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Executive Summary

In July and August 2007, the Texas Commission on Environmental Quality (TCEQ) and U.S.
Environmental Protection Agency (EPA) sponsored testing of numerous “difficult to measure” emission
sources at a BP petroleum refinery in Texas City, Texas, (crude capacity of 456,000 barrels per calendar
day [bbl/cd]) using differential absorption LIDAR (DIAL). The testing, which was conducted by National
Physical Laboratory (NPL), detected emissions of organic compounds with 3 or more carbon atoms. The
units tested included numerous storage tanks storing a variety of materials, an activated sludge unit, an
API separator, three flares, and a delayed coker. Throughout this report, the term “emissions” refers to
C3+ compounds, unless otherwise noted. In addition, all DIAL test data presented in this report are from
NPL’s test report.!

The primary objective of the DIAL testing was to provide data for comparison with the results of
emission estimation procedures that are the currently accepted means of determining emission levels for
these types of sources. Units were selected for testing after considering the constraints of wind direction,
unit operational status, and available scan paths at the time the test crew was onsite. Thus, the DIAL
results may not be representative of all tanks and other types of tested units.

Table 1 presents the average hourly VOC emission rates calculated from the DIAL test data for each
tested emission source. For storage tanks, the results are presented for groups of tanks rather than
individual tanks because the DIAL testing generally could not isolate individual tanks. Table 1 also
presents two sets of estimated emissions. The estimates in the first set were calculated using standard
accepted estimating procedures along with actual conditions at the time of the DIAL testing. The second
set of estimates presents the average hourly ozone season emission rates from BP’s 2007 emission
inventory report. The following key findings and conclusions can be drawn from the test results:

= For scans under similar conditions the DIAL results often varied widely, by as much as an order
of magnitude for scans of the flares and some storage tanks.

= For storage tanks, the average DIAL results generally are higher than both sets of estimated
emissions described above.

= The DIAL results cannot be used to assess the validity of default assumptions in the AP-42
procedures for storage tanks or how well the AP-42 procedures estimate short-term emission rates
for storage tanks because it appears that the DIAL fluxes often included an unknown quantity of
emissions from upwind sources, information on the composition and vapor pressure of stored
material and the condition of seals and fittings is often uncertain or unavailable, and some of the
scan ranges over which the DIAL fluxes were calculated are unclear.

= The DIAL results for the activated sludge unit are similar to modeled emissions when modeling is
conducted using actual conditions at the time of the test.

= For two of the three flares, the DIAL results are consistent with expected control efficiencies, but
the efficiency of one flare was considerably worse than expected.

= The lack of information on the steps in the coker cycle that were operating during the tests makes
it difficult to assess how well the DIAL results for the coker represent total actual emissions.

= The refinery was operating at about 50 percent of capacity at the time of testing; this should not
affect most of the emissions measured from a particular unit, but it complicates the comparison of
measured volumes to those reported by BP in the annual inventory.
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Table 1. Comparison of DIAL Results and Estimated Emissions

Estimated emissions using
Average standard estimating procedures 2007 EIQ average
DIAL flux, with actual conditions at the time ozone season
Source Source Description Compound Ib/hr? of the DIAL test, Ib/hr emission rates, Ib/hr®
Tanks 1020, 1021, EFR® tanks storing crude oil voc 6.4 1.3-1.9° 2.6 -3.5°
1024, and 1025
Tanks 1052, 1053, EFR tanks storing crude oil VOC 16.3¢ 1.8-2.3° 2.4-2.9°
and 1055
Tanks 501, 502, 503, | EFR tanks storing light distillates voc 8.6" 3.0-3.9° 6.7 - 8.0°
and 504
Tank 43 VFR' tank storing fuel oil #6 VOC 2 1.3 0.2
9.3 1.3 0.2
Tanks 60, 63, 11, 12, | VFR and EFR tanks storing VOC 9 0.6 —9.1° 4.6 — NA®Y
18, 42, 61, and 65 various products
Tanks 54, 55, 56, VFR and EFR tanks storing VOC 3.1¢ 0.3-9.7° 1.0 - NA®Y
and 98 various products
Tanks 53 and 55 VFR tanks storing diesel fuel \Yele: 23.8¢ 48-5.2° 1.0-2.0°
F-8 EBU Activated sludge unit VOC 30 22 - 55" 6.7
API separator API separator VOC ND' NA?
Wastewater vents Vents from collection system VOC ND NR/
Flare #6 Ground flare VOC 13 17" 40
Temporary flare Temporary flare VOC 6 100 — 300* 196
ULC flare Ultracracker flare vVOoC 192 3- 25 28.3
Coker Unit C Coker VOC 18 ND NR
Coker Unit C Coker while cutting coke Benzene 1.8 ND NR

% The tabulated values typically represent the average of calculated fluxes for several scans.

® In their 2007 emissions inventory, BP reported average ozone season emissions in Ib/d; these values were divided by 24 to estimate the tabulated average
hourly emission rates.

¢ EFR means external fixed roof tank.

4 The results for storage tanks typically are summarized for a group of tanks because the DIAL scans typically could not isolate individual tanks. All scans along
the same path and covering the same range were grouped, and the calculated fluxes for the scans in a group were averaged. The averages for all groups of
scans that apply to a group of tanks were then averaged to obtain the tabulated flux. Note that some groups of scans captured emissions from all of the listed
tanks, while other groups of scans were downwind of only some of the listed tanks.
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¢ Emissions were estimated for all tanks that appeared to be upwind of a group of scans, and the estimates for the individual tanks were summed. For each group
of scans, the total emissions were estimated by summing the applicable individual tank emissions estimates. The upper end of the tabulated range represents
the average of these sums. The lower end of the range represents the average emissions assuming only the tank(s) to which NPL attributed emissions were
upwind of the scans.

" VFR means vertical fixed roof tank.

9 The upper end of the range could not be determined because some of the tanks could not be found in the 2007 emissions inventory. The specific API separator
of interest also could not be identified in the inventory.

" The low end of the range is based on pollutant properties used in modeling by BP, the measured benzene concentration, and annual average concentrations for
other pollutants. The high end of the range is based on using the default pollutant properties in WATER9, the measured benzene concentration, and an
assumption that all other pollutant concentrations at the time of DIAL testing were higher than average by the same percentage as benzene.

' ND means not determined.

' NR means not reported in the annual inventory.

¥ Estimated emission rates are based on assumed 98 percent destruction of C3+ hydrocarbons in flare gas at the time of DIAL testing. A range is presented for the
temporary flare and ultracracker flare because the flow and composition of the flare gas varied significantly during the DIAL test period.
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Findings and conclusions specific to each type of tested emission unit are summarized below.

Crude oil storage tanks. On average, the DIAL results for external floating roof tanks storing crude oil
were at least 3 to 7 times higher than estimates that used conditions at the time of the DIAL testing. One
factor contributing to this difference is that emissions from upwind sources such as the activated sludge
unit appear to have been included in the emissions measured in some of the DIAL tests. The estimates
may also have been biased low due to uncertainties regarding the composition and vapor pressure of the
stored crude oil. Using the actual temperatures and windspeed during the DIAL test instead of the annual
averages used in the emissions inventory have minimal effect on the estimated emissions.

Gasoline and other light distillates storage tanks. The average DIAL results for the group of external
floating roof storage tanks storing gasoline and other light distillates were about 2 to 3 times higher than
estimates that are based on using AP-42 procedures and conditions at the time of the DIAL testing. No
one factor is the clear cause of these differences. However, flare #6 is an upwind source that may have
contributed to the emissions measured in some of the DIAL tests. The DIAL results are even closer to the
average emission rates reported in the 2007 emissions inventory, but this similarity may be only a
coincidence due to assumptions regarding the status of fittings in the inventory calculations that have
been revised since 2007.

Diesel fuel, fuel oil #6, and other product storage tanks. The average DIAL results are less than estimated
emission rates for some groups of product tanks and higher for others. Both the DIAL results and the
estimates are subject to a number of uncertainties that make it difficult to determine which results are
more representative of actual emissions. These uncertainties include: (1) types of stored materials and
their vapor pressures for some tanks, (2) range of some DIAL scans, (3) structural integrity of the fixed
roofs, (4) possible upwind contributions to some calculated DIAL fluxes, and (5) unexplained variability
in DIAL results for some scans.

Activated sludge unit. The DIAL results for the activated sludge unit fall within a range of modeled
emissions that are based on conditions at the time of the DIAL test and a range of pollutant property data.
Both the DIAL results and modeled estimates are higher than the emission rate presented in the 2007
emission inventory primarily because one of two parallel units was shutdown so that the actual flow rate
to the only operating unit when the DIAL testing was conducted was more than 3 times higher than the
annual average flow rate. Another difference is that the benzene concentration during the DIAL test
period was about 30 percent higher than the annual average value. The modeled emissions also vary by
approximately a factor of two depending on whether WATER9 modeling uses default pollutant properties
in WATERQO or different values reported by BP.

API separator. The DIAL results for an API separator were significantly less than the results for the
activated sludge unit. Estimated emissions for this unit could not be developed because modeling inputs
such as the wastewater flow, pollutant concentrations, and unit characteristics were unavailable. The
DIAL results also could not be compared with emissions in the 2007 emission inventory report because
the applicable separator in the inventory report has not been identified.

Flare #6. The DIAL results for flare #6 (13 Ib/hr) were very similar to the projected emission rate based
on the hourly flare inlet gas flow and composition measurements and assuming a 98 percent control
efficiency (17 Ib/hr). The average emission rate in the emission inventory report is slightly higher (40
Ib/hr). The difference between these emissions estimates is likely the result of the flare flow rate and/or
hydrocarbon concentration being lower than average during the days of the DIAL testing.

Temporary flare. The DIAL results for the temporary flare (7 Ib/hr) were less than both the reported
emissions in the 2007 emission inventory report (196 Ib/hr) and an estimate of the emissions developed
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using the hourly flare inlet gas flow and composition measurements and assuming a 98 percent control
efficiency (205 Ib/hr). The good agreement between the two estimated values suggests that BP estimated
emissions assuming an efficiency of 98 percent. The DIAL results, however, suggest the actual efficiency
of the temporary flare was much higher than 98 percent (approximately 99.8 percent).

Ultracracker flare. The average emissions from DIAL testing of the ultracracker flare were 6 times higher
than the average hourly emission rate in the 2007 emission inventory report (192 Ib/hr versus 31 Ib/hr).
Estimated emissions are even lower (3 Ib/hr to 25 Ib/hr) when using the actual flow and composition data
during the DIAL test period and assuming a control efficiency of 98 percent. Over the three days of DIAL
testing it appears the ultracracker flare efficiency was highly variable between 50 and 90 percent. Possible
reasons for the low efficiency include:

= Flare gas flow rate, velocity, and hydrocarbon content at the time of DIAL testing may have been
much lower than usual, resulting in inadequate mixing for complete combustion. Testing occurred
at a time when the high-hydrogen overheads stream from the ultracracker unit was being vented
to the temporary flare because the compressor that normally compresses this stream for recycle to
the process was off-line. It is not clear if this temporary operation had any effect on the gas flow
to the ultracracker flare.

= The steam addition rate may have been too high, thus quenching combustion.

Coker unit C. Based on the DIAL test data, the VOC emissions from coker unit C were 18 Ib/hr, and the
benzene emissions during the coke cutting operation were 1.8 Ib/hr. These results could not be compared
with estimates in the 2007 emission inventory report because it is not clear which, if any, of the inventory
estimates are for operations that correspond with the operations measured by the DIAL testing.
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1. Introduction

In July and August 2007, National Physical Laboratory (NPL) conducted emissions tests for numerous
“difficult to measure” emission sources at a BP petroleum refinery in Texas City, Texas, using NPL’s
differential absorption LIDAR (DIAL) system." The testing was sponsored by and conducted for the
Texas Commission on Environmental Quality (TCEQ) with funding provided by both TCEQ and the
U.S. Environmental Protection Agency. The purpose of this report is to summarize the DIAL results,
compare the DIAL results with estimates developed using standard accepted procedures and conditions
that existed when the DIAL tests were conducted, compare the DIAL results with average ozone-season
emission rates reported in BP’s 2007 emissions inventory,” and assess why DIAL results differ from
estimates.

Section 2 of this report addresses emissions from external floating roof tanks and vertical fixed roof tanks
storing a variety of materials. Sections 3, 4, and 5 address emissions from wastewater sources, flares, and
delayed cokers, respectively. Recommendations for future testing and references are presented in sections
6 and 7, respectively. Appendix A provides the data used with AP-42 procedures to estimate emissions
from storage tanks. Appendixes B, C, and D present details of the emission estimation calculations for
different groups of storage tanks. Appendix E provides modeling inputs for estimating emissions from the
activated sludge unit. Appendix F contains the hourly flare gas flow rate and composition data collected
by BP’s process monitoring instrumentation for the three tested flares, and it presents calculated
emissions assuming different control efficiencies.
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2. Storage Tank Emissions

2.1  External Floating Roof Tanks for Crude Qil

NPL conducted DIAL testing downwind of seven external floating roof tanks that stored crude oil. Table
2 summarizes the results of the DIAL testing and compares these results to emission rates that were
estimated using AP-42 procedures and to average 0zone season emission rates presented in BP’s 2007
emissions inventory. The comparisons generally apply to groups of tanks rather than individual tanks
because the DIAL scans typically intercepted plumes from more than one tank, and only the total flux was
calculated for each scan. These data show the DIAL results were nearly always higher than the other
estimates (in 14 of the 18 groups of scans listed in Table 2), sometimes by an order of magnitude. For
some scans, much of the difference appears to be due to influence from upwind sources. However, other
factors also likely contributed to the differences. A discussion of the various factors and uncertainties that
affect the DIAL results and estimated VOC emission levels is presented below.

Comparison of DIAL results and estimated emissions. BP reported crude oil characteristics, tank
characteristics, the number and type of rim seals and fittings, and the control status of fittings (see
Appendix A).® These data were used with AP-42 procedures to estimate the hourly VOC emissions rate
from each tank at the time it was subject to DIAL testing. The AP-42 procedures were modified slightly
to account for actual conditions at the time of DIAL testing to the extent possible. Specifically,
withdrawal losses were estimated from several of the tanks using actual withdrawal rates during the tests,
actual wind speeds were used instead of monthly historical averages, and liquid bulk temperatures were
calculated using historical monthly average ambient temperatures for either July or August (as
applicable). Actual ambient temperatures during the test days were not available. Details of the
calculations are presented in Appendix B.

Table 2 also presents the 0zone season emission rates from BP’s 2007 emissions inventory.? The emission
rates reported in the inventory are in Ib/d. To allow comparison with the DIAL results and the estimates
based on modified AP-42 procedures as described above, these daily rates were divided by 24 to obtain
average hourly emissions. As shown in Table 2, the average hourly emission rates are always higher than
the hourly rates estimated using AP-42 procedures, but by only a small amount relative to large emission
fluxes calculated for many of the DIAL scans. A difference between the average rates in the inventory
and the rates estimated using the actual conditions during the DIAL test period is to be expected because
the wind speeds used to develop the estimates described above were typically lower than the historical
monthly averages, and most tanks have no withdrawal losses in the analysis described above. The
difference, however, cannot be explained fully by these meteorological and operational variations. The
same seal and withdrawal losses as in BP’s 2007 inventory could be reproduced using the data obtained
from BP and default parameters in the AP-42 procedures, but fittings losses estimated in this manner are
much lower than BP’s 2007 estimates. The most likely explanation for the difference is that there are
unknown differences between the number, type, and/or control status of fittings used in the two analyses.
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Table 2. Comparison of DIAL and Modeled VOC Emissions for External Floating Roof Tanks Storing Crude Oil?

Tanks Estimated emissions
. Wind characteristics from DIAL testing,
upwind of | Other during DIAL tests Ib/hr _ 2007 EIQ
scans tanks Estimated ozone
according | possibly Average modeled season
to DIAL upwind speed, emissions, | emissions.
Scan ID Nos. report of scans | Direction mph Range Average lb/hr® Ib/d (Ib/hr)® Comments
235, 236 1020 1021, ESE 8.0 <lto2 1.3 12t04.7 |44t0133(1.8 Withdrawals from tanks 1020 and
1024 to 5.5) 1024.
Testing conducted about 1:30 pm.
241,242,243 | 1020 1021, S and SSW 7.7 <1to3 1.3 12t03.2 |44t0134(1.8 Withdrawals from tank 1020.
1025 to 5.6) Testing at about 2 pm.
182, 183, 184, | 1020, 1021 | None SSE 8.7 10to 20 15.5 2.7 89 (3.7) Not clear which scan path was
185, 187, 188 used or if any other tanks or other
sources may have been upwind.
Testing conducted from about 5
to 6 pm.
179 1024 1025 SSE 7.4 5 5 09to 1.6 44 to 89 Testing conducted at about 4 pm.
(1.8t03.7)
178, 180, 181 | 1024, 1025 | None SE and SSE 8.2 14 to 15 14.7 1.7 89 (3.7) Testing conducted from 4 to 4:30
pm.
323, 324, 325 |1024, 1025 | None SSE 8.7 41011 6.3 1.8 89 (3.7) Testing conducted from 1 to 2
am.
338, 340 1024, 1025 | None S and SSW 5.7 1 1.0 1.3 89 (3.7) Testing conducted from 6 to 6:30
am.
138, 139, 140, | 1025 None W, SW, and 5.3 3to 8 5.4 0.5 45 (1.9) Testing conducted from 12:30 to
141, 148 S 2 pm.
Tank 1053 may have been
upwind for one scan.
173,174,175, | 1025 None SSE 8.6 81013 105 0.7 45 (1.9) Testing conducted from 2:30 to
176 3:30 pm.
319, 320, 321, | 1025 None SSE 6.6 <lto5 29 0.6 45 (1.9) Testing conducted from 12 to 1
322 am.
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Tanks Estimated emissions
. Wind characteristics from DIAL testing,
upwind of | Other during DIAL tests Ib/hr 2007 EIQ
scans tanks Estimated ozone
according | possibly Average modeled season
to DIAL upwind speed, emissions, | emissions.
Scan ID Nos. report of scans | Direction mph Range Average lb/hr® Ib/d (Ib/hr)® Comments
157, 158, 159 | 1052, 1053 | None SSE 9.1 13t0 31 22.3 2.3 70 (2.9) = Activated sludge unit appears to
be almost directly upwind of tank
1052.
= Withdrawal from tank 1053 at
about 105,000 gal/hr
164 1052, 1053 | None SE 6.7 6 6 21 70 (2.9) = Withdrawal from tank 1052 at
about 84,000 gal/hr.
279, 280, 281, | 1052, 1053, | None SW 7.2 18 to 39 24.6 3.1 110 (4.6) = Activated sludge unit likely
282, 283 1055 upwind between the two tanks.
284, 285, 286, | 1052 None SW to WSW 8.3 29to 54 39.6 11 37 (1.5) = Activated sludge unit likely
287, 288 upwind source for these scans.
Plume in Figure 2.5 of the DIAL
report for scan 285 appears to be
directly downwind of the activated
sludge unit.
328, 329, 330, | 1052, 1053 | None SSE 7.8 12 to 44 24.3 2.1 70 (2.9) = Activated sludge unit almost
331 directly upwind of tank 1052.
156 1053 1052 S 10.3 7 7 1.6t02.9 33t0 70 = Withdrawal from tank 1053 at
(1.4 t0 2.9) about 105,000 gal/hr.
163, 165, 166, | 1053 1052 ESE to SSE 8.6 3t07 5.2 1.1t0 2.3 331070 = Withdrawal from tank 1052 during
167, 168 (1.4 to 2.9) first scan, and filling during last
four scans; average about 35,000
gal/hr withdrawal.
231, 232,233 | 1053 1052 E to ESE 7.1 <1to3 15 1.0t0 2.2 33to 70
(1.41t02.9)

® Tanks 1052, 1053, and 1055 have a diameter of 345 ft, and the other four tanks have a diameter of 219 ft. The height of all seven tanks is between 47 and 48 ft.

® See Appendix B for calculations. Typically followed the AP-42 procedures, except that actual wind speeds at the time of each set of scans were used instead of
historical monthly averages, and the liquid bulk temperature was calculated using the estimated daily average ambient temperatures during July and August.
Withdrawal emissions were estimated for scans of tanks 1020 and 1024 during which material was removed from these two tanks. When a range is presented,
the low end is for the tank to which emissions are assigned in the DIAL report, and the upper end includes emissions for both this tank and others that appear to
have been upwind of the scans.

° The Ib/hr estimates were obtained by dividing the reported Ib/d estimates in the inventory by 24. A range is presented for the same situations described in
footnote “b”.
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Possible contribution from upwind sources in the DIAL emissions. The available data suggest that many
of the calculated fluxes downwind of the crude oil storage tanks included emissions from upwind sources.
As discussed in more detail below, the highest calculated fluxes for scans downwind of tanks 1052, 1053,
and 1055 (22 to 40 Ib/hr) occurred when the activated sludge unit was upwind. Conversely, when the
activated sludge unit was not upwind, calculated fluxes were much lower (2 to 6 Ib/hr). Similarly,
unidentified offsite upwind sources may also have contributed to the highest calculated fluxes for tanks
1020 through 1025 (10 to 20 Ib/hr) because these emissions were noted when wind was from one
direction, but lower emissions (<1 to 8 Ib/hr) were measured when wind was from other directions.

As discussed in section 3.1 of this report, average calculated fluxes downwind of the activated sludge unit
on August 2" were about 30 Ib/hr. These emission levels are similar to the collective fluxes calculated
downwind of tanks 1052, 1053, and 1055 later the same day while wind was still from approximately the
same direction. Figure 2.5 in the DIAL final report presents an image of the plume location in one of
these scans. Based on the wind direction at the time of this scan, the location of the plume is such that it
could just as easily be from the activated sludge unit as from tank 1052. Table 2.4 in the DIAL final
report identifies a few scans as upwind, but it does not appear that any of these scans were directed
between the tanks and the activated sludge unit.

Scans on July 28" and August 6" were directed almost due west on the north side of tanks 1052 and 1053.
The wind direction for these scans was from the south-southeast, which should cause the plume from the
activated sludge unit to cross the plane of the scans a little to the west of tank 1052. If so, these emissions
may not have been included in the calculated fluxes for the tanks. However, the DIAL report does not
indicate the range over which the fluxes were determined, and it is possible that wind near the ground
close to the tanks could have been disrupted such that some of the emissions from the activated sludge
unit could be further east than would be predicted from the wind directions measured by the fixed mast
located on the vehicle that housed the DIAL instrument.

The highest calculated fluxes for tanks 1020 through 1025 occurred for scans conducted in the afternoon
while wind was from the southeast. Calculated fluxes were always lower when wind was from another
direction. Even when wind was from the southeast, calculated fluxes were low when scans were
conducted in the middle of the night. There should be no other onsite emission sources to the southeast of
these tanks, but there may be one or more offsite sources. If so, this offsite source may not have operated
at night. No scans were conducted upwind of these tanks when wind was from the southeast.

Uncertain characterization of the tank contents. Any differences between the actual and reported
characteristics of the stored crude oil could cause estimated emissions to be biased either high or low.
Actual emissions will be a function of the characteristics of the stored crude (primarily vapor pressure,
but also the molecular weight and density). These characteristics will vary depending on the source of the
crude, how it has been handled prior to storage, and the amount of time it has been in a storage tank. The
modeled emissions shown in Table 2 were estimated using data for crude oil as reported by BP. However,
it is not clear how these characteristics were developed or how well they represent the characteristics of
the stored crude at the time of the DIAL testing.

Uncertainty in the condition of fittings and seals. Differences between the actual condition of seals and
fittings versus norms assumed in estimating methodologies may account for some of the differences in
DIAL results among the tanks or for differences between DIAL and modeled emissions. The AP-42
procedures estimate emissions from average-fitting seals and typical fittings. It is not clear whether the
condition of the seals and fittings on BP’s crude oil storage tanks would be considered better than
average, average, or worse than average. TCEQ has documented that “strong VOC odors were present
when the infrared (IR) camera team was on top of the crude tanks.” TCEQ also noted that “hydrocarbon
vapors were seen by the IR camera coming from the rim seals of some of the crude tanks.”* However, the
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available documentation does not identify which tanks produced the IR-visible emissions, indicate the
time of the observations, assess whether the results are comparable to results for a tank that has been
inspected and is in compliance with NSPS/NESHAP seal gap requirements, or indicate if the cameras
identified any evidence of leaks from deck fittings.

Issue of non-detectable emissions in DIAL tests. For 6 of the 18 groups of scans in Table 2, the DIAL
report attributes emissions to only some of the tanks that appear to be upwind of the scans. This may be
reasonable if either the scan path or the range over which fluxes were calculated were limited in some
way, but the DIAL report does not indicate that the calculations were so limited. On the other hand,
emissions may have been assigned to only certain tanks because no emissions were detected from other
upwind tanks. If so, the modeling to estimate emissions for comparison to the DIAL results should
include these additional tanks. Therefore, the estimated emissions for these scans are presented as a range
in Table 2. The low end of the range estimates emissions for the tanks from which DIAL tests detected
emissions, and the high end of the range estimates emissions for all tanks that appear to be upwind of the
scan. Note that this issue introduces only minimal uncertainty to the analysis because both the low and
high ends of the range are less than the DIAL results for three of the six groups of scans, and for the other
three groups of scans both the low and high ends of the narrow ranges are close to the DIAL results
(typically within 2 Ib/hr).

Potential issues regarding assumptions in AP-42 procedures. The AP-42 procedures assume crude oil is
weathered and stabilized. If these assumptions are incorrect, emissions estimates will be biased low. The
degree of weathering or stabilization of BP’s crude oil cannot be confirmed based on the results of DIAL
testing and other available information. Analysis of the crude oil is needed to assess the validity of the
stabilization assumption, and additional studies are needed to resolve the weathering issue.

The weathering assumption does not appear to be a significant factor in the difference between the DIAL
results and the modeled estimates. The weathering assumption is incorporated in the AP-42 procedures
for estimating losses from rim seals and fittings by using a “product factor” that accounts for the effect of
different types of liquids on evaporative loss.> The product factor is 0.4 for crude oil and 1.0 for all other
organic liquids. The product factor is lower for crude oil because in tests API found the losses from crude
oil were consistently lower than the losses from other liquids, after normalizing for differences in vapor
pressure and molecular weight.® This result for crude oil was attributed to effects such as weathering of
the crude (i.e., loss of volatile components near the liquid surface) before testing. Assuming crude is
weathered and using a product factor of 0.4 may underestimate emissions from a tank in which the liquid
surface is disturbed, perhaps by mixing caused by adding material to the tank. Results from the testing at
BP cannot confirm the appropriate product factor, or if weathering effects varied among the tanks.
However, even if the product factor should be 1, the modeled emissions in Table 2 would increase by a
factor of only 2.5 (or less for scans with withdrawal losses as well as rim seal and fittings losses). The
resulting estimated emissions would still be less than the calculated DIAL fluxes for 14 of the 18 groups
of scans listed in the table.

Unstabilized crude contains dissolved gasses that will volatilize under the atmospheric pressure
conditions in a storage tank. If this situation exists, the AP-42 procedures will understate the emissions,
and the highest DIAL results should be expected while the tank is being filled and for some unknown
time afterward. The limited data suggest the crude was more likely stabilized than unstabilized. For
example, calculated fluxes from tank 1025 (scans 138 to 148) and tank 1024 (scan 179) were at about the
same relatively low levels, but the DIAL testing for tank 1025 were conducted after 8 hours in which
material was added that raised the level in the tank from about 25 percent of capacity to more than 55
percent of capacity while no material had been added to or withdrawn from tank 1024 in more than 3 days
preceding the tests. If the crude was unstabilized, the emissions from tank 1025 should have been higher
than the emissions from tank 1024. Tank 1052 is the only other tank to which crude oil was added during
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the DIAL tests, but the results are inconclusive. Although the calculated fluxes from scans concurrent
with or following the additions were high, which would be consistent with an assumption that the crude
was unstabilized, these are also the scans most likely affected by upwind sources. Comparisons before
and after filling the same tank would be more meaningful than these comparisons, but the DIAL testing at
BP could not be conducted under such conditions. Alternatively, analysis of the crude at the time of the
DIAL testing would also address the issue of whether the stored crude is stabilized.

Effect of default ambient temperatures in AP-42 procedures. The AP-42 procedures use default historical
average ambient temperatures in the calculation of the liquid surface temperatures which in turn are used
to estimate the vapor pressure of the stored material. Since actual ambient temperatures during the DIAL
test were not available, the modeled emissions in Table 2 were calculated using the default ambient
temperatures for Galveston. A sensitivity analysis shows that even if the actual temperatures were 10°F
higher than the ambient average (highly unlikely that the actual temperatures were this much higher than
the defaults), the estimated emissions would increase by only 25 to 30 percent, on average, which is far
less than the difference between the DIAL results and the estimates shown in Table 2. Thus, the lack of
actual ambient temperature data causes only a small fraction of the difference between the DIAL results
and the estimated emissions.

2.2  External Floating Roof Tanks for Gasoline and Other Light Distillates

NPL measured emissions from four external floating roof tanks that stored light distillates. Tank 501
stored regular gasoline, tank 502 stored heavy virgin naphtha, tank 503 stored heavy raffinate, and tank
504 stored alkylate. Table 3 presents the results of the DIAL testing and modeling calculations for six sets
of scans of these tanks. A discussion of the various factors and uncertainties that affect the DIAL results
and estimated VOC emission levels is presented below.

Comparison of DIAL results and estimated emissions. Of the six groups of scans summarized in Table 3,
only the first four are considered to be valid. The DIAL results for all four groups are higher than the
estimated emissions, although the difference is less than 5 Ib/hr for three of the four groups of scans. The
scans in the final two groups summarized in Table 3 were conducted when the wind was nearly parallel to
the scan path, which makes it likely that the scans did not capture all of the emissions from the targeted
tanks. Thus the results of these scans should not be evaluated with the first four groups of scans and are
not considered further in this analysis. The estimated emissions were calculated using slightly modified
AP-42 procedures that accounted for conditions during the DIAL testing to the extent possible.
Specifically, withdrawal losses were estimated using actual withdrawal rates during the testing, actual
wind speeds were used instead of monthly historical averages, and liquid bulk temperatures were
calculated using historical daily average ambient temperatures during either July or August (actual
ambient temperatures were unavailable). Details of the calculations are presented in Appendix C.

Although most scans were directed downwind of more than one tank, it is not clear from the DIAL final
report why collective emissions were reported for so many of the scans; it seems likely that in some scans
the plumes from each tank would have been spatially separated, and separate range-resolved fluxes could
have been calculated for each tank.
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Table 3. Comparison of DIAL and Modeled VOC Emissions for External Floating Roof Tanks Storing Light Distillates®

Tanks Wind characteristics Estimated emissions
upwind of Other during DIAL tests from DIAL testing, Ib/hr 2007 EIQ
scans tanks Estimated ozone

Scan | according | possibly Average modeled season

ID to DIAL upwind speed, emissions, | emissions.

Nos. report of scans | Direction mph Range Average lb/hr® Ib/d (Ib/hr)° Comments

196, |501, 502, None SW and 5.3 2to5 35 2.9 206 (8.6) = Scans unlikely to be affected by flare #6

198 503, 504 WSW due to wind direction.

205, |501, 504 502 SSE, S, 10.4 2to 13 8.7 35t04.3 169to 188 | = Flare #6 was directly upwind for the two

207, and SSW (7.0t0 7.8) scans with the highest DIAL emissions.

208 = The range of modeled and EIQ
emissions reflects the estimates with
and without emissions from tank 502.

218, |504 501, 502 S and 9.6 5 5 15t04.2 84 to 188 | = Flare #6 emissions was nearly directly

221 SSW (3.5t07.8) upwind for at least one of the two
scans.

= The range of modeled and EIQ

emissions reflects the estimates with
and without emissions from tanks 501
and 502.

220, |501, 502, None SW 9.5 16 to 18 17 4.1 188 (7.8) = Flare #6 was nearly directly upwind for

224 504 tank 504 during these scans

347, |501, 502, None SE 6.3 <1to 8 25 3.0 188 (7.8) = NPL cautioned that the wind direction

353, |504 was not good for flux determination, and

354, scans may not have captured all

355 emissions from tank 502.

356 503 None SE 6.0 1 1 0.3 18 (0.8) = NPL cautioned that the wind direction

was not good for flux determination.

& According to BP, tank 501 stored gasoline, tank 502 stored heavy virgin naphtha, tank 503 stored heavy raffinate, and tank 504 stored alkylate. The diameter of
each tank is 144 ft, and the height is slightly over 40 ft.

® See Appendix C for calculations. Typically followed the AP-42 procedures, except that the actual wind speeds at the time of each set of scans were used instead
of historical monthly averages, and the liquid bulk temperature was calculated using the estimated daily average ambient temperatures during July and August.
Withdrawal emissions were estimated for scans 220 and 224 (and the upper end of the range for scans 218 and 221) based on the actual withdrawal rate of
about 58,800 gal/hr from tank 502 during these scans..

¢ The Ib/hr estimates were obtained by dividing the reported Ib/d estimates in the inventory by 24.
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Table 3 also shows BP’s ozone season estimates from their 2007 emissions inventory report. The ozone
season emissions were reported in pounds per day; these values were divided by 24 to estimate the
average hourly emissions. The resulting averages are comparable to the DIAL results (higher for some
scans and lower for others). The estimates in the inventory also are always higher than the estimates that
were based on the AP-42 procedures. This trend is expected because the wind speed during the DIAL
testing was similar to or lower than the historical averages for June through August in Galveston, and
most of the estimates for the DIAL test period do not include withdrawal losses because the tanks were
not being emptied during the test period. The magnitude of the differences between the two sets of
estimates, however, appears larger than should be expected based on the differences in meteorological
and operational conditions. Details of the inventory calculations are unavailable; however, as for the
crude oil storage tanks, the most likely explanation for the differences is that there are unknown
differences in the number, type, and/or control status of fittings in the two analyses.

Without additional information it is not possible to conclude that actual emissions are more accurately
represented by either the DIAL results or estimated values or that there are any shortcomings in the
AP-42 estimation procedures. Factors and uncertainties that may affect the results are discussed below.

Possibility that measured emissions include contribution from upwind source. In the DIAL final report,
NPL acknowledged flare #6 as a potential upwind source, but they concluded that the flare emissions
were spatially separated from the tank emissions and thus were not included in the flux calculations for
the tanks. This may be true, but the DIAL report does not include figures with images of the plumes for
any of the scans for these tanks, and it does not identify the ranges over which the fluxes were calculated.
Furthermore, DIAL emissions were relatively high for all but one of the scans when flare #6 was upwind
of the tanks, while the lowest DIAL emissions were obtained for scans with wind from directions where
the flare should not have influenced the results

Uncertainty in characteristics of stored materials. If there are differences between the actual and reported
vapor pressures and other characteristics of the stored materials, the estimated emissions may be biased
either high or low. BP reported vapor pressure data for each of the materials stored in these four tanks
(see Appendix A).® However, the characteristics can vary with fluctuations in the composition of a
particular distillate. It is unclear how well the reported data represent the characteristics of the stored
materials during the test period because samples of the stored materials at that time were not collected and
analyzed.

Issue of non-detectable emissions in DIAL tests. The DIAL report attributes emissions to only some of
the tanks that appear to be upwind of the second and third groups of scans in Table 3. This may be
reasonable if either the scan path or the range over which fluxes were calculated were limited in some
way, but the DIAL report does not indicate that the calculations were so limited. On the other hand,
emissions may have been assigned to only certain tanks because no emissions were detected from other
upwind tanks. If so, the modeling to estimate emissions for comparison to the DIAL results should
include these additional tanks. Therefore, the estimated emissions for these scans are presented as a range
in Table 3. The low end of the range estimates emissions for the tanks from which DIAL tests detected
emissions, and the high end of the range estimates emissions for all tanks that appear to be upwind of the
scan. Note that both the low and high estimates are less than the DIAL results.

Uncertainty in DIAL estimates of emissions from flare #6. It is possible that on July 30", when flare #6
was upwind of the tanks, that the DIAL results for scans between the tanks and the flare understated the
actual emissions from the flare. On July 30" DIAL emissions downwind of all of the tanks except the
raffinate tank were 11 to 18 Ib/hr. Over approximately the same time period, DIAL data resulted in
estimated emissions upwind of the tanks (and downwind of flare #6) that were generally about 3 Ib/hr,
which suggests the flare did not contribute significantly to the measured emissions from the tanks.

10
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However, on August 7" DIAL results downwind of the flare were 18 Ib/hr, which is similar to the DIAL
results downwind of the tanks on July 30™. As discussed in section 4.1 of this report, the flow and
composition of gas burned in flare #6 were similar on July 30" and August 7". If the flare operation was
similar on both July 30" and August 7", then the DIAL results downwind of the flare should have been
similar as well. If the DIAL results on August 7" more closely represent the actual emissions from the
flare on both days, then the DIAL results downwind of the tanks may be due more to emissions from the
flare than is suggested by the July 30" data alone.

Uncertainty in the condition of fittings and seals. The actual condition of seals and fittings relative to
norms assumed in estimating methodology may account for some of the differences between the DIAL
results and estimated emissions. The AP-42 rim seal loss factors are for average-fitting seals, and the AP-
42 deck fitting loss factors are for typical fittings. It is not clear whether the condition of the seals and
fittings on BP’s storage tanks for gasoline and light distillates would be considered better than average,
average, or worse than average. TCEQ has documented that when using an IR camera they saw only
“very small amounts of hydrocarbon vapor coming from the rim seals of the gasoline tanks”.* However,
the documentation does not provide the time of the observations, indicate if there were any differences in
the observations among the four tanks, assess whether the results are comparable to results for a tank that
has been inspected and is in compliance with NSPS/NESHAP seal gap requirements, or indicate if there

was any evidence of leaks from deck fittings.

2.3  Product Storage Tanks

NPL conducted scans downwind of numerous tanks that were storing products such as diesel fuel, fuel oil
# 6, kerosene, and light naphtha. Most of these products were stored in vertical fixed roof tanks; naphtha
was stored in tanks with external floating roofs. NPL attributed calculated fluxes to only five of the tanks
that appear to have been upwind of the scans (tanks 43, 53, 55, 60, and 63). Several of the diesel and oil
storage tanks were nominally heated during the DIAL test period (typically between 90°F and 106°F).
Only tank 43 was storing material at a temperature significantly above ambient levels (148°F).”

Table 4 summarizes the results of DIAL testing and two sets of modeling results for the scans downwind
of product storage tanks. One modeling approach estimated emissions using AP-42 procedures and
conditions at the time of DIAL testing. For example, working losses from tanks 43 and 53 were estimated
based on the actual filling rates during the DIAL testing, assuming the saturation factor is 1. See
Appendix D for details of the calculations. The second set of modeled emissions consists of the average
0zone season emission rates presented in BP’s 2007 emissions inventory. The inventory data are
incomplete because information for some of the tanks could not be found in the inventory. For most
groups of scans in Table 4 the DIAL results are comparable to or greater than the modeled emission rates.
However, there is considerable uncertainty in both the DIAL and modeling results, as discussed below.

Uncertainty in the range over which DIAL fluxes were calculated. Except for the scans of tank 43, it was
not possible to direct scans in such a way as to isolate individual storage tanks. In addition, although the
DIAL report documents the path of most scans, it does not identify the range over which concentrations
were measured or the range over which fluxes were calculated. Without this information, it is not clear if
the calculated fluxes actually represent emissions from tanks other than the five to which NPL attributed
emissions, if the emissions from some tanks should be considered to be below the DIAL detection limit,
or if emissions from some tanks were beyond the range of the scans. Therefore, as in the analyses for
crude oil and light distillate storage tanks, the modeled emissions estimates are presented as a range in
Table 4 to reflect the uncertainty regarding the range of the scans and the range over which the DIAL
fluxes were calculated. For example, Table 2.1 in the DIAL report shows the path of scans from

location 1. All calculated fluxes for these scans are attributed to tank 55 in the DIAL report. However,
based on the wind direction and the length of the arrow representing the scan paths, it appears that the
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scans should also have captured any emissions from tanks 54, 56, and 98, and possibly even from tanks
80 and 97 as well. For the purposes of this review, it has been assumed that the scans may have captured
emissions from tanks 54, 56, and 98 in addition to emissions from tank 55. Similarly, Figure 2.8 in the
DIAL report shows the scan path from location 7 passes downwind of at least 8 tanks (another 4 were out
of service during the DIAL test period). The DIAL report attributes the bulk of the calculated emissions to
only 1 of these 8 tanks. For the purposes of this analysis, the upper bound on the modeled emissions
assumes that the fluxes were calculated over the full range of the scans, thus capturing emissions from all
8 upwind tanks.

Uncertain characterization of the tank contents. Uncertainty regarding the types of material being stored
and their vapor pressures and molecular weights could have resulted in either over- or under-estimation of
the actual emissions. It is not clear what material was stored in some of the product tanks because the
listed material varied from one document to another. For example, in response to an EPA request, BP
indicated that tank 43 was storing fuel oil #6, but BP’s 2007 emissions inventory report identified the tank
as a diesel emission point and that one of the pollutants was fuel oil.>* TCEQ indicated the tank was
storing light cycle oil 2

Characteristics for diesel fuel, furnace oil, kerosene, and light naphtha were provided by BP® and TCEQ,8
but it is not clear how well the reported characteristics reflect the actual characteristics of the stored
materials because samples of the stored materials were not collected and analyzed at the time of the DIAL
test. Furthermore, none of the available data are clearly for fuel oil #6. In calculations of emissions from
tanks 43 and 60 in Appendix D, it was assumed that characteristics for furnace oil represent the
characteristics of fuel oil #6. If this assumption is incorrect, the estimated emissions are likely low.

Possible contribution from upwind sources in the measured DIAL emissions. Although subject to
considerable uncertainty, it appears likely that some of the emissions measured downwind of tank 55 are
due to contributions from an upwind source. Two scans upwind of tank 55 were conducted on July 26",
One of the scans was conducted at the end of a period of varying wind direction and low wind speeds.
This scan resulted in an estimated flux less than detection. However, because scans downwind of tank 55
under similar wind conditions were discounted as being unreliable, this scan also should be discounted.
The other scan was conducted 9 minutes later when the wind shifted to the east-southeast and picked up
to nearly 5 m/s. This wind pattern continued for the next 2 hours when scans downwind of tank 55 were
conducted. The estimated flux for this upwind scan was 7 Ib/hr, which is comparable to the average of the
measured emissions from all subsequent scans downwind of tank 55. It is not clear how well only one
scan represents the average upwind flux, or whether the actual emissions fluctuate over time. Some point
in the hydrogen plant appears to be the source of this flux, but the specific source cannot be identified
because information about operation of the hydrogen plant during the DIAL measurements is unavailable,
and the range in the scan path over which the flux was determined is not described in the final DIAL
report.

Potential limitation of AP-42 procedures. One potential limitation of the AP-42 procedures is that they do
not estimate emissions from leaks or from vents on freely vented tanks. For example, leaks may occur
from a fixed roof tank of bolted or riveted construction in which the roof or shell plates are not vapor
tight. In such cases, there could be emissions from diffusion, and the emissions could be exacerbated in
windy conditions. The potential for leaks from the tested tanks cannot be assessed because information
regarding the construction and integrity of the tanks is unavailable. Whether or not emissions from the
tested tanks were occurring from leaks (or vents) could have been resolved by conducting a scan of the
roof surface with an optical gas imaging camera.

12
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Table 4. Summary of DIAL Results and Estimated Emissions from Fuel Oil and Other Product Tanks

Tanks Estimated emissions
upwind of from DIAL testing, 2007 EIQ
scans Other tanks Wind Ib/hr Estimated ozone
according possibly direction modeled season
to DIAL upwind of during DIAL emissions | emissions.

Scan ID Nos. report scans tests Range Average , Ib/hr? Ib/d (Ib/hr)b Comments

382, 383, 384 43 None SSW and SW 1to3 2 1.3 3.7(0.2) Tank 43 stored fuel oil #6. Assumed
characteristics for furnace oil are
similar to those for fuel oil #6. Possibly
underestimates vapor pressure.

Tank 43 filled at about 40,000 gal/hr
during the DIAL tests.

388, 389, 390 43 None SSW and SW 71013 9.3 1.3 3.7(0.2) Same as above.

399, 400, 401, 60, 63 11, 12, 18, S and SSW 4to015 9 0.6t09.1 110to ?7? Could not find tanks 11, 12, 61, and 65

402, 403, 404 42, 61, 65° (4.6 t0 ??) in the inventory.

79, 80, 82, 84 55 54, 56, og? SE and SSE <lto3 1.9 0.3t0 8.4 0.2to ?? Could not find tank 98 in the inventory.

(0.01° to ??)

96, 97, 98, 99, 55 54,56,98" | ESE and SSE | <l1to 14 4.3 0.2t011.1 0.2to0 ?? Could not find tank 98 in the inventory.

100, 101, 102, (0.01° to ??)

106, 107, 108

377, 378, 379, 53 55 S and SSW 13t0 32 23.8 481t05.2 23.4 (1.0) Tank 53 being filled at about 58,800

380 gal/hr during the DIAL tests.

369, 373, 374 55, 66 S 4t08 6 Not clear where the scans were
directed because there is no tank 66
near tank 55. Did not evaluate data
further.

 See Appendix D for calculations. Followed the AP-42 procedures, except modified the standing loss and working loss equations to calculate emissions in Ib/hr
instead of Ib/yr. When a range is presented, the low end is for the tank(s) to which emissions were attributed in the DIAL report, and the high end includes
emissions for all tanks that appear to have been upwind of the scan.

® The Ib/hr estimates were obtained by dividing the reported Ib/d estimates in the inventory by 24. A range is presented for the same situations described in

footnote “a”.

¢ Other tanks upwind of the scans were out of service (tanks 17, 44, 59, and 64).
4 The DIAL report does not indicate the range of the scans. It is possible that additional tanks could have been upwind if the range extended farther than assumed.

¢ Likely too low because emissions were estimated using a vapor pressure based on a temperature of 0°F. Average emissions are about 1.0 Ib/hr, or 24 Ib/d, when
a temperature of 100°F is used.
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Uncertainty in DIAL measurements. There are some unusual patterns in measurement results for tank 43
(and possibly tank 53) that cannot be explained without additional information from the test crew. As
shown in Table 5, tank 43 was tested over a period of 1.5 hours on August 8". Three scans were
conducted downwind, followed by three scans upwind, and then another three scans downwind. Average
calculated DIAL fluxes during the first three scans were 2 Ib/hr, which as shown in Table 4 is close to the
estimated emissions if the stored material is accurately represented by the characteristics for furnace oil.
The average measured emission rate in the second set of downwind scans was over 9 Ib/hr. In addition,
the individual scan results spanned more than an order of magnitude (from 1 Ib/hr in the first set of scans
to 13 Ib/hr in the second set of scans). The wind speed and direction during both sets of downwind scans
were essentially the same, the temperature of the stored material was essentially constant, and the tank
level rose by no more than 1 foot. Thus, it is not clear why the measured emissions are significantly
different in the two sets of downwind scans. The issue of whether something in the operation of the DIAL
instrument itself could have changed as a result of moving the instrument to conduct upwind scans and
then back to the original position to conduct additional downwind scans, and an assessment of which
group of scans is likely more accurate than the other, should be addressed in the final DIAL report.

Inventory may have underestimated emissions for heated tanks. Information from BP indicates that
emissions in the 2007 inventory for tanks 53 and 55 were calculated assuming no breathing losses.” As
noted above, however, these tanks were only nominally heated, and the liquid temperature fluctuated. The
tanks also were not insulated, so the vapor would still expand with solar input. Thus, the inventory likely
underestimates emissions from these tanks. The procedures and input data for inventory calculations of
other heated tanks (e.g., tanks 43 and 60) are not available.
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3. Wastewater System Emissions

3.1 Activated Sludge Unit

Three scans were conducted downwind of an activated sludge unit on August 2"°. The measured fluxes
ranged from 15 to 42 Ib/hr with an average of 31 Ib/hr. In the 2007 emission inventory report, the
estimated emissions from this activated sludge unit were 6.7 Ib/hr. This estimate was reproduced as part
of this analysis by using WATER9 modeling with inputs provided by BP (see Appendix E).® The
reported inputs show BP used property values for some compounds that differed from the defaults in
WATERS. The most significant were a much higher biodegradation rate constant for benzene (120 I/g-hr
versus 1.4 1/g-hr) and small (rather than no) hydrolysis rates for xylenes.

Although the measured emissions are significantly higher than the annual average in the inventory,
Table 5 shows the measured emissions fall within a range of modeled emissions that are based on the
actual wastewater flow rate and a range of possible pollutant concentrations at the time of DIAL testing.
Table 6 also shows the estimated emissions approximately double when using the default pollutant
properties in WATERQ instead of the property values reported by BP. The actual flow was more than 3
times the average value (because an adjacent unit was drained and temporarily out of service at the time
of the DIAL test), and the average benzene concentration from several wastewater samples in early
August was about 30 percent higher than the annual average concentration. Actual concentrations for
other pollutants are unavailable. Using the actual flow rate and assuming all of the other compounds in
the wastewater on August 2" were also 30 percent higher than their annual average values results in
estimated emissions of either 29 or 55 Ib/hr, depending on whether the modeling uses BP’s reported
property values or the default values in WATERQ9. Table 5 also shows the lower estimates obtained when
assuming benzene was the only pollutant at a concentration above its annual average and if all pollutants
are at their annual average concentrations.

Table 5. Estimated VOC Emissions from Activated Sludge Unit during DIAL Testing

Emissions, Ib/hr?
Using default Using compound
compound properties properties reported
Condition in WATER9 by BP
1. All compounds in the wastewater are at the average hourly 43 21
concentration BP used to develop the estimated emissions
for the 2007 emissions inventory report
2. Benzene concentration is 30% higher than in BP’s 2007 46 22
analysisb
3. Concentrations of all compounds are 30% higher than in 55 29
BP’s 2007 analysis

& Average flow to the activated sludge unit was about 16,800 gal/min on August 2", Reported characteristics of the
activated sludge unit and compound properties used by BP are presented in Appendix E. Composition of the
wastewater is claimed confidential.®

b According to BP, the benzene concentration in wastewater to the activated sludge unit in several samples in early
August was about 30% higher than the concentration used in the estimate for the 2007 emission inventory report.
Data for the other compounds are unavailable.

The default benzene biodegradation constant in WATERO is based primarily on data for treatment units at
sites other than petroleum refineries.'* The benzene content in the wastewater in these units may have
been lower than in refinery wastewater because the microorganisms in these systems are not as
acclimated to benzene, and thus this average biodegradation rate is lower than it would be when
considering only treatment units at a refinery. The biodegradation rate constant reported by BP is from
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biorate tests specifically for this unit using wastewater with a mixture of pollutants. Thus, the most
appropriate biodegradation rate constant for benzene in refinery wastewater treatment units is likely much
closer to the value reported by BP than the default value in WATERS. Using the actual wastewater
conditions at the time of the DIAL testing, the benzene biodegradation rate reported by BP, and defaults
in WATERQ for other parameters, would narrow the range of estimates relative to that shown in Table 5.
The narrowed range, however, still includes 30 Ib/hr, suggesting that the estimation procedures and DIAL
testing are in good agreement.

3.2 APl Separator

Two scans were conducted downwind of the API separator that is located in the northeast corner of surge
basin number 2 (south of all of the crude oil storage tanks and east of the activated sludge unit).
Calculated fluxes were 5 and 8 Ib/hr. An estimate of emissions from this unit using WATER9 has not
been developed because information on the flow rate and composition of the wastewater to this unit and
characteristics of the unit itself are unavailable. In addition, it is not clear how the DIAL results compare
to the estimated average emissions in the 2007 emission inventory report because the EPN for this unit
has not been provided.

3.3 Wastewater Collection System Vents

In two scans downwind of the coker unit, VOC fluxes of 9 Ib/hr were calculated from some unit at a

considerable distance south of the coker (closer to the DIAL instrument). These emissions were traced to
wastewater vent pipes. No information about the characteristics of the vent operation or the wastewater is
available. Therefore, estimates of the emissions for comparison to the DIAL results cannot be performed.
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4. Flare Emissions

4.1  Flare No. 6 (Ground flare)

DIAL testing of Flare No. 6 (a ground flare) was conducted on July 30" and August 7", 2007. On

July 30™, hydrocarbon emissions (C3 hydrocarbons and heavier) calculated from the test data were
consistent at approximately 3 to 4 Ib/hr. Emissions calculated using test data from just after midnight on
August 7" were approximately 37 Ib/hr, but the rate dropped rather quickly to an average of
approximately 18 Ib/hr. The flow rate and composition of the gases combusted in the flare were measured
hourly by BP.*? These data were used to determine the mass rate of C3+ hydrocarbons sent to the flare.
Emissions from the flare were then projected assuming the flare had a control efficiency of 98 percent
(i.e., the emissions from the flare were assumed to be 2% of the total mass rate of C3+ hydrocarbons fed
to the flare). Figures 1 and 2 provide a comparison of the DIAL results and estimated emissions for July
30™ and August 7™, respectively. As seen by these figures, the DIAL results and estimated emissions
agree reasonably well. The flare control efficiency appears to exceed 99 percent on July 30", but
marginally achieved the assumed 98 percent control efficiency on August 7. See Appendix F for the
measured flare gas flow and composition data and estimated controlled emissions.
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Figure 1. Comparison of the DIAL results and estimated C3+ emissions
for Flare No. 6 on July 30, 2007.
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Figure 2. Comparison of the DIAL results and estimated C3+ emissions
for Flare No. 6 on August 7, 2007.

The data for Flare No. 6 appear to indicate that the DIAL results and predicted emissions are in
reasonable agreement. Both the DIAL testing and flare flow and composition monitors suggest that the
emissions were high at midnight of August 7" but quickly dropped and stabilized near 18 Ib/hr. The
DIAL report suggests the emissions on August 7" averaged approximately 22 Ib/hr, but this is due to the
limited measurement and assuming the 37 Ib/hr reading existed 20 percent of the time. The flare flow rate
and composition measurements suggest that this higher emissions rate likely existed for only 4 percent of
the day.

The emissions from Flare No. 6 reported in the TCEQ inventory for 2007 averaged 40 Ib/hr, which is
significantly more than the average emissions determined by the DIAL testing and at least twice as much
as predicted based on the mass flow of hydrocarbons to Flare No. 6 during the two days of testing.
Nevertheless, it is anticipated that the emissions reported for Flare No. 6 are likely estimated from the
flare flow rate and hydrocarbon concentrations assuming a default flare efficiency of 98 percent. As the
available data indicate, Flare No. 6 appears to achieve this 98 percent control efficiency. As such, the
difference in the annual emissions and those predicted in Figures 1 and 2 are likely the result of the flare
flow rate and/or hydrocarbon concentration being lower than average during the days of the test.

4.2 Temporary and Ultracracker Flares

On August 9™, 10", and 11™, flare emissions were measured from a temporary flare and from the
ultracracker (ULC) flare. The temporary flare was installed to combust a high hydrogen content gas
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stream from the ultracracker. This high hydrogen gas stream, under normal circumstances, is compressed
and recycled back to the unit."®* However, the hydrogen stream compressor was off-line (being
repaired/replaced) and the temporary flare was being used to combust this gas stream until the compressor
could be brought back on-line. The flow rate and composition of the gases combusted in the flares were
measured hourly by BP.” The temporary flare received approximately 13,700 standard cubic feet per
minute (scfm) of hydrogen rich gas (approximately 80 vol%). The C3+ hydrocarbon content of this gas
was approximately 10 percent on August 9" and 10", and it was approximately 4 percent on August 11".
Based on the large flame of the temporary flare, the DIAL testing initially targeted only the temporary
flare. While measuring the emissions from the temporary flare, a strong plume was observed, which
correlated to the position of the ULC flare. The ULC flare received approximately 1,100 scfm during
August 9" and most of August 10™. Starting at around 7 PM on August 10" and for all of August 11", the
ULC flare received approximately 3,800 scfm. While the ULC flare flow was 1,100 scfm, the average
C3+ hydrocarbon content averaged 2 vol% (and nitrogen and methane were both about 40 vol%); when
the ULC flare flow was 3,800 scfm, the average C3+ hydrocarbon content averaged 1 vol% (and methane
was 70-85 vol%). All DIAL testing on August 10" was conducted before the flow rate jumped up.

All of the DIAL measurements of the ULC flare also included the temporary flare. Based on plume
visualization, the majority of the combined emissions were attributed to the ULC flare. Additionally, a
limited number of scans were conducted on August 11" of just the temporary flare. These scans support
the conclusion that the majority of the combined emissions from the ULC and temporary flares were
released from the ULC flare.

The flow rate and composition of the gases combusted in both the temporary and ULC flare were
measured hourly by BP. See Appendix F for BP’s flare gas flow and composition monitoring data. These
data were used to determine the mass rate of C3+ hydrocarbons sent to each flare. Emissions from each
flare were then projected assuming the flare had a control efficiency of 98 percent (i.e., the emissions
from the flare were assumed to be 2% of the total mass rate of C3+ hydrocarbons fed to the flare). Figure
3 provides a comparison of the calculated DIAL fluxes and the predicted emissions combined for the two
flares. From Figure 3, it appears that there is reasonable agreement in the combined emissions from these
two flares. However, contrary to the DIAL results, the large majority of the predicted emissions from
these flares arises from the much higher flow and hydrocarbon content of the gases sent to the temporary
flare. When the concentration of C3+ hydrocarbons in the gas sent to the temporary flare dropped on
August 11", there was no corresponding drop in the DIAL emissions rates. On the contrary, the average
of the DIAL emissions on August 11" is approximately twice that of the DIAL emissions on August 9" or
10™. Most of the DIAL results fall below the predicted emissions for both flares on August 9" and 10",
whereas most of the DIAL results on August 11" are well above the predicted emissions from both flares.
The higher DIAL emissions on August 11" tend to correspond to the higher flow rate to the ULC flare,
which appears to support the DIAL study results that the emissions from the two flares were
predominately arising from the ULC flare.
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Figure 3. Comparison of DIAL results and estimated C3+ emissions
from the temporary and ULC flares.

Based on the limited scans of just the temporary flare, which were conducted between 12 pm and 1 pm on
August 11", the control efficiency of the temporary flare was estimated to be approximately 99.8 percent.
Using the inlet hydrocarbon rate to the temporary flare, the emissions from the temporary flare were re-
calculated assuming this higher (99.8%) control efficiency is accurate and that it applied throughout the 3-
day test period. These values were then added to the predicted emissions for the ULC flare assuming two
different ULC flare control efficiencies (50 and 90 percent). The results of this analysis are provided in
Figure 4 and in Table F-3 in Appendix F.

The DIAL and predicted emissions compare reasonably well when one assumes the temporary flare is
highly efficient and the ULC flare is inefficient. Looking at both Figures 3 and 4, the improved
correlation between the DIAL and predicted emissions seen in Figure 4 also supports the DIAL study
conclusion that most of the emissions are released from the ULC flare. Based on the data as presented in
Figure 4, the ULC flare control efficiency appears variable between 50 and 90 percent.

It is unclear why the ULC flare control efficiency was so poor. The testers noted that the flare had “an
almost invisible flame during daylight, but was observed to be lit at night.” The lack of a visible flame
may be caused by the sheer size of the flare. The actual dimensions of the flare are confidential.’
However, the ULC flare is an emergency-sized flare with a large diameter.
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Figure 4. Comparison of DIAL results and estimated C3+ emissions from the temporary
and ULC flares assuming the temporary flare is highly efficient (99.8%)
and the ULC flare efficiency is 50 or 90 percent.

Using the reported diameter and the highest measured flow rate results in a very small flow velocity at the
flare tip. Due to the large diameter of the ULC flare, there may have been inadequate mixing for complete
combustion. That is, pilot flames on the circumference of the flare may not effectively light off the flare
gas near the center of the flare. The increased flow on August 11", however, would suggest that the
efficiency should have increased rather than decreased. Also, the ULC flare is steam assisted. While the
steam should help to mix the gases, too much steam may impact the efficiency of the flare. An EPA study
determined that flare efficiency (both combustion efficiency and hydrocarbon destruction efficiency)
declines with increases in the steam-to-flare gas ratio above 4. Using flare gas composition data and
approximate steam addition rates provided by BP, the steam-to-flare gas ratios (i.e., Ib steam per Ib of
total flare gas, including methane and ethane) were determined to be greater than 6 for most hours on
August 9" and 10™.7*° See Table F-3 in Appendix F for the steam and flare gas data and resulting ratios.
These high steam rates could account for the low estimated control efficiencies on these days. However,
over steaming does not appear to be the cause of the low control efficiency on August 11™ because the
steam-to-flare gas ratio most hours was between 2 and 3. Finally, the ULC flare has a steam tip near the
center of the flare with pilot lights around the circumference. This design may contribute to poor
combustion of gases in the center flow region of the flare. Over steaming the flare gas may also explain
why the flame was nearly invisible during the day.

The TCEQ inventory for the temporary flare shows the average estimated emissions to be 196 Ib/hr.2 This
is very close to the estimated average emissions of 205 Ib/hr on August 9" through August 11" obtained
when assuming the inlet C3+ compounds are controlled to 98 percent. Thus if the average inlet C3+ load
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to the flare on August 9™ through August 11" was close to the annual average inlet load used to develop
the inventory estimate, then the much lower DIAL emissions suggest the modeling estimates overstate the
actual emissions from the temporary flare.

In contrast to the temporary flare, the apparent control efficiency for the ULC flare was well below 98
percent. The TCEQ inventory for the ULC flare show that the average projected C3+ emissions rate for
the flare was estimated to be 28 Ib/hr. However, at the flow rate and compositions measured during the
testing program, the average emissions projected for the flare assuming a 98 percent control efficiency
suggests that the average emissions rate would be under 7 Ib/hr. This might suggest that the flow to the
ULC flare during the DIAL testing program may have been lower than average ULC flare flows or that
the hydrocarbon content of the gas was unusually low (assuming the inventory estimates are based on a
control efficiency of 98 percent). BP confirmed that both the flow and composition at the time of the
DIAL test were not representative of normal operation.'® Based on the DIAL results and the projected
emissions for the flare at lower control efficiencies (i.e., approximately 50 percent), the ULC flare
emissions appear to be 100 to 200 Ib/hr. If the hydrocarbon flow to the ULC flare is typically higher than
when the DIAL testing was conducted, the annual emissions may be even higher. On the other hand, if
the steam addition rate is fixed based on the typically higher gas flow rate, this may explain why the flare
was getting poor control efficiency (over steaming) at the lower flow rates and the flare control efficiency
may be much improved at higher flare gas flow rates. Due to the limited duration of the DIAL testing, it is
difficult to draw strong conclusions regarding the accuracy of the annual inventory for the ULC flare.
Additional testing also is needed to determine the control efficiency when the flare is operating under
normal conditions.
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5. Coker Emissions

Delayed coking is a semibatch process utilizing two coke drums and a single fractionator tower
(distillation column) and coking furnace. A feed stream of heavy residues is introduced to the
fractionating tower. The bottoms from the fractionator are heated to about 900 to 1000°F in the coking
furnace, and then fed to an insulated coke drum where thermal cracking produces lighter (cracked)
reaction products and coke. The reaction products produced in the coke drum are fed back to the
fractionator for product separation. After the coke drum becomes filled with coke, the feed is alternated to
the parallel (empty) coke drum, and the filled coke drum is purged and cooled, first by steam injection,
and then by water addition. A coke drum blowdown system recovers hydrocarbon and steam vapors
generated during the quenching and steaming process. Once cooled, the coke drum is vented to the
atmosphere, opened, and then high pressure water jets are used to cut the coke from the drum. After the
coke cutting cycle, the drum is closed and preheated to prepare the vessel for going back on-line (i.e.,
receiving heated feed). A typical coking cycle will last for 16 to 24 hours on-line and 16 to 24 hours
cooling and decoking. Volatile organic compounds may be emitted throughout the coking/decoking cycle,
but the primary periods when emissions are expected are from blowdown (if not controlled) and from the
atmospheric venting and opening of the coke drum.

At BP, numerous DIAL scans were conducted downwind of coker unit C. The scans were conducted over
40 to 120 minute spans on five different days. Emissions calculated from the DIAL test data ranged from
about 4 Ib/hr in one set of scans, to 11 Ib/hr in two sets of scans, and 31 Ib/hr in two sets of scans.
According to the DIAL report, the scans were conducted during parts of several operating cycles of the
coker. Process data, however, are not available, which means the DIAL results cannot be correlated with
any specific step(s) in the operating cycle. Without process data, it is also not clear whether the measured
emissions can be extrapolated to estimate total emissions from an entire cycle of coker operation. Due to a
lack of accepted procedures for estimating emissions from cokers, the 2007 emission inventory report
also did not include estimates of emissions from the coker that could be compared with the DIAL results.

Total VOC emissions calculated from the DIAL test data at BP appear to be considerably lower than
emissions obtained from a DIAL test of a coker in Alberta.'” At least a small difference is to be expected
because the Alberta test data included ethane emissions. However, a more complete comparison is not
possible because design and operating characteristics of both cokers are not available, and as noted above,
it is not clear what portions of the coking cycle were operating during the testing at BP.

Based on test data from several refineries, C3+ VOC emissions from coker atmospheric vents are about
60 Ib/cycle.”®? If the average measured emissions at BP were extrapolated over the entire 20-hour coker
cycle, the total emissions would be significantly more than 60 Ib. This is to be expected because the BP
data supposedly include emissions from more than the atmospheric vent (and the atmospheric vent
operates for only a small portion of the coker cycle).

A separate set of scans measured benzene emissions from the coker. Generally, benzene emissions
calculated from the test data were at or below detection, but during coke cutting operations the calculated
emissions were nearly 2 Ib/hr. These results appear to be in line with results from other tests, but
comparisons are difficult because the various tests were not conducted on the same basis. For example,
stack testing at two refineries in California found benzene emissions from coker atmospheric vents to be
about 0.1 Ib/cycle (or 0.1 to 0.4 Ib/hr if the total emissions are averaged over the entire time the vents
were open), but these data do not include coke cutting or other fugitive emissions.?>* Benzene emissions
from the atmospheric vent on the coker at another refinery may have been as high as 6 Ib/cycle, assuming
the ratio of benzene to toluene concentrations obtained during the pretest also applied during the actual
test runs when only toluene was measured above the detection limit.?? Averaged over the 3 hours the vent
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was open, the benzene emissions would have been about 2 Ib/hr, but about half of the total emissions may
have occurred in the first hour if the trend in the benzene emissions matches the trend for toluene
emissions. Finally, in the DIAL test at an Alberta refinery, benzene emissions from the entire coker area

were calculated to be about 3 Ib/hr over the coker cycle, but emissions for specific steps in the cycle are
not available."’
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6. Recommendations for Future Testing

For DIAL tests of any sources, measure upwind conditions simultaneously with downwind measurements
to ensure emissions from the tested unit can be isolated. Minimize the number of scans for which only
combined fluxes from two or more sources can be determined.

For DIAL tests of cokers, collect process data during the testing, and conduct testing during each step in
the cycle, to provide a better understanding of how emissions vary over the cycle. If possible, test coker
operation and ancillary facilities (e.g., coke piles and wastewater holding ponds) separately.

Conduct DIAL tests of flares under a range of operating conditions. Collect data on flare gas flow rate
and chemical composition during the test. Also collect steam rates, if applicable, and determine the flare
tip diameter.

Shortly before DIAL tests of storage tanks with external floating roofs, conduct inspections and seal gap
measurements to assess whether the seals and fittings are in better or worse than average condition. For
DIAL tests of fixed roof tanks, assess the integrity of the roofs. Use optical imaging camera during DIAL
testing to scan floating and fixed roofs for leaks.

As part of DIAL tests for storage tanks, determine the composition of stored material so that vapor
pressure of the stored material (and for crude oil, the degree of stabilization) can be determined. Also
measure temperature and throughput of the stored material during the test and for a few hours before the
test.

Reevaluate the AP-42 product factor for crude oil by comparing the crude oil handling procedures and
actual storage tank operating procedures with the procedures used in the original API tests from which the
current product factor was developed.

In DIAL test reports, include more figures showing plume images and identify the scan range over which
fluxes are calculated.
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Table A-1. Dimensions of Storage Tanks at BP Refinery in Texas City, Texas

Tank
Diameter Tank Height
Tank Product Stored Roof Type (feet) (feet)
43 High Sulfur Fuel Oil #6 FRT 117 41.67
60 High Sulfur Fuel Oil #6 FRT 117 41.67
63 High Sulfur Decant Oil FRT 117 41.8
53 Low Sulfur Diesel Fuel FRT 120 39.96
55 Low Sulfur Diesel Fuel FRT 150 39.44
66 Mid Virgin Distillate FRT 70 46.4
54 Diesel FRT 120 39.79
56 Diesel FRT 150 39.35
98 Light naphtha EFRT 150 48
11 Light naphtha EFRT 117 41.8
12 Light naphtha EFRT 117 41.8
501 Regular Gasoline EFRT 144 40.44
502 Heavy Virgin Naphtha EFRT 144 40.17
503 Heavy Raffinate EFRT 144 40.04
504 Alkylate EFRT 144 40.29
1020 Crude Oil EFRT 219 47.54
1021 Low Sulfur Crude Oil EFRT 219 47.6
1024 Low Sulfur Crude Oil EFRT 219 47.63
1025 Low Sulfur Crude Oil EFRT 219 47.65
1052 Heavy Crude OIl EFRT 345 47.54
1053 Crude Oil EFRT 345 47.27
1055 Low Sulfur Crude QOil EFRT 345 47.96




Table A-2. Streams in BP Texas City TANKS Database

Vapor pressure True vapor pressure at given
Vapor Liquid ASTM Total HAP Benzene COTHENS =1

Name Mol Wt Mol Wt density REID VP Slope wit% wt% A B 60 75 95
bp gasoline 92 64 6 13 3 24.02 4 11.644 5043.6 6.95 9.12 12.82
bp alkylate 97 67 6 11.6 1.89 30.66 3 12.054 5342.9 5.89 7.85 11.26
bp crude oil 217 50 7 9 0 4.73 0.25 10.695 4589.2 6.45 8.26 11.26
bp heavy virgin 112 90 6 34 1.39 17.03 2 12.858 6488.6 1.45 2.06 3.19
naphtha
bp heavy raffinate 183 139 7 2.3 0.69 6.37 2 13.599 7126.8 0.89 131 2.12
bp diesel 202 151 8 0.025 2 0.34 0.03 14.532 10202.1 0.006 0.011 0.021
bp decanted oil 217 163 8 0.02 0.81 0 0.015 16.236 11276.3 0.004 0.008 0.017
bp furnace ol 217 163 8 0.0019 0.85 0.01 17.514 13317.9 0.000 0.001 0.002
bp resid 410 195 9 0.0000003 3 0 0.001 17.026 18025.6 0.000 0.000 0.000
kerosene 162 130 0.05 15
light naphtha 123 92 12.3 0.77




Table A-3. Type of Floating Roof, Rim Seal, and Guidepole for External Floating Roof Tanks at BP’s Texas City Refinery

Rim Seal Type

Welded Tanks, Avg-Fitting Rim Seals

Mechanical-Shoe Primary Seal

A with NO Secondary Seal

B w/ Shoe-Mtd Secondary Seal Guidepole Deck Cover Pole Pole
C w/ Rim-Mtd Secondary Seal Code Type Gasket Float | Wiper | Sleeve
Liquid-Mounted Primary Seal A Unslotted No Na No No
D with NO Secondary Seal B Unslotted Yes Na No No
Floating Roof Type E with a Weather Shield c Unslotted No Na No Yes
A steel pontoon-type EFR (API 650 App. C-type) F w/ Rim-Mtd Secondary Seal D Unslotted Yes Na No Yes
(default for EFRTs and Domed EFRTS) Vapor-Mounted Primary Seal E Unslotted Yes Na Yes No
B steel double-deck EFR (API 650 App. C-type) | G with NO Secondary Seal F Slotted YorN No No No
C alum. bolted deck IFR (API 650 App. H-type) H with a Weather Shield G Slotted YorN Yes No No
(default for IFRTS) | w/ Rim-Mtd Secondary Seal H Slotted Yes No Yes No
Click here to enter bolted deck constr. Add’l Mech-Shoe Seals, Special Conditions | Slotted Yes No No Yes
D steel welded deck IFR (API 650 App. H-type) J w/ NO Secondary Seal - tight fitting J Slotted Yes Yes Yes No
(includes steel-pan type) K w/ Rim-Mtd Secondary Seal - tight fitting K Slotted Yes No Yes Yes
OR L w/ NO Sec. - Riveted Tank (loose fitting) L Slotted Yes Yes Yes Yes
E no floating roof (Fixed-Roof Tank) M w/Rim-Mtd Sec.-Riveted Tank (loose fitting)
Tank ID No. Enter the code letter Enter the code letter Code letter Quantity
Tank 501 A C E 1
Tank 502 A C H 1
Tank 503 A C K 1
Tank 504 A C D 1
Tank 1020 A C D 2
Tank 1021 A C H 2
Tank 1024 A C I 1
Tank 1025 A C E 2
Tank 1052 B C E 1
Tank 1053 B C E 1
Tank 1055 B C E 1
Tank 98 A B K 1
Tank 11 A C E 1
Tank 12 A C E 1




Table A-4. Other Fittings for External Floating Roof Tanks at BP’s Texas City Refinery?®

Leg Pontoon Area

Leg Center Area (or

Tark Access Hatch Gauge Float Gauge Hatch Vacuum Breaker Deck Drain (or IFR) Double Deck) Rim Vent

IDNo. | Code | Quantity | Code | Quantity | Code | Quantity | Code | Quantity | Code | Quantity | Code | Quantity | Code | Quantity | Code | Quantity
Tank 501 C 1 0 B 1 B 2 0 A 10 A 25 B 2
Tank 502 C 2 0 B 1 B 3 0 A 10 A 28 B 2
Tank 503 C 2 0 B 1 B 3 0 A 10 A 28 B 2
Tank 504 C 2 0 B 1 0 0 A 10 A 28 A 1
Tank1020| C 4 0 B 1 B 3 0 A 22 A 73 B 3
Tank1021| C 3 C 1 A 1 B 3 0 A 22 A 73 B 2
Tank1024| C 3 0 B 1 B 3 0 A 22 A 80 B 3
Tank1025| C 3 B 1 B 1 B 3 0 A 22 A 74 B 2
Tank1052| C 3 0 B 3 B 3 8 0 A 212 B 3
Tank 1053| C 3 0 B 2 B 3 12 0 A 212 B 3
Tank 1055| C 5 B 1 B 5 B 5 A 14 0 A 295 B 2
Tank 98 C 2 0 B 1 B 2 0 24 A 36 A 2
Tank 11 C 1 0 B 1 B 2 0 8 A 17 B 2
Tank 12 C 2 0 B 1 B 2 0 8 A 17 B 2

aCode “A” means ungasketed, code “B” means gasketed, and code “C” means bolted and gasketed.




Appendix B

Estimation of Emissions from External Floating Roof
Tanks Storing Crude Oill
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Tanks 1020, 1021, 1024, and 1025

Table B-1. Inputs for Estimating Emissions from External Floating Roof

Parameter Characteristic Variable Value
Contents Crude
Diameter, ft 219
Color White
Condition Good
Shell Lt rust
Construction Welded
Primary seal Mech shoe
Secondary seal Rim mounted
Deck Steel pontoon
C 0.006
KRA 0.6
KRB 0.4
n 1
alpha 0.17
Vapor pressure coefficients A 10.695

B 4589.2
C

Vapor molecular weight MV 50
Product factor KC 0.4
Reid vapor pressure RVP 0
Liquid molecular weight ML 217
Liquid density, Ib/gal density 7
Atmospheric pressure, psia P 14.703

City

Galveston, TX




Table B-2. Wind Speeds Measured During DIAL Scans of External
Floating Roof Tanks 1020, 1021, 1024, and 1025

Wind speeds in Table 2.4 of the DIAL final report:

Wind Speed, Scan # Wind Speed, m/s
Scan # m/s 338 29
138 23 340 2.2
139 2.5 Average 2.55
140 19 (5.70  mph)
141 22 179 3.30
148 3 (7.38 _mph)
Average 2.38 182 37
(5:32_mph) 183 4.3
173 41 184 3.7
174 4 186 3.9
175 41 187 3.8
176 3.2 188 4'
Average 3.85 Average 3.90
(861 mph) (8.72 mph)
319 28 235 35
320 2.9 236 3.7
321 29 Average 3.60
322 33 (8.05 mph)
Average 2.98
(6.65 mph) 241 35
' P 242 3.6
178 3.4 243 3.2
180 3.6 Average 3.43
181 4 (7.68 mph)
Average 3.67 m/s
(8.20 mph)
323 3.8
324 4.2
325 3.7
Average 3.90 m/s
(8.72 mph)




Table B-3. Calculation of Fittings Emissions for Scans of External Floating Roof Tank 1020

Scans Scans Scans
182+ 235+ 241+
Fitting nf KFA KFb m Ffi Ffi Ffi
Vac Brk, gask 3 6.2 12 0.94 38.322 36.893 36.095
USlI gp well, gsc wiwiper 2 8.6 12 0.81 121.12 114.60 110.93
Deck leg, adj, pt, ung 22 2 0.37 0.91 86.238 83.271 81.613
Deck leg, adj, ct, ung 73 0.82 0.53 0.14 109.70 109.14 108.82
Roof drain,open 0 15 0.21 1.7 0 0 0
Rim vent, wmag 3 0.71 0.1 1 3.9620 3.8211 3.7428
GH/SW, wma gask 1 0.47 0.02 0.97 0.5856 0.5770 0.5722
Auto gfw, u/g 0 4.3 17 0.38 0 0 0
Access Hatch, b/g 4 1.6 0 1 6.4 6.4 6.4
366.33 354.71 348.17
Emissions, Iblyr
Vac Brk, gask 204.73 197.09 192.83
USI gp well, gsc wiwiper 647.08 612.23 592.63
Deck leg, adj, pt, ung 460.71 444.86 436.00
Deck leg, adj, ct, ung 586.07 583.10 581.36
Roof drain,open 0 0 0
Rim vent, wmag 21.166 20.413 19.995
GH/SW, wma gask 3.1288 3.0827 3.0570
Auto gfw, ulg 0 0 0
Access Hatch, b/g 34.190 34.190 34.190
Total 1957.1 1895.0 1860.1




Table B-4. Calculation of Fittings Emissions for Scans of External Floating Roof Tank 1021

Scans Scans Scans
182+ 235+ 241+
Fitting nf KFA KFb m Ffi Ffi Ffi
Vac Brk, gask 3 6.2 12 0.94 38.322 36.893 36.095
Sl gp well, gsc wiwiper 2 41 48 14 1290.9 1162.7 1093.3
Deck leg, adj, pt, ung 22 2 0.37 0.91 86.238 83.271 81.613
Deck leg, adj, ct, ung 73 0.82 0.53 0.14 109.70 109.14 108.82
Roof drain,open 0 15 0.21 1.7 0 0 0
Rim vent, wmag 2 071 0.1 1 2.6413 2.5474 2.4952
GH/SW, wma ugask 1 2.3 0 1 2.3 2.3 2.3
Auto gfw, blg 1 2.8 0 1 2.8 2.8 2.8
Access Hatch, blg 3 1.6 0 1 4.8 4.8 4.8
1537.7 1404.5 1332.3
Emissions, Iblyr
Vac Brk, gask 204.73 197.09 192.83
Sl gp well, gsc wiwiper 6896.6 6211.9 5841.2
Deck leg, adj, pt, ung 460.71 444.86 436.00
Deck leg, adj, ct, ung 586.07 583.10 581.36
Roof drain,open 0 0 0
Rim vent, wmag 14.110 13.609 13.330
GH/SW, wma ugask 12.287 12.287 12.287
Auto gfw, big 14.958 14.958 14.958
Access Hatch, b/g 25.643 25.643 25.643
Total 8215.1 7503.5 7117.6




Table B-5. Calculation of Fitting Emissions for Scans of External Floating Roof Tank 1024

Scans Scan Scans Scans Scans
178+ 179 323+ 338+ 235+
Fitting nf KFA KFh m Ffi Ffi Ffi Ffi Ffi
Vac Brk, gask 3 6.2 1.2 0.94 37.211 35.456 38.322 31.828 36.893
Sl gp well, gsc wisleeve 1 11 46 14 542.35 469.48 590.28 330.56 528.87
Deck leg, adj, pt, ung 22 2 0.37 0.91 83.932 80.282 86.238 72.694 83.271
Deck leg, adj, ct, ung 80 0.82 0.53 0.14 119.75 118.96 120.22 117.06 119.61
Roof drain,open 0 15 0.21 17 0 0 0 0 0
Rim vent, wmag 3 0.71 0.1 1 3.8524 3.6801 3.9620 3.3278 3.8211
GH/SW, wma gask 1 0.47 0.02 0.97 0.5789 0.5683 0.5856 0.5466 0.5770
Auto gfw, blg 0 28 0 1 0 0 0 0 0
Access Hatch, b/g 3 16 0 1 48 48 48 48 48
792.48 713.22 844.41 560.83 777.85
Emissions, Iblyr
Vac Brk, gask 198.79 189.41 205.01 170.27 197.09
Sl gp well, gsc wisleeve 2897.4 2508.1 3157.8 1768.4 2825.4
Deck leg, adj, pt, ung 448.40 428.89 461.35 388.89 444.86
Deck leg, adj, ct, ung 639.76 635.52 643.16 626.29 639.01
Roof drain,open 0 0 0 0 0
Rim vent, wmag 20.581 19.660 21.195 17.803 20.413
GH/SW, wma gask 3.0930 3.0364 3.1332 2.9242 3.0827
Auto gfw, big 0 0 0 0 0
Access Hatch, b/g 25.643 25.643 25.678 25.678 25.643
Total 4233.7 3810.3 4517.4 3000.3 4155.5




Table B-6. Calculation of Fittings Emissions for Scans of External Floating Roof Tank 1025

Scans Scans Scans Scans Scans Scans Scan Scans
138+ 173+ 319+ 178+ 323+ 338+ 179 241+
Fitting nf KFA KFb m Ffi Ffi Ffi Ffi Ffi Ffi Ffi Ffi
Vac Brk, gask 3 6.2 12 0.94 30.997 38.084 33.891 37.211 38.322 31.828 35.456 36.095
USI gp well, gsc wiwiper 2 14 37 0.78 48.647 58.046 52.572 56.924 58.350 49.788 54.642 55.478
Deck leg, adj, pt, ung 22 2 0.37 0.91 70.948 85.745 77.015 83.932 86.238 72.694 80.282 81.613
Deck leg, adj, ct, ung 74 0.82 0.53 0.14 107.83 111.11 109.32 110.77 111.20 108.28 110.03 110.31
Roof drain,open 0 15 0.21 1.7 0 0 0 0 0 0 0 0
Rim vent, wmag 2 0.71 0.1 1 2.1653 2.6256 2.3516 2.5682 2.6413 2.21857 2.4534 2.4952
GH/SW, wma gask 1 0.47 0.02 0.97 0.54164 0.58424 0.55896 0.57896 0.58568 0.54660 0.56837 0.57223
Auto gfw, blug 1 43 17 0.38 32.325 37.945 34.805 37.327 38.110 33.069 36.031 36.512
Access Hatch, b/g 3 16 0 1 48 48 48 48 48 48 4.8 4.8
298.25 338.94 315.32 334.11 340.25 303.23 324.27 327.881
Emissions, Iblyr
Vac Brk, gask 165.60 203.46 181.30 198.79 205.01 170.27 189.41 192.83
USI gp well, gsc wiwiper 259.88 310.10 281.25 304.10 312.16 266.35 291.91 296.38
Deck leg, adj, pt, ung 379.02 458.080 412.01 448.39 461.35 388.89 428.89 436.00
Deck leg, adj, ct, ung 576.06 593.61 584.87 591.77 594.92 579.31 587.86 589.32
Roof drain,open 0 0 0 0 0 0 0 0
Rim vent, wmag 11.567 14.027 12.580 13.720 14.130 11.868 13.107 13.330
GH/SW, wma gask 2.8936 3.1212 2.9903 3.0929 3.1332 2.9242 3.0364 3.0570
Auto gfw, blug 172.69 202.71 186.20 199.41 203.88 176.91 192.49 195.06
Access Hatch, b/g 25.643 25.643 25.678 25.643 25.678 25.678 25.643 25.643
Total 1593.4 1810.8 1686.9 1784.9 1820.3 1622.2 1732.4 1751.6




Table B-7. Calculation of RIM Seal Emissions and Total Emissions for External Floating Roof Tanks 1020, 1021, 1024, and 1025
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Tank | Scan # | Date TAA R TAA F | degR | [v,mph| TLA,R | TLAF 2 Pva P* Iblyr | Ib/hr | Iblyr | Io/hr =

1025 | 138+ | 7/28 | 542.92 (July data) | 83.25 | 542.94 |1846| 5.32 545.4 85.7 549 0 9.784 | 0.2671 | 3,193 | 0.365 | 1,593 | 0.182 0 0.55
1025 | 173+ | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 8.61 545.4 85.7 549 0 9.784 | 0.2671 | 4,732 | 0.540 | 1,811 | 0.207 0 0.75
1025 | 319+ | 8/6 | 543.12 (Augdata) | 83.45 | 543.14 |1736| 6.65 545.5 85.8 549 0 9.792 | 0.2675 | 3,822 | 0.436 | 1,687 | 0.193 0 0.63
1025 | 178+ | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 8.20 545.4 85.7 549 0 9.784 | 0.2671 | 4,540 | 0.518 | 1,785 | 0.204 0 0.72
1025 | 323+ | 8/6 |543.12 (Augdata) | 83.45 | 543.14 |1736| 8.72 545.5 85.8 549 0 9.792 | 0.2675 | 4,791 | 0.547 | 1,820 | 0.208 0 0.75
1025 | 338+ | 8/6 | 543.12 (Augdata) | 83.45 | 543.14 |1736| 5.70 545.5 85.8 549 0 9.792 | 0.2675 | 3,376 | 0.385 | 1,622 | 0.185 0 0.57
1025 | 179 | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 7.38 545.4 85.7 549 0 9.784 | 0.2671 | 4,157 | 0.474 | 1,732 | 0.198 0 0.67
1025 | 241+ | 7/31 | 542.92 (July data) | 83.25 | 542.94 |1846| 7.68 545.4 85.7 549 0 9.784 | 0.2671 | 4,296 | 0.490 | 1,752 | 0.200 0 0.69
1024 | 178+ | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 8.20 545.4 85.7 549 0 9.784 | 0.2671 | 4,540 | 0.518 | 4,234 | 0.483 0 1.00
1024 | 179 | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 7.38 545.4 85.7 545 0 9.784 | 0.2671 | 4,157 | 0.474 | 3,810 | 0.435 0 091
1024 | 323+ | 8/6 |543.12(Augdata) | 83.45 | 543.14 |1736| 8.72 545.5 85.8 NA 0 9.792 | 0.2675 | 4,791 | 0.547 | 4,517 | 0.516 0 1.06
1024 | 338+ | 8/6 |543.12 (Augdata) | 83.45 | 543.14 |1736| 5.70 545.5 85.8 NA 0 9.792 | 0.2675 | 3,376 | 0.385 | 3,000 | 0.343 0 0.73
1024 | 235+ | 7/31 | 542.92 (July data) | 83.25 | 542.94 |1846| 8.05 545.4 85.7 545 | 273000 | 9.784 | 0.2671 | 4,471 | 0.510 | 4,156 | 0.474 | 1.176 | 2.16
1021 | 182+ | 7/29 | 542.92 (July data) | 83.25 | 542.94 |1846| 8.72 545.4 85.7 546 0 9.784 | 0.2671 | 4,785 | 0.546 | 8,215 | 0.938 0 1.48
1021 | 235+ | 7/31 | 542.92 (July data) 