expected, the aver-
age measure particulate emission factor, 0.0004 lb/lO8 Btu,

was significantly less than the value obtained for the mixed-
oil-gas-firing of Refinery A process heater.

Particulate emissions were measured at two excess air levels for
each source. Excess air levels were monitored by stack percent
02. The stack 0z level varied from 2.0 to 5.5 percent for
Refinery A Source 1 and from 4.1 to 6.0 percent for Refinery B
Source 1. Two of the three tests indicated insignificant effects
of excess air on particulate emissions. One test on the Refinery
A heater, at very low excess air, showed increased emission
rates.

Front-half and total (front-half plus back-half) particulate
were measured.l For Refinery A heater (mixed-fuel-fired), the
front-half catch averaged 62 percent of the total particulate.
For Refinery B heater (gas-fired), the front-half particulate
averaged 17 percent of the total catch.

lrerms are defined in Appendix C.

-7 -
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4.1.2 Boilers

Boiler particulate emissions factors, based on the front-half
catch, are compared with AP-42 emission factors in Table 4-4.
Summarized data can be found in Tables 4-5, 4-6, and 4-7 for Re-
finery A, B, and C boilers, respectively. Detailed data are in-
cludea in Appendix A.

During 100 percent gas-firing conditions for Refinery A boiler,
the average emission rate, 0.0022 + .0012 1b/106 Btu, was

less than the lower limit of the predicted EPA emission factor
(0.0045 1b/106 Btu). During 100 percent oil-firing conditions
for Refinery B and C boilers, the average measured.emission
rates were also less than the EPA-predicted rates: -

Average Emission Factor, Predicted EPA. AP-42
Refinery 1b/106 Btu Value*, 1b/106 Btu
B 0.035 + .003 0.069
C 0.071 +

.022 0.10

*Based on fuel composition and firing rates

Although the survey data are lower than the AP-42 predicted val-
ues, the data are within the range of data used to develop the
AP-42 correlation (see Figure 4-1).

Particulate emission factors were estimated for mixed-fuel-fir-
ing on Refinery boilers A, B, and C by prorating AP-42 values

based on fuel heat contents and firing rates. These prorated AP-
42 values are comparea to average measured emission rates below:

Range of Prorated

Average Emission Factor, EPA AP-42 Values,
Refinery : 1b/106 Btu 1b/106 Btu
A 0.012 + .004 0.012 - 0.027
B 0.030 + .005 0.049 - 0.053
C 0.078 + .009 0.059 - 0.068

The test data, shown in Table 4-4, generally indicated that mass
emissions increased with the proportion of oil fired but showed
no correlation with excess air over the range of excess air con-
ditions studied.

-11-
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The impact of fuel mixture on front-half/back-half particulate
catches was examined. The percentage front-half to total partic-
ulate catch was inversely related to the proportion of gas firea
in the boilers:

Front Half:Total

Refinery Average % Gas Fired Particulate Catch,%
B 15 : 94
C 20 89
A 71 47

4.2 Size Distribution
4.2.]1 Process Heaters

Particle size distribution (PSD) data were obtained only for Re-
finery A heater (see Table 4-8 below for results summary). Sin-
gle tests were performed at 70 percent gas : 30-percent oil-fir-
ing condition at two different oxygen levels. No PSD data were
obtained for Refinery B heater because the extremely low partic-
ulate loading (average of 1.2 x 10-4 gr/dscf) prevented the
attainment of sufficient mass with the impactor over a reasona-
ble sampling period.

Additional PSD data are included in Appendix A.

TABLE 4-8

REFINERY A SOURCE 1

PARTICLE SIZE DISTRIBUTION DATA

Fuel-Firing Mass Percent Less Than Stated Size
Ratio Percent O; at

$ Gas: % Oil Test Location 0.3 um 1.0 um 3.0 um 10.0 um

70:30
70:30

84 86 87 88
70 : 72 73 76

[V, VS)
* L]
W o

The above data are presented graphically in Figure 4-2.
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4.2.2 Boilers

Average PSD data for the three boilers are presented in Table
4-9. Mean mass percent less than 0.3, 1.0, 3.0, and 10 um data
are shown for tests performed at each process condition. De-
tailed information for all PSD tests is contained in Appendix A.

Data from the single PSD test conducted under 100 percent gas-
firing conditions are plotted in Figure 4-3. The range, mean,
standard deviation, and quartile groups of the PSD data for all
mixed fuel and for all 100 percent oil-firing conditions are
shown graphically in Figures 4-4 and 4-5, respectively.

The size distributions are combined by fuel fired as shown in
Table 4-10:

TABLE 4-10
CUMULATIVE WEIGHT PERCENTAGE LESS
THAN DIAMETER BY FUEL CONDITION

Particle Size

Range, um . 100% Gas 1008 0il’ Mixed
<0.3 73 44 + 11 44 + 14
=<1.0 78 55 + 9 53 + 13
<3.0 82 68 + 7 63 + 11
=<10.0 85 79 + 6 72 + 9

For submicron particles, the data show that a greater weight
percentage of smaller particles is formed during gas-firing than
for 0il~- and mixed-fuel-fired conditions. For particles greater
than 1 um, no significant differences between fuel types were
observed.

Under 100 percent gas-firing conditions, ~ 73 percent of the
particles by weight were <0.3 um effective aerodynamic diameter
(EAD). For oil, 40 to 50 percent of the particles by weight were
=<0.3 um effective aerodynamic diameter. No consistent effects
of excess air on PSD were found.
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TABLE 4-9
AVERAGE PARTICLE SIZE DISTRIBUTION DATA SUMMARY FOR BOILER SOURCES

. Mass Percent Less than Stated Size
Refinery/ E:§}°F1r1ng . Percent 07 and Standard Deviation
Source % Gas : % 0i1 at Boiler 0.3 um 1.0 um 3.0 um 10.0 um
A/2 100:0 2.9 - 73 78 82 85
69:31 5.2 49 =+ 9 57 =11 63 =13 70 12
75:25 6.5 43 + 4 55 = 66 = 8 76 = 9
40:60 5.4 38 = 7 48 =+ 58 = 5 70 £ 3
40:60 6.8 50 z 3 57 = 66 + 5§ 73 £ 2
B/2 31:69 5.0 65 = 7 61 =10 77 £ 11 82 =13
28:72 6.7 28 + 11 39 11 51 +£10 64 = 7
0:100 4.9 44 + 17 54 =+ 14 64 :'11 75 + 8
0:100 6.6 42 + 5 55 + 8 67 = 9 77 =+ 9
c/1 44:56 5.4 29 £ 6 41 + 8 53 =210 66 + 9
37:63 6.5 47 =+ 4 59 + 5§ 68 =+ 78 =+ 8
0:100 3.7 40 = 13 55 = 9 70 = 82 + 1
0:100 5.4 50 = £ 9 72 = 82 + 4

11 62
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4.3 Chemical Composition of Particulates

Particulates were analyzed for metal content, sulfates, nitrates
and carbon, hydrogen, and nitrogen. The chemical composition of
composite fuel o0il samples was determined.

4.3.1 Process Heaters

The fuel o0il analysis for Refinery A process heater tests is

shown in Table 4-11. The fuel was a No. 4 fuel o0il and had a

relatively low sulfur and ash content. Detailed fuel analysis
results are shown in Appendix A.

Particulate chemical analyses are presented for Refinery A heat-
er in Tables 4-12 and 4-13. There was insufficient sample (<20

mg/test) at Refinery B heater (from the 6 to 9 hour-long tests)

to conduct tests other than gravimetric analyses.

The total heavy metals content of the front-half particulate
sample residues was <l1l.4 percent by weight for Refinery A heat-
er. Small amounts (0.02 to 0.85 percent by weight) of chromium,
copper, nickel, and zinc were detected in the front-half samples
residues during some of the tests. It is believed that most of
the chromium and nickel found in the Test Run No. 1 sample orig-
inated from the stainless steel nozzle of the sampling train
since these values were out of line with those determined in the
other tests. Essentially no heavy metals were captured in the
back~-half catch samples. Some arsenic and mercury (0.39 and 0.12
ppm by weight, respectively) were detected in the composite fuel
oil sample but not in the source samples. Since arsenic, mer-
cury, and selenium are relatively volatile metals, it is expect-
ed that those compounds would not have been effectively captured
by an EPA Method 5 particulate train.

Elemental analysis was performed on front- and back-half
catches. The results are presented in Table 4-13.

Sulfate was the major component of both front-half and back-half
sample residues. The sulfate content of the front-half samples
averaged 53 percent (by weight) while the back-half catches av-
eraged 68 percent. The data indicate no effect of excess air or
fuel sulfur content on particulate sulfur content. The sulfur
content of particulate collected during 100 percent gas-fired
conditions was higher than expected based on the typical sulfur
content of fuel gas. This could possibly be attributed to the
flaking-off of stack sulfur particulate from previous oil-firing
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TABLE 4-11

REFINERY "A"™ FUEL OIL COMPOSITE SAMPLE ANALYSIS

Analyte Result
Ash, & <0.01
Carbon, 86.9
Hydrogen, §& 12.3
Nitrogen, & " 0.16
Oxygen, 0.52
Sulfur, 0.09
Metals, ppm by weight
Arsenic 0.39
Barium 0.18
Cadmium <(0.04
Chromium .<0.04
Copper 0.10
Lead <0.04
Mercury 0.12
Nickel 0.08
Selenium 0.19
Vanadium 0.04
Z2inc 5.5
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REFINERY A
SOURCE 1
TABLE 4-12

MISCELLANEOUS ANALYTICAL RESULTS - METALSI’2

TEST RUN NUMBER: One Four Seven
TEST DATE: 7/14/81 7/16/81 7/18/81
FUEL FIRING RATIO,

% GAS : % OIL: 100:0 94:6 46:54
PERCENT 02 AT TEST

LOCATION: 2.3 4.4 3.8
RESIDUE CATCH Front- Back- Front- Back- Front- Back-
FRACTION ANALYSIS: half half half half half half

PARTICULATE CATCH
RATIO, % FRONT-HALF: '
BACK-HALF: 74:26 51:49 73:27

HEAVY METALS
CONTENT, % BY

WEIGHT

Cr 0.85 0.02 0.14 ND 0.09 ND
Cu 0.03 ND 0.03 ND ND ND
Ni 0.35 ND ND ND 0.04 ND
Zn 0.14 ND 0.12 ND 0.15 ND

7

Eight
/18/81

48:52

5.

Fron
half

7

0.07
0.02
ND

0.15

2

t- Back-
half

4:26

1Note that barium, cadmium, lead and vanadium were not found in any of the samples.

2vey: ND = Not Detected (<0.01% by weight).
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operations. On the other hand, it might be attributed to arti-
fact formation and weighing errors associated with small quanti-
ties of material analyzed. No nitrate particulate (<2 pecent)
was detected in any samples. The remaining chemical constituents
of the particulate were not identified in this study.

4.3.2 Boilers

Metals content, sulfates, nitrates, extractable organics, and
elemental analyses were determined. For comparison purposes, the
chemical composition of test fuels is shown in Table 4-14. De-
tailed fuel analyses are presented in Appendix A.

No cadmium, silver, aluminum, calcium, magnesium, tin, or silica
was detected in particulate samples from these test boilers

(see Table 4-15). Small amounts (<1 percent) of barium, chro-
mium, copper, lead, zinc, and potassium were found in some par-
ticulate residues. Greater amounts (up to 2 to 5 percent) of
nickel, vanadium, sodium, and iron were measured in some partic-
ulate residues. Data from 100 percent o0il tests were examined
for a metals balance. Metals in the particulate residues were
traceable to the fuel burned although a balance was not obtained
in all cases. The metals contents of the process fuel gases were
less than that of the fuel o0ils on a comparable Btu basis. As
can be seen from Table 4-15, the front-half (fEilterable particu-
late) samples contained a greater percentage of metals than did
the back-half (condensible particulate) catches in most in-
stances.

The elemental analyses indicate that the carbon, hydrogen, and
nitrogen content of the front-half samples is affected by excess
air. As excess air was increased, the carbon, hydrogen, and ni-
trogen content was found to decrease. No such trend was evident
for the back-half elemental analysis data. The back-half ele-
mental analysis results for Refineries B and C are believed to
contain large (+ 50 percent) errors. These errors are introduced
from accumulative weighing errors on samples in the 1 to 10 mg
range in large (100 to 150 mg) containers and from analyzer er-
rors from working at or below the normal limit of quantitation
of the instrument. See Table 4-16 for results.

Sulfate particulate was a significant (25 to 83 percent by
weight) constituent of front- and back-half catch residues for
both gas and oil firing. Excess air levels and the fuel composi-
tion had no effect on the wt percent sulfate in the particulate
when firing fuel oil (see Table 4-17).

Nitrate was not detected in any sample (<0.l1 percent by weight).
Chloride analyses were performed on Refinery A particulate catch
residues but none was found (<0.1 percent by weight). The re-
maining chemical constituents of the particulates were not iden-
tified.
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TABLE 4-14

FUEL OIL COMPOSITE SAMPLES ANALYSIS FOR BOILER SOURCES

_ __Results
Analyte Refinery A Refinery B Refinery C
Ash, % 0.02 0.03 0.02
Carbon, % 87.0 86.8 86.8
Hydrogen, % 12,2 11.3 11.2
Nitrogen, % 0.30 0.22 0.18
Oxygen, % 0.26 0.87 0.61
Sulfur,% 0.22 0.73 1.19
Metals, ppm by weight
Arsenic <0.2 <0.2 <0.2
Barium 1.9 0.7 0.75 .
Cadmium <0.5 <0.5" <0.5
Chromium <0.5 0.7 <0.5
Copper 3.0 1.5 <0.5
Lead <0.5 5.4 <0.5
Mercury 0.03 0.05 0.07
Nickel 21 11 11
Selenium 0.26 <0.1 0.49
Vanadium <(0.5 2.1 31
Zinc 10 6.7 1.7
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Analytical results (Table 4-18) showed that a greater percentage
of solvent extractable material was produced under gas-firing
conditions than for oil. Back-half catches contained a higher
proportion of solvent extractables than did the front-half sam-
ples. Excess air levels had no effect on the solvent extractable
content of the particulate.

4.4 NOy Emissions

The NOy, emission test results are presented.in this section.

The data are compared to EPA AP-42 emission factors in Tables
4-19 and 4-20. More detailed NOy information is contained in

Appendix A. .

4.4.1 Heaters and Boilers

Survey findings for all sources are compared to AP-42 emission
factors in Tables 4-19 and 4-20.

TABLE 4-19

COMPARISON OF MEASURED VS. AP-42 NOx EMISSION FACTORS

Refinery/ Fuel Firing Condition Percent of Predicted
Source % Gas : % Oil AP-42 Emission Factorl
A/l (Heater) 95:5 16
53:47 35
B/l (Heater) 100:0 ’ 100
A/2 (Boiler) -100:0 23
72:28 63
40:60 80
B/2 (Boiler) 30:70 31
0:100 32
C/1 (Boiler) 40:60 76
0:100 129

lFor mixed-fuel-firing conditions, measured values are compared
to prorated AP-42 factors.
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AMERICAN PETROLEUM INSTITUTE
BOILER SOURCES
TABLE 4-18

SOLVENT EXTRACTABLES RESULTS

Residue
Percent 02 Catch Solvent
Test Run Test Fuel Firing Ratio Exiting Boiler Particulate Catch Ratio Fraction Extractables,
Refinery Number Date % Gas : % 011 (at test point) % Front-half:% Back-half Analysis % by Weightl
A Nine 5/9/82 100:0 2.9 35:65 Front-half 13
(6.6) Back-half 32
Twelve 5/11/82 100:0 4.6 36:64 Front-half 53
(8.5) Back-half 88
Three 5/5/82 §9:41 5.5 55:45 Front-haif 15
(8.9) . Back-half 56
Six 5/7/82 58:42 6.8 52:48 Front-half 12
(10.0) Back-half 31
B8 Three 12/12/81 33:67 == 82:18 Front-half 0.8
(5.1) Back-half 7.1
Six 12/14/81 27:73 o= 93:07 Front-half 0.2
(6.6) Back-half 73
Twelve 12/18/81 0:100 - 82:18 Front-half 0.8
(4.7) Back-half n
Nine 12/16/81 0:100 —— 96:04 Front-half 0.8
(6.6) ’ Back-half 61
¢ “Nine 3/4/82 48:52 5.4 89:11 Front-half 2.3
(9.1) Back~half 79
Twelve 3/23/82 37:63 6.5 92:08 Front-half 0.9
9.7) Back-half 73
Three 2/19/82 0:100 3.5 71:29 Front-half 0.05
(7.2) Back-half 6.4
Six 2/23/82 0:100 5.5 90:10 Front-half 0.09
(9.6) Back-half 17

1Larqe weighing errors (=50%) may be present in results for those samples containing <10 mg of particulate.
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The above data indicate that measured NOy, emissions are usual-
ly lower than predicted by AP-42. Data in Table 4-20 show that

NOyx emissions increase with rising excess air levels and quan-
tity of oil fired.

The reader is referred to AP-42 for a discussion of emissions
dependency on the grade and composition of fuel, the type and
size of boiler, the firing and loading practices used, and the
level of equipment maintenance. Some of the differences between
measured and predicted NOy emissions shown in the above table
are due to the way AP-42 categorizes heaters and boilers. This

is especially true for Refinery/Source A/l and A/2 when firing
gas.
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APPENDIX A

DETAILED TEST DATA AND TEST RESULT SUMMARIES
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AMER|CAN PETROLEUN INSTITUTE

REFINERY A
SOURCE NQC. 1
Table A-1
SUMMARY OF PARTICULATE TE3T DATA
Test Data
Test Aun Number 1
Test Date 7/14/81
Test Period 1328-1818
Sampling Daca
Sampling Ouration, minutes 240.0
Nozzle Diamater, inches 0.562
Sarometric Pressure, inches mercury 29.70
Avarage Orifice Pressure Differential, inches water 1.68
Average Dry Gas Tempsrature at Meter, 96.
Tota) VWeter Cellected by Train, ml ) 585.5
Scandare Volume of Weter Vepor Collected, cubic feet 27.6
Ory Gas meter Callibration Fector, dimensioniess 0.99%
Sample Volume at Mater Conditions, cublc feet 167.6
Sample Volume at Standard Conditions, cubic feet! 157.8

Gas _Stresm Composition

C02. percent by volume

02, psrcent by voliume

CO. percent by voiums

N2, parcent by volume

Moisture in Gas Streem, percent by voiume
mole Fraction of Dry Gas

Molecular Weight of Dry Gas

nolecular Weight of Vet Gas

Gas Stresm Velocity and Volumetric Flow

Static Pressure, inches water

Absolute Pressure, inches mercury

Averasge Tempersture, °F

Pictot Tube Callbration Coefficient, dimensionless
Total Number of Traverse Points

Velocity at Actual Conditions, fest/second
Stack/duct Cross-Sectiona! Area, squars feet
Volumetric Flow, Wet Actual cubic fest/minute
Volumetric Flow, Dry Standard cubic feet/minute

Parcent Isokinetic

Unit/Process Operations Data

Fuel Firing Ratio, % Gas: % oi!l
Percent 02 at test location

o
HB8ocsSonrne
A
v

.
O QWD \D O\ O

24.0

113.1
71,900,
40,900.

105.6

'Stangara Conditions = 68°F (20%¢) and 29.92 inchas (760 mm) mercury, dry basis.
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AMERICAN PETROLEUM INSTITUTE
REFINEAY 4
SOURCE NO. 1

STACK NO. 1
Table 4.2

SUMMARY OF PARTICULATE AND NGx TEST RESULTS

Test Data

Test Run Numoer . 1 2 3
Test Datce 114/ 7/15/81 7718/81
Test Time 1328-1818 0855-1325 1433-1950
Gas Flow Voilumes
Ory Standard Cubic Fut/ﬂlmn“) 40,900. 41,500. 41,600.
Wet Actual Cubic Feet/Minute 71,900. 74,.600. 74,100,
Particulate Analysis Report
Front-walf Acetone Wash Residus Wt., grams 0.0264 0.0095 0.0102
Front-Maif methyiene Chiorids Wash Residue ¥t., grams .- - 0.0063
Filter Catch Wt., grams 0.0042 0.0062 0.0055
Front-Half Catch Wt. Sub-tocal, grams 0.0306 0.0157 0.0220
Nethylens Chioride Extraction of Impinger Contents/Mash Residue wt., grams - e 0.0002
impinger Contents/Wash Residue Wt., grems 0.0070 0.0061 0.00M
Sack-Ha|f Acatons Wash Residus Vt., grams 0.0035 0.0038 - 0.001§
lacg-ﬂcl! Methylene Chlorid_c Wash Residue Wt., grams . cow . .—- ) 0.0027
Sack Half Catch Wt. Sub=-total, grams . ' 0.0105 0.0099 0.0115
Total Catch Weight, grams 0.0411 0.0256 0.0335

Particulate Results

Front-Haif

Concentration, grains/dry standard cubic foot, x 10”3 3.0 1.6 2.2
nass Emission Rate, pounds/hour 1.1 0.56 0.78
Total

Concencration, grains/dry standard cubic foot, x 1073 4.0 2.5 3.3
mass Emission Rate, pounds/hour 1.4 0.9 1.2

NOx Emissions, as Noz(Z)

Concentration, Parts/million by Volums, dry basis - 30. 51. b2,
Concentration, Pounds/Ory Standard Cubic Foot x 10 3.6 6.1 . 5.0
Mass Emission Rate, Pounds/Hour 8.8 15. 12.

t1)
‘2)

Standard Conditions = 68°F (20°¢) and 29.92 inches Hg.
Resuits snown are averages of three (3) grab samples.

A-2



AMERICAN PETROLEUM INSTITUTE

REFINERY A
SOURCE NO. 1
STACK NO. 1
Table A-3
SUMMARY OF PARTICULATE TEST DATA
Test Data
Test Run Number [
Test Oata 71/16/81
Test Period 08h3-1321
Sampling Data
Semoling Duration, minutes 240.0
Mozzle Diamster, inches 0.562
Barometric Pressure, inches mercury 29.75
Aversge Orifice Pressure Differential, inches water 1.99
Average Ory Gas Temperature at Mater, °F 92.
Total Water Collected by Train, mi 660.0
Standard Volume of Water Vepor Collected, cubic fest 3t
Ory Ges Meter Calibration Factor, dimensioniess 0.9%
Sample Volume at Meter Conditions, cubic feat 181,
Sample Volume at Standerd Conditions. cubic feet! 172.7
Gas Scresm Composition
€02, percent by volume 7.8
02, percent by volume b.4
CC. percent by volume 0.0
N2, percant by volume 87.8
Moisture in Gas Stream, percent by volume 15.2
Mole Fraction of Dry Gas 0.848
Molecular Waight of Ory Gas 29.4
noiecular Weight of Vet Gas 7.7
Gas Stream Velocity and Volumetric Flow
Static Pressure, inches water - 0.42
Absolute Pressure, inches mercury 29.7
Average Temperature, °F 338.
Pitot Tube Calibration Coefficient, dimensionless 0.840
Total Number of Traverse Points 24.0
Velocity at Actual Conditions, feet/second 12.2
Stack/duct Cross-Sectional Ares. square feet 113.1
Volumetric Flow, Wet Actual cubic feet/minute 82,700.
Volumetric Flow, Ory Standard cubic.feet/minute 46,000.
Percent isokinatic 102.6
Unit/Process Operations Data
Fuel Firing Ratic, % Gas: 3 oil . 94:6
Percent 0, at test location b

'Scandare Condicions = 68°F (20%¢C) and 29.92 inches (760 mm) mercury, dry basis.
A-3

5
7/16/81
1402-1825

260.0
0.555
29.75

8.
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30.8
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AMERICAN PETROLEUN INSTITUTE
REFINERY &
SOURCE NO. 1
STACX MO, 1
Table A-4

SUMMARY OF PARTICULATE AND KOy TEST RESULTS

Test Data

Test Run Number
Test Date
Tast Time

Gas Flow Voiumes

Dry Standard Cubic Fut/nlmto(”

Wet Actual Cubic Feet/Minute

Particulate Analysis Report

Front-Haif Acetone Wesh Residus Wt., grams
Front-Half Methylens Chioride Wash Residue Wt., grams
Filter Catch Wt., grems
Front~Ha!f Catch Wt. Sub-total, grams
Methyiene Chloride Extraction of impinger Contents/Nesh Residus wt., grams
impinger Contents/Wash Rasidue Wt., grams
Sack-Half Acatone Wash Rssidus Wt., grams
Sack-Haif methylens Chioride Wash Residues Wt., grams
Back Malf Catch Wt. Sub-total, grams
Total Catch Weight, grams

Particulats Results

Fronc-Haif

Concentration, grains/dry standard cubic foot, x no"
Mass Emission Rate, pounds/hour

Tocal

Cone.n:rulon,' grains/dry standard cubic foot, x |o"
Mass Emission Rate, pounds/hour

NOy Emissions, a.s NOz(z)

Concentration, Parts/million by Volums, dry basis -6
Concentration, Pounds/Ory Standard Cubic Foot x 10
Mass Emission Rate, Pounds/Nour

"¢ randarg Conditions = 68°F (20°C) and 29.92 inches Hg.
Zagsults shown are averages of three (3) gradb samoles.

4
7/16/81

0843-1321

56,000.
82,700.

0.00kk

0.0029
0.0073

0.0033
0.0036

0.0069

0.0142

H
7/16/81

1402-1825

45,900.
82,400.

0.0077

0.0066
0.0143

0.0068

0.0021

'0.0088
0.0232

é
1/17/81
0952-1406

50,200.
89,500.

0.0072
0.0014
0.0075

0.0161
0.0003
0.0066
0.0013
0.0039
0.0121

0.0282



AMER)CAN PETROLEUM INSTITUTE
REFINERY A
SOURCE NO. 1

STACK NO. 1
Table A-5

SUMMARY OF PARTICULATE TEST DATA

TJest Data

Test Run Number ? 9 n
Test Dats 7718781 7/19/81 7/20/8
Test Period . 1100-1524 0838-1254 1001-1421
Samoling Data
Sampling Duration, minutes 240.0 240.0 240.0
Nozzle Diamster, inches 0.555 0.555 0.562
Ssromecric Pressurs, inches mercury 29.84 29.86 29.86
Average Orifice Pressure Oifferential, inches water 2.53 2.0 2.66
Average Ory Gas Tempersture at Meter, ° 96. 94. 98.
Total Watar Collected by Train, mi 751.0 748.5 797.5
Standard Volume of Weter Vasor Collectad, cubic feet 35.4 35.1 37.5
Ory Gas Meter Callibration Foctor, dimensioniess 0.996 0.99% 0.9%
Sample Volums at Meter Conditions, cublc feet 202.9 200.1 209.9
Sampie Volume at Standard Conditions, cubic feet' 191.7 188.8 198.5
Gas Stream Composition
€02, percent by volume 10.9 10.5 10.3
02, percsnt by volume g: :; :;
CO. parcent by volum . . .
N2, psrcent by volume . ::2 g:; ?g:
Moisture in Gas Stresm, percent by volume - . . . . -
Mole Fraction of Dry Gas ) + 0.86k 0.843 0.841
Molacular Weight of Dry Gas 29.9 29.8 29.8
Molecular Weight of Wet Gas 28.0 28.0 27.9
Gas Sctresm Velocity and Volumetric Flow
Static Pressure, inches water - 0.43 - 0.bb - 0.44
Absolute Pressure, inches mercury 29.8 29.8 2.8
Average Temperature, °F 333. 339. 338.
Pitot Tube Calibration Coefficient. dimensionless 0.840 0.840 0.84%0
Total Number of Traverse Points . 2s.0 240 260
Velocity at Actus! Conditions, feet/second 13.1 13.4 LIS
-Stack/duct Cross-Sectional Ares, square feet 113.1 113.1 113.1
Volumetric Flow, Wet Actual cubic feet/minute 89,100. 90,900. 95,800,
Volumetric Fiow, Ory Standard cubic feet/minute &9,900. 50,500. 53.100.
Percent lsokinetic 107.8 104.9 102.2
Unit/Process Oocerations Data
Fuel Firing Ratio, % Gas: 3 0/ 46:54 bh:5h 61:39
Percent 0, at test location 3.8 b.1 4.1

'Standaro Conditions = 68°F {20°¢) ane 29.92 inches (760 mm) mercury, dry basis.

A-5



AMERICAN PETROLEUM INSTITUTE
REFINERY A
SOURCE NO. 1

STACX NC. 1
Table A-§

SUMMARY OF PARTICULATE AND MOy TEST RESULTS

Test Data
Test Run Number 7 9
Test Date 7/18/81 7/19/81
Test Time 1100-1524 0838-1254
Gas Flow Volumes .
Ory Standerd Cubic Fu:/mnun(” 49, 900. 50,500.
Wet Actual Cubic Feet/Minute 89,100. 90,%00.
Particulate Avalyslsy Report
Front-Half Acatome Wesh Residus Wt., grams 0.00%9 0.0063
Front=Haif Methylens Chioride Wash Residue ¥Wt., grams bl 0.0013
Filter Catch Wt., grams 0.0132 0.0077
Front-Half Catch Wt. Sub-total!, grams .02 0.0153
Methyiene Chloride Extraction of impingar Contents/Aash Residus wt., grams o 0.0004
Impinger Contents/Vash Residus Vt., grams 0.0070 0.0170
Back-Half Acstone Wash Residus Wt., grams 0.0015 0.0009
Bock-Half machyiens Chioride Wash Residue Wt., grams L g 0.002¢
Sack Half Cateh Wt. Sub-total, grams 0.0085 - 0.0209
Total Catch Weight, grams 0.0316 0.0362

Particulate Resulgs
Front-Half

Concantration, grains/dry standard cubic fooc, x 1073 1.9 1.3
Hass Emission Rate, pounds/hour 0.80 0.54
Total

Concantration, grains/dry standard cubic foot, x |o'3 2.5 3.0
mass Emission Rate, pounds/hour 1.1 1.3

NOx Emissions, as NOz(Z)

Concantration, Parts/miliion by Volume, dry basis -6 12, 142,
Concentration, Pounds/Dry Standard Cubic Foot x 10 13. 17.
Mass Emission Rate, Pounds/Mour k0. s1.

{(n
(2)

Standard Conditions = 68°F (20°C) and 29.92 inchas Mg.
Resuits shown are averages of three {3) grab samples.

A-6

n
7/20/8%
1001-1421

53,100.
95.800.

0.0095

0.0052
0.0147

0.0084
0.0042

0.0126
0.0273



AMERICAN PETROLEUM INSTITUTE

REFINERY A
SOURCE NO. 1

STACK 0. )
Table A-7

SUMMARY OF PARTICULATE TEST DATA

Test data

Test Aun Number
Test Dace
Test Pericd

Samoiing Data

Samoling Ouration, minutes

Nozzle Diameter, inches

Sarometric Pressure, inchas mercury

Average Orifice Pressurs Diffarential, inches water
Average Dry Gas Temperature at Meter, °F

Total Water Collected by Train, m!

itandard Volums of Water Vagor Collected, cubic fest
Ory Gas Mecer Calibration Fector, dimensionless
Sampie Volume st Mater Conditions, cubic fest
Sample Volume at Stendard Conditions. cubic feet!

Gas Stream Comoosition

€02, percent by volums

02, percent by volume

CO. parcent by volume

N2, percent by volume

Moisture in Gas Stresm., parcent by volume
#ole Fraction of Dry Gas

Molecular Weight of Ory Gas

Molecular Weight of Vet Gas

Gas Scream Velocity and Volumtric Flow

Static Pressure, inches water

Absolute Pressure, inches mercury

Aversge Temoeraturs., °F .
Pitot Tube Calibration Coefficient, dimensionless
Total Number of Traverse Points

Velocity at Actus! Conditions, feet/second
Stack/duct Cross-Sectional Ares. square feet
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Dry Standsrd cubic feet/minute

Percent isokinetic
—_—l0xinetic

Unit/Process Operations Data

Fuel Firing Ratio. % Gas: 3 0i1
Percent 02 at test location

8
7/18/81
1616=-1852

1hh .0

'Standara Conditions = 68°F (20%¢C) and 29.92 inches (760 mm) mercury, dry basis.

A-7
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2.5
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AMERICAN PETROLEUN 1NSTITUTE
REFINERY A
SOURCE NO. 1
STACK N0, |
Table A-8

SUWMARY OF PARTICULATE AND 0y TEST RESULTS

Test Data

Test Aun Number 8
Test Date 7/18/81
Test Tims 1616-1852
Gas Flow Voiumss
Dry Standard Cubic Fut/Nlmn“) 50,200.
Wet Actual Cubic Feet/Minute 8s,700.
Particulate Analysis Report
Front-Half Acstone Wash Residus Wet., grams 0.0059
Front-Haif Methylens Chioride Wash Residus Wt., grams o=e
Filter Catch Wt., grams 0.0064
Front-Half Catch Wt. Sub-toctal, grams 0.0123
Nethyiene Chloride Extraction of Impingsr Contents/Aash Residue wt., grems ——
Impinger Contents/VWesh Residus ¥Wt., grams 0.0026
Back-Half Acetene Mesh Residus Wt., grams ) 0.0017
Back-Half Mathylens Chioride Wash Aesidue VWt., grams e
Back Nalf Cateh We. Sub-total, grams 0.0043
Total Catch Weight, grams 0.0166

Particulate Resuits

Front-Half

Concantration, grains/dry standard cubic foot, x 10'3

1.6
Mass Emission Rats, pounds/hour 0.70
Tota)

Concentration, grains/dry standard cubic foot, x 10'3 2.2
Mass Emission Rate, pounds/hour 0.95

NOx Emissions, as nozm

Concentration, Parts/million by Voluma, dry basis -6 126.
Concentracion, Pounds/Ory Standard Cubic Foot x 10 15.
Mass Emission Rate, Pounds/MWour ) &S,

()¢ tangard Conditions = 68°F (20°C) and 29.92 inches Hg.

z)qull:s shown are averages of three (3) grab samples.

A-8

12
7/21/81

0824-1239

51,400.
92,100.

0.0114
0.0017
0.0051

0.0182
0.0002
0.0076
0.0009%
0.0016
0.0103

0.0285

3
7/21/81
1317-1728

§3.200.
95.900.

0.0077

0.0032
0.0109

0.0070
0.0034

0.0104
0.0213

0.8
0.38

136.
16.
52.



AMERICAN PETROLEUM INSTITUTE
NEFIMERY A SOURCE 1
Table A-9
PARTICLE SIZE DISTRIBUTION DATA1

Mass Percent Less than Stated Size

Fuel Firing Ratio Percent 0y at

Date %Gas: %011 Test Location 0.3um 1.0um 3.0um 10. um
7/15/81 96:42 2.3 13 18 28 37
7/16/81 93:7 4.4 3.8 18 44 78
7/18/81 46:54 3.8 12 29 50 71
7/21/81 58:42 5.5 10 29 54 80

1

This data is questionable since no impactor preseparator was used during these
- tests. Some large particle bounce-off and reintrainment may have occurred.

2Results from this test are suspect since several large particulate flakes,
apparently originating from process equipment surfaces, were collected on
the top stage of the impactor.
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AMERICAN PETROLEUM INSTITUTE
REFINERY A

SOURCE 1
Table A-10

PARTICLE SIZE DISTRIBUTION*

Run: One Barometric Pressure(in. Hg) 29.99
Date: 5/18/82 Stack Temperature(°F) 357.
. ' N Sample Time(min.) 600.
i . : B-3 A-
raverse Point No. Sampled: B-3 Sample Volume(cf) 371.2
Fuel Firing Ratio, %Gas:%0i1 70:30 Moisture(%HZO) 16.8
o)
Percent 0, (at test location) 3.9 Meter Temperature(“F) 81.
F1 ing, AH(in. 1.3
Dry Standard Cubic Feet/Minute 48,800, ow Setting, AH(in HZO)
Nozzle Diameter(in.) 0.490
Wet Actual Cubic Feet/Minute 90, 700. Static Pressure(in. H20) -0.40
. Meter ¥ 0.998
Sample Flow Rate Sample Vac.(in. Hg) 1.0
(at stack conditions): . 1.13 cfm
Plate Net Wt. Percent in Cumulative EAD
: Pe -
No. (mg) Size Range T;:gngi:?ss (microns)
1 5.1 12.5 87.5 8.5
2 0.0 0.0 87.5 7.9
3 0.2 0.5 87.0 4.9
4 0.1 0.2 86.8 ' 3.3
5 0.3 0.7 86.1 1.8
5 0.0 0.0 86. 1 0.79
7 0.3 0.7 85.4 0.47
8 0.4 1.0 8L. L 0.2
Backup A
Filter 34.6 84. 4 0.0 ———-
TOTAL Lki.o -=-- -=-- ----
A-10

*Data plotted in Figure 4-2.



AMERICAN PETROLEUM INSTITUTE

Run: Two

Date: 5/19/82

REFINERY A

SOURCE

Table A-11
PARTICLE SIZE DISTRIBUTION *

Traverse Point No. Sampled: B-2 C-3

Fuel Firing Ratio, %Gas:%0i1 70:30

Percent 02 (at test location) 5.5

Dry Standard cubic Feet/Minute 54,000.

1

Barometric Pressure(in. Hg)

Stack Temperature(oF)

Sample Time(min.)
Sample Volume(cf)
MoistUre(%HZO)

Meter Temperature(°F)

Flow Setting, AH(in. HZO)

Nozzl i in.
Wet Actual Cubic Feet/Minute 98,600, ozzle Diameter(in.)
Static Pressure(in. HZO)
Meter ¥
Sample Fiow Rate ‘Sample Vac.(in. Hg)
(at stack conditions): 1.10 cfm
. Cumulative
Plate Net Wt. Percent in EAD
P
No. (mg) Size Range %;:sngitfss (microns)
1 6.3 22.9 771 8.6
2 0.5 1.8 75.3 8.0
3 0.5 1. 73.5 5.0
4 0.2 0.7 72.8 3.3
5 0.2 0.7 72.1 1.8
6 0.1 0.4 71.7 0.80
7 0.6 2.2 69.5 0.47
8 0.0 0.0 69.5 0.25
Backup
Filter 19.1 69.5 0.0 ———
TOTAL 27.5 ---- -—-- ----
A-11

*Data plotted in Figure 4-2.

0.490

0.998



AMERICAN PETROLEUM INSTITUTE

REFINERY A

SOURCE 1
Table A-12

PARTICLE SIZE DISTRIBUTION

Run: Performed during particulate tests
four and five.

Date: 7/16/81
Traverse Point No. Sampled: D5-C6
Fuel Firing Ratio, %Gas:%0il 93:7

Percent 0, (at test location) 4.4

Sample Flow Rate
(at stack conditions): 0.83 cfm

Barometric Pressure(in. Hg)

Stack Temperature(°F)

Sample Time(min.)

Sample Volume(cf)

Moisture(%HZO)

Meter Temperature(°F)
Flow Setting, AH(in. Hzo)
Nozzle Diameter(in.)

Static Pressure(in. HZD)

Meter &

Sample Vac.(in. Hg)

. Cumulative

plate  NetMt.  ferentt  Reentless  (icrons
1 L.5 16.6 83.4 9.8
2 2.4 89 74.5 9.1
3 L1 15.1 59. 4 5.7
4 2.1 7.8 51.6 3.8
5 L1 15.1 36.5 2.0
6 4.0 4.8 21.7 0.94
7 3.2 11.8 9.9 0.59
8 1.7 6.3 3.6 0.30
TOTAL 27.1 ety =-=- -TTT

A-12

29.75
338.
L20.
203.2

15.2

91.

0.74
0.433
-0.42
1.002
1.0



AMERICAN PETROLEUM INSTITUTE
REFINERY A

SOURCE

1

Table A-13

PARTICLE SIZE DISTRIBUTION

Run: Performed during particulate tests
two and three
Date: 7/15/81

Traverse Point No. Sampled: D5-Ch
Fuel Firing Ratio, %Gas:%0i1 96:4

Percent 0, (at test location) 2.3

Sample Flow Rate
. (at stack condition;):.o.sh cfm

Barometric Pressure(in. Hg)

Stack Temperature(oF)

Sample Time(min.)
Sample Volume(cf)
Moisture(%HZO)

Meter Temperature(°F)
Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Static Pressure(in. HZO)

Meter ¥

Sample Vac.(in. Hg)

; Cumulative

o T M) Srehanse  Peremtless (B0
1 5.2 55.3 bl 7 9.8
2 0.5 5.3 39.4 9.0
3 0.7 7.5 31.9 5.6
4 0.6 6.4 25.5 3.8
5 0.3 3.2 22.3 2.0
6 0.2 2.1 20.2 0.93
7 0.3 3.2 17.0 0.55

0.4 4.3 12.7 0.30
B??#%Zr 1.2 12.7 0.0 ———-
TOTAL 9.4 ———- - ———-

A-13

29.88
327.
L20.
206.8

16.2

95.

0.74
0.433
-0.40
1.002
1.0
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AMERICAN PETROLEUM INSTITUTE
REFINERY &

SOURCE 1
Table A-14
PARTICLE SIZE DISTRIBUTION

Run: Performed during particulate test Barometric Pressure(*in. Hg) 29.84
seven. 0
. o Sample Time(min.) 240.
Traverse Point No. Sampled: 05 sample Volume(cf) 117.3
Fuel Firing Ratio, %Gas:%0i1 46:54 Moisture(%H,0) . 15.6
o 1.

Percent 0, (at test location) 3.8 Meter Temperature(“F) 3
Flow Setting, AH(in. H,0) 0.76
Nozzle Diameter(in.) 0.433
Static Pressure(in. HZO) -0.43
Meter ¥ . 1.002

.Sample Fiow Rate : Sample Vac.(in. Hg) 1.0

(at stack conditions):  0.84 cfm , .
Plate Net Wt. Percent in Cumulative EAD
Percent Less :

No. (mg) Size Range Than Dia. (microns)

1 6.6 15.8 84.2 9.8

2 L 5 10.8 73.4 9.1

3 5.7 13.7 59.7 5.6

4 4.6 11.0 L8. 7 3.8

5 L.1 - 9.8 38.9 2.0

6 b4 10.6 28.3 0.93

7 4 3 10.3 18.0 0.55

8 2.5 6.0 12.0 0.29

Backup

Filter 5.0 12.0 0.0 e
TOTAL b1.7 ---- ---- ----

A-15



AMERICAN PETROLEUM INSTITUTE
REFINERY A

SOURCE !
Table A-15

PARTICLE SIZE DISTRIBUTION

Run: Performed during particulate tests Barometric Pressure(in. Hg) 29.84
twelve and thirteen

Date: 7/21/81 Stack Temperature(°F) 345
. X Sample Time(min.) L8o.
Traverse Point No. Sampled: C$~D sample Volume(cf) 238.3
Fuel Firing Ratio, %Gas:%0il1 58:42 Moisture(%H,0) 4.6
o 2.
Percent 0, (at test location) 5.5 Meter Temperature(~F) 9
Flow Setting, AH(in. HZO) 0.76
Nozzle Diameter(in.) 0.433
Static Pressure(in. H20) -0.44
Meter ¥ : 1.002
Sample Flow Rate _ Sample Vac.(in. Hg) 1.0
(at stack conditions): ¢ 85 cfm
. Cumulative
Plate Net Wt. Percent in EAD
Percent Less "
No. (mg) Size Range Than Dia. (microns)
1 0.7 20.0 80.0 9.7
2 0.1 2.9 77.1 9.0
3 0.3 8.6 68.5 5.6
4 0.3 8.6 59.9 3.8
5 0.5 4.3 45.6 2.0
6 0.6 17.1 28.5 0.93
7 0.4 1.4 17.1 0.55
g 0.2 5.7 1.4 0.29
S8ackup
Filter 0.4 1.4 0.0 ———-

TOTAL 3.5 ---- ---- --=-
A-16
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AMERICAN PETROLEUM INSTITUTE
REFINERY A
SOURCE 1
Table A-16
ANALYSIS OF RESULTS OF FUEL OIL COMPOSITE SAMPLES

Ash, %

Carbon, %

Hydrogen, %

Nitrogen, %

Oxygen, %

Sulfur, %

Density, 1bs/ga1
Heating Value, BTU/1b.
Heating Value, BTU/981
Viscosity, SUS @ 100
Viscosity, Sus @ 122° F.

Viscosity, SUS @ 210°F.

Gravity, CAPI
Metals, ppm by weight

Arsenic
Barium
Cadmium
Chromium
- Copper
Lead
Mercury
Nickel
Selenium
Vanadium
Zinc

Tests 7,8,9,

11, 12 & 13
7/18-21/81

< 0.01
86.9
12.3
0.16
0.52
0.09
7.509

19,245.

144,511
89.2
67.0
37.6
25.4

A
VOO O0OO0OO0O0OO0O0OO0O0
. (] L] . L) . . L] L] L]

A-18
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AMERI CAN PETROLEUM INSTITUTE

REF {NERY B
SOURCE 1
TABLE A-17

SUMMARY OF PARTICULATE TEST DATA

Test Data

Test Aun Number
Test Date
Test Period

Samoling Data

Samoling Duration, minutes
Nozzle Diameter, inches
Barometric Pressure, inches mercury

Average Orifice Pressure lefcrcnti.l.oinehu water

Average Ory Gas Tempersture at Meter,
Total water Collected by Train, ml

itandard Voiume of Water Vapor Collected, cubic feet

Ory Gas meter Calibration Factor, dimensioniess
Sampie Volume at Meter Conditions, cubic fest
Sample Volume at Standard Conditions, cubic feet'

Gas Stream Comoosition

C02. percent by volume

02. percent by volume

CO, percent by volume

N2, percent by volume

Moisture in Gas Stream, percent by vaolume
Mole Fraction of Ory Ges

Malecular Weight of Dry Gas

Molecular Weight of Wet Gas

Gas Stream Velocity end Volumstric Fiow

Static Pressure, inches water

Absolute Pressure, inchas mercury

Average Tempersture, °F

Pitot Tuba Calibration Coefficient, dimensionless
Total Number of Traverse Points

Velocity at Actual Conditions, feet/second
Stack/duct Cross~Sectional Ares, square feet
Volumetric Flow, Wet Actual cubic fest/minute
Volumetric Flow, Ory Standard cubic feet/minute

Percent iIsokinetic
pELALILL SR A- LR AL 1LY

ynit/Process Operations Data

Fuel Firing Ratio, i Gas:% Oil
Percant 03 at test location-
Unit Charge Rate ,8PH

1 2
12/30/81 12/31/81
1023~1643 0958-1610
360.0 360.0
0.618 0.776
30.25 30.14
1.22 3.09
72. 94,
758.0 1,268.0
35.7 59.7
0.991 0.991
218.1 346.8
217.4 332.%
7.9 8.1
6.3 5.8
0.0 0.0
85.8 86.1
1h,1 15.2
0.859 ) 0.848
29.5 29.5
27.9 27.8
- 0.06 - 0.0k
30.3 30.1
587. $79.
0.840 0.840
12.0 12,0
10.9 1.
19.6 19.6
12,900. 13,100,
5.630. 5,690.
101.1 97.0
100:0 100:0
6.3 5.8
1200. 1200.

"Stancara Conaitions = 68°7 (20°¢) and 29.92 inches (760 mm) mercury, dry basis.

A-12

3
1/1/82
0828-1800

NN — OB

~NWwowVmVIown m
£ e e e e .

mogumo\an
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- 0.05
3o.0

0.84k0
12.0
1.4
19.6

13, h00.

5,760.

96.9

100:0
5.9
1200.



AMERICAN PETROLEUM INSTITUTE

REFINERY 8
SOURCE
TABLE A-18

SUMMARY OF PARTICULATE ANC NOy TEST SESULTS

Test Data
Test Run Number 1 2
Test Date 12/30/81 12/31/81
Test Time 10231643 0958-1610
Gas Flow Volumes N
Dry Standard Cubic Pndﬂlmu(” 5.630. 5.690.
Wet Actusl Cubic Feat/Minute 12,900. 13,100.
Rarticulate Anslysis Report
Front-Ha!f Acetone Wash Residus Wt., grams 0.0005 0.0033
Front-Half Methylene Chloride Wash Residue We., grams PR 0.0002
Filter Cateh Wt., grems 0.0003 0. 0005
Front-Half Catch We. Sub~total, grams 0.0008 0.0040
Mathylene Chloride Extraction of Impinger ContentsAdash Residue wt., gramsacece 0. 0006
Impinger Contents/Wash Aesidus Wt., grams 0.0062 0.0082
Sack-Haif Acstone Wesh Residus Wt., grams 0.0007 0.0025
.Back-Haif methylena-Chioride Mash Residus Vt., qrams RO 0.0088
Back Half Catch Wt. Sub~total, grams 0.0069 0.0141
Total Cateh Waight, grams 0.0077 0.0181
Particulate Results
Front-Half
Concentration, grains/dry standard cubic foot, x lo's 5.88 18.6
Mass Emission Aats. pounds/hour, x 10°3 2.74 9.06
Jotal
Concentration, grains/dry standard euQSe foot x 1075 54,7 84.0
Mass Emission Rate, pounds/hour. x 10 26. 4 41,0
NOx Emissions, as NOz(z)
Concentration, Parts/million by Volums. dry basis -6 64.8 55.1
Concentration, Pounds/Dry Scanderd Cubic Foot x 10 7.74 6.58
Mass Emission Rate, Pounds/MWour : 2.62 .25

”’Sundarc Conditions = 68°F (20°C) and 29.92 inches Mg.

t
‘”!uults Shown are averages of three (3) gradb samoles.

A-20

b}
1/1/82
0828-1800

5.760.
13,400.

0.0028

0.0005
0.0033

0.0074
0.0085

0.0153%
0.0192



AMERICAN PETROLEUM INSTITUTE

Test Oata

REFINERY B8

SOURCE
TABLE A-19

SUMMARY OF PARTICULATE TEST DATA

Test Run Numper
Test Date
Test Period

Samoling Data

Semoling Duration, minutes
Nozzle Diameter, inches
Sarometric Pressurs, inches mercury

Aversge Orifice Pressure Differential, inches weter

Average Ory Gas Temparaturs at Meter, °F
Total Water Collected by Train, mi

itandard Volume of Water Vapor Collected, cubic feet

Orv Gas Meter Calibration Fector, dimensionless
Semple Volume at Meter Conditions, cubic feet
Sample Volume at Standard Conditions, cubic feet!

Gas Stream Composition

C02. percent by volum

02, percant by volume

€O, parcent by voiume

N2, psrcent by voiume

Moisture in Gas Stream. percent by volume
Mole Fraction of Dry Gas

Molecular Weight of Dry Gas

Molecular Weight of wWet Gas

Sas Stream Velocity and Volumstric Flow
e e e L ANC YO URBLEIC | JOW

Static Pressure. inches water

Absolute Pressure, inches mercury

Avarasge Tempersture, °F

Pitot Tube Calibration Coefficient, dimensioniess
Total Number of Traverse Points

Velozity at Actual Conditions, feet/second
Stack/duct Cross-Sectional Area, square feet
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Dry Standard cubic feet/minute

Percant 1sokinetic
—_. 0K netlic

Jnit/Process Operations Data

Fuel Firing Ratio, % Gas:3 0!
Percent 0; at test location
Unit Charge Rate BPM

4
1/2/82
0839-1457

360.0
0.776
29.93
3.23
85,
1,487.0
70.0
0.991
1%0.5
339.4

_

T

JLEILSEL
g

NN
Sses

- 0.06
29.9
sn.
0.840
12.0
1m.e
19.6
13,400,
5,690,

99.2

100:0
4.0
1200.

"Stancara Congitions = 68°F (20%¢C) ang 29.92 inches (760 mm) mercury, dry dasis.

A-21

5
1/3/82
08291754
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- 0.05
29.9
0.840
12.0
10.9

12,800.
$,460.

9.3

100:0
.0
1200.

6

1/4/82

1026-163$

360.0

0.776
30.29

2.9
2.

1,188.0

55.9

1

0.991

333.1
322.3
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AMERICAN PETROLEUM INST!TUTE

REFINERY 8
SOQURCE !
TABLE A-20

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Test Daca

Test Run Number &
Test Dace 1/2/82
Test Time 0839~1457
Gas Flow Volumes
Ory Standsrd Cubic Fu!/ﬂlnun(') 5.69%0.
Wet Actual Cubic Feet/Minute 13, 400.
Sarticulate Ansiysis Repor:
Front-Half Acetone Wash Residus Wt., grams 0.0012
Front-Half methylens Chioride Wash Residue We., grems cmee-
Filtar Catch Wt., grams 0.00%4
Front-Haif Catch Wt. Sub-total, grams 0.0026
Methylens Chioride Extraction of impinger ContentsNash Residue wt., grems «ace«
Impinger Contents/Wesh fesidwe Wt., grams 0.0056
Back-Half Acatone Wash Residus Wt., grams 0.0060
8ack-Nalf Methylena Chloride Wash Residue We., grams cowas
Back Malf Cateh Wt. Sub~total, grams ' 0.0116
Total Catch Weight, grams 0.0142

Particulate Resulcts

Front-Half

Concantration, grains/dry stendard cubic foot, x ,0-5 11.8
Mass Emission Race, pounds/hour, x 103 5.76
Total

Concentration, grains/dry standard cuo;r. foot, x 1075 6h.6
Mass Emission Rats, pounds/hour, x 10° 31.5

NOx Emissions, as nozm

Concentration, Parts/million by Volume. dry basis -6 8.5
Concentration. Pounds/Dry Standard Cubic Foot x 10 5.79
nass Emission Rate, Pounds/Hour .97

(1)
12)

Stanasrd Conditions = 68°F (20°C) and 29.92 inches My.
Resules shown are averages of thrae (3) grab samples.

A-22

S
1/3/82
0829-1754

$.460.
12,800.

0.0002

0.0008
0.0007

0.0143
0.0047

0.0!9.0
0.0197

6
1/k/82
1026-1635

5.500.
12,500.

0.0035
0.0006
0.0004

0.0045
0.0004
0.0049
0.0019
0.0045
0.0117

0.0162



AMERICAN PETROLEUM INSTITUTE

REFINERY A
SOURCE 2
Table A-21
SUMMARY OF PARTICULATE TEST DATA
Test Data

Test Run Number
Test Date
Test Period

Sampling Data

Sameling Duracion, minytes

Nozzie Diametar, inches

Barometric Pressure, inches mercury

Average Orifice Pressure Diffarential, inches water
Aversge Dry Gas Tempersture at Meter, ©

Total Water Coilected by Train, mi

Scandard Volums of Veter Vepor Collacted, cubic feet
Ory Gas meter Calibration Factor, dimensionless
Sample Volume at Meter Comdictions, cubic feet
Semple Volume at Standard Conditions, cubic fest!

Gas Stream Composition

C02. percent by volume

32, percent by voliume

CO, percent by volume

N2, parcent by voiums

Moisture in Gas Stream, percent by volume
Mole Fraction of Dry Gas

Molecular Weight of Dry Gas

Molecular Weight of Vet Gas

Gas Stream Velocity and Volumetric Flow
Y INC SO UM LFIC PlOw

Static Pressure. inches water

Absolute Prassure, inches mercury

Average Temoerature, °F

Pitot Tube Calibration Coefficient, dimensionliess
Total Numoer of Traverse Poincs

Velocity act Actual Conditions, feet/second
Stack/duct Cross-Sectional Ares. square feet
Volumetric Flow, Wet Actual cubic faet/minute
Voiumetric Fiow, Dry Standard cubic fest/minute

Percent lsokinetic
—_— J0Rinetic

Unit/Process Operations Data

Fuel Firing Ratio, %Gas:% 041
Percent 02 Exiting Boiler
Percent 02 at Test Location
Steam Load, 103 1bs/hr

“$tancara Conaitions = 68% (20°¢) ang 29.92 inches (760 mm) mercury,

he23

1
5/4/82

0832-1300
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2
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AMERICAN PETROLEUN I1NSTITUTE
REFINERY A
SOURCE 2

Table A-22

SUMMARY OF PARTICULATE ANO MOy TEST RESULTS

Jest Data
Test Run Number 1 ’ 2 3
Test Date ) 5/4/82 5/5/82 5/5/82
Test Time 0832-1300 0755-1130 1224-1558
Gas_flow Volumes
Ory Standard Cubic Feat/Minute''’ 40,600. 29,400. 40,500.
Met Actuel Cubic Fest/Minute 66,300, 64,600. 66,400.
Pacticulate Analysis Regort
Front-Ha|f Acatons Wesh Residus Wt., grams 0.0193 0.0190 0.0186
Front-Half Mathylens Chioride Wash Residus VWt., grams covsan e 0.0091
Filter Cateh Wt., grams 0.0639 0.0445 0.0411
Front-Half Cateh Wt. Sub-total, grams 0.0832 0.0635 0.0688
nechyiens Chioride Entraction of impingar Contents/Wesh Residue Wt., grams cmeowe —ees 0.0013
Impinger Contents/Mash Aesidus Wt., grams .0.0740 0.0422 0.0249
Sack-Haif Acatone Wash Residus We., grams 0.0014 - 0.0020 0.0040
Sack-Half methylena Chioride Wash Residus Wet., grams comeee —een- 0.0260
Back Half Catch Wt. Sub-toctal, grams 0.0754 0.0442 0.0562
Total Catch Weight, grams 0.1586 0.1077 0.1250
Parciculate Resuilts
Front-Half
Concentration, grains/dry standard cubic foot, x lo" 8.3 8.0 8.5
Mass Emission Rate. pounds/hour 2.9 2.7 3.0
Toca)
Concentration, grains/dry scandard cubic foot, x m" 15.9 13.6 15.5
Mass Emission Rate, pounds/hour 5.5 4.8 5.4
NOx Emissions, as uozm
Concentration, Parts/million by Voluma, dry basis -4 200. 211. 21l.
Concentration, Pounds/Dry Standard Cubic Foot x 10 23.8 25.2 25.2
nass Emission Rate, Pounds/MWeur 58. ) §0. 61.

(1) ¢ tandard Conditions = 68%F (20°C) and 29.92 inches Mg.

Z)Inults shown are averages of three (3) grab samples.
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AMERICAN PETROLEUM INSTITUTE

REFINERY A
SOURCE 2
Table A-22

SUMMARY_OF PARTICULATE TEST DATA

Test Ddata

Test Run Number

Test Date
Test Period

Samoling ODats

Samoling Ouration, minutes

Nozzle Diamater, inches

Barometric Pressure, inches marcury

Average Orifica Pressure Differential, inches water
Average Dry Gas Temperature at Mater, °F

Total Water Collected by Train, ml

itandard Volums of Water Vepor Collectead, cubic feet
Dry Gas Meter Calibration Factor, dimensioniess
Sample Volume st Mater Conditions, cubic feat
Sample Volume at Standerd Comditions, cubic feat'

Gas Stream Comoosition
A L OMeosition

C02. percent by volume

02, percent by volume

CO. percent by voiume

N2, pearcent by voiume

Moisture in Gas Straam, percant by voiume
Mole Fraction of Ory Gas

Molecular Weight of Dry Gas

Molecular Weight of Wet Gas

Gas Stream Veiocity and Volumetric Flow
Y 300 7O umetric TlOw

Static Prassure, inches water

Absclute Pressure, inches mercury

Average Temperature, °F

Pitot Tube Calibration Coefficient, dimensioniess
Total Number of Traverse Points

Veiocity at Actusl Conditions, feet/second
Stack/duct Cross-Sectional Ares. square feet
Volumetric Flow, Wat Actual cubic feet/minyte
Volumecric Flow, Ory Standard cubic fest/minute

Percent Isokineric
—————  DELIC

ynit/Process Operations Daca
—— 003 UOsTations Uatd

Fuel Firing Ratio, %Gas:% Qi1
Percent 0z Exiting Boiler
Percent 02 at_Test Location
Steam Load 103 bs/hr

4
5/6/82
0924-1530

e e e
[-X-X ]

8” g e
VOONOO
“ o e

.Oahl\l

"Stanaara Conditions = 68°F (20°C) and 29.92 incnes (760 mm) mercury, dry basis.
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AMERICAN PETROLEUM INST!TUTE
REFINERY A
SOURCE 2

Taple A-28

SUMMARY OF PARTICULATE AMD NOy TEST RESULTS

Test Data
Test Run Number
Test Date
Test Time

Gas Flow Volumes

Ory Standard Cubic Fut/mnuu“)
Wet Actual Cubic Feet/Minuts

Particulate Analysis Report

Front-Ha!f Acetone Wesh Nesidue We., grams
Front-Half Methylens Chloride Wash Rasidue Wt., grams
Filter Cateh we., grams *
Fronc-Hailf Catch we. Sub-total, grams
Hethyiene Chloride Extraction of Impinger Contents/Nash Residue we., grams
Impinger Contents/Wash Residue We., grams
Back=Haif Acetone Wash Residus Wt., grams
Back-Half methylene Chloride Wash Residus Wt., grams
Back Half Catch Wt. Sub-total, grams
Total Cacch Weight, grams
Particulate Resuits
Front-Half

Concantration, grains/dry standard cubic foot, x m"
Mass Emission Rate, pounds/hour

Total

Concentration, grains/dry standard cubic foot, a lo"
Mass Emission Rats, pounds/hour

NOx Emissions, as uozm

Concentration, Parts/million by Volume. dry basis -6
Concentracion, Pounds/Ory Standard Cubic Foot x 10
Mass Emission Rate, Pounds/Mour

s tandara Conditions = 68%F (209C) ang 29.92 inches Hg.
(2)““'“ shown are averages of three (3) grab samples.

4
5/6/82
0924-1530

40,900.
67,100.

0.0165

0.0497
0.0662

0.0460
0.q042

0.0502
0.1164

194.
23.2
57.

5
. 8/7/82
0836-1308

" 46,100.
74,900.

0.0275

0.0540
0.0815

212.
25.3
70.

6
§/7/82
1348-1720

46,800.
76,300.

0.0121
0.0070
0.0458

0.0659

0.0007
0.0416
0.0007
0.0175

0.0605
0.1264

~N o~
D -

MR
w~

206.
24.6
69.
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Taple A-25
SUMMARY OF PARTICULATE TEST DATA

Test Data

Test Run Numoer 7 8 9
Test Oate 5/8/82 5/8/82 5/9/82
Test Period 0753-1217 1301-1721 0818-1824
Sampiing Data

Semoling Duration, minutes 240.0 240.0 576.0
Nozzle Diameter, inches 0.253 0.250 0.253
Barometric Pressure, inches mercury 29.91 29.91 29.95
Average Orifice Pressure Differential, inches water 1.34 " 1.29 1.17
Average Ory Gas Tempersturs at Meter, °F 78. 79. 78.
Total Water Colliected by Train, mi 518.5 489.0 1,171.5
itandara Volume of Water Vepor Collected. cubic feet 24.4 23.0 $5.1
Dry Gas Meter Calibration Factor, dimansionless 0.998 0.998 0.998
Sample Volume at Meter Conditions, cubic fest 138.9 138.8 318.8
Sample Volume at Standard Conditions, cubic feet! 137.0 135.9 313.3

Gas Stream Composition
e O 1 2100

C02. percent by volume

02, percent by volume

CC. percent by volume

N2. percent by volume .

Moisture in Gas Stream. percent by volume
Mole Fraction of Dry Gas

Molecular Weignt of Dry Gas

Moldcular Weight of Wet Gas

mdngooh

—
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o
n -— 00
mzobhovm
.
— 00
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"
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~Noowm
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.
NOOLMWLOonm
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o ONOON

.

owmm’mooc—

~N N
~n N

Gds Stream Velocity and Volumetric Flow
e e S OLC SO (URB LI VC T lOW

Static Pressurs, inches water

Absolute Pressure, inches mercury

Average Temperature, °F

Pitot Tube Calibration Coefficient, dimensionless

Total Number of Traverse Points

Velocity at Actual Conditions, feet/second

Stack/duct Cross-Sectional Arsa, square feet

Volumetric Flow, Wet Actual cubdic feet/minute .
Volumetric Flow, Ory Standard cubic feet/minute 35,400. 35,800. 34,100.

L]
(=]
.

. )
Lad
.

EEomBo
ubog o

Snrsofy

g
8
E
5
g

Bercenc Isokinetic 104.8 © 105.4 103.5

ynit/Process Operations Data
——t S lo PSTACIONS Jata

Fuel Firing Ratio, %Gas:%0il 100:0 100:0 100:0
Percent Q7 Exiting Boiler

Percent 02 at_Test Location

Steam Load 103 lbs/hr 1

Bun
ow

—

-~

(i K 7V]
oo

o oo
oo

.:CJHGDF: tongitions = §8°%F (20°C) and 29.92 inches (760 mm) mercury, dry basis.
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Table A-26

SUHMARY OF PARTICULATE AND NOy TEST RESULTS
e R S U TB] ESULTY

Test Data
Test Run Nuwber
Test Date
Test Time
Gas Flow Volumes
ez YO lumes

Ory Standard Cubic Fut/ﬂlmtc(”
Wet Actual Cubic Feet/Minute

Particulate Analysis Regore
Front-Haif Acetome Vash Residue We., grams
Front-Half Mathyiene Chioride Wash Residue VWe., grams
Filter Cateh we., grams
Front-Half Catch We. Sub~total, grams
Rethyiene Chioride Extrsction of impinger Contents/Mash Assidue wt., grems
Impinger Contents/Wesh Residus Wt., grams
Back-Half Acetone Wash Residus Wt., grams
Back-Half Methyiene Chioride Wash Residus vt., ‘grams
8ack Nalf Cateh we. Sub=total, grams
Total Catch wWeight, ‘grams
Particulate Results
—, D8 Tesults
Fronct-Half

Concantration. grains/dry standard cubic foor, x 10”3
Mass Emission Rats, pounds/heur

Total

Concentration, grains/dry standard cubic foot, x w"
Mass Emission Rate, pounds/hour

NOx Emissions, as NO;‘Z)

Concentration, Parts/million by Voluma. dry basis -6
Concentration. Pounds/Dry Standard Cubic Foot x 10
Mass Emission Rate, Pounds/Hour

115 tancara Conditions = 68%F (209¢) and 29.92 inchas Mg.

"z,hsulu Shown are averages of three (3) grad sampies.

A-28

7
5/8/82

0753-1217

0.0131

0.0188

0.0138
0.0027

0.0165
0.0333

8
5/8/82

1301-1721

" 35,800.
60,700.

0.0076

0.0035
0.0111

0.0201
0.0031

0.0232
0.0343

102.
12.2
26.

9
5/9/82
0818-1824

34,100.
§8,000.

0.007¢
0.0049
0.0429

0.0552

0.0009
0.0699
0.0067
0.0256

0.1031
0.1583
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Table A-27
- SUMMARY QOF PARTICULATE TEST DATA
Test Data
Test Aun Number 5/1%982
Test Date
Test Period 0850-1315
Sampiing Daca
Samoling Duration, minytes 240.0
Nozzle Diameter, inches 0.250
Sarometric Pressurs., inches mercury 30.01
Average Orifice Pressure Differential, inches water 1.60
Average Ory Gas Tempersture at Meter, °F 76.
Total Water Collected by Train, m! 505.5
Scandard Voiume of vater Vapor Collected, cubic feet 23.8
Dry Gas matar Callbration Factor, dimensioniess 0.998
Samole Volume st Meter Conditions, cubic feet 159.3
Sample Volume st Standard Conditions, cubic feat! 157.7
Gas Stream Lomposition
C02. percent dy volume 6.6
02, percent by volume 8.6
CO, percent by volume 0.0
N2, parcent by volume 84.8
Moisture in Gas Stream, percant by volume 13.1
Mole Fraction of Dry Gas 0.869
. Molecular Weight of Ory Gas 29.4
Molecular Weight of Wet Gas 27.9
Gas Stream Velocity and Volumetric Flow
Static Pressurs, inchas water - 0.64
Absolute Pressure, inches mercury 30.0
Average Temperature, OF 315.
Pitot Tube Calibration Coefficient. dimensioniess 0.84
Tota! Number of Traverse Points 48.0
Velocity at Actus) Conditions, feet/second 51.8
Stack/duct Cross-Sectional Ares, square feet 22.7
Volumetric Flow, Wet Actus! cubic fest/minute 70,600.
Volumetric Flow, Dry Standard cublc feat/minute 41,800.
Percent tsokinetic 104.5
Unic/Process Operations Data
Fuel Firing Ratio, Gas:%0i1 100:0
Percent 07 Exiting Boiler 4.8
Percent 07 at_Test Location 8.6
Steam Loag 103 lbs/hr 146.

:S:anaarc Conaitions = 68%¢ (20°¢) ang 29.92 inches (760 mm) mercury. dry basis.
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12
5/11/82
0813-1228

240.0
0.250
29.99
1.37
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22.9
0.998
146.9
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Table A-28

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Test Data
Test Run Numder 10 11
Test Dace ‘ 5/10/82 5/10/82
Test Time 0850-1315 1410-1825
Gas Flow Volumes
Ory Standard Cubic Fut/ﬂlnuu(” 41,800. 40,900.
Wet Actual Cubic Feet/Minute 70,600. 69,300.
Particulate Ansiysis Aepore
Front-naif Acetone Wash Aesidus Wt., grams 0.0020 0.0037
Front-Half methylens Chioride Wash Residue We., grams eoves b
Filter Catch We., grams 0.0047 0.0018
Front-Malf Cateh We. Sub-total, grams 0.0067 0.0055
Methyiene Chioride Extraction of impinger Contents/Mash Residue We., grams suseee sowaae
Impingar Contents/Wash Residue Wt., grams 0.0116 0.0147
Sack-Haif Acatone Wesh Residus We.. grams 0.0001 0.0000
Back-Haif mathylene, Chioride Wash Residus We., grams cmcena el
Back Malf Cacch We. Sub-total, grams 0.0117 0.0147
Total Catch Weight, grams 0.0184 0.0202

Particulate Resuits
——DtC TeSU LS

Front-Half

Conecntntion. grains/dry standard cubic foot, x 10'3 0.7 0.5
Mass Emission Race, pounds/hour 0.24 0.19
Total

Concentration, grains/dry standard cubic foot, x m-3 1.8 T2.0
Mass Emission Rate, pounds/hour 0.65 0.70

NOx Emissions, as nozm

Concentration. Parts/million by Volume. dry basis - 131. 128.
Concantration. Pounds/Dry Standard Cubic Foot x 10 15.7 14.9
Mass Emission Race, Pounds/Hour 39. 37.

'S tandara Conditions = 689 (20°C) ang 29.92 inches Wg.

It .
'z,leiults Shown are averages of three (3) grab sampies.
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12
5/11/82
0813-1228

0.0023
0.0034
0.0111
0.0006
0.0023
0.0002
0.0169
0.0200

0.0311

117.
14.0
2.
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Table A-29

SUMMARY OF PARTICULATE TEST DATA

Test Data

Test Run Number
Test Oate
Test Period

Samoling Data

Samoling Duration, minutes
Nozzie Diameter, inches
Baromecric Pressure, inches mercury

Avarage Orifice Pressure OI"onntiol.olnehu water

Average Ory Gas Tempersture at Meter,
Total Water Collected by Train, mi

itandard Volume of Weter Vapor Collected, cubic feet

Ory Gas Meter Calibration Factor, dimensionless
Sempie Volume at Meter Conditions, cubic feet
Semple Volume at Standard Conditions, cubic feet'

Gas Stream Composition

C02. cercent by voiume

02, pcercent by volume

CO0. percent by volume

N2, percent by volume

Moisture in Gas Stream’, percent by volume
Mole fraction of Dry Gas

Molecular Weight of Ory Gas

Molecular Weight of Wet Gas

Cas Stream v.lo:itz and Volumectric Flow

Static Pressure, inches water

Absolute Pressure, inches mercury

Aversge Tempersture, °F  °

Pitot Tube Calibration Coefficient. dimensioniess
Total Number of Traverse Points

Velocity ac Actual Conditions, feet/second
Stack/duct Cross-Sectional Ares, square feet
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Ory Standard cublic fest/minute

Parcent isokinetic
————DNetIC

Ynit/Process Oparations Oata

Fuel Firing Ratio, %Gas:%041
Percent 07 Exiting Boiler
Percent 0, at_Test Location
Steam Load 103 Ybs/hr

13
5/12/82
0817-1230

~n [ d
h h

o

ng'omono

-0
[ X X~}
.

[ 73

23
g8neso

103.3

Swnd
00 LW
N

"Stancarg Conditions = 68°F (20°C) and 29.92 inches (760 mm) mercury, dry basis.
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Table A-30

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Jast Data
Test Aun Numoer
Test Date
Test Time

Gas Flow Volumes

Ory Standsrd Cubic Fnt/nlmu“)
Wet Actual Cubic Feet/Minute

Particulate Analysis Report

Front-Half Acetone Wesh Residue We., grams
Front-Haif mathylens Chioride Mash Residue ¥t., grams
Filter Catch We., grams
Front-malf Catch Wt. Sub-total, grams
Methyiene Chloride Extraction of Impinger Contents/Nash Residue We., grams
Impinger Contents/\ash Residue Wt., grams
Sack=Haif Acatons Mash Residus Wt., grams
Sack-Na|f methylena Chioride Wesh Rasidus Wet:, grams
Back Half Cacech Wt. Sub-total, grams
Total Cacch wWeigne, 9rams
Particulate Resuits
Front-Half

Concentration, grains/dry standard cubic foot, x w"
Hass Emission Rets, pounds/hour

Tocal

Concentration, grains/dry standard cubic fooz, x 10-3
nass Emission Rate, pounds/hour

NOx Emissions, as "02(2)

Concentration. Parts/million by Volums, dry basis -6
Concentration, Pounds/Ory Standard Cubic Foot x 10
Mass Emission Rate, Pounds/Hour

(1)

2l nesults snown are averages of three (3) grab samples.

Standard Conditions = §8°F (20%C) and 29.92 inches Hg.
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13
§/12/82
0817-1230

0.0055

0.0285
0.0340

0.0130
0.0057
0.0187
0.0527

215,
25.6
61.

14
5/12/82
1311-1723

0.0085

0.0300
0.0385

0.0422
0.0028
0.0450
0.0835

203.
4.2
§9.
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Table A-31
SUMMARY OF PARTICULATE TEST DATA
Test Data
Test Aun Number 15 16
Test Date 5/13/82 5/13/81
Test Period 0832-1246 1401-1832
Samoling Data
Semoling Ouration, minutes 240.0 240.0
Nozzie Diamster, inches 0.250 0.253
Saromacric Pressure, inches marcury 29.98 29.98
Average Orifice Pressure Differential, inches water 1.42 - 1.44
Average Ory Gas Tempersture at Meter, °F 78. 79.
Total Water Collected by Train, m) 414.0 429.0
Standard Volume of Weter Vesor Collected, cubic feet 19.5 20.2
Dry Gas Meter Calibracion Factor, dimensionless 0.9%8 0.998
Sempie Volume at Meter Conditions, cubic feet 150.3 152.4
Semple Volume at Standard Conditions, cubic feet! 147.9 149.8
Gas Stream Composition
€02, parcant by volume 7.2 7.4
02, percent by volume 9.6 9.8
CO. percent by volume 0.0 0.0
N2, percent by volume 83.2 82.8
Moisture in Gas Stream, percent by volume 11.6 11.9
Moie Fraction of Ory Gas ’ 0.884 0.881
Molecular Weight of Dey Gas 29.5 29.6
Molecular Weight of Vet Gas 28.2 28.2
Gas Stresm Velocity and Volumstric Flow
Static Pressure, inches water - 0.62 - 0.67
Avsolute Pressure. inches mercury 29.9 29.9
Average Temperature. °F 2. nz.
Pitot Tube Calibration Coefficient, dimensionless 0.84 0.84
Tocal Number of Traverse Points 48.0 48.0
Velocity at Actusl Conditions, feet/second 48.9 49.3
Stack/duct Cross-Sectional Arsa., square feet 22.7 - 22.7
Volumatric Flow, Wet Actusl cubic feet/minute 66,500. 67,100.
Volumetric Flow. Dry Standard cubic fest/minute 40,200. 40,400.
Rercent lsokinetic 102.0 100.3
Ynit/Process Operations Oaca
Fuel Firing Ratio, %Gas: %01} 75:25 74:26
Percent 07 Exiting Boiler 6.5 6.4
Percent 02 at_Test Location 9.6 9.8
Steam Load 103 1bs/hr 135. 136.

"Stanaara Conditions = 68°F (20%C) and 29.92 inches (760 mm) mercury, dry basis.
£-33
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Table A-32

SUMMARY OF PARTICULATE AMD MOy TEST RESULTS

“)Szandorc Conditions = 68°F (20°C) and 29.92 inches Hyg.

“Ruults shown are averages of three (3) grab samplaes.

Test Data
Test Run Numder . 15 16
Test Dace 5/13/82 5/13/82
Test Time 0823-1246 1401-1832
Gas Flow Yoiumss
Dry Standard Cubic Fnt/mmn“) 40,200. 40,400.
wWet Actual Cubic Fest/Minute 66,500. 67,100.
Particulate Analysis Report
Front-Half Acetone Wesh Residus We., grams 0.0047 0.0138%
Front-Na!f methylens Chioride Wash Residue ve., grems
Filter Catch We., grams 0.0273 0.0283
Front=Haif Catch We. Sub-total, grams 0.0320 0.0418
Hethylene Chloride Extraction of Impinger Contents/Nash Residue Vt., grams cnaves cennce
Impinger Contents/VWash Residus Wt., grams 0.0310 0.0557
Back-Half Acatone Wesh Residus Wt., grams 0.0042 0.0024
Back-Haif Mathylens Chioride Wash Residue Vt., grams R crcans
" Back Half Cactech We. Sub-total, grams : ) 0.0352 0.0581
Total Catch wWeight, grams 0.0872 0.0999
Particulate Results
Front-naif
Concantration, grains/dry standard cubic foot, x 10°°> 3.3 4.3
Mass Emission Rate, pounds/hour 1.2 1.5
Total
Concentration, grains/dry standsrd cubic foot, x 10-3 7.0 10.3
Mass Emission Rate, pounds/hour 2.4 3.6
NOx Emissions, as nozm
Concentration, Parts/million by Volume, dry basis -6 . 189. 202.
Concentration, Pounds/Ory Standard Cubic Foot x 10 22. 24.2
Mass Emission Rate, Pounds/Mour 54. 59.
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Table A-33

*
PARTICLE SIZE DISTRIBUTION

Run: Nine Barometric Pressure(in. Hg) 29.95
Date: 5/9/82 - Stack Temperature(°F) 302.
. . -3 Sample Time(min.) 570.
raverse Point No. Sampled: Sample Volume(cf) 346.1
Fuel Firing Ratio, %Gas:%04i1 100:0 Moisture(%H,0) 15.0
o
Percent 02 (exiting boiler) 2.9 Meter Temperature(“F) 73.
. - Flow Setting, AH(in. H,0) 1.35
Percent 02 (at test location) . Nozzle Diameter(in.) 0.252
Static Pressure(in. HZO) -0.63
Meter ¥ 0.994
Sample Flow Rate Sample Vac.(in. Hg) 1.0
(at stack conditions): 1.02 cfm )
Plate Net Wt. ~  Percent in Cumulative EAD
Percent Less ;
No.. (mg) Size Range Than Dia. (microns)
1 4.6 13.3 86.7 8.7
2 0.6 1.7 85. 8.1
3 0.6 1.7 83.3 5.0
4 0.6 1.7 B1.6 3.4
5 0.7 2.1 79.5 1.8
6 0.9 2.6 76.9 0.83
7 0.8 2.4 74.5 0.49
8 0.6 1.7 72.8 0.26
Backup 25.2 . 72.8 0.0 : ---
Filter .
TOTAL 34.6 - -~ ——
A-35

*Data plotted in Figure 4-3.
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Table A-35

PARTICLE SIZE DISTRIBUTION

Run: Fourteen Barometric Pressure(in. Hg)
Stack Temperature(°F)
Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1 70:30 Moisture(%HZO)

5.1 Meter Temperature(°F)

Flow Setting, AH(in. Hzo)
Nozzle Diameter(in.)

Static Pressure(in. HZO)

Date: 5/12/82
Traverse Point No. Sampled: D-6

Percent 02 (exiting boiler)
Percent 0, (at test Tocation) 9.0

Meter ¥ :

Sample Flow Rate 4 Sample Vac.(in. Mg)

(at stack conditions): 1.08 cfm ‘
Plate Net Wt. Percent in Sumulative EAD
No. - (mg) Size Range Than Dia. (microns)
1 8.2 31.5 68.5 8.5
2 2.5 9.6 58.9 7.9
3 0.6 2.3 56.6 4.9
4 0.5 1.9 54.7 3.3
5 0.7 2.7 52. 1.8
6 1.9 7.3 44.7 0.80
7 0.6 2.3 42.7 0.47
8 0.1 0.5 41.9 0.25
Backup 10.9 41.9 0.0 -

Filter
TOTAL 26.0 .- ——— ———

A=37

129.95
317.
240.

156.2
12.1

73.
1.45

0.252
-0.61

0.994

1.0
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Table A-36

PARTICLE SIZE DISTRIBUTION

Barometric Pressure(in. Hg)
Stack Temperature(oF)
Sample Time(min.)

Run: Fifteen

Date: 5/13/82

Traverse Point No. Sampled: C-4
Fuel Firing Ratio, %Gas:%0il 75:25
Percent 02 (exiting boiler) 6.5

Percent 02 (at test location) 9.6

Sample Volume(cf)
Moisture(%HZO)

Meter Temperature(oF)
Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Static Pressure(in. HZO)
Meter ¥

Sample Flow Rate Sample Vac.(in..Hg)

29.98
312.
240.
160.5

11.6

76.

1.55
0.252
-0.62
0.994
1.0

(at stack conditions): 1.07 cfm-
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P;;::n;itfss (microns) -
1 6.1 17.6 82.4 8.6
2 0.9 2.6 79.8 7.9
3 1.8 5.2 74.6 4.9
4 1.3 3.8 70.8 3.3
5 2.7 7.8 63. 1.8
6 2.4 6.9 56.1 0.81
7 1.6 4.6 51.5 0.48
8 1 3.5 48.0 0.25
Backup 1€.7 48.1 0.0 ——-

Filter
TOTAL 34.7 . - - ce-

k-39
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Table A-39

PARTICLE SIZE DISTRIBUTION

Run: Two Barometric Pressure(in. Hg)
Stack Temperature(°F)
Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1  40:60 Moisture(%HZO)

Meter Temperature(°F)

Flow Setting, AH(in. H20)
Nozzle Diameter(in.)

Date: 5/5/82

Traverse Point No. Sampled: (5

Percent O2 (exiting boiler) 5.3
Percent 02 (at test location) 8.6

Static Pressure(in. Hzo)

Meter ¥

Sample-Flow Rate ' Sample Vac.{in. Hg)

(at stack conditions): 1.05 cfm ' ' :
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P$;§:n31:?ss (microns)
1 . 11.1 28.8 71.2 8.6
2 2.2 5.7 65.5 8.0
3 1.2 3.1 62.4 5.0
4 2.2 5.7 56.7 3.3
5 2.2 5.7 51. 1.8
6 '1.9 4.9 46.1 0.81
7 2.0 5.2 40.9 0.48
8 1.5 3.9 37.0 0.25
Backup 14.3 37.0 0.0 -

Filter
TOTAL 38.6 --- - ---

A-43
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Table A-42

PARTICLE SIZE DISTRIBUTION

Run: Five Barometric Pressure(in. Hg) 29.93
0
Date: 5/7/82 Stack Temperature(“F) 314.
. 4 Sample Time(min.) 200.
Traverse Point No. Sampled: D- Sample Volume(cf) 134.8
Fuel Firing Ratio, %Gas:%0i1  40:60 Moisture(%H,0) 9.6
0 76.
Percent 0, (exiting boiler) 6.8 Meter Temperature(“F)
: 0% Flow Setting,AH(in. H,0) 1.6
Percent 0, (at test location) 10. Nozzle Diameter(in.) 0.252
Static Pressure(in. H,0) -0.71
Meter ¥ 0.994
.Sample Flow Rate " Sample Vac.(in. Hg) 1.0
(at stack conditions): 1.08 cfm .
Plate Net Wt. Percent in g:?:l::ilzss EAD
No. (mg) Size Range Than Dia (microns)
1 13.3 25.2 74.8 8.5
2 1.0 1.9 72.9 7.9
3 0.7 1.3 71.6 4.9
4 0.9 1.7 69.9 3.3
5 2.4 4.5 65.4 1.8
6 2.8 5.3 60.1 0.80
7 2.1 4.0 56.1 0.47
8 1.3 2.5 53.6 0.25
Backup 28.3 53.6 0.0 ---
Filter
TOTAL 52.8 - ——- ———
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AMERICAN PETROLEUN INSTITUTE

REFINERY 8
SOURCE 2

Tadble A-45

SUMMARY OF PARTI TE TEST OATA

Test Data

Test Run Number
Test Date
Test Period

Semoiing Oata

Samoling Duration, minutes
Nozzle Dismster, inches
Sarometric Prassure, inchas mercury

Aversge Orifice Pressure Differential, inches water

Average Dry Gas Tempersturs at Meter,
Yotal Veter Collected by Train, ml

Standard Volume of Weter Vegpor Collected, cubic feet

Ory Gas Meter Calibration Fector, dimensioniess
Sample Volume at Meter Conditions, cubic fest

Sample Volume at Scandard Conditions, cubic feet!

Gas Stream itl

C02. percent by volume

02. percent by volume

CO, percent by volume

N2, parcent by volume

Moisture in Gas Stream, percent by voh-
Mols Fraction of Dry Gas

Molecular Weight of Ory Gas

Molecular Weight of Wet Gas

Gas Stresm Velocity snd Volusetric Flow

Static Pressure, inches water
Apsolute Pressure, mehu mercury
Avarage Tesperature,

Pitot Tube Callbracion Cufﬂelont. dimensionless

Total Number of Traverse Points

Velocity at Actual Conditions, feet/second
Stack/duct Cross-Sectiona! Ares, square feet
Volumetric Flow, Wet Actua! cubic feet/minute
Volumatric Flow, Dry Standard cubic feet/minuts

Percent lsokinetic

unit/Process Operations Data

Fuel Firing Ratio, % Gas: X 0i1
} 0, at test location 3
lon?cr Steam Production Rate.10” 1b/hr

1
12211/8)
0904-1337

256.0
0.180
29.93
1.03

425.0
20.0
1.000
141.0
136.3

=1.01
29.9
Wt.
0.840
32.0
102.5
4.3
254,000
124,000

100. 4

"Stanaard Conditions = 68°F (20°C) and 29.92 inches (760 mm) mercury, dry basis.

A-51

2
v12/12/80
0756-1232

256.0
0.180
.29.96
1.10
75.
32.0
20.8
1.000
145.1
143.8

33:67
370.

3
JJanaum
1324~1808

- 0.8
29.9

0. 350
32.0
106. 1
4.3
263.000
128,000

100.2

33:67
370,



AMERICAN PETROLEUM INSTITUTE

REFINERY 8
SOURCE 2
Table A-45
SUMMARY OF PARTICULATE AND NOx TEST RESULTS
Test Data
Test Aun Numser . 1
Test Date 12/11/8%
Test Time 0904-1337
Gas Flow Volumes
Ory Standard Cubic Feet/Minute'') 124,000,
Wet Actual Cubic Fest/Minute 254,000,
Particulace Aaiysis Repore
Front-Heif Acetone Wesh Aesidus Wt., grams 0.0546
Front-Helf methyliene Chioride Wash Residue Vt., grems covea
Filter Cateh Wt., grams 0.09%65
Front-Half Cacch We. Sub-total, grams 0.1511
Methylene Chioride Extraction of Impinger ContentsAesh Residue wt., gramg -====-
Impinger Contents/Mesh Residus Wt., grams 0.0144
Sack-Haif Acatone Wesh Residus Ve., grams X 0.0032
Saci-Ha1f Mathylens Chioride Wesh Residus Wt., grams bt ]
Back Half Catch Wt. Sub-totsl, grams . 0.0176
Total Catch Weight, grams 0.1687
Particuiate Results
Front-Maif
Concentration, grains/dry standard cubic foot 0.017
Mass Emission Rate. pounds/hour 18.2
Tota!
Concentration, grains/dry standard cubic foot 0.019
Hass Emission Rate, pounds/hour 20.3

NOx Emissions, as mz(z)

Concentration, Parts/million by Volume, dry besis -6 1o,
Concentration, Pounds/Ory Standard Cubic Foot x 10 13.2
Mass Emission Rats, Pounds/Hour 98.0

(") Standard Conditions = 68°F (20°C) and 29.92 inches Wg.

2)lesults shown are averages of three (3) grab sampies.

A-52

2
12/12/81
0756-1232

129,000.
265,000,

0.04k9g

0.0793
0.1262

0.0017
0.0003

0.0020
0.1262

3
12/12/81
1324-1808

128,000.
263,000.

0.0342
0.0001
0.0691

0.1034
0.000S
0.0063

0.0036
0.0116

0.0220
0.1254

127.
15.2
117,



AMERICAN PETROLEUM INSTITUTE

REFINERY 8
SOURCE 2
Table A-47
SUMMARY OF PARTICULATE TEST DATA
Test Data
Test Aun Number b
Test Date 12/13/81
Test Period 0824-1259
Samoling Data
Semoling Duration, minutes 256.0
Nozzie Oiammter, inches 0.180
Barometric Pressure, inches mercury 30.03
Average Orifice Pressurs Differeatial, inches weter 1.32
Aversge Ory Ges Tempersturs at Mster, °F .
Total Water Collected by Train, mi 39s.
itandard Yolume of Weter Vasor Collected. cubic feet 18.8
Dry Gas Mecter Callbration Fector, dimensionless 1.000
Samole Volume at Meter Conditions, cubic feet 161.4
Sample Volume at Standard Conditions, cubic fest! 157.8
Gas Stream mt;iu
C02. percent by volume 9.7
02, percent by voluse 6.7
CO, percent by volume 0.0
N2, parcent by volume 83.6
Moisture in Gas Stresm, percant by volume 10.6
mole Fraction of Dry Gas 0.89%
Molecular Weight of Dry Gas 29.8
Molecular Weight of Wet Gas 28.6
Gas Stream Volocitz and Yolumerric Flow
Static Pressure. inches weter - l.b
Avsolute Pressure, inches mercury 29.9
Averasgs Temperaturs, °F 517.
Pitot Tube Callbration Coefficient, dimensionless 0.840
Total Numbar of Troverse Points 32.0
Velocity at Actus! Conditions, feet/second 121.
Stack/duct Cross-Sectional Ares, square feat 8.3
Volumatric Flow, Wet Actual cubic feet/minute 301,000.
Volumetric Flow, Dry Standard cubic feet/minute 146,000,
Percent Isckinetic 9.9
Unit/Process Operations Dats
Fuel Firing Ratio, X Gas; % Oil 31:69
Percent 0, at test location .
Boiler Stasm Production Mate.10 1b/he 370.

'Scandarg Conditions = 68°F (20°C) and 29.92 inches (760 mm) mercury, dry basis.

H
12/14/81
0801-1141

200.0
0.180
30.05
1,34
80,
318,
15.0
1.000
126.1
124.3

- O
[ X-N-A - YV}
© 9 s 8 o @« @
0’“3-“0\1.
-

~N~N

291,000.
142,000.

102.1

27:73
6.7
370.

[
127146/81
1323-1658

200.0
0.180
30.05
1.36
7.
314,
15.0

124.5

27:713
6.6
368.



ANERICAN PETROLEUN NSTITUTE
REFINERY B

SOURCE 2
Table A-48

SUMMARY CF PARTICULATE AND NCy TEST RESULTS

Test Data
Test Run Numser ]
Test Date 12/13/81
Test Tima 0824-1259

Gas Flow Volumes
(1)

Ory Standard Cubic Fest/Minute ’ 146,000.
Wat Actusl Cubic Fest/Minute 301,000.
Parciculate Ansiysis Asgort

Front-He|f Acetone Wesh Residus Wt., grams 0.0593

Front-He|f mathylens Chloride Wash Residue Wt., grams conan

Filtar Catch We., grams 0.0735
Front-Half Cacch We. Sub-total, grams e.1328

Methylene Chioride Extraction of lmpingar Contents/Nesh Residue wt., grams -=-e-

Impinger Contents/Wash Residue Wt., grams 0.0003

Back-Half Acatene Wash Residue Vt., grams ) 0. 0007

Back-Half Methylens Chioride Wash Residus Vt., grams eescs
Sack Walf Catch Wt. Sub~total, grams 0.0010
Total Catch Weight, grams 0.1338

Particulate Resuits

Front-Half

Concantration, grains/dry standard cubic foot 0.013

Mass Emission Rate, pounds/hour 16.2

Tocal

Concentration, grains/dry standard cubic foot 0.013

Hass Emission Rate, pounds/hour 16.3

(2)

NOx Emissions, as NO2

Concentration, Parts/million by Volums, dry basis -6 125.
Concentration, Pounds/Ory Standard Cubic Foot x 10 14.9
Mass Emission Rate., Pounds/Mour 131.

()5 canaard Condi tions = 68%F (20°C) and 29.92 inches Hg.

‘”luulu shown are averages of three (3) grab sampies.
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5
12/14/81
0801-1141

142,000.
291,000.

0.0553

0.0687
0.1240

0.0014
0.0018

0.0032
0.1272

6
12/14/81
1323-1658

142,000.
291,000.

0.0498
0.0002
0.0660

0.1160

0.0006
0.0026
0.0017
0.0043

0.0090
0.1250

115.
13.8
118.



Test Oata

!Sranuaru Conditions = 68% (20%c)

AMERICAN PETROLEUM INSTITUTE

REFINERY 8

SOURCE 2
Table A-49

Test Run Number
Test Oate
Test Parioa

Sanolins Data

Samoling Oyration, minutes

Nozzle Diameter, inches

Sarometric Pressure. inches mercury

Average Orifics Pressure Oifferential, inches water
Average Ory Gas Temserature at Metar, OF

Total water Collected by Train, mi

itanverd Volume of Water Vagpor Colliected, cubic feet
Dey Gas Meter Calibration Factor, dimensioniess
Sample Volume at Meter Conditions, cubic feet
Sempie Volume at Stamdard Conditions, cubic feat!

Gas Scream C&ll tien

€02, percent by voiume

02. percant by volume

€0, percent by volume

N2, percent by volume

Moisture in Gas Stresm, percent by voiume
Mole Fraction of Dry Gas

Molecular Weight of Ory Gas

Molecular Weight of Wet Gas

Gas Scream Velocitx and Volumetric Flow

Static Pressure, inches water

Absoliute Pressure, inches mercury

Average Tempersturs, °F

Pitot Tube Calibration Cosfficient, dimensionless
Total Number of Travarse Points

Velocity at Actual Conditions, feet/second
Stack/duct Cross-Sectional Ares, square feet
Volumetric Flow, Wet Actual cubic feet/minucs
Volumetric Fiow, Dry Standard cubic feet/minute

Percent Isokinetic
———DXiNetic

Unit/Process Operations Dacas
el TnR20 TPRTACIONS Uata

Fuel Firing Aatio, % Gas: § 0il
Percent 02 at test -location 3
Boiler Steam Proguction Rate,!0” Ib/hr

A-55

SUMMARY OF PARTICULATE TEST DATA

7
12/15/81
1051-1426

200.0
0.180

30. 14
1.28

260.
12.2
1.000
123.0
118.1

O owvwn

D\D\ib

Q:100
6.5
370.

and 29.92 inches (760 mm) mercury, dry basis.

8
12/16/81
0811-1148

200.0
0.180

- 30.08
1.36

287.
13.5

127.3
1221

NN - O =
VOO WO OO

¢ s e o & & =
NU§°_°\IN

142,000,
100.5

3621

9
12/16/81
1340-1713

200.0
¢.180
30.08
1.36
86.
2%0.
13.
1.000
127.0
126.0

oo -
DRI
w o o

®OOWMNMO OO
B e .
™ O W

o

-

N

- 1.1§
30.0
499.
0.840
0.0
115.2
41,3
285,000.
142,000.

102.1

0:100

6.6
362.



AMERICAN PETROLEUM INST!TUTE
REFINERY B

SOURCE 2
Tabie A-50

SUMMARY OF PARTICULATE AND NO, TEST RESULTS
e e e S e X301 REULTS

Test Data

Tu‘: Run Number 7
Test Date 12/15/81
Test Time 10511426
Gas Flow Volumes
Dry Standard Cubic Fontlﬂlnutc(l) 139, 000.
Wet Actual Cubic Feet/Minute 278,000.
Particylace Analysis Aeport
Front-Nalf Acetone Wesh Aesidus WE., grams 0.0842
Front-Half Mathyiens Chioride Wash Residue We., grams cwese
Filter Caten We., grems 0.0732
Front-Maif Cateh We. Sub-toctal, grams 0.1274%
Methylens Chioride Extraction of impinger Contents/Wash Residus wt., 9romg -=va-
impinger Contencs/Wash Aesidue Vt., grams 0.0056
Sack-Helf Acstone Wesh Aasidus We., grems . 0.0025
Back=-Half methyiens Chioride Wash Residue We., grams eane
Back Melf Catch wt. Sub-total, grams : 0.0081
Total Catch Weight, grams ) 0.1355
Particulate Results
Front-uaif
Concantration, grains/dry standard cubic foot 0.017
Mass Emission Rate., pounds/hour 19.9
Tota)
Cancentration, grains/dry standard cubic foot 0.018
Mass Emission Rate, pounds/hour 21.2

NOx Emissions, as Mz(”

Concentration, Parts/miilion by Volume, dry basis -6 130.
Concentration, Pounds/Dry Scandard Cubic Footr x 10 15.5
Mass Emission Rate, Pounds/Hour . 130.

5 tandara Condicions = 68%F (20°c) and 29.92 inches Mg.

2)lcsults Shown are averages of thres (1) gradb samoias.
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8
12/16/81
0811-1148

142,000.
286,000.

0.0628

0.0716
0.1344

0.0017
0.0024

0.0041
0.1385

132.
15.8
135.

3
12/16/81
1340-1713

142,000.
285, 000.

0.0541
0.0010
0.07m2

0.1263
0.0004
0.0021
0.0000
0.0029
0.0054

0.1317

127.
15.2
129.



Tesc Data

Test Run Number
Test Date
Test Period

Semoi ing Oata

Sempling Duration, minutes

Nozzle Dismeter, inches

AMERICAN PETROLEUM INSTITUTE

REFINERY 8

SOURCE 2
Table A-51

SUMMARY OF PARTICULATE TEST DATA
e e e S IES] ORTA

Sarometric Prassure, inches mereury

Aversge Orifice Pressure Differencial, inches wetar
Average Ory Gas Tempersture at Meter, °F

Total Water Collected by Train, m}

icendard Volume of wWeter Vasor Collected, cubic feat
Ory Gas Meter Calibration Factor, dimensionless
Sample Volume at Meter Condicions, cubic feet
Sample Volume at Stamdard Conditions, cubic feet!

G43 Stresm Composition

€02, percent by volume
02, percent by volume
CO. percent by volume
N2. percant by volume

Moisture in Gas Stream, percent by vo | ume

Mole Fraction of Ory Gas

Molecular VWeignt of Ory Ges .
Molecular Wweight of wet Gas

Gas Stresm valocity and Volumetric Flow
————————=_X nc Yo umtric Flow

Static Prassure, inches water

Absoiute Pressure, inches mercury

Average Temperature. °F

Pitot Tube Calibration

Coefficient, dimensionless

Toca! Numper of Traverse Points

Velocity at Actua
Stack/duct Crosg-
Volumetric Fiow,
Volumatric Flow,

Percen

t isokingtic
—————mOrinetic

| Conditions, feet/second
Sectional Aresa, square fest
Wet Actual cubic feat/minute

Ory Standard cubic feet/minute

Unit/Process Operations Oata
—————nCll osrations Oata

Fuel Firing Ratio,
Percent 07 at test

% Gas:3 0i1
location

Boiler Steam Production Rate, 103 16/he,

\
‘Standard Congitions

= 68°%F (20%) and 29.92 inchas (760 wm) mercury,

A-57

10 11
12/17/81 12/17/81
0802-1148 1332-1704
200.0 200.0
0.180 0.180
30.19 30.19
1.0§ 1.08
78. a3.
275. 259.
12.9 12.2
1.000 1.000
111.3 111.5§
110.5 109.8
1.9 1.8
4.9 5.0
0.0 0.0
83.2 83.2
10.5 R 10.0
0.895 0.900
30.1 30.1
28.8 28.9
- 1.0 - 1.0t
3o.1 30.1
5. A88,
0.840 0.840
40.0 40.0
102.9 103. 4
5.3 41.3
255,000. 256,000.
128,000, 129,000.
100.5 99.2
0:100 0:100
4.9 5.0
370. 370.
dry basis.

12
12/18/81
0805-1224

128,000.
9.5

0:100
4.7
370.



AMERICAN PETROLEUM INSTITUTE

REF INERY 8
SOURCE 2
Table A-52

SUMMARY OF PARTICULATE AND MOy TEST RESULTS

Test Data
Test Run Number 10
Test Oate 12/17/81
Test Time 0802-1148
Sas Flow Volumes
Ory Standard Cubic Fn!/llmn“) 128,000.
wet Actual Cubic Fest/Minuts 255,000.
Particulats lysis rt
Front-#alf Acetomne Wash Residue We., grams 0.0582
Front-Half Methyiens Chioride Wash Residue Wt., grams conne
Filter Cateh Wt., grams 0.0746
Front-Haif Catch Wt. Sub-total, grams 0.1328
nethyiens Chioride Extraction of Impinger Contents/Nesh Residue wt., gro®scecaa
impingar Contents/Nlash Residus Wt., grams 0.0020
Sack-Half Acetone Wesh Residus Wt., grams 0.0013
Back-Half Nethylens Chiloride Wash Residus Wt., grams [
Sack Half Catch Wt. Sub-total, grams . 0.0033
Total Catch Weight, grams 0.1361

Particulate Results

Front-Half

Concantration, grains/dry standard cubic foot 0.019
mass Emission Rate, pounds/hour 29.4
Toes

Concentration, grains/dry standard cubic foot 0.019
Mass Emission Rate, pounds/hour 20.9

NOx Emissions, as lwz(z’

Concentration, Parts/million by Volume, dry basis -6 131,
Concentration, Pounds/Dry $ dard Cubic Foot x 10

15.6
Mass Emission Rate, Pounds/Heur 121,

(4}

Standard Conditions = 68°F (20°C) and 29.92 inches Hg.
(2)

Results shown are averages of three (3) grab samoles.

A-58

n
12217/81
1332-1704

129,000.
256,000.

0.0582

0.0784
0.1366

0.0011 _
0.0032

acssss
-—

0.0043
0.1409

133.
15.9
123,

12
12/18/81
0850-1224

128,000.
253,000.

0.0292
6.0078
0.0691

0.1061

0.0009
0.0053
0.0000
0.017

0.0233
0.1294

-
L]

150,
16.8
129.



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-53

PARTICLE SIZE DISTRIBUTION

Run: One Barometric Pressure(in. Hg)
Stack Temperature(oF)
Sample Time{(min.)
Sample Volume(cf)
Fuel Firing Ratio, %Gas:%0i1  27:73 Moisture(%HZO)
4.8 Meter Temperature(°F)
Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Date: 12/11/81

Traverse Point No. Sampled: £-3

Percent 02 (at test location)

Static Pressure(in. HZO)

Meter ¥
Sample Flow Rate 1.07 cfm Sample Vac.{in. Hg)

(at stack conditions): - -
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range Percent Less (microns)
1 8.8 8.2 91.8 9.2
2 1.1 1.0 9C.8 8.5
3 3.6 3.3 87.5 5.3
4 1.9 1.8 85.7 3.6
5 2.2 2.0 83.7 1.9
6 4.1 3.8 79.9 0.85
7 3.5 3.2 76.7 0.50
8 4.6 4.2 72.4 0.25
Backup 78.2 72.4 0.0 -

Filter
TOTAL 108.0 .- - .-

A-59

29.93
481.
256
141.3

12.8

97.

1.10

0.185
-1.01

0.990

.o



AMERICAN PETROLEUM INSTITUTE

REFINERY B
SOURCE 2
Table A-54

PARTICLE SIZE DISTRIBUTION
Run: Two Barometric Pressure(in. Hg)
Stack Temperature(°F )}
Sample Time(min.)
Sample Volume(cf)
Moisture(%Hzo)
Meter Temperature(°F)
Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Date: 12/12/81
Traverse Point No. Sampled: B-3; D-3
Fuel Firing Ratio, %Gas:%01i1l 33:67

Percent 02 (at test location) 5.0

Static Pressure(in. HZO)
Meter ¥

Sample Flow Rate 1.08 ¢cfm  Sample Vac.(in. Hg)

(at stack ¢onditions): . - -
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P%;g:"gi:?ss (microns)
1 17.9 32.3 67.7 9.1
2 0.4 0.7 67.0 8.4
3 0.6 1.1 65.9 5.2
4 0.5 0.9 65.0 3.5
5 0.6 1.1 63.9 1.9
6 0.4 0.7 63.2 0.84
7 1.8 3.3 59.9 0.49
8 2.0 3.6 56.3 0.25
Backup 3N.2 56.3 0.0 ---

Filter
TOTAL 55.4 - -——- -—-

A-60

29.96

210.
114.9
12.6
85.
1.10

0.180
-0.93

0.9S0

1.0



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-55

PARTICLE SIZE DISTRIBUTION

Run: Three Barometric Pressure(in. Hg)
0
Date: 12/12/81 Stack Temperature(F)
T ] Sampie Time(min.)
raverse Point No. Sampled: B-3;D-3 Sample Volume(cf)
Fuel Firing Ratio, %Gas:%0il 33:67 Moisture(:HZO)
©0
Percent 0, (at test location) 5.7 Meter Temperature("F)
Flow Setting, AH(in. Hzo)
Nozzle Diameter(in.)
Static Pressure(in. HZO)
Meter ¥
Sample Flow Rate 1.10 cfm Sample Vac.(in. Hg) -
(at stack conditions): o _
. Cumulative
Plate Net Wt. Percent in EAD
No. (mg) Size Range P$;::nsitess (microns)
1 5.6 11.9 88.1 9.1
2 1.0 2.1 86.0 8.4
3 1.0 2.1 83.9 5.2
4 2.3 4.9 79.0 3.5
5 2.1 4.5 74.5 1.9
6 2.4 5.1 69.4 0.84
7 2.9 6.1 63.3 0.49
8 0.7 : 1.5 61.8 0.25
Backup
Fi]ter 29-] 6]-8 0.0 -
TOTAL 47.1 ——— ——— ——-

A-61

29.96
493.
210.
113.6

11.8

70.

1.10

0.180
-0.89

0.990

1.0
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AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-56

PARTICLE SIZE DISTRIBUTION

Run: Four Barometric Pressure(in. Hg)
Date: 12/13/81 Stack Temperature(°F)
Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1  31:69 Moisture(%H,0)

-0
Percent 0, (at test location) 6.7 Meter Temperature(“F)
Flow Setting, AH(in. HZO)

Nozzle Diameter(in.)

Traverse Point No. Sampled: B-3; D-3

Static Pressure(in. HZO)

Meter ¥
Sample Flow Rate 1.17 cfm Sample Vac.(in. Hg)
- (at stack conditions): -
. Cumulative
o T e Sehange  Pereemtles (0
1 23.2 26.4 73.6 8.9
2 2.7 3.1 70.5 8.2
3 5.1 5.8 64.7 5.1
4 4.8 5.5 59.2 3.4
5 5.5 6.3 52.9 1.8
6 5.7 6.5 46.4 0.81
7 6.1 6.9 39.5 0.47
8 5.9 6.7 32.8 0.24
jackup  28.8 32.8 0.0 ---
TOTAL 87.8 --- --- - ---

A-63

30.03
517.
210.
120.5

10.6

76.

1.25
0.180
-1.38
0.99
1.0



AN PETROLEUM INSTITUTE

AMERIC
REF INERY B
SOURCE 2
Table A-57
PARTICLE SIZE DISTRIBUTION
“un: Five garometric pressure(in. Ha) 30.05
)
Date: 127 4/8'\ Stack Temperature( F) 505.
. 5.3; D-3 Ssample Time(min ) 210.
Traverse point No. Sampled: ©°°°° - sampl & Volume(cf) 121.4
Fyel Firing Ratio, «Gas: %011 27:73 Moisture(%HZO) 10.7
)
percent Oy (at test 1ocation) 6.7 Meter Temperature( F) ’ 60.
Flow Settin9,£>H(in. HZO) 1.30
Nozzle Diameter(in.) 0.180
static pressure{in. HZO) -0.99
Meter ¥ _ 0.99
sample Flow Rate 1.20 cfm Sample Vac.(in.'Hg) . 1.0
(at stack conditions): -
pPlate Net Wt. percent in %f?il;:ft:ss EAD
No. (ma) size Range Than Dia. (microns)
1 30.9 36.1 63.9 8.7
2 2.0 2.3 61.6 8.1
3 3.5 a4 87.5 5.0
4 4. 4.8 52.7 3.4
5 4.4 5.2 47.5 1.8
6 4.8 5.6 4.9 0.79
7 4.5 5.3 36.6 0.46
8 3.0 3.5 33.1 0.23
Backup e
31 ter 28.3 33.1 0.0
TOTAL 85.5 e e -



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-38

PARTICLE SIZE DISTRIBUTION

Run: Six Barometric Pressure(in. Hg)  30.05
Date: 12/14/81 Stack Temperature(°F) 505.
N Sample Time(min.) 150.
Traverse Point No. Sampled: B-3: D-3 Sample Volume(cf) 86.1
Fuel Firing Ratio, %Gas:%011 27:73 Moisture(%HZO) . 10.7
o
Percent 0, (at test location) 6.6 Meter Temperature(“F) 59.
Flow Setting, AH(in. HZO) 1.3
Nozzle Diameter(in.) 0.180
Static Pressure(in. H,0) -1.30
Meter ¥ _ 0.99
Sample Flow Rate 1.19 cfm Sample Vac.(in. Hg) 1.0
“(at stack conditions): . -
Cumulative
Plate Net Wt. Percent in EAD
Percent Less
No. (mg) Size Range Than Dia. (microns)
1 22.1 37.7 62.3 8.7
2 3.3 5.6 56.7 8.1
3 5.0 8.5 48.2 5.0
4 4.8 8.2 40.0 3.4
5 4.0 6.8 33.2 1.8
6 4.4 7.5 25.7 0.80
7 3.8 6.5 19.2 0.46
8 3.5 6.0 13.2 0.24
Backup ——
Filter 7.7 13.2 0.0
TOTAL 58-6 _——— -——- -
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AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-59

PARTICLE SIZE DISTRIBUTION

Run: Ten Barometric Pressure(in. Hg)
Date: 12/17/81 Stack Temperature(°F)

' Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1 0:100 Moisture(%HZO)

Meter Temperature(°F)

Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Traverse Point No. Sampled: p-3

Percent 02 (at test location) 4.9

Static Pressure(in. HZO)

Meter ¥ _

Sample Flow Rate . 1.11 cfm Sampie Vac.(in. Hg)

(at stack conditions): :
Plate Net Wt. Percent in g:ﬂgl::it:ss EAD
No. (mg) Size Range Than Dia (microns)
1 24.2 18.7 81.3 , 9.0
2 11.0 8.5 72.8 8.3
3 12.7 9.8 63.0 5.2
4 11.5 3.9 54.1 3.5
5 11.5 8.9 : 45.2 1.8
6 10.7 8.2 37.0 0.83
7 10.9 8.4 28.6 0.49
8 9.6 7.4 21.2 0.25
Backup 27.5 21.2 0.0 -—--
Filter
TOTAL 129.6 -—- : -——— ———

A-67

30.19
48s.
120.
66.0
10.5
62.
1.20
0.180
-1.0
0.99
1.0



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-80

PARTICLE SIZE DISTRIBUTION

Run: Eleven Barometric Pressure(in. Hg)
Date: 1217/81 Stack Temperature(°F)
Sample Time(min.)
Sample Volume(cf)
Fuel Firing Ratio, %Gas:%0i1 0:100 Moisture(ZHZO)
()

Percent 0, (at test location) 5.0 Meter Temperature("F)

Flow Setting, AH(in. HZO)

Nozzle Diameter(in.)

Traverse Point No. Sampled: D-3

Static Pressure(in. HZO)

_ Meter ¥ _
-Sample Flow Rate 1.07 cfm Sample Vac.(in. Hg).
(at stack conditions): ' : .
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P;;::ngi:?ss (microns)
1 8.0 14.3 85.7 9.2
2 0.9 1.6 84.1 8.5
3 3.3 5.9 78.2 5.3
4 3.0 5.4 72.8 3.5
5 2.3 4.1 68.7 1.9
6 2.9 5.2 63.5 0.85
7 1.7 3.0 60.5 0.49
2.2 3.9 56.6 0.25
Backup 31.7 56.6 .- -—-
Filter _
TOTAL 56.0 -—- ——- c—-

A-68

30.20
488.
120.

65.4

10.0

72.

1.10
0.180
-1.01
0.99
1.0



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-51

PARTICLE SIZE DISTRIBUTION

Run: Twelve Barometric Pressure(in. Hg)
. . o

Date: 12/18/81 Stack Temperature( F)

' Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1 0:100 Moisture(ZHZO)

o
Percent 0, (at test location) 4.7 Meter Temperature(F)
Flow Setting, AH(in. HZO)

Nozzle Diameter(in.)

Traverse Point No. Sampled: B-3: D-3

Static Pressure(in. HZO)

. ) Meter ¥ -
Sample Flow Rate - 1.08 cfm Sample Vac.(in. Hg) _
(at stack conditions): - '
: Cumulative
ot ) Siihnge  Pereentless (0
1 13.4 30.6 69.4 9.1
2 0.9 2.1 67.3 8.5
3 0.7 1.6 65.7 5.3
4 0.8 1.8 63.9 \ 3.5
5 1.3 3.0 60.9 1.9
1.7 3.6 57.0 0.85
7 1.2 2.7 54.3 0.49
8 0.8 1.8 52.5 0.25
Backup 23.0 52.5 0.0 -
Filter
TOTAL 43.8 .- --- -—-

A-69

30.29
486.
120.

64.6

10.2

64.6

1.10
0.180

-1.23
0.99
1.0-
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AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-€2

PARTICLE SIZE DISTRIBUTION

Run: Seven Barometric Pressure(in. Hg)
)
Date: 12/15/81 Stack Temperature( F)
Sample Time(min.)
Traverse Point No. Sampled: D-3

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1  0:100 Moisture(%HZO)

Meter Temperature(oF)
Flow Setting, AH(in. Hzo)
Nozzle Diameter(in.)

Percent 02 (at test location) 6.5

Static Pressure(in. HZO)

Meter &
Sample Flow Rate : 1.20 cfm Sample Vac.(in. Hg) -
(at stack conditions): _ _
. Cumulative
oot ) Siremange  Peroemtless (il
1 15.3 22.3 77.7 3.7
2 1.5 2.2 75.5 8.0
3 3.8 5.5 70.0 5.0
4 2.7 3.9 66.1 3.4
5 3.0 4.4 61.7 1.8
6 5.2 7.6 54.1 0.80
7 6.3 9.2 44.9 0.46
8 4.6 6.7 38.2 0.23
Backup 26.2 38.2 0.0 ---
Filter .
TOTAL 68.6 --- --- ——-

A-71

30.14
498.
120.

68.9

9.4

- 73.

1.30
0.180

-1.35
0.99
1.0



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-63

PARTICLE SIZE DISTRIBUTION

Run: Eight Barometric Pressure(in. Hg) 30.08
0
. F .
Date: 12/16/81 Stack Tempera?ure( ) 501
' Sample Time{min.) 120.
Traverse Point No. Sampled: B-3 sample Volume(cf) 7N
Fuel Firing Ratio, %Gas: %011 0:100 Moisture(%HZO) 10.0
)
Percent 0, (at test location) 6.7 Meter Temperature(“F) - 92.
Flow Setting, AH(in. HZO) 1.35
Nozzle Diameter(in.) 0.180
static Pressure(in. HZO) -1.33
Meter ¥ 0.99
sample Flow Rate 1.14 cfm sample Vac.(in. Hg) o 1.0
(at stack conditions): -
. Cumulative :
Plate Net Wt. Percent in EAD
No. (mg) Size Range P$;§:n81:ess (microns)
1 27.4 3.4 68.6 8.9
2 2.0 2.3 66.3 8.2
3 4.1 4.7 61.6 5.1
4 3.2 3.7 57.9 3.4
5 3.5 4.0 53.9 1.8
6 3.6 4.1 49.8 0.82
7 7.9 9.0 40.8 0.48
8 4.2 4.8 36.0 0.24
Backup 3.4 36.0 0.0 . .-
Filter :
TOTAL 87.3 -——- -—- -—-

B-72



AMERICAN PETROLEUM INSTITUTE
REFINERY B

SOURCE 2
Table A-64

PARTICLE SIZE DISTRIBUTION

A-73

Run: Nine Barometric Pressure(in. Hg) 30.08
)
Date: 12/16/81 Stack Temperature( F) 499.
) Sampie Time(min.) 120.
Traverse Point No. Sampled: D-3 Sample Volume(cf) 72.2
Fuel Firing Ratio, %Gas:%0il  0:100 Moisture(%H,0) 9.9
- .0
Percent 0, (at test location) 6.6 Meter Temperature(“F) 93.
Flow Setting,AH(in. H,0) 1.35
Nozzle Diameter(in.) 0.180
Static Pressure(in. Hzo) -1.15
: Meter ¥ 0.99
Sample Flow Rate 1.15 cfm Sample Vac.(in. Hg) 1.0
(at stack conditions): - .
Plate Net Wt. Percent in g:fgl::it:ss EAD
No. (mg) Size Range Than Dia. (picrons)
1 7.9 14.0 86.0 8.9
2 0.8 1.4 84.6 8.2
3 2.1 3.7 80.9 5.1
4 3.7 6.6 74.3 3.4
5 3.3 5.9 68.4 1.8
6 3.7 6.6 61.8 0.81
7 3.7 6.6 55.2 0.47
8 5.5 9.8 45.4 0.24
Backup 25.6 45.4 0.0 ——-
Filter ’
TOTAL 56.3 -—- .ee ———
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AMERICAN PETROLEUM INSTITUTE
REFINERY B
SOURCE 2
Table A-65

RESULTS OF FUEL OIL COMPOSITE SAMPLE ANALYSES

Ash, %
Carbon, %
Hydrogen, %
Nitrogen, %
Oxygen, %
Sulfur, %

FOR TEST RUNS 1-12, 12/11-18/81

Density, 1bs/gal , 7.951
Heating Value, BTU/1b. 18,750.
Heating Value, BTU/gal. 149,100.

Viscosity,

Metals, ppm

Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Vanadium
Zinc

SFS at 122%, - 81.6

by weight

A
. . .
N OO PPN OINN

w—t
ONO—-OoON—-0000

A
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AMERICAN PETROLEUM INSTITUTE
REFINERY C

SOURCE

Table A-66
SUMMARY OF PARTICULATE TEST DATA

Test Oata

Test Aun Number
Test Date
Test Period

Samoiing Daca

Semoling Duration, minutas

Nozzle Diamster, inchas

Sarometric Pressure, inches marcury

Average Orifice Pressure Differentisi, inches water
Average 0ry Gas Temperature at Meter, °F

Yotal Water Coliected by Train, mi

Standard Voiume of Water Vager Collected, cubic feet
Orv Gas Mecter Calibration Fector, dimensioniess
Samole Volume at Meter Conditions, cubic feet
Sampla Volume at Standsrd Conditions, cubic feat'

Gas Stream Comsosition

€02, sercent by volums

02. percent by voluwm

CO, percent by volume

N2, percent by volume

Moisture in Gas Stream, percant by volums
Moie Fraction of Dry Gas

Molacular Weignt of Ory Gas

Moiecular Weignt of Wet Gas

Gas Scream Velocity and Volumscric Fiow
e e e e MRS L T € ) O

Static Pressure, inches water

Adsolute Pressurs, inches mercury

Average Temperature,

Pitot Tube Calibration Cosfficient. dimensionless
Total Numbar of Traverse Points

Velocity at Actual Conditions, feet/second
Stack/duct Cross-Sectional Ares, square feet
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Dry Standard cubic feet/minute

Percent lsokinetic
———niDSLIC

ynit/Procass Ooerations Data

Fuel Firing Retio, 3Gas:30il

Percent 02 ixiting Boiler

Percent 07 at Test Location 3
30iler Steam Production Rate, 10° 1b/hr.

1
2/17/82
1005-1421

240.0
0.253

o
. -
NUEOOON.

e o

~ ™

"Scancara Conaitions = 68°F (26°C) ane 29.92 incnes (760 mm) mercury, dry basis.

A=76

2/18/82

0908-1458

30.28
1.62

251.0
1.8
1.008
120.8
122.9

o
OO O B OIS
-
O ON\D 00— O W

. .
-
»

~N N

ad

BS5.8%.

5

49,600,
100.3

3
2/19/82
0937-1600

(]

~ o

wvi—-JPO00
-

-
- AN A
i

DU;QO

~

»N

1Y

. .

GNS\DQ
w

_._.
jod « it
:

-

o

BPLOBNONO

e v o o s

®OWWY ®OoNO
= .

™~ N
o« e

0:100
3.5

7.2
103.



AMERICAN PETROLEUM INSTITUTE
REFINERY C
SOURCE 1
Table A-67

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Test Data
Test Run Numoer 1
Test Date 2/17/82
Test Time 1005-1421

Gas Flow Voiumes

Ory Standard Cubic Futlnlmn“) 46,900,
Wat Actual Cubic Feet/Minute. 79,100,
Particulace Analysis Report

Front-Ha|f Acetone Wesh Residus We., grams 0.0709

Frant-Half methylene Chloride Wash Residue Wt., grams cenes

Filter Catch Wt., grams 0.1163
Front-Haif Catch We. Sub-toctal, grams 0.1872

Methylene Chioride Extraction of Impinger Contents/lash Residus wt., grams ccnen

Impinger Contents/Vash fesidus Wt., grams 0.0566

Sack-Half Acatone Wash Residus We., grams 0.0022

8ack-Half Methyiens Chloride Wash Residue We., grams conece
8ack Malf Catch Wt. Sub<total, grams 0.0588
Total Cateh Uo.ight. grams ’ ’ 0.2460

Particulate Results

Front-Hslf

Concantracion, grains/dry standard cubic foot 0.029
Rass Emission Rate, pounds/hour 8.29
Jota !

Concantration, grains/dry standard cudic foot 0.027 -
ness Emission Rate, pounds/hour 10.9

NOx Emissions, as NOg(?

Concentration, Parts/million by Volume, dry basis - 157.
Concentration, Pounds/Ory Scandard Cubic Foot x 10 19.
Mass Emission Rate, Pounds/Wour 53.

(R
(2)

Standard Conditions = 68%F (20°C) and 29.92 inches Hg.
Resuits shown ars averages of three (3) grab sampies.

2
2/16/82
0908-1458

. k9,600,

83,400,

0.1039

0.1370
0.2409

0.0103
0.002

0.011§
0.2524

3
2/19/82
0937-1400

49,300.
84,500.

0.0889
0.0001
0.1241

0.2131
0.0000
0.0795
0.0019
0.0036
0.0854

0.2985



AMERICAN PETROLEUM INSTITUTE
REFINERY
SOURCE !
Table A-88
SUMMARY OF PARTICULATE TEST DATA

Test Data

Test Aun Number 4 S 6
Test Date 2/22/82 2/22/82 2/23/82
Test Period 0855-1246 1313-1640 0929-1311
Samoling Data
Samoling Duration, minutes 200.0 200.0 200.0
Nozzle Diamster, inches 0.253 0.283 0.253
Sarometric Pressure, inches mercury 29.80 - 29.80 30.07
Average Orifice Pressure Differential, inches water 1,18 1.13 1.22
Average Dry Gas Temperature at Meter, °F 58, 61. 73.
Total Water Collected by Train, mi 198.0 210.0 2311.0
dtandara Volume of Water Vapor Collscted. cubic feet 9.3 9.9 9.9
Orv Gas meter Calibration Factor, dimensioniess 1.005 1.005 1.005
Sempie Volume at Meter Conditions, cublc feet 110.4 108.8 112.8

Sampie Volume at Standard Conditions, cubic feet! 112.6 110.8 113.3

Gas Stream Comoosition

€02, parcent by volume 8.1 8.5 8.3
Q2. percent by volume 9.7 9.5 - 9.6
CO. percent dy volume 0.0 0.0 0.0
N2, percent by volume 82.2 82.0 82.1
Moisture in Gas Stream, percent by volume 7.6 8.2 =~ 8.1
Mole Fraction of Ory Gas 0.924 0.918 0.919
Molecular Weight of Ory Gas 29.7 29.7 29.7
Molecular Weight of Wet Gas 28.9 28.7 28.8
Cas Scream Velocity and Volumetric Flow
Static Pressure, inches water - 0.28 - 0.3 - 0.42
Absolute Pressure, inches mercury 29.8 29.8 30.0
Average Temperature, °F 372. 3. 377.
Pitot Tube Calibration Coefficient, dimensioniess 0.84 0.84 0.84
Tota! Number of Traverse Points 40.0 40.0 40.0
Velocity st Actual Conditions, feet/second us.5 45.0 45.5
Stack/duct Cross-Sectional Ares. square feet 28.3 28.3 - 28.3
Volumetric Flow, Wet Actual cubic feat/minute 77.100. 76,300. 717.200.
Volumetric Flow, Dry Standard cubic feet/minute 45,000. bk ,200. 45,000.
Percent lsokinetic 101. 4 101.§ 102.0
unit/Process Oosrations Data
Fue! Firing Ratio, 3Gas:% Oil 0:100 0:100 0:100
Percent 27 Exiting Boiler 5.4 5.4 5.5
Percent 07 at Test Location 3 9.7 9.5 9.6
Boiler Steam Proauction Rate, 107 1b/hr. 100. 100. 95,

‘Stangare Conditions = 68°F (20°:) and 29.92 inches (760 mn) mercury, dry basis.

A-78



AMERICAN PETROLEUM INSTITUTE

REFINERY C
SOURCE !
Table A-69

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Test Data
Test Run Number 4 S [
Test Date 2/22/82 2/22/82 2/23/82
Test Tima 0885-1246 1313-1640 0949-1311
Gas Flow Volumas
Ory Standard Cubic Fu:lnlmu“) 45,000, . bh,200. 45,000.
Wet Actual Cubic Fest/Minute 77,100, 76,300. 77.200.
Pcr;isgug Analysis Report
Front-ialf Acetone Wesh Aesidus We., grams 0.0704 0.1027 0.1040
Front=Half methylene Chloride Mash Residue We., grams cnsea coman 0.0002
Filter Cateh vwt., grams 0.2087 0.1782 0.1200
Front-Malf Catch Wt. Sub~total, grams 0.2761 0.2809 0.2242
Methylens Chioride Extraction of impinger ContentsNesh Rasidue wt., grams cnnas cones 0.0000
impinger Contents/VWesh Rasidue Wt., grams 0.01% 0.0691 - 0.0210
Sack-Ralf Acetone Mash Mesidus We., grams 0.0022 0.0013 0.0006
Back-Haif Methyiene Chioride Wash Aesidus VWt., grams conne ———ee - 0.0038
Back Walf Catch We. Sub-total, grams 0.0212 0.0704 0.0254
Total Catch Weight, grams 0.2973 0.3513 0.249
Particulate Results
Front-Half
Concantration, grains/dry stendard cubic foot » 0.038 : 0.039 9.0n
Mass Emission Rate, pounds/heur 14.6 14.8 1.8
Total ’
Concentration, grains/dry standard cubic foot 0.04 0.049 0.034
Mass Emission Rate, pounds/hour 15.7 18.5 13.1
NOx Emissions, as uozm
Concentration, Parts/million by Volume, dry basis -6 170. 162, 158,
Concentration. Pounds/Dry Standard Cubic Foot x 10 20. 19. 18.
Mass Emission Rate, Pounds/Nour 55. 51. 51.

“)Sum-rd Conditions = 68°F (20°C) and 29.92 inches Mg.

'“Rcsults shown are averages of three {3) grab samples.



AMER I CAN PETROLEUM INSTITUTE

REFINERY
SOURCE 1
Tadle A-70

SUMMARY OF PARTICULATE TEST DATA

Test Data

Test Aun Numoer
Test Jate
Test Period

Samoling Data
Rl Al (1S )

Samoling Duration, minutes

Nozzle Diameter, inches

Sarometric Pressure, inches marcury

Average Orifice Pressure Differential, inches water
Average Ory Gas Temperature at Meter, °F

Tota! Water Collacted by Train, ml|

itandard volums of water Vapor Collected, cubic fest
Dry Gas meter Calibration Fector, dimensionless
Sampie Volume at Meter Conditions, cubic feat
Sample Volume at Scandard Conditions, cubic feet!

Gas Stream Composition
——————m0 B ] L 1 ON

C02. percent by voiume

02, purcent by voliume

CO. percent by volume

N2. percent by voiume

Moisture in Gas Stream. percent by voiums
Mole Fraction of Dry Gas

Molecular Weight of Dry Gas

Molecular Weight of Wet Gas

Gas Scream Velocity snd Volumetric Fiow

Static Pressure. inches water

Absolute Pressure, inches mercury

Average Temperature, °F

Pitot Tube Callbration Coefficient, dimensioniess
Total Numoer of Traverse Points

Velocity at Actuasl Conditions, feet/second
Stack/duct Cross~Sactional Ares, square feat
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Dry Standard cubic feeat/minute

Percent Isokinetic

unit/Process Operations Data’

Fuel Firing Ratio. 2 Gas : 3 0il
Percent 07 Exiting Boiler

Percent G at test location

Boiler Steam Proguction Rate, 103 1b/hr.

")tanaara Congitions = 48°F !20°C) and 29.92 inches (760 mm) mercury,
A-80

5z
g

7
3/3/82
0910-1556

v &
©
o
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~N O
v
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103.1
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ANERICAN PETROLEUM INSTITUTE
REFINERY C

SOURCE 1
Table A-T1

SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Jast Data
Tesz Run Numoer 7 8 9
Test Date 3/73/82 /4782 3/6/82
Test Time 0910~1556 0937-1315 1429-1718
Gas Flow Volumas
Ory Standard Cubic Feat/Winuea''’ 46,900, ,300. 45,500,
Wet Actusl Cubic Fest/Minute 80,500, 79,700. 78,300.
Particulate Analysis Report
Fronc-He|f Acetone Wash Residus We., grams 0.2267 0.1127 0.0832
Front=Me!f Methylens Chioride Wash Residus Ve., grems Lo, ase 0.00h!
Filter Cateh We., grams 0.254k4 0.17%9 0.12%0
Front-Malf Cacch We. Sub-total, grams 0.k711 0.2886 0.2123
nethylene Chioride Extraction of Impinger Contents/Nesh Residue we., greme ... eee 0.0131
Impinger Concents/Wash Rasidua Wt., grams 0.0087 0.0355 _ 0.0056
Back-Half Acstons Wash Residus Vt., grams 0.0013 0.0026 0.0013
Back=Half Methyiene Chioride Wash Residus Ve., grams eae .. 0.00M
- Back Malf Cateh Wt. Sub-total, grems ’ 0.0100 0.0381 0.0271
Total Catch Weight, grams 0.b811 0.3267 0.239%
Front-Half
Concantration, grains/dry standard cubic foot, 0.030 0.037 0.03§
Rass Emission Rate, pounds/hour 12.2 1.9 13.8
TJotal
Concentration, grains/dry standard cubic foot, 0.031 0.042 0.040
Mass Emission Rate, pounds/hour 12.5 16.8 15.5
NOx Emissions, as nozm
Concentration, Parts/milliion by Volums, dry basis -6 . 134, 121, 18,
Concentration, Pounds/Dry Standsrd Cubic Foot x 10 16. 14, 14,
Mass Emission Rate, Pounds/Mour LI 40. 39.

() ¢ candard Conditions = 68°F (20%C) and 29.92 inches Mg.
(z)hsulu shown are asverages of three (3) grab samples.
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AMERICAN PETROLEUM INSTITUTE

Test Data

Test Run Number
Test Date
Tast Period

Samoling Daca

Samoling Duration, minutes
Nozzle Oismeter, inches
Sarometric Pressure, inches mercury

Average Orifice Pressure Differential, inches water

Avarage Ory Gas Temperature at Meter, °F
Yotal Water Collected by Train, ml

Standard Yolume of Water Vapor Collected, cubic feet

Ory Gas meter Calibration Factor, dimensionlaess
Sample Volume at Meter Conditions, cubic fest

Sampie Volume at Stendard Conditions, cubic feet!

Gas Stream Composition

C02. percent by voiume

02, percent by volume

C0, percent by volume

N2. parcant by volume

Moisture in Gas Stream, parcent by volume
Mole Fraction of Dry Gas

Molecular wWeight of Dry Gas

Molecular Weight of wWet Gas

Gas Scresm Velocity and Volumetric Flow

Static Pressure, inches water
Assolute Pressure, inches mercury
Average Temparsture, °F

Pitot Tube Calibration Coefficient, dimensioniess

Total Number of Traverse Points .

Velocity at Actual Conditions, feet/second
Stack/duct Cross~Sectional Area, square feet
Volumetric Flow, Wet Actual cubic feet/minute
Volumetric Flow, Dry Standard cubic feet/minute

Percent Isokinetic
—_—lrr 30X Netic

ynit/Process Operstions Data
SOLOCR33 vPerstions Jaca

Fuel Firing Ratio, 3 Gas :
Percent 02 Exiting Boiler
Percent 07 at test location
Boiler Steam Production Rate, 103 1b/hr.

% 0i

"Izancarc Conditions = 68°F 120°¢c) ane 29.92 inches (760 mm) mercury, dry basis.

REFINERY €
SOURCE 1
Table A-72
SUMMADY OF PARTICULATE TEST DATA
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AMERICAN PETROLEUM INSTITUTE
REFINERY C
SOURCE 1

Table A-73
SUMMARY OF PARTICULATE AND NOx TEST RESULTS

Test Oata

Test Run Numoer 10

Test Date 3/22/82
Test Time 1007=1341
Gas Flow Volumes
Ory Standard Cubic Fut/nlmu“) 45,000,
Wet Actus! Cubic Feet/Minute 76,900,
Particulate Analysis r
Front-Ne!f Acetone Wash Residus Wt., grams 0.1121
Front~Ma|f Methylene Chioride Wash Assidue Vt., grams awe
Filter Cateh Wt., grams 0.1432
Front-Half Catch wWt. Sub-total, grams 0.2553
Methylene Chloride Extraction of Impinger Contents/Nash Rasidue wt., grams . :
Impinger Contents/Wash Assidue Wt., grams 0.0019
Back-Half Acetons Yash Residus Wt., groms 0.0006
Sack-Haif methylens Chioride Wash Residue Wt., grams i ane
Back Ha!f Cateh We. Sub-total, grams 0.0025
Total Catch Weight, grams 0.2578

Particulate Results

Front-Naif

Concantration, grains/dry standard cubic foot, 0.0%
Mass Emission Rate, pounds/hour 13.2
Total

Concentration, grains/dry standard cubic foot, 0.035
Mass Emission Rate, pounds/hour 13.2

NOx Emissions, as NOz(z,

Concentration, Parts/million by Voiums. dry basis -6 130.
Concentration. Pounds/Ory Standard Cubic Foot x 10 16.
Mass Emission Race, Pounds/Hour b2,

105 candara Conditions = 68%F (20°C) and 29.92 inches He.

(z,lcsultl shown are averages of three (3) grad sampies.
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3/23/82
0900-1230

47,800.
80,800.

0.0978

0.112)3

g.2101

~6.0035
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0.0042
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12
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AMERICAN PETROLEUM INSTITUTE
REFINERY ¢

SOURCE 1
Table A-74

PARTICLE SIZE DISTRIBUTION

Run: Seven Barometric Pressure(in. Hg)
Stack Temperature(°F)
Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0il 47:53 Moisture(%HZO)

5.5 Meter Temperature(°F)

Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Date: 13/3/82
Traverse Point No. Sampled: X-10: Y-8

Percent 02 (exiting boiler)

Percent 02 (at test location) 9.2

Static Pressure(in. HZO)

Meter ¥
Sample Flow Rate 1.03 cfm - Sample Vac.(in. Hg)

(at stack conditions): ' ) -
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P?;ﬁ:"ﬁitfss (microns)
1 45.5 41.7 58.3 8.9
2 5.4 4.9 53.4 8.3
3 5.3 4.9 48.5 5.2
4 6.5 5.9 42.6 3.5
5 6.3 5.8 36.8 1.8
6 6.1 5.6 31.2 0.84
7 3.7 3.4 27.8 0.50
8 3.8 3.5 24.3 C.26
Backup 26.5 24.3 0.0 -——

Filter

TOTAL 109.1 ——-

A-84

30.14
366.
200.
117.1

9.3

62.

1.25
0.253
-0.41
1.002
1.0



Run: Eight

Date:

Traverse Point No. Sampled:

3/4/82

AMERICAN PETROLEUM INSTITUTE

REFINERY C

SOURCE 1
Table A-75

PARTICLE SIZE DISTRIBUTION

Fuel Firing Ratio, %Gas:%0il

Percent 02 (exiting boiler)

X-10; Y-8

36:64

5.4

Barometric Pressure(in. Hg)

Stack Temperature(°F)

Sample Time(min.)
Sample Volume(cf)
Moisture(%HZO)

Meter Temperature(°F)
Flow Setting, AH(in. Hzo)

Percent 0, (at test location) g j Nozzle Diameter(in.)
Static Pressure(in. HZO)
Meter ¥

Sample Flow Rate 1.02 cfm Sample Yac.(in. Hg)

(at stack conditions): : -
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range P%;::"Bi:?ss (microns)
1 27.2 22.1 77.9 9.0
2 - 6.1 5.0 72.9 8.3
3 8.5 6.9 66.0 5.2
4 9.5 7.7 58.3 3.5
5 7.9 6.4 51.9 1.9
6 7.7 6.3 45.6 0.85
7 _ .4 3.6 42.0 0.50
8 4.7 3.8 38.0 0.26
Backup 46.9 38.2 0.0 -—-

Filter
TOTAL 122.9 - --- -

A-85
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AMERICAN PETROLEUM INSTITUTE
REFINERY ¢

SOURCE 1 ' . N
Table A-76

PARTICLE SIZE DISTRIBUTION

Run: Nine Barometric Pressure(in. Hg) 30.24
\ 0
Date: 3/4/82 Stack Temperature(“F) 369.
Sample Time(min.) 160.
Traverse Point No. Sampled: x-10:Y-8 Sample Volume(cf) 94.7
Fuel Firing Ratio, %Gas:%0i1  48:52 Moisture(%HZO) ' 9.6
0
Percent 02 (exiting boiler) 5.4 Meter Temperature("F) 74.
) Flow Setting, AH(in. H20) 1.25 .
Percent 02 (at test location) 9.1 Nozzle Diameter(in.) 0.252
Static Pressure(in, HZO) -0.5
Meter ¥ 1.002
Sample Flow Rate 1.02 cfm Sample Vac.(in. Hg), 1.0
(at stack conditions): . _ : -
Plate Net Wt. Percent in g:ﬂgl::i{:ss EAD
No. (mg) Size Range Than Dia "~ (microns)
1 18.2 24.7 75.3 9.0
2 5.0 6.8 68.5 8.2
3 4.6 6.2 62.3 5.2
4 5.2 7.1 55.2 3.5
5 6.2 8.4 46.8 1.9
6 5.7 7.7 39.1 0.84
7 4.7 6.4 32.7 0.50
8 3.9 5.3 27.4 0.26
Backup 20-2 27.4 0-0 -
Filter
TOTAL . 73.7 --- --- ---
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AMERICAN PETROLEUM INSTITUTE
REFINERY C

SOURCE 1
Table A-77

PARTICLE SIZE DISTRIBUTION

Run:  Ten Barometric Pressure(in. Hg) 30.10
Date: 3/22/82 Stack Temperature(°F) 370.
T Sample Time(min.) 200.
raverse Point No. Sampled: x-10:Y-8 Sample Volume(cf) 120.6
Fuel Firing Ratio, %Gas:%0i1 43:57 Moi sture(%H,0) ) 8.5
)
Percent 0, (exiting boiler) 6.4 Meter Temperature("F) 78.
p 0 1 Flow Setting, AH(in. H,0) 1.25
ercent 0, (at test location) 10.5 Nozzle Diameter(in.) 0.253
Static Pressure(in. HZO) -0.25
Meter ¥ _ 1.002
Sample Flow Rate 1.02 cfm Sample Vac.(in. Hg) . 1.0
(at stack conditions): . : - =
Plate Net Wt. Percent in Cumulative EAD
P
No. (mg) Size Range .?.;::"Bi:fss (microns)
1 17.3 29.2 70.8 9.0
2 0.9 1.5 69.3 8.3
3 2.0 3.4 65.9 5.2
4 2.5 4.2 61.7 3.5
5 4.4 7.4 54.3 1.9
6 3.4 5.7 48.6 0.84
7 0.6 1.0 47.6 0.50
8 0.9 1.5 46.1 0.26
Backup 27.3 46.1 0.0 ——-
Filter
TOTAL §9.3 ——— —— -

k-88



AMERICAN PETROLEUM INSTITUTE
REFINERY ¢

SOURCE 1
Table A-78

PARTICLE SIZE DISTRIBUTION

Run: Eleven Barometric Pressure(in. Hg)
Stack Temperature(oF)
Sample Time(min.)

Sample Volume(cf)

Fuel Firing Ratio, %Gas:%0i1  33:67 Moisture(%HZO)

Meter Temperature(°F)

Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)

Static Pressure(in. HZO)

Date: 3/23/82
Traverse Point No. Sampled: X-11; Y-10

Percent 02 (exiting boiler) 6.6
Percent 02 (at test location) 10.2

_ Meter ¥
Sample Flow Rate 0.992 cfm Sample Vac.(in. Hg)

(at stack conditions): : _ ' -.
Plate Net Wt. Percent in Cumulative EAD
No. (mg) Size Range Pg;::ngit?ss (microns)
1 10.0 17.3 . 82.7 9.1
2 2.1 3.6 79.1 8.4
3 1.7 3.0 76.1 5.2
4 2.8 4.9 71.2 3.5
5 3.9 6.7 64.5 1.9
6 4.7 8.1 56.4 0.86
7 1.9 3.3 53.1 0.51
8 T.O 1.7 51.4 0.27
Backup 29.7 51.4 0.0 -—

Filter
TOTAL 57.8 —-- -—- -—--
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AMERICAN PETROLEUM INSTITUTE
REFINERY C

SOURCE 1
Table A-81

PARTICLE SIZE DISTRIBUTION

Run: Two Barometric Pressure(in. Hg)  30.28
0
F .
Date: 2/18/82 Stack Tempera?ure( ) 359
_ | Sample Time(min..) 200.
Traverse Point No. Sampled: y.11; X-11 sample Volume(cf) 115.2
Fuel Firing Ratio, %Gas:%0i1  0:100 Moisture(%H,0) 8.8
o
Percent 02 (exiting boiler) 4.0 Meter Temperature("F) 55.
. Flow Setting, AH(in. HZO) 1.25
Percent 02 (at test location) 7.5 Nozzle Diameter(in.) 0.252
Static Pressure(in. H,0) -0.28
Meter ¥ _ 1.002
Sample Flow Rate 1.01 cfm Sample Vac.(in. Hg) 1.0
(at stack conditions): :
Plate Net Wt. Percent in g:ﬂgl::it:ss EAD
No. (mg) Size Range Than Dia. (microns)
1 8.1 14.8 85.2 9.0
2 3.6 6.6° 78.6 8.3
3 3.8 6.9 n.7 5.2
4 4.4 8.0 63.7 3.5
5 5.3 9.7 54.0 1.9
) 5.8 10.6 43.4 0.85
7 3.8 6.9 36.5 0.50
8 2.5 4.6 31.9 0.26
Backup 17.5 31.9 0.0 ---
Filter
TOTAL 54.8 --- .- ---
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Run:

Date:

Traverse Point No. Sampled: X-10; Y-

AMERICAN PETROLEUM INSTITUTE
REFINERY C

SOURCE 1
Table A-84

PARTICLE SIZE DISTRIBUTION

Five Barometric Pressure(in. Hg)

Stack Temperature(°F)
Sample Time(min.)
Sample Volume(cf)

2/22/82

Fuel Firing Ratio, %Gas:%0i1  0:100 ' Moisture(%HZO)

Percent 02 (exiting boiler) 5.4

Percent 02 (at test location) 9.5

Meter Temperature(°F)
Flow Setting, AH(in. HZO)
Nozzle Diameter(in.)
Static Pressure(in. HZO)

Meter ¥
Sample Flow Rate 1.03 cfm Sample Vac.(in. Hg) -
(at stack conditions):
Piate Net Wt. Percent in g::glzgit:ss EAD
No. (mg) Size Range Than Dia (microns)
1 15.2 20.6 79.4 9.0
2 2.6 3.5 75.9 8.3
3 2.3 3. 72.8 .2
4 3.9 5.3 67.5 3.5
5 5.0 6.8 60.7 1.8
6 5.6 7.6 53.1 0.84
7 4.4 5.9 47.2 0.49
8 5.2 7.0 40.2 0.26
Backup 29.7 40.2 0.0 ———
Filter
TOTAL 73.9 -e- J— ---
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APPENDIX B

DESCRIPTIONS OF UNITS TESTED



DESCRIPTIONS OF UNITS TESTED

Five sources (2 heaters and 3 boilers) were surveyed under this contract.
Descriptions of the units and schematics of the test points are contained
in this Appendix.

Process Heaters

Refinery A - Source 1

This source is an atmospheric crude heater installed in 1978 by Foster

Wheeler. It is 1 of 2 furnaces used to supply heat to a crude unit before
atomospheric distillation.

It has a maximum gross fired duty of 315 x 106 BTU/hr; fuel ratios can be
varied from O to 100% gas or oil.

It is a side-fired horizontal radiant tube furnace. Low pressure steam is
produced in the convection section.

A schematic of the test site showing traverse point locations 1s presented

in Figure B-1.



Refinery B - Source 1

This source, constructed in 1978, is a hydrotreating unit furnace normally
used for desulfurization of diesel distillate. Unit processing capacity is
25,000 BPOD with a maximum fired duty of 60.1 x 106 BTU/hr. Heat is supplied
by firing plant fuel gas only.

The unit may be divided into three sections, namely:
1. Make-ub.Hydrogen Section
2. Reéctor Section
3. Fractionation Section

1. Make-up Hydrogen Section

Make-up hydrogen is supplied from existing high pressure
and Tow pressure hydrogen systems to the unit. Two 100
percent capacity reciprocating machines are provided to
compress the make-up gas from either hydrogen system to
the suction pressure of a recycle compressor.

2. Reactor Section

The Reaction Section consists of the reactor, heat
exchangers, fired heater, coolers, a high pressure
separator and centrifugal recycle gas compressor.

Unit charge is supplied cold from offsite tankage.
Charge is pumped through a feed solids separator,
then through feed/effluent exchangers. The hot oil
is then routed through a feed heater.

Recycle gas from the discharge of the recycle com-
pressor exchanges heat with reactor effluent and

then combines with the hot charge. Effluent flow
leaving the reactor is split between the feed/
effluent and gas/effluent exchangers. After exchange,
the combined effluent flows to an effluent air cooler
where condensate and corrosion inhibitors are injected
into the inlet piping. Separation of hydrogen rich
gas and rerun tower feed occurs in the HP Separator.

B-3



AMERICAN PETROLEUM INSTITUTE
REFINERY B
SOURCE 1 (HEATER - DIESEL CHARGE)
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FIGURE B-2 TEST POINT SCHEMATIC
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AMERICAN PETROLEUM INSTITUTE
REFINERY A
SOURCE 2 (BOILER)
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Number Wall, Inches
1 2%
2 8
3 13%
4 18%
| 43" | 5 24%
6 29%
7 34%
A .
B O 8 40%
o - 76"
g E 6 Port Length = 6"
Platform l F G
Duct Cross-Section )
e 10 >l 15° > -
Sample Ports
|l OA »
gk
ocC .
7
| oD 6
I OE
)] oF X
Stack Platform Flow
.
Fan Z
AARX XAAR
Elevation
FIGURE B-3 TEST POINT SCHEMATIC
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AMERICAN PETROLEUM INSTITUTE

REFINERY B
SOURCE 2 (BOILER)

7' I.D——h e ——

Stack Cross-Section

* Traverse Distance From
Point Inside Near
A Number Wall, Inches
. A-D 1 1%
2 3%
3 5%
4 8%
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7 17%
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9 26%
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-
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FIGURE B-4 TEST POINT SCHEMATIC
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AMERICAN PETROLEUM INSTITUTE
REFINERY C
SOURCE 1 (BOILER)
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APPENDIX C

TESTING AND ANALYSIS
EQUIPMENT AND PROCEDURES



TESTING AND ANALYSIS EQUIPMENT AND PROCEDURES

Particulate Measurement and Procedures

Test Equipment

The test train utilized for particulate sampling at all boiler and heater
sources was the standard EPA Method 5 train (see Figure C-1).

A stainless steel nozzle was attached to a heated (~ 250°F) borosilicate

probe which was connected directly to a borosilicate filter holder containing

a 9-cm Reeve Angel 934 AH glass fiber filter. The filter holder was maintained
at approximately 250°F in a heated chamber, and was connected by a rigid boro-
silicate connector to the first of four Greenburg-Smith impingers. Each of
the first two impingers contained 100 ml of distilled water, the third was
dry, and the final impinger contained 200 gm of dry preweighed silica gel.

The first, third, and fourth impingers were modified Greenburg-Smith types;
the second was of the standard design. All impingers were maintained in a
crushed ice bath. An RAC or Nutech control console with vacuum pump, dry

gas meter, a calibrated orifice, and inclined manometers completed the
sampling train. Flue gas temperature was measured by means of a Type K
thermocouple connected to a calibrated direct readout pyrometer. _ The
thermocouple sensor was positioned adjacent to the sampling nozzle.

Flue gas velocity was measured using a calibrated "S" type pitot tube
(provided with extensions) fastened alongside the sampling probe. Gas
stream composition (carbon dioxide, oxygen, and carbon monoxide content),
was determined utilizing an Orsat apparatus to analyze grab samples of

the flue gases. Orsat analyses were performed at each port in conjunction
with each particulate test set.

Preliminary Test Procedures

Preliminary test data were obtained at each sampling location. Duct
geometry measurements were recorded, and traverse point distances
calculated. A preliminary velocity traverse was performed at each

site utilizing a calibrated S-type pitot tube and a Dwyer inclined
manometer to determine velocity profiles. A check for the presence

or absence of cyclonic flow was conducted at each site prior to formal
testing. Flue gas temperatures were observed with a calibrated direct
readout pyrometer equipped with a chromel-alumel thermocouple. Water
vapor content was estimated from previous experience or determined through
an EPA Method 4 moisture test. Preliminary test data were used for nozzle
sizing and nomagraph set-up for isokinetic sampling procedures.
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Calibration of sampling nozzles, pitot tubes, metering systems, thermocouples/
pyrometers, and temperature gauges was performed as specified in Section 5 of
EPA Method 5 test procedures.

Prior to formal sampling, the oxygen content of the flue gas stream was deter-
mined using an Orsat apparatus. The Orsat O, readings were compared to those
recorded by the continuous monitoring instrumentation. This cross check was
conducted to determine the accuracy of the continuous 02 monitors and to
determine if any in-leakage of ambient air was occurring between the boiler
or heater exit and the sampling location.

Particulate Test Procedures

During the sampling program triplicate EPA Method 5 particulate test runs were
conducted at each unit operating condition. An exception occurred for Refinery A
Source 2 where duplicate tests were run for 2 of the 6 operating conditions
studied. The third test of these 2 sets could not be performed due to a boiler
outage. The number of test sets performed on each unit (2 to 6) was dependent
on the fuel firing capacilities of -the source.

During particulate sampling, gas stream velocities were measured by inserting
a calibrated S-type pitot tube into the gas stream adjacent to the sampling
nozzle. The velocity pressure differential was observed immediately after
positioning the nozzle at each point, and the sampling rate was adjusted to

- maintain isokineticity. Flue gas temperature was monitored at each point
with a pyrometer and thermocouple. Temperature readings of the filfer box,
final impinger, and inlet and outlet of the dry test meter were ‘also recorded.
See Figure C-1 for a schematic of the EPA Method 5 particulate sampling

train.

Leak checks were performed on the equipment according to EPA Method 5
instructions, prior to and after each run and/or component change.

Testing duration for particulate sampling was dependent on the units fuel
firing ratio, oxygen level and particulate 1oading for each test set
condition.

Control room operating data, plus fuel samples for each source, were
collected during each test run.

Sample Recovery Procedures

One of two sample recovery procedures were employed depending upon the
analysis required following the gravimetric step.

Particulate Sample Recovery for Analysis Types 1 and 2

During each test set (a total of 3 runs), particulate sample recovery
procedures for sample analysis types one and two were identical and
are described below.



A consistent procedure was employed for sample recovery:

1.

The glass fiber filter(s) was removed from its holder
with tweezers and placed in its original container
(petri dish), along with any loose particulate and
filter fragments (sample 1).

The probe and nozzle were separated and the internal
particulate rinsed with acetone into a borosilicate
container while brushing a minimum of three times.
Particulate adhering to the brush was rinsed with
acetone into the same container. The front-half of
the filter holder, and connecting glassware were
rinsed with acetone while brushing a minimum of three
times. The rinses were added to the container and the
container was then sealed with a Teflon-lined cap
(sample 2).

Sampling train components in the aforementioned step
were rinsed with methylene chloride and brushed in
1ike manner into another borosilicate container with a
Teflon-1ined 1id (sample 3). . -

The total liquid contents of impingers 1, 2, and 3 was
measured and placed in a borosilicate container fitted
with a Teflon-1ined closure (sample 4). Also included
in this sample was a distilled water rinse of the
impingers and connectors.

The impingers and connectors were acetone washed into a
separate borosilicate container fitted with a Teflon-
l1ined 1id (sample 5).

Components from the aforementioned step were methylene
chloride washed into a separate borosilicate container
fitted with a Teflon-lined 1id (sample 6).

The silica gel was removed from the last impinger,
immediately weighed, and the weight gain recorded.

Samples of acetone, methylene chloride, and distilled
water were retained for blank analysis.

Sample Analysis Procedures

Analysis
content).

Type 1 (filterable and total particulate plus heavy metals
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Stack

Samples*

front half samples

dry then determine
residue catch gravimetrically

combine residues
|

solubilize with acid/peroxide

analyze for heavy metals using ICP

*Front half samples: I.

|
back half samples

|
dry then determine
residue catch gravimetrically

|

retain residues

. (if back half metals
. requested)

solubilize with acid/peroxide

analyze'by 1CP

Acetone wash of nozzle, probe, and front

half filter holder.

Back half samples:

FIGURE C-2.

2. Filter catch.

Impinger contents and water wash.
Acetone wash of impingers and connectors.

ANALYSIS TREE FOR ANALYSIS TYPE 1
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NOx Measurement and Procedures

Test Equipment

The test train utilized for NO, sampling was a standard EPA Method 7
Train (see Figure C-6).

A heated borosilicate gas sampling probe containing a glass wool filter was
connected to a 2-1iter borosilicate round-bottom boiling flask in a foam
encasement. The flask was fitted with a glass 3-way valve. A mercury
U-tube manometer was connected to the sample flask and to the vacuum pump
of a Nutech control console by rubber vacuum tubing. Another 3-way valve
was placed between the manometer and pump, and was connected to a squeeze
bulb. The bulb was used to purge the sampling probe of extraneous gases
prior to sample collection.

NOx Test Procedures

During each particulate test run a series of three EPA Method 7 NOy grab
samples were obtained from the gas stream.

The heated probe was positioned near the center of the stack. The flask
was evacuated to a pressure of less than three inches of mercury absolute.
Flask temperature and pressure were recorded. After purging the probe with
stack gas, the 3-way valve was positioned to a110w a sample to enter the
flask for fifteen seconds.

Sample Recovery Procedures

A consistent procedure for sample recovery was maintained throughout the
test program.

After sitting for a minimum of sixteen hours, the flask and contents were
shaken for two minutes. The final absolute flask temperatures and pressures
were obtained and recorded and the flask contents were transferred to a leak-
free polyethylene bottle. After the flask was rinsed twice with 5 ml portions
of deionized distilled water and the rinses added to the bottle, the pH of

the sample was adjusted to 9-12 by dropwise addition of sodium hydroxide -
(IN). The container was sealed, labeled, and the height of the 1iquid

level marked. The samples, including a blank, were transported to the

Weston Laboratories for analysis.

Sample Analysis Procedures

The samples were analyzed for oxides of nitrogen, except nitrous oxide,

using the colorimetric phenoldisulfonic acid procedure described in
EPA Method 7.

C-13



APPENDIX D

WESTON PROJECT PARTICIPANTS



PROJECT PARTICIPANTS

The following Weston employees participated in this project.

Peter J. Marks
Vice President and Project Director
Laboratory Services

Barry L. Jackson
Project Manager
Air Ouality Testing Services

Jeffrey D. 0'Neill
Project Scientist

Paul Meeter
Assistant Project Scientist

Thomas Davis
Project Technician

James S. Smith, Ph.D..
Director
Analytical Laboratory

Dianne S. Therry
Quality Assurance Coordinator

Bruce Maglietto
Chemist

Kim Burke
Chemist

Ken Seace
Chemist

Nancy Robertson
Senior Laboratory Technician

Bruce Wood
Instrument Maintenance Technician

Marie Nadeau
Technical Support

D-1

econENVIRONomics
econENVIRONomics

econENVIRONomics
econENVIRONomics
econENVIRONomics

econENVIRONomics

econENVIRONomics
econENVIRONomics
econENVIRONomics
econENVIRONomics
econENVIRONomics
econENVIRONomics

econENVIRONomics

Division

Division

Division
Division
Division

Division

Division
Division
Division
Division
Division
Division

Division



| : ..H ) , 3 VM X .‘..
| e SR el

\a ’
R A L
{ ik




Vb i vl
i 1.

AL






