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1.0 INTRODUCTION

During the week of September 1, 1986, Entropy Environmentalists, Inc.
(Entropy), under contract to the U. S. Environmental Protection Agency,
Emission Measurement Branch, conducted an emission measurement program at the
Exxon Refinery in Baytown, Texas operated by the Exxon Company, U. S. A. The
purpose of the méésurement program was to provide data on chromium emissions
from cooling towers in support of a possible chromium standard under the
National Emission Standards for Hazardous Air Pollutants (NESHAPS).

Comprehensive testing was conducted at two cooling towers located at the
Baytown Refinery. Cooling tower No. 68 consists of two sections with two
counterflow cells in one section and a crossflow cell in the other section.
Both sections of No. 68 are equipped with typical-efficiency drift
eliminators. Cooling tower No. 84 consists of four counterflow cells, each
equipped with a high-efficiency drift eliminator. These two cooling towers at
the Baytown facility were selected for source testing for the following

reasons:

® The refinery operates both high-efficiency and typical-efficiency drift
eliminators on cooling towers with chromate-based cooling water
treatment programs. The test data should provide a basis for comparing
the performance of these two drift eliminator types.

® Cooling tower No. 68 has both crossflow and counterflow sections and
provides a comparison of emission characteristics from these two types
of tower design.

® The facility operates the two cooling towers in a manner considered
representative of other industrial cooling towers.

[ Operating parameters were easily maintained and monitored during the
tests to ensure proper conditions existed.
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® The facility agreed to allow the addition of sodium bromide (NaBr) to
the cooling tower water for further evaluation of bromide as a
surrogate compound for cooling tower drift emissions testing.

The cooling tower emissions were characterized using a Method 13-type im-
pinger train following the draft cooling tower test method-(Appendix C) to
collect the drift from the cooling tower exhaust. The impinger contents were
analyzed by Research Triangle Institute (RTI) for total chromium content by
solubilizing the chromium with nitric acid and using graphite furnace atomic
absorption (GFAA). The velocity of the airflow through each fan cell was deter-
nined using a propeller anemometer following the draft method (Appendix C). The
gas temperature éﬁd percent moisture were also determined. The corresponding
cooling water samples collected during each sampling run were analyzed by RTI
for hexavalent chromium using the diphenylcarbazide wet chemical method and by
North Carolina State University (NCSU) for total chromium in the filtered
residue using Neutron Activation Analysis (NAA). Sampling was also conducted
using an "aligned nozzle train" and a "disc train" (see Chapter 4) to determine
the percentage of chromium emissions associated with drift particles smaller
than a certain particle size (approximately 15 um).

An independent determination of the drift rate and drift size distribution
was conducted by personnel from Environmental Systems Corporation (ESC) using
their Sensitive Paper (SP) system and microscopic analysis. ESC personnel also
conducted the waterflow measurements on the two cooling towers. For this, ESC
used calibrated pitot tubes and a methodology similar to EPA Methods 1 and 2 for
air velocity measurements.

A sampling protocol using absorbent papers and ion exchange papers in a
sensitive paper holder was evaluated as part of an effort to develop a potential

screening technique for cooling tower emission testing and to determine the

percentage of chromium emissions associated with particles greater than a



certain particle size (approximately 30 um). These AP's were analyzed for
total chromium content by NCSU using NAA,

Mr. David Randall of Midwest Reéearch Institute (MRI) monitored the
operating conditions of the cooling tower and determined when conditions were
suitable for sampling. Mr. Dan Bivins (EPA Task Manager) of the Emission
Measurement Branch (EMB) was present to observe the testing program. Mr. E. .
Biggers of Exxon Company served as the contact for the Baytown Refinery
facility.

This report is organized into several sections that address the various
aspects of the tésting program. Immediately following this introduction is the
"Process Operation" section describing the process involving the cooling tower
tested, the cooling tower systems, and the control equipment in each tower.
Following the "Process Operation" section is the "Summary of Results" section
presenting tables summarizing the test conditions, the calculated emission and
drift rates, the drift size distribution, and the analytical results. The next
section, "Sampling Locations and Test Methods" describes and illustrates the
various sampling locations for the emissions testing program and then explains
the sampling strategies used. The final section, "Quality Assurance,"
describes the procedures used to ensure the integrity of the sampling and
analysis program. The Appendices present the Test Results and Example
Calculations (Appendix A); Field and Analytical Data (Appendix B); Sampling and
Analytical Procedures (Appendix C); Calibration and Quality Assurance {Appendix
D); MRI Process Data (Appendix E); and Test Participants and Observers

{Appendix F).
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2.0 PROCESS OPERATION

2.1 PROCESS DESCRIPTION AND OPERATION

The two towers tested, Nos. 68 and 84, provide cooling for a number of
refining processes. Tower No. 68 serves the catalytic light end units which
recover ethylene and other light end products. The cooling requirements of the
vacuum distillation unit for lube o0il provide the main heat load on tower No.

84. Both towers handle a constant heat load 24 hours per day. Figures 2.1 and

2.2 are sketches of tower Nos. 68 and 84, respectively.

2.1.1 Tower 68

Tower Description - This tower consists of four counterflow cells and one

Marley crossflow cell. Each cell has one single-speed fan and redwood
herringbone drift eliminators. The counterflow section has redwood splash fill
and is served by two risers that distribute the water over the fill through a
manifold and pressure spray nozzles. The crossflow section has plastic splash
fill and is served by one riser that supplies a water distribution deck
equipped with gravity flow nozzles. Water flow rates were not known before the
test, but pump curves indicate that peak efficiency would be achieved at a flow
rate of about 19,500 gallons per minute {(gal/min). Two pumps circulate water
from the northern end of the common basin to the process heat exchangers, and a
third pump is on standby. Blowdown is withdrawn from the system before the
water is returned to the tower. Makeup water from the San Jacinto River is
supplied through a 4-inch pipeline to the basin. The fans are 18 feet in
diameter in the counterflow cells and 24 feet in diameter in the crossflow
cell, but the airflows were not known before the test.
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Chemical treatment and monitoring system - The corrosion inhibitor is Betz 10K,

which is a chromate/zinc formulation. The target concentration of chromate in
the recirculating water is 10 to 15 parts per million (ppm). The solution is
added automatically at a rate that is set manually. Dispersant is added
automatically at a rate that is set manually. Dispersant is added in the same
manner. A free chlorine residual of 0.2 to 0.5 is the target for control of
microbiclogical growth. Chlorine gas is injected into a side stream of the
makeup water and added to the southern end of the basin. Both the chromate and
free chlorine residual are measured once per shift by the operating personnel
and about twice é week by the Betz representative.

The pH of the water is monitored continuously, but it is not used as an
automatic controller. When pH exceeds the critical control range of 6.0 to
9.0, it must be corrected by manually adding acid or caustic soda. The ratio
of calcium hardness in the recirculating water to that in the makeup water
defines the number of cycles of concentration. This value is only used as a
general indicator of system operation. Blowdown is dictated by the
conductivity, which should not exceed 1,500 micromhos (umhos). Part of the
blowdown is discharged through a rotameter, but the capacity of the rotameter
is insufficient to provide measurement of the full blowdown flow. Thus, a
bypass is used for part of the blowdown discharge. Maximum discharge through
both lines (as during the test) generally keeps the conductivity in the control
range of 900 to 1,200 umhos. If it is necessary to reduce the blowdown
(perhaps because of reduced load, and, therefore, reduced water recirculation),
flow through the rotameter or bypass can be reduced. However, if it is
necessary to increase the blowdown (because of increased conductivity of the
makeup water, for example), a valve in the process area or at the pumps must be

opened to increase the discharge.
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Operating Conditions During the Testing - The operating parameters that were

monitored throughout the test period to ensure that appropriate conditions
existed included fan motor amperage, pump outlet pressure, hot water line pres-
sure, water flow in each riser, temperature in each riser, basin water temper-
ature, pH, conductivity, wind speed and direction, and dry bulb temperature.
The makeup flow rate was also monitored September 2, and the blowdown was
estimated that afternoon. Table 2.1 is a summary of the cooling tower
operating parameters and meteorological data recorded during the test period.

On Sunday, August 31, ESC personnel measured the recirculating water flow
rates. The flow_in the crossflow cell was about 20 percent greater than the
flow in each of the counterflow cells. The pump head pressure and the
manufacturer's pump curve indicated that the flow should be about 21,500
gal/min, which is 92 percent of the measured flow (23,400 gal/min). Design
flow rates for the tower were not available, but the pumps were being operated
normally within 90 to 100 percent of the design flow and near peak efficiency.
The amperage required by the fans was constant, although different among the
four fans, and the fans were also operating normally. Therefore, no changes
were made to the air or water flow rates for the test.

The drift eliminator on one side of the crossflow cell was determined to be
in good condition on the visual inspection through the doorway at one end of
the tower. The drift eliminators in the counterflow cells could not be
inspected, but the quantity of drift out of each stack appeared similar
although it may have been slightly less from cell No. 1. The quantity of steam
(presumably a combination of drift and condensed water vapor) rising from cell
No. 1 also appeared to be slightly less than that from the other cells. Some
of the nozzles in the distribution deck on cell No. 5 were plugged, and a few
of the redwood slats in the lower sections of the counterflow cells were

broken; however, the overall condition of the tower was reasonably good.
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TABLE 2.1. SUMMARY OF OPERATING PARAMETERS AND METEOROLOGICAL DATA
DURING TESTING OF TOWER 68
Test Test
series series
Parameter Pretest No. 1 No. 2
Date 08/31/86 09/01/86 09/02/86
Recirculating water flow, gal/min®
Riser 1 7,307
Riser 2 7,260
Riser 3 8,827
Fan amperage, amps
Cell 1 85 84-85
Cell 2 90 89-90
Cell 3 78 77-78
Cell 4 90 90
Cell 5 120 120
Pump outlet pressure, psig
Pump 3 80 80
Pump 3B 80 80
Hot water line pressure, psig 28 28
Water temperature, °F
Basin 1/3 82-85.5 83-85
Basin 2/4 85 83-84.5
Basin 5 83-85.5 83-85
Hot water 1ine, °F 99.5-102 100-102
Riser 1 100-102 --
Riser 2 -103 -
Riser 3 100-102 101-102
Makeup water flow, gal/min ~325
Blowdown, gal/min -70
Water chemistry on-line monitor
pH 7.87-7.96 7.90-8.04
Conductivity, umhos 1,029-1,056 1,026-1,038
Operator analysis
pH 7.7 7.9-8.1
Conductivity, umhos 1,000-1,057 1,022-1,035
Free chlorine, ppm 0.2 0-0.1
Chromate, ppm 12 13-14
(continued)
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TABLE 2.1. (continued)

Test Test
series series
Parameter Pretest No. 1 No. 2
Vendor ana]ysisb
pH 7.9
Conductivity, umhos 1,020
m-alkalinity, ppm 80
Chromate, ppm 14
Free chlorine, ppm 0
Calcium, ppm 226
Cycles 5.9
Chromate inhibitor feed rate, gal/d 4.0
Meteorological data at tower
Wind speed, mph 4-25 1-20
Wind direction, 00-360 180-360 Unknown
Ambient temperture, °F -89 87-91
Meteorological data at Exxon station
Wind speed, mph 5-12 7-14
Wind direction, 00-360 90-180 90-180
Ambient temperature, °F 77.8-86.4 84-86

gAs determined by ESC.
Vendor analysis only performed on date of second test series.
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Water meters are not installed on the makeup and total blowdown lines. To
estimate these flows, alternative methods were attempted. On September 3,
1986, a meter was connected to the pressure taps on an existing orifice plate
in the makeup line. This indicated an average flow of about 280 gal/min over
the 6 hours of monitoring (greater in the afternoon than in the morning), but
did not include the 15 to 20 gal/min diverted for chlorine injection or the
amount leaking through a valve into the system from a nearby tower. That tower
(No. 58) is treated with a phosphate inhibitor from Calgon. The Betz
representative used the phosphate concentration in the recirculating water of
tower No. 68 to calculate a gain of about 25 gal/min. The Calgon
representative egtimated the loss from tower No. 58 to be about 100 to 150
gal/min. The Betz calculation is probably more accurate, since Calgon only
made a rough estimate of the difference in blowdown from tower No. 58 on
Friday, September 5, from the blowdown earlier in the year without the benefit
of a meter on the blowdown line. (Later work by Exxon confirmed that the Betz
estimate was correct.)

To estimate the tower No. 68 blowdown, the combined flow through the
rotameter and bypass was diverted to a 55-gallon drum. The time to fill the
drum a couple of times was recorded. This produced a flow rate within 20
percent of the estimate calculated by the Betz representative based on cycles
of concentration and an estimate of evaporation.

Water temperatures also are not monitored by online equipment. Therefore,
fittings were attached to Eaps on the three risers and the hot water return
line itself. Mercury-in-glass thermometers were used to record the
temperature. The basin téﬁperature was determined about 5 feet from the basin
wall below cell Nos. 1, 2, and 5. A mercury-in-glass thermometer was placed in
a perforated can that was attached to a length of conduit. With this method,
it was not possible to determine the actual temperature drop in each cell, but
the average basin temperature in all three locations was the same.
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Two sources of meteorological data were available: one station set up at
the tower and one maintained by Exxon refinery personnel less than a mile from
the tower. Both stations indicated that the wind direction was from the
southeast, and very few directional changes deviated more than 45 degrees from
the southeast. Both average and peak wind speeds, however, were considerably
higher at the tower station. Other than instrument calibration differences,
the reason for this is not clear. There may have been a slight tunneling
effect created at the tower station where the wind had to pass between the
cooling tower and a cryogenic process column (and other shorter equipment) 30
to 40 yards down&ind of the station. Gusts rarely exceeded 15 mph, and drift
was never visible from the side of the crossflow tower. The ambient
temperature also varied between the stations. The actual temperature is
probably that obtained at the tower site since the several thermometers that
were used recorded the same levels.

On Friday, August 29, 1986, the Exxon process personnel responsible for the
tower disconnected the chlorine injection line to preclude any possible adverse
health effects on test personnel. Chlorine will also react with most
hydrocarbons. Thus, a decrease in the free chlorine residual concentration
(normally determined once per shift) is the best indicator of a process fluid
leak into the water. Alternatively, gas traps on the hot water return line,
visual inspection of the surface of the water in the basin and the distribution
deck of cell No. 5, and the chromate concentration were used to confirm that
the process heat exchangers were not leaking. The chromate concentration, as
determined by the operators each shift, was essentially constant and within the
desired control range during the testing period. The Betz analysis on Tuesday,
September 2, agreed with that of the operators. The pH and conductivity were

also within control ranges.
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2.1.2 Tower 84

Tower Description - The tower is a 4-cell (riser and fan) Marley counterflow

design with one 22-ft diameter constant-speed fan per cell. The average
airflow per fan as measured by Entropy was about 550,000 dry standard cubic
feet per minute (dscfm). Each cell is equipped with PVC film fill and a
high-efficiency Marley XCEL-15 drift eliminator. Water is distributed over the
fill through a manifold and spray nozzles. Two pumps circulate the water from
the basin extension at the south end of the tower through the process heat
exchangers. A recent potassium retention time study determined that thé system
volume was aboutv550.000 gallons of water.

Blowdown is designed to be controlled by the conductivity of the
recirculating water. At certain set points, a valve is actuated in a line off
the main hot water return. Most of the makeup water is supplied through a
6-inch pipe to the basin extension, but part of it is diverted continuously
into five smaller lines. The inhibitor, dispersant, chlorine, sulfuric acid,

and caustic soda are injected into the smaller lines automatically.

Chemical Treatment and Monitoring System - The corrosion inhibitor, Nalco 7374,

is a chromate/zinc formulation in a 7:1 ratio. The target concentration in the
recirculating water is 8 to 12 ppm. The solution is injected into one of the
small makeup lines for a specific fraction of every 10-minute interval. The
on/off time fraction can be changed by entering new values into the computer
memory. The dispersant is injected into another makeup line in an identical
manner. Acid and caustic are injected based on pH set points within the
control range of 6.8 to 7.5. Chlorine gas is injected continuously at a rate
controlled by a free chlorine residual monitor that is generally set to keep
the concentration in the range of 0.3 to 0.5. For this system, the ratio of
the conductivity of the recirculating water to that of the makeup water
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defines the number of cycles of concentration. The conductivity of the makeup
water is about 150 umhos, and the control range for the number of cycles is 6

to 8.

Operating conditions during the testing - The tower is operating at less than

design capacity, but in July 1986 full-time operation began. The following
operating parameters were monitored throughout the test period to ensure that
appropriate conditions existed: (1) fan motor amperage, (2) pump outlet
pressures, (3) cold water line pressure, (4) water flow in each riser, (5)
temperature in tﬂree of the risers, (6) basin temperature, (7) temperature in
pump inlet lines, (8) pH, (9) conductivity, (10) wind speed and direction, and
(11) dry bulb temperature. The computerized system that monitors inlet and
outlet temperatures and the makeup, blowdown, and recirculating water flow
rates was not calibrated correctly at the start of the test. With the
exception of the blowdown, attempts at calibration were not successful. These
problems are not considered to affect the amount of drift, and only the makeup
and blowdown could not be monitored directly by the test personnel. Table 2.2
is a summary of the cooling tower operating parameters and meteorological data
recorded during the test period.

On Wednesday, September 3, 1986, ESC personnel measured the water flow
rates in each riser and found the flow in Risers A and B to be about 15 percent
less than the flow in Risers C and D. The total flow was 25 percent greater
than the tower design, and 20 percent greater than the pump ratings. From the
pump head pressure and the manufacturer's pump curves, it was calculated that
the flow should be about 20,600 gal/min. The measured rate was about 10
percent greater than this calculated rate. As scale and fouling increase, and
with additional process heat loads, the head pressure will increase slightly
and cause a decrease in the flow rate. The conditions as measured (and with
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TABLE 2.2. SUMMARY OF OPERATING PARAMETERS AND METEOROLOGICAL DATA

DURING TESTING OF TOWER 84

Test Test
series series
Parameter Pretest No. 1 No. 2
Date 09/03/86 09/04/86 09/05/86
Recirculating water flow, gal/min?
Riser A 5,300
Riser B 5,200
Riser C 6,100
Riser D 6,100
Fan amperage, amps
Cell A 60 60 60
Cell B 60 60 60
Cell1 C 60 60 60
Cel1 D 63 63 63
Pump outlet pressure, psig
Pump 84A 80 80
Pump 84B 80 80
Cold water line pressure, psig
Water temperature, °F
Basin -85 84-85
Line to pump 84A 82-83 82-83
Line to pump 84B 82-83 82-83
Riser A 99.5-100 98.5-100
Riser C 99.5-100 98.5-100
Riser D 99.5-100 98.5-100
Makeup flow rate, gal/min
Blowdown, gal/min
Water chemistry on-1ine monitoring .
pH 6.8-7.1 6.8-7.0
Conductivity, umhos Unknown Unknown
Free chlorine, ppm 0.35-0.57 0.15-0.30
Operator analysis
p 7.25 7.0
Conductivity, umhos 1,200 1,100
Makeup conductivity, umhos 160 150
Chromate, ppm 12.5 12.5
(continued)
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TABLE 2.2. (continued)

Test Test
series series
Parameter Pretest No. 1 No. 2
Vendor ana]ysisb
pH 6.9
Free chlorine, ppm 0.2
Chromate, ppm 12.5
Conductivity, umhos 1,100
Cycles 7.3
Chromate feed rate, gal/d 3.0
Meteorological data at tower
Wind speed, mph 3-22 4-18
Wind direction, 00-360 270-360 270-360
Ambient temperature, °F -92 84-91
Meteorological data at Exxon station
Wind speed, mph 5-10 1-5
Wind direction, 00-360 90-110 120-180
Ambient temperature, °F 86-87 -86-

gAs determined by ESC.

2-13
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all the fans running) represented normal operation. Therefore, no attempt was
made to even the flow in the risers or to reduce the overall flow to the
designed rate.

The drift eliminators could be inspected through a porthole in the fan
stack below the fan. The drift eliminator in Cell A is assumed to have at
least one defect because entrained droplets were observed periodically in the
same area of the stack. The other drift eliminators appeared to be in good
condition. The water distribution through the fill was even, although it did
cascade along some vertical beams at a greater rate than along others.

The quantity-of blowdown was not easily determined because the conductivity
control was not working and the valves in the line were closed. Also,
recirculating water can be withdrawn from the system in the process area for
general ground cleaning purposes. The operators, however, indicated that they
had not been using any of this water on the test days. Finally, a water
balance on the process side of the overhead vacuum condensers indicated an
excess of about 50 gal/min. This is just about the amount that the Nalco
representatives calculated for the blowdown based on the cycles of
concentration and an estimation of the evaporation loss. An analysis of the
process fluid for chromate was negative. The makeup could not be monitored
because of the inaccurate calibration.

The recirculating water temperature was measured with mercury-in-glass
thermometers in fittings attached to taps in three of the risers. The basin
temperature was determined with a mercury-in-glass thermometer at the
intersection of the main basin and the basin extension. The temperatures
indicated by gauges on the lines to the pumps were also recorded; they were

always 2 degrees lower than the thermometer reading.
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As with tower No. 68, meteorological data were available both at the tower
site and from the Exxon meteoroclogical station almost a mile away. The wind
direction continued to be steady from the southeast, and the wind speeds were
higher on the chart recorder at the tower station. At this site, there were no
obstructions around the station except for the tower itself.

The operator log of the chromate concentration in the recirculating water
was constant at the upper limit of the control range over a 2-day test period.
The concentration agreed with that obtained by the Nalco representative on

August 29. The pH, conductivity, and free chlorine residual were also within

the control ranges.

Possible Effects on Drift Measurements - Several conditions discussed above

could have an effect on the drift measurements; each is considered below.

1. The recirculating water flow through tower No. 84 is higher than
design, which may result in a higher rate of drift than would be
produced if the tower were operating at the designed rate (and at a
higher temperature range). Comparison of drift measurement from Cell B
(5,200 gal/min) with measurements from Cells C and D (6,100 gal/min)
should confirm this. However, the current operating conditions are not
an operating problem, and there is no incentive to modify them.

2. The rate of drift from Cell A in tower No. 84 is likely to be higher
than that from Cell B because of the apparent defect in the drift

eliminator of Cell A.
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3.0 SUMMARY OF RESULTS

Tests were conducted to determine the mass emission rates of hexavalent
chromium and total chromium from cooling tower Nos. 68 and 84 at Exxon
Company's Baytown Refinery in Baytown, Texas. Four of the cells on tower
No. 68 (fan cells No. 1-4) were counterflow cells and were served by two
risers. Fan celi No. 5 was a crossflow type and had its own riser. Because of
its configuration, tower No. 68 was treated as two separate towers for testing
purposes and represented: 1) a counterflow tower with standard-efficiency
drift eliminators and 2) a crossflow tower with a standard-efficiency drift
eliminator. Tower 84 was a counterflow tower with a high-efficiency drift
eliminators. The mass emission rate tests used a Method 13-type impinger train
to sample the five fan stacks on three riser cells on tower No. 68 and the four
fan stacks on four riser cells on No. 84. The testing schedules that were
followed for the Exxon cooling towers are presented in Tables 3.1A and 3.1B.
The results of these tests are discussed briefly below and in detail in
Section 3.1.

The pollutant mass emission rates for hexavalent chromium, calculated by
the ratio of areas (PMRa) method, for the counterflow cells on tower No. 68
ranged from 275 to 25,000 milligrams per hour (mg/hr), for the crossflow cell
on tower No. 68 ranged from 2,500 to 58,500 mg/hr, and for the four riser cells
on tower No. 84 ranged from 210 to 9,900 mg/hr. As is evident, the pollutant
mass emission rates measured for hexavalent chromium were highly variable from
run to run even for runs conducted on the same cell. Measured emission values
for the same cell showed, in most cases, a 10- to 50-fold difference. However,
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TABLE 3.1 A.

TESTING SCHEDULE FOR COOLING TOWER 68 AT EXXON COMPANY. INC. BAYTOWN REFINERY

Riser Cell E Riser Cell F Riser Cell G
Fan Cells 1 and 4 Fan Cells 2 and 3 Fan Cell 5
(Counterflow Cell) (Counterflow Cell) (Crossflow Cell)
Date Sample Type Run Test Time Run Test Time Run Test Time
(1986) No.* 24 h clock No.* 24 h clock No.* 24 h clock
9/1 Chromium 68-1-1 1109-1326
Chromium 68-2-1 1417-1628
Chromium 68-5-1 1050-1328
Chromium 68-5-2 1400-1631
Particle Size | 68-DI-1 1145-1345 68-DI~-1 1354-1554
Particle Size | 68-NZ-1 1145-1345 68-NZ-1 1354-1554
9/2 Chromium 68-3-1 0933-1138
Chromium 68-4-1 1229-1446
Chromium 68-5-3 1033-1302
Particle Size 68-DI-2 0950-1351
Particle Size 68-NZ-2 0950-1351
9/3 Particle Size 68-DI-3 0910-1310
Particle Size 68-NZ-3 0910-1310
TABLE 3.1 B. TESTING SCHEDULE FOR COOLING TOWER 84 AT EXXON COMPANY, INC, BAYTOWN REFINERY
Riser Cell A Riser Cell B Riser Cell C Riser Cell D
Jate Sample Type Run Test Time Run Test Time Run Test Time Run Test Time
(1986) No.* 24 h clock No.* 24 h clock No.* 24 h clock No.* 24 h clock
9/4 Chromium 84-A-1 0950-1200
Chromium 84-A-2 1230-1441
Chromium 84-C-1 0953-1207
Chromium 84-C-2 1224-1442
Particle Size 84-DI-4| 1010-1410
Particle Size 84-NZ-4 | 1010-1410
9/5 Chromium 84-B-1 0850-1100
Chromium 84-B-2 1130-1340
Chromium 84-D-1 0835-1043
Chromium 84-D-2 1104-1317
Particle Size | 84-DI-5 820-1220
Particle Size | B4-NZ-5 820-1220

Run numbers for chromium runs indicate: Cooling Tower - Riser or Fan Cell - Run.

Run numbers for particle size runs indicate: Cooling Tower - Technique - Run.



when simultaneous runs which were conducted on different cells were compared,
the mass emission rate values typically showed only a 1- to 5-fold difference.
This indicates that cooling tower chromium emissions may vary widely with time
and/or ambient conditions.

The drift size distribution {(drift being defined here as cooling water
entrained in the exit air and emitted to the atmosphere in droplet form), along
with the drift rate, was determined by Environmental Systems Corporation (ESC)
using their sensitive paper (SP) technique. The results of the SP testing
suggest that the drift emissions from the counterflow fan cells on tower No. 68
had an average m;ss mean diameter of 290 um; from the crossflow cell on tower
No. 68, an average mass mean diameter of 360 um, and from the counterflow cells
on tower No. 84, an average mass mean diameter of 235 um.

Another particle sizing method was evaluated for determining the percent of
hexavalent chromium in particles smaller than a certain size (approximately
15 um under these sampling conditions). The sampling protocol involved using a
set of paired trains; one, referred to as the "disc train," was designed to
capture only the smaller particles (less than 15 um) and the other, a Method
13-type train with the nozzle aligned directly into the flow of the fan exhaust
(referred to as the "aligned nozzle train"), was designed to capture all sizes
of drift particles. Data from two screening techniques being evaluated
utilizing absorbent paper (AP) and ion exchange paper (XP) were also used for
particle sizing purposes. The AP and XP data were used based on collection
(under these sampling conditions) of particles greater than approximately 30 um
in diameter.

The paired train particle sizing data suggest that most of the hexavalent
chromium emissions from the fan cells tested on the two towers are associated
with particles less than 15 um. The data from the paper collection techniques

for these cells suggest that 1.0 to 15.1 percent of the chromium emissions from
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the standard-efficiency drift eliminators and 1.0 to 2.9 percent from the high-
efficiency drift eliminators are associated with particles greater than 30 um.
The particle sizing results and the differences between the two methods are
discussed in detail in Section 3.2.

The analytical results for hexavalent chromium and residue (trivalent)
chromium in the cooling water samples and the total chromium in the impinger
samples are presented in Section 3.3 along with the analytical results for the
blanks and the quality assurance samples. The results of the analysis of the
absorbent papers and ion exchange papers, which are being evaluated as screen-
ing techniques f&r cooling tower emissions, are also presented in Section 3.3,
and the techniques are discussed in Section 3.4.

Drift rate calculations based on the water flow to the riser cells, the
concentration of chromium in the cooling water, and the mass emission rates
calculated from the impinger train samples and the AP and ion exchange paper
samples are presented in Section 3.5. Drift rate calculations from the SP data
are also presented and the drift rates calclulated by the various methods are

compared.

3.1 HEXAVALENT CHROMIUM AND TOTAL CHROMIUM EMISSIONS

The mass emission rates for hexavalent chromium and total chromium for the
nine fan cells on the two towers were determined. Sampling was conducted
isokinetically with the isokinetic values for the fifteen sampling runs ranging
from 99.7% to 109.5% (see Table 3.2). The sampling runs were typically 2 hours
in length, with a single traverse on each fan stack cell comprising a single
sample; for fan cell 5 on tower 68, which was treated as a separate tower, two
perpendicular traverses were conducted. Stack gas conditions were calculated

assuming that the exhaust was saturated.
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TABLE 3.2.

SUMMARY OF FLUE GAS CONDITIONS

Run Date Test Time Volumetric Flow Rateb Stack Moisture Isokinetic
a
No. (1986) | 24 h clock Actual Standard Temperature
acmh acfh dscmh dscfh o
o
6 6 6 6 o F % %
x 10 x 10 x 10 x 10
Tower 68, Riser Cells E and

68-1-1 9/1 1109-1326 0.576 | 20.35 0.543 19.19 28.9 84.1 3.9 104.0
68-4-1 9/2 1229-1446 0.542 | 19.15 0.502 17.74 31.7 89.0 4.6 103.6
68-2-1 9/1 1417-1623 0.508 [ 17.93 0.474 16.73 30.8 87.5 4.3 99.7
68-3-1 9/2 0933-1138 0.558 | 19.72 0.513 18.10 33.2 91.8 5.0 104.9
Average - 0.55 19.3 0.51 17.9 31.2 88.1 4.5

Tower 68, Riser Cell G
68-5-1 9/1 1050-~-1328 1.569 | 55.39 1.470 51.92 30.0 86.0 4.1 102.9
68-5-2 9/1 1400-1631 1.673 | 59.07 1.552 54.81 31.7 89.1 4.6 102.0
68-5-3 9/2 1033-1302 1.636 | 57.76 1.524 53.81 30.7 87.3 4.3 102.8
Average 1.63 57.4 1.52 53.5 30.8 87.5 4.3

Tower 84, Riser Cell A
84-A-1 9/4 0950-1200 1.038 ] 36.67 0.959 33.86 33.1 91.5 4.9 109.5
84-A-2 9/4 1230-1441 1.054 | 37.23 0.985 34.80 31.0 87.9 4.4 111.5
Average 1.05 37.0 0.97 34.3 32.1 89.7 4.6

Tower 84, Riser Cell B
84-B-1 9/5 0850-1100 1.084 | 38.29 1.001 35.34 32.6 90.6 4.8 105.9
84-B-2 9/5 1130-1340 1.123 | 39.66 1.036 36.60 32.6 90.8 4.8 107.7
Average 1.10 39.0 1.02 36.0 32.6 90.7 4.8

Tower 84. Riser Cell C
84-C-1 9/4 0953-1207 0.995| 35.15 0.915 32.32 34.1 93.4 5.2 106.1
84-C-2 9/4 1224-1442 0.994 ] 35.10 0.917 32.40 33.5 92.4 5.0 106.8
Average 0.99 35.12 0.92 32.36 33.8 92.9 5.1

Tower 84. Riser Cell D
84-D-1 9/5 0835-1043 0.952( 33.60 0.881 31.12 32.4 90.3 4.8 102.5
84-D-2 9/5 1104-1317 0.868] 30.66 0.798 28.17 33.7 92.7 5.1 104.0
Average 0.91 32.1 0.84 29.6 33.0 91.5 5.0
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The hexavalent chromium emissions in the drift were calculated using the
values for the total chromium emissions and the ratio of hexavalent-to-total
chromium in the cooling water. The assumption was made that the chromium
emissions from the cooling tower fan stack maintained the same ratio of
hexavalent-to-total chromium measured in the cooling water.

The concentration of hexavalent and total chromium emissions, in milligrams
per dry standard cubic meter (mg/dscm), micrograms of chromium per gallon of
cooling water flow through the tower for that fan cell (ug/gal), and milligrams
per million Btu's of heat removed (mg/lO6 Btu), and the mass emission rates of
hexavalent and tétal chromium, in milligrams per hour (mg/hr) are presented in
Table 3.3 for each sampling run. These results are based on the total chromium
analysis conducted by RTI using GFAA with the hexavalent chromium values
calculated using the ratio of hexavalent-to-total chromium in the cooling water
sample for that run. The hexavalent and total chromium values are
representative of the emissions from a single fan stack on the corresponding
riser cell. The mass emission rates were calculated using the ratio of the fan
stack area to the sampling nozzle area, the catch weight of total chromium or
the calculated catch weight of hexavalent chromium, and the sampling time (see

Appendix A for example calculations).

3.1.1 Tower 68, Counterflow Fan Cells, Standard-Efficiency Drift Eliminators

Flue Gas Conditions - A summary of the flue gas conditions for the counterflow

fan cells tested on tower No. 68 is presented at the top of Table 3.2. The
volumetric flow rates were fairly constant for all four fan cells and averaged
550,000 actual cubic meters per hour (19,300,000 actual cubic feet per hour).
The stack temperature for these fan cells averaged 31°C (880F) and the moisture
content averaged 4.5%. The isokinetic sampling rates were well within the

allowable limits for all four runs.
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TABLE 3.3. SUMMARY OF HEXAVALENT AND TOTAL CHROMIUM EMISSIONS BASED ON GRAPHITE FURNACE ATOMIC ABSORPTION (GFAA)

Run Date Hexavalent Chromium Total Chromium
No. concentration mass emissions concentration mass emissions
(mg/dscm) x 10_3 ug/gal mg/lO6 Btu mg/hr (mg/dscm) x 10_3 ug/gal mg/lO6 Btu mg/hr
Standard-Efficiency, Counterflow Tower 68, Riser Cell E
1-1 9/1 4y .36 99.63 257.8 25,060 by 49 99.91 258.5 25,130
h-1 9/2 0.528 1.09 2.8 275 0.528 1.09 2.8 275
B Standard-Efficiency, Counterflow Tower 68, Riser Cell F ~
2-1 9/1 8.713 19.54 48.7 4,115 8.713 19.54 u8.7 4,115
3-1 9/2 0.983 2.51 5.8 528 0.991 2.53 5.9 533
Standard-Efficiency, Crossflow Tower 68, Riser Cell G
5-1 9/1 38.69 136.40 261.5 58,560 38.69 136.40 261.5 58,560
5-2 9/1 4.61 17.00 28.6 7,300 4. 61 17.00 28.6 7,300
5-3 9/2 1.63 5.94 10.1 2,550 1.63 5.94 10.1 2,550
High Efficiency, Counterflow Tower 84, Riser Cell A
-1 9/l 4. o42 14.02 28.0 4,244 4.065 14.10 28.2 4,269
-2 9/4 0.389 1.41 2.5 u27 0.h4o2 1.46 2.6 Ty |
High-Efficiency, Counterflow Tower 84, Riser Cell B
-1 9/5 0.650 2.16 h.y 689 0.652 2.17 h.y 691
-2 9/5 0.205 0.72 1.2 229 0.206 0.72 1.2 230
High-Efficiency, Counterflow Tower 84, Riser Cell C
-1 9/4 8.665 23.18 58.3 8,418 8.993 24 .06 60.5 8,737
-2 9/4 0.373 1.01 2.3 365 0.375 1.01 2.3 368
High-Efficiency, Counterflow Tower 84, Riser Cell D
-1 9/5 0.232 0.58 1.4 210 0.234 0.58 1.4 211
-2 9/5 11.927 27.1h 68.1 9,808 11.957 27.21 68.3 9,923




Hexavalent Chromium Emissions - A summary of the hexavalent chromium emission

values for the test runs conducted on the four counterflow fan cells on tower
No. 68 is presented in Table 3.3. The hexavalent chromium concentrations for
the four fan cells were quite variable and ranged from 0.0005 to O.O44 milli-
grams per dry standard cubic meter of exhaust gas, 1.1 to 100 micrograms per
gallon of water flow to the fan cells, and 2.8 to 258 milligrams per million
Btu's of heat removed from the water. The mass emission rates of hexavalent

chromium for the four cells ranged from 275 to 25,100 milligrams per hour.

Total Chromium Emissions - The total chromium emissions for each test run on

the counterflow fan cells on tower No. 68 (see Table 3.3) were also variable,
but were consistent with the corresponding hexavalent chromium emissions. The
total chromium emission concentrations ranged from 0.0005 to 0.044 milligrams
per dry standard cubic meter, 1.1 to 100 micrograms per gallon of water flow,
and 2.8 to 259 milligrams per million Btu's removed. The mass emission rates

for total chromium ranged from 275 to 25,100 milligrams per hour.

3.1.2 Tower 68, Crossflow Fan Cell, Standard-Efficiency Drift Eliminators

Flue Gas Conditions - The flue gas conditions for fan cell #5 (crossflow) on

tower No. 68 are presented in Table 3.2. The volumetric flowrates for all
three runs conducted on this cell were consistent and averaged 1,630,000 actual
cubic meters per hour (57,400,000 actual cubic feet per hour). The stack
temperature averaged 310C (88OF) and the moisture content averaged 4.3%. The

isokinetic sampling rates were well within the allowable range for all three

runs.



Hexavalent Chromium Emissions - The summary of hexavalent chromium emission

values for the crossflow fan cell on tower No. 68 is presented in Table 3.3.

As for the counterflow cells, the hexavalent chromium concentrations for the
three runs on the crossflow section of tower No. 68 were variable. They ranged
from 0.0016 to 0.039 milligrams per dry standard cubic meter, 5.9 to 136
micrograms per gallon of water flow, and 10.1 to 262 milligrams per million
Btu's of heat removed. The mass emission rates of hexavalent chromium ranged

from 2550 to 58,600 milligrams per hour.

Total Chromium Emissions - The total chromium emissions for the crossflow fan

cell are also presented in Table 3.3. The total chromium emission concentra-
tions for the runs on this fan cell ranged from 0.0016 to 0.039 milligrams per
dry standard cubic meter, 5.9 to 136 micrograms per gallon of water flow to the
fan cell, and 10.1 to 262 milligrams per million Btu's of heat removed. The

mass emission rates of total chromium ranged from 2550 to 58,600 milligrams per

hour.

3.1.3 Tower 68, Simultaneous Runs - When examined as whole and cell by cell,

the hexavalent chromium emissions for tower No. 68 are extremely variable from
run-to-run. However, comparison of the emission values for those runs
conducted simultaneously (1-1 and 5-1, 2-1 and 5-2, and 3-1 and 5-3) reveals a
distinct correlation. For example, there is a 91-fold difference between the
two mass emission rates calculated for riser cell E (Runs 1-1 and 4-1) and only
a 2.3-fold difference between the mass emission rates for the two runs
conducted simultaneously (1-1 and 5-1) on riser cells E and G. Similar
comparisons show 8- and 23-fold differences in the mass emission rates for the

runs for riser cells F and G, respectively, and only 1.8- and 4.8-fold



differences for the two pairs of simultaneous runs (2-1 and 5-2, and 3-1 and

5-3, respectively) conducted on these two riser cells.

3.1.4 Tower 84, Counterflow Fan Cells, High-Efficiency Drift Eliminators

Flue Gas Conditions - The flue gas conditions for the four pairs of runs

conducted on the four counterflow fan cells with high-efficiency drift
eliminators on tower No. 84 are presented in Table 3.2. The volumetric
flowrates for all runs on all four cells were fairly consistent and averaged
1,010,000 actual cubic meters per hour {35,800,000 actual cubic feet per
hour). For thesé four cells, the stack temperature averaged 33°C (91°F) and
the moisture content averaged 4.9%. The isokinetic sampling rates for all

eight runs were well within the acceptable range.

Hexavalent Chromium Emissions - A summary of the hexavalent chromium emissions

for the test runs conducted on tower No. 84 is presented in Table 3.3. The
hexavalent chromium emission concentrations for the four cells on the tower
were again variable and ranged from 0.0002 to 0.012 milligrams per dry standard
cubic meter, 0.7 to 27 micrograms per gallon of water flow, and 1.2 to 68 mill-
igrams per million Btu's of heat removed. The mass emission rates of

hexavalent chromium for the four cells ranged from 230 to 9,900 milligrams per

hour.

Total Chromium Emissions - The total chromium emissions for the fan cells on

tower No. 84 are also presented in Table 3.3 and were consistent with the
corresponding hexavalent chromium emissions. The total chromium emission
concentrations emitted by the four cells ranged from 0.0002 to 0.012 milligrams
per dry standard cubic meter, 0.7 to 27 micrograms per gallon of water flow,
and 1.2 to 68 milligrams per million Btu's of heat removed. The mass emission
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rates of total chromium from the fan cells on this tower ranged from 230 to

9,900 milligrams per hour.

3.1.5 Tower 84, Simultaneous Runs - Like tower 68, when examined as a whole

and cell by cell, the hexavalent chromium emissions for tower 84 are extremely
variable. Comparison of simultaneous runs (A-1 and C-1, A-2 and C-2, B-1 and
D-1, and B-2 and D-2), however, yields much less variability. Comparison of
the hexavalent chromium emission values for the pairs of runs conducted on
riser cells A and C show a 10- and a 23-fold difference, respectively.

However, compariéon of the values for the simultaneous runs conducted on the
same two fan cells show only 2- and 1.2-fold differences. In a similar manner,
comparison of the values for the pairs of runs conducted on cells B and D yield

3- and 47-fold differences, while comparison of values for the simultaneous

runs on the same two cells show differences of 3.3- and 43-fold.

3.2 SIZE DISTRIBUTION OF DRIFT AND CHROMIUM

3.2.1 Size Distribution of Drift

The drift size distribution and the drift rates were measured by ESC, using
their sensitive paper (SP) technique, for each fan cell tested by Entropy. The
total flux, the mean particle diameter for mass and particle count, the mass
emission rate, and a drift rate expressed as a percent of water flow to the fan
cell are presented in Table 3.4 for each of the nine fan stacks tested. The
drift rates calculated using the SP data as a percent of water flow averaged
0.007% for the counterflow cells on tower No. 68, 0.005% for the crossflow cell
on tower No. 68, and 0.0007% for the counterflow cells on tower No. 84,

The mass mean diameter of the drift is that particle diameter at which half
the drift mass is composed of particles with diameters larger than the mean di-
ameter and half the mass is composed of particles with diameters smaller than
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TABLE 3.4.

SUMMARY OF SENSITIVE PAPER (SP) DRIFT SIZE DATA

Total Flux

Date Mean Diameter | Mass Emission
Rate* Water Drift
mass count mass | count Flow Rate
2 4 2 7
(ug/m /sec) x 10 | (#/m /sec) x 10 (um) (um) (grams/hr) (gpm)

Cooling Tower 68, Riser Cell E, Fan Cell 1

g/1 52.6 3.65 276 50 0.00344 4193 0.0047%
Cooling Tower 68, Riser Cell F, Fan Cell 2

9/1 97.0 6.42 360 42 0.00636 3511 0.0103%
Cooling Tower 68, Riser Cell F, Fan Cell 3 -

9/1 67.4 5.18 278 46 0.00442 3511 0.0072%
Cooling Tower 68, Riser Cell E, Fan Cell 4

9/1 b5 4 5.29 248 Ly 0.00297 4193 0.0040%
Cooling Tower 68, Riser Cell G, Fan Cell 5

9/1 ug8.8 9.52 360 4y 0.00569 7157 0.0045%
Cooling Tower 84, Riser Cell A

9/3 6.63 1.81 282 34 0.00081 5046 0.00097%
Cooling Tower 84, Riser Cell B

9/3 4.30 1.73 206 34 0.00052 5320 0.0006%
Cooling Tower 84, Riser Cell C

9/3 3.92 1.15 218 39 0.00048 6054 0.0005%
Cooling Tower 84, Riser Cell D

9/3 6.76 1.74 234 39 0.00082 6079 0.0008%

*These values represent drift emission rates and cannot be compared with hexavalent and/or

total chromium mass emission rates.
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the pean diametver (D_.). The nass mean diameter for the drift particies
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averaged 290 ua for the counterflow cells on tower Ne. 68, 360 um for the

crosslow cell on Lower No. 68, and 235 um for the counzerfliow czlls on tower

.20 Gize Distritution of

Chronium

Two merhods were used {or estimating the percent ¢f hexavalent chromium in
two particle size ranges. The first method involved the use of paired trains
with an "aligned nozzle train" and a "disc train" (described in Section 4.11).
The aligned nozzle train, which was us=2d for a reference measurement, was
designed to collect all particle sizes isokinetically. The disc train was
oparated at the same sampling rate as the nozzle train and was designed Lo
collect primariily the smaller particles {(less than zbout 15 um). The purpose
of the paired train oarticle sizing was to deteraine the percent cf the
chromium emissions associated with the smaller particies.

The second particle sizing method, the absorbent paper (AP) technique, was
also being evaluated as a screening method for ccoling tower testing. Southern
Research Institute's {(SoRX) Aerosal Science Division calculated the cut sizes
for both particle sizing methods. Using the fan cell gas velocity and the
inside diameter of the disc train probe, SoRI calculated the diameter cf
particles collected at 50 percent efficiency (D5O) by the disc train. The D50
for the disc train runs ranged from 12.6 to 12.7 um (see Appendices A and C)
with particles less than this size range being collected. The D50 for the AP
sampling device, which collected primerily larger particles (i.e., 30 um and
up), ranged from 27.0 to 32.5 um with particles larger than this size range
being collected.

The ratio of the emission rates of hexavalent chromium measured by the

paired trains for runs 1, 2, 3, 4, and 5 for fan cells on risers E, ¥, G, D,
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and A, respectively, are shown in Table 3.5. In one instance, comparing the
disc train value with the impinger train value indicates that the disc train
collected over 100% of the hexavalent chromium as compared to the nozzle
train. In two more instances, the disc train collected over 50% of the
hexavalent chromium as compared to the nozzle train. These instances suggest
that a significant portion of the chromium emissions from the fan cells are
associated with particles less than 15 um,

The second particle sizing method involved using the AP device attached to
the traversing impinger train. The percent of chromium associated with parti-
cles greater thaﬁ the 30 um cut size was calculated using the ratio of the PMRa

values for the AP device and the corresponding impinger (IMP) train run values
(see Table 3.5). The ratio of the AP to impinger train values ranged from 1.0%
to 15.1% for the fan cells tested. This suggests that only a small portion of

the chromium emissions are associated with particles larger than 30 um.

3.3 SUMMARY OF ANALYTICAL RESULTS FOR HEXAVALENT CHROMIUM AND TOTAL CHROMIUM

3.3.1 Cooling Water Samples

Two analytical techniques (see Figure 4.3) were used for the analysis of
hexavalent chromium and total chromium in the cooling water samples. To
measure hexavalent chromium, a portion of each cooling water sample was
analyzed by RTI using the diphenylcarbazide colorimetric procedure. Another
10-ml aliquot of each cooling water sample was filtered through a Teflon filter
with a 1.0-um pore size. The filter, which was used to catch the insoluble
trivalent (Cr+3) chromium residue, was then analyzed for total chromium by NCSU
using NAA. The sum of the hexavalent chromium (Cr+6) and the residue on the
filter (Cr+3) then represents the total chromium content of the cooling water.
Cooling water blanks were taken from each cooling tower before the addition of
the sodium bromide.
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TABLE 3.5. SUMMARY OF PARTICLE SIZING DATA USING DISC TRAIN AND ABSORBENT PAPER
Hexavalent Hexavalent
Chromium | Ratio of Chromium PMRa Ratio Sum of AP/IMP
Run PMRc Disc to Run of AP to and Disc/
Number {mg/hr) Nozzle Number mg/hr Avg. IMP train Nozzle Ratios
2ooling Tower 68, Riser Cells E and F, Fan Cells 1 and 2, Standard-Efficiency Drift Elimin
CT-68-DI-1 716 1-1(AP) 149.4
2-1(AP) 145.0 | 147.2
58.1% 1.0% 59%
CT-68-NZ-1 1,233 1-1(IMP) 25,060
2-1(IMP) b,115 | 14,588
Cooling Tower 68, Riser Cell F, Fan Cell 3, Standard-Efficiency Drift Eliminator
CT-68-DI-2| 9,354 - 3-1(AP) 79.9
108.3% 15.1% 123%
CT-68-Nz-2| 8,641 3-1(IMP) 528
Cooling Tower 68, Riser Cell G, Fan Cell 5, Standard-Efficiency Drift Eliminator
CT-68-DI-3| 9,282 5-1(AP) 175.1
5-2(AP) 145.6
5-3(AP) 1,057 | 459.2
92.1% 2.0% 944
CT-68-Nz-3| 10,075 5-1(IMP) 58,560
5-2(IMP) 7,300
5-3(IMP) 2,550 | 22,803
Cooling Tower 84, Riser Cell D, High-Efficiency Drift Eliminator
CT-84-DI-4 he7 D-1(AP) 46.9
D-2(AP) 53.1 50.0
21.6% 1.04 23%
CT-84-Nz-4i 2,166 D-1(IMP) 210
D-2(IMP) 9,898 | 5,054
Cooling Tower 84, Riser Cell A, High-Efficiency Drift Eliminator
CT-84-DI-5 537 A-1(AP) 68.8
35.6% 2.9% 39%
CT-84-Nz-5| 1,508 A-1(IMP) 4, 24y
A-2(IMP) 4271 2,336
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The hexavalent chromium results for the diphenylcarbazide analysis of the
cooling water samples presented in Table 3.6 show a range of 7.33 to 8.71
micrograms per milliliter (ug/ml) of hexavalent chromium. The levels of
trivalent chromium determined using NAA (see Table 3.6) ranged from 0.00 to
0.309 ug/ml.

The ratio of hexavalent chromium to total chromium in the cooling water
based on the NAA of the cooling water filtrate and filter residue ranged from
0.933 to 1.00 (93.3% to 100.0% hexavalent chromium). The percent hexavalent
chromium value determined for each water sample collected was used to calculate
the hexavalent cﬁromium emissions from the total chromium emissions measured by
the impinger train for that corresponding run.

Cooling water samples collected at the beginning and end of testing on each
cooling tower were also analyzed for calcium (Ca), magnesium (Mg), manganese
{Mn), and sodium (Na) content, and pH. The results for these analyses are
presented in Table 3.7.

TABLE 3.7. MINERAL CONTENT AND pH OF SELECTED COOLING WATER SAMPLES

Sample Ca Mg Mn Na pH
No. (ug/ml) (ug/ml) (ug/ml) (ug/ml)
Blank 1-W 72.8 12.3 <0.01 83.1 6.7
Blank 2-W 66.8 11.6 <0.01 109 6.7
Blank 3-W 72.9 12.4 0.05 74.9 7.0
PS-3-W 69.0 12.0 <0.01 110 7.3
PS-5-W 744 11.7 0.05 94.1 6.9

3.3.2 Impinger Train Samples

The analytical results for the samples from each impinger train run and
each paired train particle sizing run are presented in Table 3.8. The impinger
train and paired train samples, consisting of the impinger contents and rinses,
the probe rinses, and a filter, were analyzed principally by RTI using graphite
furnace atomic absorption (GFAA). Each result was blank corrected using the

results of a DI water or a DI water/filter blank. The chromium in each sample
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TABLE 3.6. SUMMARY OF ANALYTICAL RESULTS FOR COOLING WATER SAMPLES
Sample
Run Sample No. Chromium
No. Type Analyzed (ug/ml)
Cooling Tower 68 - Riser Cell E
1-1 Cooling Water (Cr+6) 1-1-W 7.64
1-1 Cooling Water (Cr+3) 1-1-R 0.023
1-1 Cooling Water (Total Cr) 7.66 *
-1 Cooling Water (Cr+6) b-1-w 7.33
b4-1 Cooling Water (Cr+3) L-1-R 0.000
4-1 Cooling Water (Total Cr) 7.33 *
Cooling Tower 68 - Riser Cell F
2-1 Cooling Water (Cr+6) 2-1-W 7.58
2-1 Cooling Water (Cr+3) 2-1-R 0.000
2-1 Cooling Water (Total Cr) 7.58 *
3-1 Cooling Water (Cr+6) 3-1-W 7.45
3-1 Cooling Water (Cr+3) 3-1-R 0.065
3-1 Cooling Water (Total Cr) 7.51 %
Cooling Tower 68 - Riser Cell G
5-1 Cooling Water (Cr+6) 5-1-W 7.44
5-1 Cooling Water (Cr+3) 5-1~R 0.000
5-1 Cooling Water (Total Cr) 7.44 *
5-2 Cooling Water (Cr+6) 5-2-W 7.82
5-2 Cooling Water (Cr+3) 5-2-~R 0.000
5-2 Cooling Water (Total Cr) 7.82 *
5-3 Cooling Water (Cr+6) 5-3-W 7.65
5-3 Cooling Water (Cr+3) 5-3-R 0.000
5-3 Cooling Water (Total Cr) 7.65 *
(continued)
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TABLE 3.6 {continued)

Sample
Run Sample No. Chromium
No. Type Analyzed (ug/ml)
Cooling Tower 84 - Riser Cell A
A-1 Cooling Water (Cr+6) A-1-W 8.19
A-1 Cooling Water (Cr+3) A-1-R 0.048
A-1 Cooling Water (Total Cr) 8.24 *
A-2 Cooling Water (Cr+6) A-2-W 8.33
A-2 Cooling Water (Cr+3) A-2-R 0.270
A-2 Cooling Water (Total Cr) 8.60 *
_Cooling Tower 84 - Riser Cell B
B-1 Cooling Water (Cr+6) B-1-W 8.33
B-1 Cooling Water (Cr+3) B-1-R 0.019
B-1 Cooling Water (Total Cr) 8.35 *
B-2 Cooling Water (Cr+6) B-2-W 8.68
B-2 Cooling Water (Cr+3) B-2-R 0.039
B-2 Cooling Water (Total Cr) 8.72 *
Cooling Tower 84 - Riser Cell C
c-1 Cooling Water (Cr+6) C-1-w 8.17
c-1 Cooling Water (Cr+3) C-1-R 0.309
c-1 Cooling Water (Total Cr) 8.48 *
c-2 Cooling Water (Cr+6) C-2-W 8.47
c-2 Cooling Water (Cr+3) C-2-R 0.062
c-2 Cooling Water (Total Cr) 8.53 *
Cooling Tower 84 - Riser Cell D
D-1 Cooling Water (Cr+6) D-1-W 8.05
D-1 Cooling Water (Cr+3) D-1-R 0.061
D-1 Cooling Water (Total Cr) 8.11 *
D-2 Cooling Water (Cr+6) D-2-W 8.71
D-2 Cooling Water (Cr+3) D-2-R 0.022
D-2 Cooling Water (Total Cr) 8§.73 *

* This value represents the total chromium content of the cooling water and
is the sum of the hexavalent chromium (Cr+6) measured by the diphenylcarbazide
wet chemical method and the trivalent chromium (Cr+3) which is the chromium
measured by NAA in the filtered residue of the cooling water sample.
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TABLE 3.8.

SUMMARY OF ANALYTICAL RESULTS FOR CHROMIUM

3-19

Total Total
Chromium Chromium
Run Sample Sample by NAA by GFAA
Number Number Sample Type Size (ug) (ug)
Tower 68, Riser Cell E, Fan Cell 1
CT-68-1-1 | 1-1-abc | Impinger Contents & Filter 27.4020 ml 65.465
CT-68-1-1 1-1-AP | Traversing Absorbent Paper 13.2 sq.cm 16.265
Tower 68, Riser Cell F, Fan Cell 2
CT-68-2-1 2-1-a 1st Impinger & Probe Rinse 25.3218 ml 1.598
CT-68-2-1 2-1-b Second Impinger Content 25.9171 ml 9.353
CT-68-2-1 2-1-c Third Impinger and Filter 28.1114 m1 0.200
CT-68-2-1 2-1-AP | Traversing Absorbent Paper 13.2 sg.cm 15.741
Tower 68, Riser Cell E, Fan Cell 3
CT-68-3-1 | 3-1-abc | Impinger Contents & Filter 26.0679 ml 1.388
CT-68-3-1 3-1-AP | Traversing Absorbent Paper 13.2 sq.cm 8.738
Tower 68, Riser Cell F, Fan Cell U4
CT-68-4-1 | 4-1-abc | Impinger Contents & Filter 26.5272 ml 0.600
CT-68-4-1 4-1-AP | Traversing Absorbent Paper 13.2 sq.cm 11.972
Tower 68, Riser Cell G, Fan Cell 5
CT-68-5-1 5-1-abc | Impinger Contents & Filter 27.5749 ml 66.683
CT-68-5-1 5-1-AP | Traversing Absorbent Paper 13.2 sq.cm 8.379
CT-68-5-2 5-2-a 1st Impinger & Probe Rinse 23.9277 ml 6.701
CT-68-5-2 5-2-b Second Impinger Content 24 .6471 ml 1.973
CT-68-5-2 5-2-c Third Impinger and Filter 19.7954 ml 0.182
CT-68-5-2 5-2-AP | Traversing Absorbent Paper 13.2 sq.cm 6.967
CT-68-5-3 | 5-3-abc | Impinger Contents & Filter 27.2730 ml 2.902
CT-68-5-3 | 5-3-X-1 | Traversing Ion Exch. Paper 13.2 sq.cm 31.528
CT-68-5-3 | 5-3-X-2 | Traversing Ion Exch. Paper 13.2 sqg.cm 19.037
Tower 84, Riser Cell A
CT-84-A-1 A-1-a 1st Impinger & Probe Rinse 27.7122 ml 5.092
CT-84-A-1 A-1-b Second Impinger Content 24,5078 ml 1.197
CT-84-a-1 A-1-c Third Impinger and Filter 29.0468 ml 0.451
CT-84-A-1 A-1-AP | Traversing Absorbent Paper 13.2 sq.cm 4.376
CT-84-A-2 | A-2-abc | Impinger Contents & Filter 26.3708 ml 0.708
Tower 84, Riser Cell B
CT-84-B-1 | B-l1-abc | Impinger Contents & Filter 18.8088 ml 1.581
CT-84-B-1 B-1-AP | Traversing Absorbent Paper 13.2 sq.cm 8.031
CT-84-B-2 | B-2-abc | Impinger Contents & Filter 24,6307 ml 0.529
CT-84-B-2 B-2-XP | Traversing Ion Exch. Paper 13.2 sq.cm 8.424
(continued)



TABLE 3.8. (continued)
Total Total
Chromium Chromium
Run Sample Sample By NAA By GFAA
Number Number Sample Type Size (ug) (ug)
Tower 84, Riser Cell C
CcT-84-C-1 C-1-a 1st Impinger & Probe Rinse 25.6174 ml 10.663
CcT-84-C-1 C-1-b Second Impinger Content 25.4790 ml 2.172
CT-84-C-1 C-1-c Third Impinger and Filter 25.9525 ml 0.423
CT-84-C-1 C-1-AP Traversing Absorbent Paper 13.2 sq.cm 3.339
CT-84-C-1 | C-2-abc | Impinger Contents & Filter 26.5968 ml 0.554
CT-84-C-1 C-2-XP Traversing Ion Exch. Paper 13.2 sq.cm 3.115
Tower 84, Riser Cell D
CT-84-D-1 |D-1-abc |-Impinger Contents & Filter 24,1260 ml 0.4588 -
CT-84-D-1 D-1-AP | Traversing Absorbent Paper 13.2 sqg.cm 2.986
CT-84-D-2 | D-2-abc | Impinger Contents & Filter 24.8029 ml 21.540
CT-84-D-2 D-2-XP | Traversing Ion Exch. Paper 13.2 sq.cm 3.364
Particle Sizing, Riser Cells A, D, E, F, and G
CT-68-DI-1 | DI-1-p | Disc Train Probe Rinse 24.8876 ml 4.086
CT-68-DI-1 DI-1 Disc Train Imp. & Filter 28.5310 ml 1.525
CT-68-DI-2 { DI-2-p | Disc Train Probe Rinse 26.1345 ml 2.630
CT-68-DI-2 Di-2 Disc Train Imp. & Filter 28.7162 ml 71.316
CT-68-DI-3 | DI-3-p | Disc Train Probe Rinse 24.9680 ml 3.796
CT-68-DI-3 DI-3 Disc Train Imp. & Filter 25.4153 ml 28.399
CT-84-DI-4 | DI-4-p | Disc Train Probe Rinse 24,4289 ml 0.849
CT-84-DI-4 DI-4 Disc Train Imp. & Filter 24,5252 ml 1.339
CT-84-DI-5 | DI-5-p | Disc Train Probe Rinse 24,1451 ml 1.785
CT-84-DI-5 DI-5 Disc Train Imp. & Filter 24.1605 ml 0.670
CT-68-Nz-1 NZ-1 Nozzle Train Imp. & Filter 24,8408 ml 9.866
CT-68-Nz-2 NZ-2 Nozzle Train Imp. & Filter 22.1188 ml 69.744
CT-68-NZ-3 NZ-3 Nozzle Train Imp. & Filter 27.6306 ml 34.914
CT-84~-NZ-4 NZ-4 Nozzle Train Imp. & Filter 27.7520 ml 9.970
CT-84-NZ-5 NZ-5 Nozzle Train Imp. & Filter 21.7376 ml 6.385
Blanks and Quality Assurance Samples
* Sample Train Blank 0.1
* 1st.Imp. and Probe Rinse Blank 0.1
* 2nd. Impinger Blank 0.04
* 3rd Imp. and Filter Blank 0.02
Blank-AP | Adsorbent Paper Blank 13.2 sq.cm 0.075
Blank-XP | Ion Exch. Paper Blank 13.2 sq.cm 0.304
QA-1 QA Sample 1, 7.5 ug Cr+6 on AP | 13.2 sq.cm 2.841
QA-2 QA Sample 2, 7.5 ug Cr+6 on XP | 13.2 sqg.cm 4.983 ]
QA-3 | QA Sample 3, 7.5 ug/ml Cr+6 -- 7.4 ug/ml
QA-4 QA Sample 4, 7.5 ug Cr+6 2.0 ml 6.23
QA-5 QA Sample 5, 150 ng/ml Cr+6 -- 153 ng/ml
QA-6 QA Sample 6, 150 ng Cr+6 25.0 ml <0.05

* Blank values calculated from GFAA results for samples:

Blank 1, and Blank 2.
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was first solubilized using nitric acid so that the GFAA analysis, which meas-

ures only soluble chromium, would yield results for total chromium. A small

correction factor was added to the sample results to account for a prior NAA

analysis of a small aliquot of each sample (see example calculations in

Appendix A).
Prior to analysis, each sample was concentrated down in a glass beaker and

then transferred to another container. Each beaker used was then treated with

aqua regia to solubilize any residual chromium remaining after sample
transfer. This aqua regia solution (beaker residue) was also analyzed by
GFAA. Thus, thehanalytical results presented for total chromium in each
impinger sample is the sum of the total chromium for the sample measured by
GFAA (with the NAA correction factor) and the residual chromium recovered from
the sample concentration beakers measured by GFAA (see example calculations in
Appendix A).

The sampling train collection efficiencies (for runs 68-2-1, 68-5-2,
84-A-1, and 84-C-1) are presented in Table 3.9. The collection efficiency for

all runs showed greater than 93% of the chromium being collected in the first

and second impingers.

TABLE 3.9. SAMPLING TRAIN (IMPINGER) COLLECTION EFFICIENCY
Date Run 1st Imp. Cumulative 2nd Imp. Cumulative | 3rd Imp. Cumulative
(1986) No. Catch, ug | 4 of Catch | Catch, ug| % of Catch |Catch, ug | % of Catch
9/1 CT-68-2-1| 1.598 14.33% 9.353 98.21% 0.200 100.00%
9/1 | CT-68-5-2| 6.701 75.67% 1.973 97.94% 0.182 100.00%
9/h CT-84-A-1] 5.092 75.55% 1.197 93.31% 0.451 100.00%
9/4 CT-84-C-1[10.663 80.43% 2.172 96.81% 0.423 100.00%

3.3.3 Absorbent Papers and Ion Exchange Papers

The analytical results for the absorbent paper and ion exchange paper

measurements are also presented in Table 3.8.
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47 mm papers were submitted directly to NCSU for NAA. The results in Table 3.8
are also blank corrected using the analytical results for blank papers

(Blank-AP and Blank-XP).

3.3.4 Blanks and Quality Assurance Samples

The results of the analyses for the blanks and the quality assurance sam-~
ples are also presented in Table 3.8. There were two blanks for the impinger
train samples. The first type of blank was measured and used to correct the
values for impinger train samples containing a Teflon filter. This blank
consisted of a biank Teflon filter identical to the ones used in the sampling
trains and 500 ml of DI water concentrated to approximately 25 milliliters.
The second type of blank was measured and used to correct the values for the
impinger train efficiency samples consisting of liquid only. The second blank
consisted of 500 ml of DI water concentrated to approximately 25 milliliters.

Blanks for the cooling water analysis consisted of a DI water blank
filtered through a 1.0-um pore size Teflon filter with the filtrate being
collected for analysis. The filter and a 1.0-ml aliquot of the DI water
filtrate were submitted separately for analysis. Ion exchange and absorbent
paper blanks were also measured by NAA to correct for the screening method
sampling (see Section 3.4). The results of the analyses of the quality
assurance samples (audit samples described above) are presented in Table 3.8

and discussed in Section 5.0.

3.4 ABSORBENT PAPER AND ION EXCHANGE PAPER SAMPLING

Sampling protocols using absorbent (filter) paper (AP) and ion exchange
paper (XP) were evaluated in an effort to develop a screening method for
cooling tower emission testing. The absorbent papers and ion exchange papers
were loaded in a device similar to the sensitive paper holder, and were exposed

3-22



to the fan stack exhaust by being attached to the traversing impinger train.
The traversing papers allowed the use of the impinger train results as a
reference to determine the sample collection efficiency of both types of

paper. Other AP's and XP's were loaded in a sensitive paper holder and exposed
to the stack exhaust at a single point. The catch of total chromium on the
papers was determined by placing them directly into 2-ml vials and submitting
the vials for NAA.

PMRa‘s for total chromium for the paper tests were calculated using the
exposed area of the paper (diameter of 41 mm). Some of these results are
presented in Tabie 3.10 for comparison with the PMRa's calculated for the
impinger train samples. (The hexavalent-to-total chromium ratios determined
for the cooling water samples can be used to calculate a hexavalent chromium
PMRa for the AP's and XP's.) The PMRa values for the AP's and XP's were lower
than the corresponding PMRa's for the impinger trains. This low bias may be
explained by the 30 um cut size calculated for the paper sampling techniques,
with only particles greater than 30 um being collected, and the association of
the majority of the chromium emissions with particles less than 15 um (see
Section 3.2.2).

A separate report will be prepared summarizing the results of the screening
tests conducted at all the cooling towers tested. The evaluation of the use of
sodium bromide as a surrogate for cooling tower emission tests will also be

summarized in the screening test summary report.

3.5 DRIFT RATE DETERMINATION

Drift rates for each sampling run were calculated as a percent of water
flow to the individual fan cells being tested (see Appendix A). The water flow
measurements made by ESC are presented in Table 3.4. The water flow values

used to calculate the drift rates were determined by dividing the total water
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TABLE 3.10.

COMPARISON OF MEASUREMENT METHODS FOR TOTAL CHROMIUM EMISSIONS

Run
Number

Pollutant Mass Rate by Ratio of Areas (mg/hr)

Total Chromium
by Impinger Train
(GFAA)

Total Chromium by Absorbent

and Ion Exchange Papers
(NAA)

Cooling Tower 68, Counterflow Section, Riser Cell E and F, Fan Cells 1, 2, 3 and 4

CT-68-1-1 25,060 149.8
CT-68-2-1 4,115 145.0
CT-68-3-1 528 80.5
CT-68-4-1 275 110.3
Average 7,495 121.4
Cooling Tower 68, Crossflow Section, Riser Cell G, Fan Cell 5
CT-68-5-1 58,560 175.1
CT-68-5-2 7,300 145.6
CT-68-5-3 2,550 1057 *
Average 22,803 160.3
Cooling Tower 84, Riser Cell A
CT-84-A-1 4,244 69.2
CT-84-A-2 427
Average 2,336 69.2
Cooling Tower 84, Riser Cell B
CT-84-B-1 689 127.0
CT-84-B-2 229 133.2 **
Average 459 130.1
Cooling Tower 84, Riser Cell C
CT-84-C-1 8,418 52.8
CT-84-C-2 365 4g 2 **
Average 4,392 51.0
Cooling Tower 84, Riser Cell D
CT-84-D-1 210 7.2
CT-84-D-2 9,808 53.2 **
Average 5,054 50.2

* Ion exchange paper; results not included in cell average.
** Jon exchange paper; results included in cell average.
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flow to the riser by the number of individual fan cells (one or two), because
the PMRa values used to calculate the drift rates were for individual fan
cells. The drift rates from the impinger train results and the AP and XP
results were calculated using the PMRa for total chromium and the total
chromium in the cooling water at the time of the sampling run. It was assumed
that the concentrgtion of chromium in the drift was the same as the
concentration of chromium in the cooling water. The drift rates for the

impinger train samples and the AP samples were calculated using the following

formula:

% Drift Rate = Cr PMRa {(mg/hr) x 1 hour/60 minutes x 1009

Cr in water (mg/l) x water flow (gpm) x 3.785 L/gal

The calculated drift rates for each run are presented in Table 3.11.

Drift rate as a percent of water flow was also calculated using the mass
emission rate of drift (not chromium) determined by the ESC SP method. The ESC
method is used here for comparison purposes only, as it is not being considered
for use as an EPA reference method. The drift was assumed to have a specific
gravity of 1 gram per milliliter (g/ml). The drift rate was calculated from

the ESC data using the following formula:

mass emission rate (g/sec) x 60 sec/min

1 g/ml x water flow (gpm) x 3785.3 ml/gal

% Drift Rate =

x 1007%

The calculated drift rates from the SP results are also presented in Table 3.11
as the average fan cell drift rates for each riser cell tested.

The average drift rates calculated using the impinger train mass emission
rates for riser cells E and F, G, A, B, C, and D were 0.1063%, 0.1874%,
0.0248%, 0.0045%, 0.0390%, and 0.421%, respectively. They averaged 0.1469% and

0.0276% for the riser cells on cooling towers 68 and 84, respectively.
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TABLE 3.11. COMPARISON OF MEASUREMENT METHODS FOR DRIFT RATES

Drift Rate As A Percent Of Water Flow
Absorbent and Ion Sensitive
Run Impinger Train Exchange Paper Paper
Number (GFAA) (NAA)
Cooling Tower 68, Counterflow Section, Riser Cell E and F
CT-68-1-1 0.3444% 0.0021% 0.0047%
CT-68-2-1 0.0681% 0.0024% 0.0103%
CT-68-3-1 0.0089% 0.0013% 0.0072%
CT-68-4-1 0.0039% 0.0016% 0.0040%
Average 0.1063% 0.0019% 0.0066%
Cooling Tower.68, Crossflow Section, Riser Cell G, Fan Cell 5
CT-68-5-1 0.4842% 0.0014%
CT-68-5-2 0.0574% 0.0011%
CT-68-5-3 0.0205% 0.0085% *
Average 0.1874% 0.0013% 0.0045%
Cooling Tower 84, Riser Cell A
CT-84-A-1 0.0452% 0.0007%
CT-84-A-2 0.0045%
Average 0.0248% 0.0007% 0.0009%
Cooling Tower 84, Riser Cell B
CT-84-B-1 0.0068% 0.0013%
CT-84-B-2 0.0022% 0.0013%
Average 0.0045% 0.0013% 0.0006%
Cooling Tower 84, Riser Cell C
CT-84-C-1 0.0749% 0.0005%
CT-84-C-2 0.0031% 0.0004%
Average 0.0390% 0.0005% 0.0005%
Cooling Tower 84, Riser Cell D
CT-84-D-1 0.0019% 0.0004%
CT-84-D-2 0.0823% 0.0004%
Average 0.0421% 0.0004% 0.0008%

¥Results not included in cell average.
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The drift rates calculated using the AP and XP data and the SP results show
a low bias compared to the impinger results and good agreement between the two
methods themselves._ The differences between the AP (and XP) and SP results and
the impinger results may be explained based on the observations made by SoRI.
Both the SP and other paper techniques may significantly underestimate the
small droplet flux downstream of high-efficiency drift eliminators. The
possibility also exists that the assumption made for calculating drift on
chromium emissions is incorrect and the concentration of chromium in the drift
throughout the particle size range is not the same as the concentration of

chromium in the cooling water.
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4,0 SAMPLING LOCATIONS AND TEST METHODS

This section describes the sampling locations and test methods used to
characterize emissions from the two cooling towers tested at the Exxon Refinery
in Baytown, Texas. The schematics of cooling tower Nos. 68 and 84 and relative
sampling locations are shown in Figures 4.1 and 4.2, respectively. The fan
stacks shown in éigures 4.1 and 4.2 have been systematically assigned numbers
or letters for identification purposes only. Emissions from the fan cell
stacks of both cooling tower Nos. 68 and 84 were sampled to measure chromium
emission and drift rates, drift size distribution, and exhaust gas velocity.

In addition, the water flow rate to each riser cell in both cooling towers was
measured and water samples were taken for analysis for hexavalent and total
chromium. Meteorological conditions were monitored and data collected using a
portable weather station set up adjacent to each cooling tower. The sampling
plan for both cooling towers is presented in Table 4.1. The subsections that

follow further describe each sampling location and the applicable test methods.

4.1 COOLING TOWER NO. 68 OUTLETS, COUNTERFLOW RISER CELLS E AND F,
STANDARD EFFICIENCY DRIFT ELIMINATORS (SAMPLING LOCATION A)

Emissions testing for chromium and drift emissions, and drift size
distribution determinations by several methods were conducted over the four fan
cell stacks (Nos. 1 through 4, see Figure 4.1) on the counterflow section of
cooling tower No. 68. As shown in Figure 4.1, each counterflow riser cell for

this section of cooling tower No. 68 has two fan cells; fan cells 1 and 4
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TABLE 4.1.

SAMPLING PLAN FOR COOLING TOWERS NO. 68 AND 84

EXXON COMPANY, BAYTOWN REFINERY

Sampling Number
Sample Type Location of Runs Methods
Total Chromium A, B, D 3 (A) EPA Method 13-type impinger
& Drift Emissions 2 (B) train with GFAA analysis
6 (D)
Total Chromium A, B, D 1 (A) EPA Method 13-type impinger
Chromium & Drift 1 (B) train with GFAA analysis;
Emissions ) 2 (D) filters and impingers recovered
separately for collection
efficiency check
Drift Size A, B, D 1 or more at Aligned nozzle and disc
Distribution and each location trains with GFAA and NAA
Drift Rate Determi- analysis; absorbent paper
nation with NAA analysis; sensitive
paper with microscopic analysis
Recirculating C, E Single point Calibrated pitot tube traverse
Water Flowrate check before
each run; must
be within 10%
of initial
determination
by complete
traverse
) +6 +3 .
Cooling Water C, E 3 grab samples | Cr = and NAA (Cr -) analysis
Samples per run com-
bined into
one composite
sample
Meteorological Local Hourly Dry, wet bulb temperatures,
Data

humidity, wind speed, and wind
direction
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are associated with riser cell E and fan cells 2 and 3 are associated with
riser cell F.

Each fan cell stack was approximately 18 feet in diameter at the plane of
the fan blade. Sampling probes connected to sampling train boxes containing
impingers and filter were introduced into the fan cell exhaust and were
suspended from a monorail to facilitate traversing the stack. Three fan cell
stacks (numbered 1, 2, and 3) were 3 feet in height and were 219 inches in
diameter at the plane of the nozzle and train. The fan cell No. § was 15 feet
in height and 244 inches in diameter at the plane of the nozzle and train. The
propeller anemométer used to measure the axial component of the exhaust flow
was located 3 to 5 inches above the sampling point.

A Method 13-type impinger train was used for chromium and drift emissions
sample collection. The fan cell stacks were traversed along one axis at 12
points following the draft method (Appendix C). Each of the 12 points was
sampled for 10 minutes for a total of 120 minutes of sampling per run. One run
was conducted at each fan cell stack. The sampling run conducted at fan cell
stack No. 2 had the impinger contents and filter recovered separately for a
collection efficiency check.

Paired train test runs using the "disc" and "aligned nozzle" particle
sizing trains (see Section 4.11) were also conducted. The first run was
conducted for 120 minutes at a single point over riser cell E in addition to
120 minutes of sampling at a single point over riser cell F. The second paired
test train was conducted for 240 minutes at a single point over riser cell F
only.

Sensitive paper (SP) (see Section 4.12) size distribution testing was
conducted once at each sampling location. Sensitive papers of 47 mm diameter
were exposed at each test point. Exposure times were selected in order to
produce samples with a sufficient number of stains to allow confidence in the
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resultant droplet size distribution, and also to prevent overlapping stains.
Local updraft air velocity values were taken at each sampling point using a
Gill propeller anemometer and a Fluke digital multimeter.

Absorbent paper (AP) and ion exchange paper (XP) (see Section 4.13) samples

were collected during each run at various sampling points.

4,2 COOLING TOWER NO. 68 OUTLETS, CROSSFLOW RISER CELL G, STANDARD
EFFICIENCY DRIFT ELIMINATOR (SAMPLING LOCATION B)

Emissions testing for chromium and drift emissions and drift size
distribution determinations by several methods were conducted directly over the
fan cell stack (&o. 5, see Figure 4.1) on the crossflow section of cooling
tower No. 68.

The fan cell stack was approximately 24 feet in diameter at the plane of
the fan blade with a height of 18 feet. Sampling probes connected to sampling
train boxes containing impingers and filter were introduced into the fan
exhaust and were suspended from a monorail to facilitate traversing the stack.
The cell stack was 330 inches in diameter at the plane of the nozzle and
train. The propeller anemometer used to measure the axial component of the
exhaust flow was located 3 to 5 inches above the sampling point.

A Method 13-type impinger train was used for chromium and drift emissions
sample collection. The fan cell stack was traversed along two perpendicular
axes with a single traverse and twelve sampling points on each axis following
the draft method {(Appendix C). Each of the 12 points on each traverse axis was
sampled for five minutes for a total of 120 minutes of sampling per run. Three
sampling runs were conducted with the impinger contents and filter from one run
recovered separately for a collection efficiency check.

One paired train run was conducted using the "disc" and "aligned nozzle"
particle sizing trains (see Section 4.11) at a single point in the fan cell
stack for a total of 240 minutes.
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Sensitive paper (SP) (see Section 4.12) size distribution testing was
conducted once at this sampling location. Sensitive papers of 47 mm diameter
were exposed at each test point. Exposure times were selected to produce
samples with a sufficient number of stains to allow confidence in the resultant
droplet size distribution while avoiding overlapping stains. Local updraft air
velocity values were taken at each sampling point using a Gill propeller
anemometer and a Fluke digital multimeter.

Absorbent paper (AP) and ion exchange paper (XP) (see Section 4.13) samples

were collected during each run at various sampling points.

4.3 COOLING TOWER NO. 68 RECIRCULATING WATER PIPES (SAMPLING LOCATION C)
Circulating water flow rate was determined by traversing the hot water
riser pipe of each riser cell tested using a calibrated pitot tube. A complete

traverse was made initally on each recirculation pipe and then a subsequent
single point check was made prior to each run. The single point check was
considered sufficient if the measured value was within 10% of the value
determined by the initial complete traverse. If the measured value was over
ilO% of the initial value, a complete traverse was performed again. The pitot
tube traverse procedure and calibration data can be found in Appendices C and
D, respectively.

During each emissions test run, a recirculating cooling water sample was
taken from the hot water riser pipe of each riser cell tested. These samples
were taken by hand and stored in 500 ml glass jars. Each sample was analyzed
by RTI for hexavalent chromium {(wet chemical method) and total soluble chromium
by ICAP. Aliquots of each water sample were filtered through 1.0 um Teflon
filters. Both the filter residue and the filtrate were analyzed by NCSU for

total chromium by neutron activation analysis (NAA).
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4.4 COOLING TOWER NO. 84 OUTLETS, COUNTERFLOW RISER CELLS A, B, C, AND D,
HIGH EFFICIENCY DRIFT ELIMINATORS (SAMPLING LOCATION D)

Emissions testing for determination of chromium and drift emissions and
drift size distribution using several methods was conducted at each of four fan
cells on the counterflow cooling tower No. 84. A schematic of the sampling
locations for cooling tower No. 84 is shown in Figure 4.2. As shown in Figure
4.2, there is only one fan cell associated with each riser cell.

The fan cell stacks were identical in construction, approximately 24 feet
in diameter at the plane of the fan blade, and 18 feet in height. Sampling
probes connectednto sampling train boxes containing impingers and filter were
introduced into the fan cell exhausts and were suspended from a monorail to
facilitate traversing the stack. The cell stacks were 287 inches in diameter
at the plane of the nozzle and train. The propeller anemometer used to measure
the axial component of the exhaust gas flow was located 3 to 5 inches above the
sampling point.

A Method 13~type impinger train was used for chromium and drift emissions
sample collection. Each fan cell stack was traversed along one axis at 12
points following the draft method (Appendix C). Each of the twelve points was
sampled for 10 minutes for a total sampling time of 120 minutes per run. Two
runs were conducted per fan cell stack with two of these runs (one on riser
cell A and one on riser cell C, see Figure 4.2) having the impinger contents
and filter recovered separately for an efficiency check.

Paired train test runs using the "disc" and "aligned nozzle" particle
sizing trains (see Section 4.11) were also conducted. One such run was
conducted at a single point over the fan cell stack of riser cell A and the
other was conducted at a single point over riser cell D. Both paired train

runs were 240 minutes in length.
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Sensitive paper (SP) (see Section 4.12) size distribution testing was
conducted once at each sampling location. Sensitive papers of 47 mm diameter
were exposed at each test point. Exposure times were selected to produce
samples with a sufficient number of stains to allow confidence in the resultant
droplet size distribution, and to prevent overlapping stains. Local updraft
air velocity values were taken at each sampling point using a Gill propeller
anemometer and a Fluke digital multimeter.

Absorbent paper (AP) and ion exchange paper (XP) (see Section 4.13) samples

were collected during each run at various sampling points.

4.5 COOLING TOWER NO. 84 RECIRCULATING WATER PIPES (SAMPLING LOCATION E)
Circulating water flow rate was determined by traversing the hot water
riser pipe of each riser cell tested using a calibrated pitot tube. A complete
traverse was made initially on each recirculation pipe and then a subsequent

single point check was made prior to each run. The single point check was
considered sufficient if the measured value was within 10% of the value
determined by the initial complete traverse. If the measured value was over
110% of the inital value, a complete traverse was performed again. The pitot
tube traverse procedure and calibration data can be found in Appendices C and
D, respectively.

During each emissions test run, a recirculating cooling water sample was
taken from the hot water riser pipe of each riser cell tested. These samples
were taken by hand and stored in 500 ml glass jars. Each sample was analyzed
by RTI for hexavalent chromium (wet chemical method) and total soluble chromium
by ICAP. Aliquots of each water sample were filtered through 1.0 um Teflon
filters. Both the filter residue and the filtrate were analyzed by NCSU for

total chromium by neutron activiation analysis (NAA).
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4.6 AMBIENT METEOROLOGICAL STATION

A portable meteorological station was assembled and operated continuously
on the ground approximately 100 feet from each cooling tower tested to monitor
ambient conditions at the time of sampling. Wind speed and direction were
measured using a cup anemometer and directional anemometer. Ambient wet
bulb/dry bulb temperatures were obtained using a psychrometer. Meteorological

data collected are summarized in Chapter 2.

4.7 VELOCITY AND GAS TEMPERATURE

A propeller énemometer was used to determine the total flow velocity in the
axial direction at each sampling point as described in the draft test method
(see Appendix C). The temperature at each sampling point was measured using a

thermocouple and digital readout.

4.8 MOLECULAR WEIGHT
Flue gas composition was essentially that of the ambient air drawn into the
cooling tower via the fan. Therefore, the dry molecular weight and composition

of air was used.

4.9 CHROMIUM COLLECTED BY IMPINGER TRAINS

Method 5-type sampling procedures, as described in the Federal Register,*

were used with the Method 13-type trains to measure chromium and drift
emissions at each emissions sampling location (see the draft test method in
Appendix C). Sampling trains consisted of a heated, glass-lined probe and a
series of Greenburg-Smith impingers (two containing 100 ml of deionized-

distilled water, one empty, and one with silica gel) with a 3-inch nominal

*40 CFR 60, Appendix A, Reference Methods 2, 3, and 5, July 1, 1980.
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Teflon filter located between the third and fourth impinger. A deionized-
distilled water rinse of the nozzle, probe, appropriate filter holder portions,
and impingers of the sampling train was made at the end of each test. This
rinse, the impinger contents, and the filter were combined and stored in a

500 ml glass jar, except for the four sampling runs on which collection
efficiency checks were made. For these four runs, the rinse, impinger
contents, and filter were stored and analyzed separately.

The samples were typically concentrated to approximately 25 ml in a 500 ml
glass beaker and then were transferred to another container. The 500 ml
beakers used to concentrate the samples were treated with aqua regia to
solubilize residual chromium and these solutions were treated as separate
samples. The total chromium content of the impinger samples (after solubili-
zation of the chromium with nitric acid) and the total chromium content of the
solution containing the residual chromium from the beakers was determined by
RTI using graphite furnace atomic absorption (GFAA). The total chromium catch
for each impinger run is the sum of the total chromium content in the
corresponding impinger sample and the total chromium content solubilized from

the appropriate beaker using aqua regia.

4.10 CHROMIUM IN COOLING WATER

Cooling water samples collected were analyzed by RTI for hexavalent
chromium using the diphenylcarbazide wet chemical method. Also, a 10-ml
aliquot of the cooling water was filtered through a Teflon filter with a 1.0-um
pore size, and the residue (trivalent chromium) and the filter were analyzed
for total chromium by NAA. A flow chart for the analysis of cooling water

samples is presented in Figure 4.3.
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COOLING WATER

SAMPLE
100 m1 Aliguot 10 m1 Aliquot
TEFLON FILTER
1.0 um Pore Size
Filter
\.4
CHROMIUM NAA for
ANALYSIS CHROMIUM
(Hexavalent) (Trivalent)

FIGURE 4.3. FLOW CHART FOR ANALYSIS OF COOLING WATER SAMPLES.
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4,11 DRIFT SIZING USING ALIGNED NOZZLE AND DISC TRAINS

Paired aligned nozzle and disc trains were used to estimate the percent
chromium in drift particles smaller than a certain size. The disc train
consisted of the impinger train set-up described in Section 4.9 with the
exception that no nozzle was attached to the probe and a plexiglass disc was
attached in the plane of the flow around the opening of the probe. This
configuration was designed to collect the majority of drift particles less than
a certain diameter.

The aligned nozzle train was run at the same time as the disc train at the
same single sampiing point to serve as a reference measurement for collection
of all sizes of drift particles. It was identical to the impinger train used.
The nozzle was aligned directly with the flow at the point sampled; the exact
flow direction and delta P at that point was determined using a three-dimen-
sional pitot tube.

The catches from each train were analyzed as previously described for the

chromium emissions and drift testing.

4,12 SENSITIVE PAPER TESTING

Sensitive paper (SP) testing was used to measure drift rate and size
distribution. The SP testing relies on droplet collection by inertial
impaction on water-sensitive paper held perpendicular to the flow. This paper
is chemically treated so the impinging droplet generates a well-defined blue
stain on the pale yellow background of the paper. The size and shape of the
stain and the droplet size were correlated by calibrating the SP system with a
mono-disperse water droplet generator over a range of droplet sizes and
impaction velocities.

Processing of exposed SP's consisted of measuring the stain diameters using
a microscope and a semi-automated GRAF PEN digitizer linked to a microcomputer
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which groups stain counts by size range. A computer program employing
calibration curves for specific droplet sizes and impaction velocities was used
to correlate stains with their original droplet sizes. In addition, a
correction factor was applied which incorporated the collection efficiency of

each droplet size range.

4,13 ABSORBENT PAPER AND ION EXCHANGE PAPER TESTING

Absorbent paper (Whatman™ 541 filter paper) held in a sensitive paper
sampling device was attached to each traversing impinger train to collect drift
emissions. This-was part of an effort to evaluate screening techniques for
cooling tower testing. The sensitive paper device and absorbent paper were
positioned on the probe of the impinger train and were exposed so as to collect
drift emissions during the 120 minutes of impinger train sampling. Absorbent
paper samples were analyzed for total chromium by NAA.

Ion exchange paper (Schleicher and Schuell™ DEAE (Diethylaminoethyl)
cellulose membrane filter paper) was also used in the SP device to collect
drift emissions as part of the effort to evaluate screening techniques for
cooling towers. The positively charged papers were exposed at traverse points

as well as at single stationary points in order to collect ions entrained in

the drift emissions. The ion exchange paper samples were analyzed for total

chromium by NAA.
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5.0 QUALITY ASSURANCE

Because the end product of testing is to produce representative emission
results, quality assurance is one of the main facets of stack sampling.
Quality assurance guidelines provide the detailed procedures and actions
necessary for defining and producing acceptable data. Two such documents were
used in this tes£ program to ensure the collection of acceptable data and to
provide a definition of unacceptable data. These documents are the EPA Quality
Assurance Handbook Volume III, EPA-600/4-77-027 and Entropy's "Quality
Assurance Program Plan," which has been approved by the U. S. EPA, EMB.

Relative to this test program, the following steps were taken to ensure
that the testing and analytical procedures produce quality data.

® Calibration of field sampling equipment. (Appendix D describes

calibration guidelines in more detail.)

@ Checks of train configuration and calculations.

] On-site quality assurance checks of sampling train components.

6 Use of designated analytical equipment and sampling reagents.

Pre- and post-test calibrations were performed for each of the meter boxes
used for sampling. Calibrations were also performed for the temperature
sensing equipment, nozzles, water flow pitot tubes, anemometer sensor, and the
entire propeller anemometer apparatus. Appendix D includes the calibration
data sheets for each dry gas meter used for testing and data sheets for the

calibrations of the other sampling equipment mentioned.



An on-site audit was performed on the meter boxes used for sampling and
the data are summarized in Table 5.1. Entropy used the procedures described

in the December 14, 1983 Federal Register (48F255670).

TABLE 5.1. METER BOX CALIBRATION AUDIT

Pre-Audit Allowable Error | Calculated | Within Allowable
Meter Box No. Y Value 0.97Y<Y<1.03Y Yc Limits
N-6 . 1.0123 0.9819 - 1.0427 1.0124 V//
N-10 0.9847 0.9552 - 1.0142 1.0028 1///
N-12 1.010 0.9797 - 1.0403 |  0.9866 1
N-14 1.005 0.9749 - 1.0352 1.0173 1///

Audit solutions were used to check the analytical procedures of the labor-
atories conducting the chromium analyses. Table 5.2 presents the results of
these analytical audits.

The sampling equipment, reagents, and analytical procedures for this test
series were in compliance with all necessary guidelines set forth for accurate

test results as described in Volume III of the Quality Assurance Handbook.
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TABLE 5.2. AUDIT REPORT CHROMIUM ANALYSIS

Plant: Exxon - BAaviown, 1X Task No.: 3505

Date Samples Received: Date Analyzed: /ol/g(p

Samples Analyzed By: < /.1 . NCS U

Reviewed By: 2 (ropst, T, Weaver Date of Review: /o /SQ
Sample g aL Source of | Analvtical Audit | Relative
Number ce*® or or Sample Technique velue | Error. ¥
QA-1 | 78wy ™ | pav/reg NAA 284] |"62./
QA-2 | 7.5 wy Cr | QabJEET NAA 4,993 |- 33.¢
QA3 | 2.5 ugh Gl QODJEET | GFAA 536 |- 1.87
OA-4 1754z CHlQAdEES | NAA 230 |-16.9
0A-5 045 whi (% Dd)ec) | GEp A 053 |42.0
RA-6 lous wy (r | OADJEsT | NAA 005 | F67.0

ot
I
w
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TEST RESULTS AND EXAMPLE CALCULATIONS
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PLANT EXXON DATE

SAMPLING LOCATION CT 68 FAN CELL #1 RUN NUMBER

JPERATOR TMS NOZZLE #

JAR.PRESS.,in Hg 30.2500 NOZZLE DIAMETER, inches

STATIC PRESS.in H20 0.0000 METER BOX NUMBER

_EAK TEST VACUUM,in.Hg 15.0000 METER BOX "He@

_EAK RATE,CFM 0.0010 ASSUMED MOISTURE, %

ANALYTICAL RESULTS DATA

RUN START TIME 1417 TOT VOL. K20 COLL.(ml)

RUN STOP TIME 1623 TOTAL CATCH -

FOTAL NET RUN TIME (Minutes) 120 HEXAVALENT CHROMIUM (GFAA)

>ITOT TUBE COEFFICIENT 0.840 TOTAL CATCH -

GAS METER CALIB. FACTOR (Y) 1.002 TOTAL CHROMIUM (GFAA)

2ST. DRY MOL. WT.(Lb/Lb-Mole) 28.8¢4 TOTAL CATCH -

3TACK/DUCT AREA (in2) 37,688.0
Sample Sample Dry Gas Pitot Vel Orifice “H Gas Meter Pump Pitot Imp.Exit
Point Time Meter Reading Head (in.H20) Temp. Vac. Anemometer Temp.
No. (min) (Cu.Ft) (in.H20) 1Ideal Actual (deg.F) (in.Hg) (so)MV (deg.F)
A-1 o/0 748.104 0.110 0.450 0.450 90 k.o 330 55
A-2 5 750.130 0.110 0.450 0.450 90 4.0 330 58
A-3 10 752.280 0.24h0 0.950 0.950 90 6.0 480 57
A-4 15 754.980 0.300 1.190 1.190 91 7.0 540 57
A-5 20 757.980 0.290 1.130 1.130 92 7.0 525 56
A-6 25 761.250 0.280 1.100 1.100 93 6.0 520 56
A-7 30 764.730 0.220 0.870 0.870 94 6.0 460 58
A-8 35 767.320 0.200 0.790 0.790 94 5.0 Li0 57
A-9 4o 769.940 0.140 0.560 0.560 93 5.0 370 58
A-10 45 772.350 0.110 0.450 0.450 93 h.o 330 59
A-11 50 774.140 0.040 0.150 0.150 93 2.0 195 59
A-12 55 775.480 0.050 0.180 0.180 93 3.0 210 61
B-1 60 776.730 0.040 0.170 0.170 93 3.0 205 60
B-2 5 777.930 0.040 0.150 0.150 92 2.0 193 60
B-3 10 779.040 0.030 0.100 0.100 92 2.0 159 59
B-4 15 780.070 0.070 0.280 0.280 93 3.0 263 61
B-5 20 781.680 0.220 0.860 0.860 93 6.0 465 58
B-6 25 784.310 0.140 0.760 0.760 94 6.0 435 58
B-7 30 786.480 0.140 0.540 0.540 94 5.0 366 61
B-8 35 788.880 0.190 0.730 0.730 93 6.0 424 63
B-9 40 791.320 0.290 1.120 1.120 93 7.0 529 62
B-10 45 794.370 0.290 1.160 1.160 94 7.0 535 62
B-11 50 797.710 0.100 0.400 0. 400 94 4.0 314 64
B-12 55 799.600 0.140 0.550 0.550 94 5.0 369 63

120/0FF 801.743
FINAL
DIFF/AVGS. 53.639 0.1429 0.629 g92.7

FIELD DATA

9-1-86
CT-68-1-1
206
0.250
N-14
1.72
2.0

hh 8

65.273 ug

65.465 ug

ug

Stack
Temp
(deg.F)
80
80
80
81
81
83
83
82
82
82
84
83
83
84
84
87
89
89
88
86
89
86
86
86

84.1

Leak
Check

0.000
0.000



PLANT

SAMPLING LOCATION
OPERATOR

BAR.PRESS..1in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,in.Hg
LEAK RATE,CFM

RUN START TIME

RUN STOP TIME

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB FACTOR (Y)

EST. DRY MOL. WT.(Lb/Lb-Mole)
STACK/DUCT AREA (in2)
Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
A-1 0/0 900.204
A-2 5 902.530
A-3 10 904.870
A-4 15 906.760
- A-5 20 908.980
A-6 25 911.420
A-7 30 913.700
A-8 35 915.110
A-9 4o 916.300
A-10 4g 917.090
A-11 50 917.980
A-12. 55 318.910
B-1 60 919.780
B-2 5 g21.040
B-3 10 922.390
B-4 15 923.720
B-5 20 925.150
B-6 25 926.510
B-7 30 928.220
B-8 35 930.480
B-9 o 932.720
B-10 4 935.300
B-11 50 937.620
B-12 55 939.990
120/0FF 942.014
FINAL
DIFF/AVGS. 41.810

FIELD DATA

EXXON
CT 68 FAN CELL #4
™S
30.2000
0.0000
15.0000
0.0020
ANALYTICAL RESULTS DATA
1229
1446
120
0.840
1.002
28.84
46,759.0
Pitot Vel Orifice “H Gas Meter
Head (in.H20) Temp.
(in.H20) 1Ideal Actual (deg.F)
0.160 0.630 0.630 93
0.130 0.490 0.490 94
0.120 0.450 0.450 94
0.140 0.540 0.540 95
0.190 0.750 0.750 96
0.130 0.500 0.500 96
0.o040 0.160 0.160 96
0.040 0.160 0.160 96
0.020 0.080 0.080 96
0.030 0.110 0.110 96
0.020 0.080 0.080 96
0.020 0.100 0.100 97
0.040 0.190 0.190 97
0.050 0.200 0.200 97
0.040 0.180 0.180 97
0.040 0.170 0.170 97
0.060 0.240 0.240 98
0.080 0.350 0.350 98
0.130 0.530 0.530 97
0.130 0.550 0.550 96
0.170 0.710 0.710 96
0.160 0.660 0.660 96
0.130 0.570 0.570 97
0.100 0.440 0.440 98
0.0811 0.368 96.2

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -~

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
4.0 398 53
3.0 352 54
3.0 332 56
3.0 367 57
4.0 435 57
3.0 354 58
1.0 199 59
1.0 203 61
1.0 139 60
1.0 162 60
1.0 143 61
1.0 155 62
2.0 209 61
2.0 215 60
2.0 204 62
2.0 197 63
2.0 237 64
3.0 283 65
3.0 349 64
3.0 355 65
4.0 403 65
4.0 389 66
4.0 362 66
3.0 318 68

9-2-86
CT-68-4-1
204
0.255
N1
1.72
2.0

4o.8
0.600 ug
0.600 ug

ug

Stack
Temp
(deg.F)
88
91
g1
91
91
91
90
91
89
89
90
89
89
88
88
89
90
89
87
86
87
87
88
88

89.0

Leak
Check

0.000
€.000



9/1.,2/86

Theta

Pbar

Delta H

Vm
tm
Vnt(std)

Vlc

Vw(std)
ZH20
Mfd

Md

Ms

Pg

Ps

ts
Delta p
vs

A

Qsd

Qaw

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Ilnches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liguid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-68-1-1
1417
1623
120
24

0.250

1.002

30.250

0.629
53.639
92.7

51.968

44.8
2.107
3.90
0.961
28.84

28.42

30.250

84

0.1429
21.60
37688.0
319,789.5
339,149.4

104.0

CT-68-4-1
1229
1446
120

24

0.840
1.002

30.200

0.368
41.81
96.2

40.161

40.8

1.922

0.954
28.84

28.34

30.200

89

0.0811
16.38
46759.0
295,672.6

319.185.2

o

103.



9/1,2/86

ug
mg/dscem
gr/dscf
1b/hr

.kg/hr

ug
mg/dsem
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX

FLUE GAS TEMPERATURE

Degrees Fahrenheit

Degrees Centigrade

AIR FLOW RATES x million

Actual Cubic Meters/hr

Actual Cubic Feet/hr

Dry Std. Cubic Meters/hr

Dry Std. Cubic Feet/hr

CONCENTRATIONS AND EMISSION RATES

HEXAVALENT CHROMIUM (GFAA)

Catch

Concentration,
Concentration,
Emission Rate,

Emission Rate,

mg/dscm-
grains per dscf
1b/hr (PMRa)

kg/hr (PMRa)

TOTAL CHROMIUM (GFAA)

Catch

Concentration,

Concentration,

Emission Rate,

Emission Rate,

mg/dscm
grains per dscf
1b/hr (PMRa)

kg/hr (PMRa)

- PMRa

cT-68-1

20

19.

65

44

-1

84.1

28.9

.5762
.3490

5433

1874

-273

.356

19.3802

55.-

25,

192

057

465
.486
437
-355

L131

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-68-4-1

89.0

31.7

0.5423
19.1511
0.5024

17.7404

0.600
0.528
0.2305
0.605

0.275

0.600
0.528
0.231
0.605

0.275

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

'AMPLING LOCATION
JPERATOR

JAR.PRESS.,in Hg
STATIC PRESS.in H20
.EAK TEST VACUUM,in.Hg
.EAK RATE,CFM

RUN START TIME
RUN STOP TIME
[OTAL NET RUKN TIME (Minutes)
SITCT TUBE COEFFICLENT

GAS METER CALIB. FACTOR (Y)
IST. DRY MOL.

STACK/DUCT AREA (in2)

Sample Sample Dry Gas Pitot Vel Orifice “H Gas Meter Pump Pitot Imp.Exit

Point Time Meter Reading Head (in.H20) Temp. Vac. Anemometer Temp.
No. (min) (Cu.Pt) (in.H20) 1deal Actual (deg.F) (in.Hg) (so)MV (deg.F)
A-1 0/0 801.832 0.020 0.080 0.080 94 2.0 * 141 58
A-2 5 802.640 0.020 0.100 0.100 94 2.0 * 153 56
A-3 10 803.520 0.030 0.100 0.100 94 2.0 * 158 55
A-4 15 804.450 0.060 0.240 0.240 94 2.0 * 241 57
A-5 20 805.730 0.140 0.550 0.550 94 4.o * 369 57
A-6 25 807.930 0.130 0.490 0.490 95 4.0 * 348 60
A-T7 30 810.110 0.170 0.660 0.660 96 5.0 * 403 62
A-8 35 812.410 0.170 0.680 0.680 97 5.0 * Lo6 60
A-9 4o 814.970 0.120 0.480 0.480 97 4o = 346 59
A-10 bs 817.020 0.110 0.410 0.410 98 4.o » 322 59
A-11 50 819.930 0.050 0.200 0.200 98 3.0 ¢ 221 60
A-12 55 820.410 0.060 0.230 0.230 97 2.0 * 240 62
B-1 60 821.860 0.020 0.080 0.080 97 1.0 * 145 62
B-2 5 822.730 0.030 0.100 0.100 96 1.0 * 158 63
B-3 10 823.570 0.190 0.750 0.750 96 5.0 * 438 61
B-4 15 826.110 0.260 1.000 1.000 96 6.0 * 503 62
B-5 20 828.920 0.170 0.680 0.680 96 5.0 * 413 63
B-6 25 831.510 0.230 0.900 0.900 96 6.0 * 475 62
B-7 30 834.510 0.200 0.800 0.800 95 5.0 * 446 64
B-8 35 836.850 0.230 0.910 0.910 95 6.0 * 476 64
B-9 Lo 839.720 0.220 0.880 0.880 96 6.0 * 464 63
B-10 4s 842.630 0.170 0.690 0.690 96 5.0 * hi2 63
B-11 50 844.970 0.110 0.420 0.420 96 4.0 = 321 64
B-12 55 846.990 0.070 0.280 0.280 96 3.0 * 263 65

120/0FF 848.758
FINAL
DIFF/AVGS. 46.926 0.1101 0.488 95.8

WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 68 FAN CELL #2
TMS

30.2500

0.0000

15.0000

0.0010

ANALYTICAL RESULTS DATA

1417
1623

120
0.840
1.002
28.84
37.,688.0

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

9-1-86
CT-68-2-1
204
0.255
N1d
1.72
2.0

43.6

11.151 ug

11.151 ug

ug

Stack
Temp
(deg.F)
81
80
81
81
84
84
85
84
90
91
91
91
92
93
96
94
91
91
87
89
85
86
86
86

87.5

Leak
Check

0.000
0.000



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,in
LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

TOTAL NET RUN TIME (Minutes)

PITOT TUBE COEFFICI
GAS METER CALIB.

EST. DRY MOL.

STACK/DUCT AREA (in2)
Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Pt)
A-1 0/0 849.072
A-2 5 850.430
A-3 10 851.710
A-4 15 853.950
A-5 20 856.390
A-6 25 858.520
A-7 30 860.890
A-8 35 863.520
A-9 4o 865.830
A-10 45 868.410
A-11 50 870.730
A-12 55 872.190
B-1 60 873.090
B-2 5 874.180
B-3 10 875.320
B-4 15 876.480
B-5 20 879.170
B-6 25 882.280
B-7 30 884.820
B-8 35 887.360
B-9 4o 890.250
B-10 4s 892.890
B-11 50 895.730
B-12 55 898.290
120/0FF 900.031
FINAL
DIFF/AVGS. 50.959

ENT

FACTOR (Y)
WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 68 FAN CELL #3
T™MS

30.2000

0.0000

15.0000

0.0010

ANALYTICAL RESULTS DATA

933

1138

120
0.840
1.002
28.84
37.688.0

Pitot Vel Orifice “H
Head (in.H20) Te
(in.H20) 1Ideal Actual (de

0.060 0.230 0.230
0.040 0.170 0.170
0.170 0.650 0.650
0.150 0.580 0.580
0.150 0.570 0.570
0.170 0.640 0.640
0.190 0.730 0.730
0.180 0.690 0.690
0.160 0.600 0.600
0.180 0.700 0.700
0.040 0.150 0.150
0.030 0.120 0.120
0.040 0.140 0.140
0.040 0.150 0.150
0.040 0.160 0.160
0.240 0.940 0.940
0.240 0.940 0.940
0.200 0.790 0.790
0.210 0.800 0.800
0.230 0.870 0.870
0.220 0.840 0.840
0.220 0.870 0.870
0.190 0.730 0.730
0.070 0.260 0.260

0.1316 0.555

A-8

Gas Meter

mp.
g-F)
85
86
86
87
88
89
&9
89
90
90
91
91
91
92
92
93
93
94
94
94
94
94
94
94

90.8

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.
(in.Hg) (so)MV (deg.F)
4.0 245 52
4.0 207 54
7.0 k1o 55
7.0 387 55
7.0 383 57
7.0 4o7 59
8.0 434 58
8.0 421 58
8.0 391 58
8.0 423 59
3.0 197 57
2.0 173 57
2.0 192 58
2.0 195 59
2.0 199 59
9.0 481 60
9.0 479 61
9.0 Lo 63
9.0 453 61
9.0 472 61
9.0 465 60
9.0 471 62
8.0 432 63
k.0 257 65

9-2-86
CT-68-3-1
206
0.250
N14
1.72
2.0

55.0

1.376 ug

1.388 ug

ug

Stack
Temp
(deg.F)
93
93
9l
94
94
94
93
93
92
91
94
93
94
89
88
83
83
83
94
9l
96
95
94
92

91.8

Leak
Check

0.000
0.000



9/1,2/86

Theta

Dia
Cp

Y
Pbar

Delta H

Vm
tm
vm(std)

Vlie

Vw(std)
ZH20
Mfd

Md

Ms

Pg

Ps

ts

Delta p

Qsd
Qaw

i1

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, lnches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
DPry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liguid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-68-2-1

1417
1623

120
24

0.255

1.002

30.250

0.488
46 926
95.8

45.197

43.6
2.050
4.34
0.957
28.84
28.37
0.00
30.?50

87

0.1101
19.03
37688.0
278.776.8
298,864.2

99.

~)

CT-68-3-1
933
1138
120

24

0.840

30.200

0.555
50 959
90.8

9. 4h9

55.0
2.591
4.98
0.950
28.84

28.30

30.200

92

0.1316
20.93
37688.0
301,625.7
328,656.0

104.9



9/1,2/86

ug
mg/dscm
gr/dsct
1b/hr

kg/hr

ug
mg/dscm
gr/dsct
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY -

BAYTOWN, TX

FLUE GAS TEMPERATURE

Degrees Fahrenheit

Degrees Centigrade

AIR FLOW

RATES x million

Actual Cubic Meters/hr

Actual Cubic Feet/hr

Dry Std. Cubic Meters/hr

Dry Std.

CONCENTRATIONS AND EMISSION RATES -

Cubic Feet/hr

HEXAVALENT CHROMIUM (GFAA)

Catch

Concentration,
Concentration,
Emission Rate,

Emission Rate,

mg/dsecm

grains per dscf

1b/hr (PMRa)

kg/hr (PMRa)

TOTAL CHROMIUM (GFAA)

Catch

Concentration,
Concentration,
Emission Rate,

Emission Rate,

mg/dscm

grains per dscf

1b/hr (PMRa)

kg/hr (PMRa)

PMRa

CT-68-2-1

87.5
30.8

0.5078
17.9318
0.4736

16.7266

11.1514
8.713
3.8070
9.063

4.115

11.151
8.713
3.807
9.063

4.115

ug

x 10E-3
x 1DE-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-68-3-1

91.8

33.2

0.5584
19.7194
0.5125

18.0975

1.3759
0 983
0.4293
1.163

0.528

1.388

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

JAMPLING LOCATION
JPERATOR
JAR.PRESS.,in Hg
STATIC PRESS.in H20
.EAK TEST VACUUM,in
LEAX RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

TOTAL NET RUN TIME (Minutes)

2ITOT TUBE COEFFICI

ENT

GAS METER CALIB. FACTOR (Y)

ZST. DRY MOL. WT.(Lb/Lb-Mole)

STACK/DUCT AREA (in

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
A-1 0/0 168.400
A-2 5 169.670
A-3 10 171.900
A-4 15 174.940
A-5 20 178.380
A-6 25 181.830
A-7 30 183.230
A-8 35 186.500
A-9 4o 190.250
A-10 45 194.200
A-11 50 198.040
A-12 55 201.310
B-1 60 201.630
B-2 5 203.665
B-3 10 206.940
B-4 15 210.670
B-5 20 214.350
B-6 25 216.570
B-7 30 217.105
B-8 35 217.880
B-9 4o 220.200
B-10 45 223.450
B-11 50 227.110
B-12 55 230.480
120/0FF 231.560
FINAL
DIFF/AVGS. 63.160

2)

EXXO

N

CT 68 FAN CELL #5

DB
30.
0.
15.
0.

0
1
2

85,5

2500
0000
0000
0000

1050
1328

120
.840
.004
8.84
30.0

FIELD DATA

ANALYTICAL RESULTS DATA

Pitot Vel Orifice
(in.H20)
Ideal

H

(in

O 0O 0O 00O 0O 0O 0 0 o0 0 o0 0 00 0 o0 o o o o o

0.

ead

.H20)
0.

050
.190
.310
.370
.380
.050
.320
.450
470
L4ho
.270
.000
1120
.330
.430
.380
.130
.010
.010
.160
.310
.h10
.320
.030

2047

o

O Rk B B O O O O F K K O OMR P B B K O K B V- O

.170
.690
.170
.4oo
Lhho
.190
.200
.720
.800
.680
.oho
.010
470
.240
.610
LAho
.510
.o0ko
.060
.620
.170
.560
.260
.130

“H

Actual

[

O M H 2 0 0O 0 O R KB K OO R B B P PO = PO

.170
.690
.170
.400
L4440
.190
.200
.720
.800
.680
.040
.010
.70
.240
.610
L4bo
.510
.040
.060
.620
.170
.560

.260
.130

943

A-11

Gas Meter

Temp.

(deg.F)
84
84
85
88
91
94
94
96
98
101
103
104
100
100
100
102
104
104
99
98
99
101
103
104

97.3

DATE

RUN NUMBER

NOZZLE ¥#

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(m})
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.
(in.Hg) (so)MV (deg.F)
2.0 210 56
5.0 425 58
6.0 550 58
6.0 600 61
6.0 600 64
2.0 220 63
6.0 550 66
7.0 660 65
8.0 675 64
7.0 650 65
6.0 510 67
1.0 52 67
3.0 350 69
6.0 570 68
7.0 650 69
6.0 610 69
4.0 360 68
1.0 95 68
1.0 120 70
4.0 b4oo 70
6.0 550 69
7.0 630 70
6.0 560 70
1.0 180 71

9-1-86
CT-68-5-1
704
0.249
N-10

2.0

55.8 ug

66.683 ug

66.683 ug

Stack
Temp
(deg.F)
86
85
83
82
77
81
80
83
83
83
82
84
94
94
95
92
89
84
90
90
89
87
86
84

86.0

Leak
Check

0.000
0.000C



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,in Hg
STATIC PRESS.in HZ0
LEAK TEST VACUUM,in
LEAK RATE,CFM

RUN START TIME
RUN STOP TIME
TOTAL NET RUN TIME
PITOT TUBE COEFFICI

.Hg

(Minutes)

ENT

GAS METER CALIB. FACTOR (Y)

EST. DRY MOL. WT.(Lb/Lb-Mole)

STACK/DUCT AREA (in

Sample Sample - Dry Gas
Point Time Meter Reading
No (min) (Cu.Ft)
A-1 0/0 231.731
A-2 5 234.520
A-3 10 237.400
A-4 15 240.888
A-5 20 244 . 750
A-6 25 248.200
A-7 30 249.472
A-8 35 252.100
A-9 ko 255.320
A-10 4sg 259.150
A-11 50 263.100
A-12 55 265.280
B-1 60 265.728
B-2 5 267.175
B-3 10 269.800
B~4 15 273.050
B-5 20 276.930
B-6 25 280.180
B-7 30 282.295
B-8 35 285.870
B-9 40 290.070
B-10 45 294 . 450
B-11 50 298.730
B-12 55 300.510

120/0FF 302.448
FINAL
DIFF/AVGS. 70.717

2)

FIELD DATA

EXXON
CT 68 PAN CELL #5
DB

30.2500

0.0000

15.0000

0.0010

ANALYTICAL RESULTS DATA

1400
1631

120
0.840
1.004
28.84
85,530.0

Pitot Vel Orifice "H
Head (in.H20)

(in.H20) 1ldeal Actual
0.200 0.840 0.840
0.220 0.910 0.910
0.330 1.420 1.420
0.420 1.790 1.790
0.310 1.350 1.350
0.040 0.180 0.180
0.160 0.690 0.690
0.310 1.310 1.310
o.410 1.720 1.720
0.420 1.790 1.790
0.120 0.520 0.520
0.010 0.050 0.050
0.050 0.230 0.230
0.200 0.840 0.840
0.300 1.270 1.270
0.430 1.860 1.860
0.270 1.150 1.150
0.100 0.430 0.430
0.320 1.400 1.400
0.470 2.050 2.050
0.510 2.220 2.220
0.480 2.110 2.110
0.080 0.350 0.350
0.090 0.410 0.410

0.2311 1.120

Gas Meter
Temp.
(deg.F)

96
96
97
99
101
102
98
99
100
102
104
104
98
97
98
99
101
103
100
101
103
104
105
104

100.5

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, X

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
4.0 4d0 56
4.0 460 55
6.0 570 56
7.0 640 57
5.0 550 57
1.0 200 58
4.0 4oo 60
6.0 550 58
7.0 635 59
7.0 640 60
3.0 340 60
1.0 110 61
1.0 230 63
4.0 Lho 60
5.0 540 59
8.0 650 61
5.0 510 62
2.0 310 62
6.0 560 66
8.0 675 64
8.0 700 65
8.0 685 67
2.0 250 69
2.0 300 69

9-1-86
cT-68-5-2
705
0.257
N-10
1.68
2.0

68.9

8.856

8.856

Stack
Temp
(deg.F)
93
93
91
91
87
85
96
94
96
93
87
86
92
91
92
89
88
86
85
84
83
86
85
85

89.1

ug

ug

ug

Leak
Check

0.000
0.000



JLANT

SAMPLING LOCATION
JPERATOR
JAR.PRESS.,in Hg
STATIC PRESS.in H20
.LAK TEST VACUUM,in
_EAK RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

[OTAL NET RUN TIME (Minutes)
>ITOT TUBE COEFFICIENT
GAS METER CALIB. FACTOR (Y)

©ST. DRY MOL. WT.(Lb/Lb-Mole)

3TACK/DUCT AREA (in2)

EXXON
CT 68 FAN CELL #5
DB

30.2000

0.0000

15.0000

0.0050

FIELD DATA

ANALYTICAL RESULTS DATA

1033
1302

120
0.840
1.004
28.84
85,530.0

Sample Sample Dry Gas Pitot Vel Orifice
Point Time Meter Reading Head (in.H20)
No. (min) (Cu.Ft) (in.H20) 1Ideal
A-1 0/0 302.700 0.080 0.300
A-2 5 304.360 0.180 0.670
A-3 10 306.500 0.430 1.620
A-b 15 310.300 0.460 1.740
A-5 20 314.050 0.280 7.060
A-b 25 317.140 0.090 0.350
A-T7 30 318.972 0.320 1.200
A-8 35 322.200 0.470 1.800
A-9 ho 326.110 0.500 1.940
A-10 4s 330.130 0.440 1.680
A-11 50 333.950 0.070 0.290
A-12 55 335.670 0.030 0.100
B-1 60 336.730 0.200 0.770
B-2 5 339.430 0.330 1.260
B-3 10 342.770 0.430 1.640
B-4 15 346.685 0.390 1.490
B-5 20 350.320 0.160 0.640
B-6 25 352.785 0.020 0.100
B-7 30 353.700 0.030 0.130
B-8 35 354.820 0.160 0.620
B-9 40 357.280 0.300 1.140
B-10 45 360.390 0.370 1.410
B-11 50 363.780 0.260 0.980
B-12 55 366.735 0.080 0.300
120/0FF 368.340

FINAL
DIFF/AVGS. 65.640 0.2215

“H

Actual

.300
.670
.620
.740
.060
.350
.200
.800
.940
.680
.290
.100
.770
.260
.640
.h90
.640
.100
.130
.620
.140
.410
.980
.300

(o]

O O K F O 0O 0O O F B = O D O KB H KB B O R KB » O

0.968

A-13

Gas Meter Pump Pitot Imp.Exit
Temp. Vac. Anemometer Temp.
(deg.F) (in.Hg) (so)MV (deg.F)

86 2.0 280 56

86 2.0 420 56

88 5.0 650 - 58

90 5.0 670 59

94 3.0 520 60

97 2.0 300 60

96 6.0 560 62

100 8.0 675 60

102 9.0 700 59

104 8.0 650 60

106 3.0 170 61

106 1.0 160 62

102 4.oo 450 65

102 6.0 575 63

103 8.0 650 64

106 7.0 620 64

107 4.0 4o0 66

106 1.0 155 66

100 1.0 180 69

99 2.0 400 67

98 2.0 545 70

99 6.0 600 70

100 4.0 500 70

100 2.0 275 70
99.0

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX “He@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

9-1-86
€T-68-5-3
704
0.249
N-10

2.0

60.4

2.902 ug

2.902

Stack
Temp
(deg.F)
87
88
86
84
84
84
83
84
85
84
89
84
96
95
91
93
86
83
90
91
g0
87
87
84

87.3

ug

ug

Leak
Check

0.000
0.000



9/1,2/86

Theta

Pbar

Delta H

tm
Vm(std)

Vic

Vw(std)
%H20
Mfd

Md

Ms

Pg

Ps

ts
Delta p
vs

A

Qsd
Qaw

%1

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, ¥

CcT-68-5-1

1050
1328

24
0.249
0.840
1.004

30.250

0.943
63.16

60.865

55.8

2.627

0.959
28.84

28.39
0.00
30.250

86

85530.0
865.367.7
923,231.4

102.9

CT-68-5-2

1400
1631

24
0.257
0.840
1.004

30.250

1.120
70 717
100.5

67.796

68.9

3. 244

0.954
28.84

28 .34

30.250

89

0.2311
27.63
85530.0
913,506.8
984,581.1

102.0

CT-68-5-3

1033
1302

24
0.249
0.840
1.004

30.200

0.968
65.64
99.0

62.961

60.4
2.845
h.32
0.957
28.84

28.37

30.200

87

0.2215
27.01
85530.0
896,827.8
962,591.2

102.8



3/1.2/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
ng/dsecm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX cT-68-5-

FLUE GAS TEMPERATURE

1

Degrees Fahrenheit 86.0
Degrees Centigrade 30.0
AIR FLOW RATES x million
Actual Cublc Meters/hr 1.5686
Actual Cubic Feet/hr 55.3939
Dry Std. Cubic Meters/hr 1.4703
Dry Std. Cubic Feet/hr 51.9221
CONCENTRATIONS AND EMISSION RATES - PMRa
HEXAVALENT CHROMIUM (GFAA)
Catch 66.683
Concentration, mg/dscm 38.691
Concentration, grains per dscf 16.9051
Emission Rate., lb/hr (PMRa) 128.991
Emission Rate, kg/hr (PMRa) 58.562
TOTAL CHROMIUM (GFAA)
Catch 66.683
Concentration, mg/dsecm 38.691
Concentration, grains per dscf 16.905
Emission Rate, 1b/hr (PMRa) 128.991
Emission Rate, kg/hr (PMRa) 58.562

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-68-5

59.

54

8.
4
2.

16

7.

16.

-2

89.1

.6728

0749

.5521

.8104

8559
613
0155
. 081

301

613
.016
081

.301

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-68-

2.

1

o.

(%41

5-3

87 3

30.7

.6355
- 7555
- 5237

.8097

9017
.628
7111
.613

.548

.902
.628
.711

.613

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT EXXON
SAMPLING LOCATION

OPERATOR DB
BAR.PRESS.,in Hg 30.3500
STATIC PRESS.in H20 0.0000
LEAK TEST VACUUM,in.Hg 15.0000
LEAK RATE,CFM 0.0000
RUN START TIME 950
RUN STOP TIME 1200
TOTAL NET RUN TIME (Minutes) 120
PITOT TUBE COEFFICIENT 0.840
GAS METER CALIB. FACTOR (Y) 1.002
EST. DRY MOL. WT.(Lb/Lb-Mole) 28.84
STACK/DUCT AREA (in2) 64,692.0

Sample Sample Dry Gas Pitot Vel Orifice “H Gas Meter
Point Time Meter Reading Head (in.H20) Temp.

No. (min) (Cu.Ft) (in.H20) 1Ideal Actual (deg.F)
1 0/0 942.924 0.210 0.870 0.870 90

5 945,870 0.210 0.870 0.870 91

2 10 948.890 0.330 1.370 1.370 92

15 952.100 0.330 1.370 1.370 95

3 20 955.620 0.340 1.420 1.420 98

25 959.210 0.340 1.420 1.420 99

] 30 962.950 0.280 1.180 1.180 101

35 966.225 0.280 1.180 1.180 102

5 4o 969.680 0.040 0.180 0.180 104

45 971.020 0.040 0.180 0.180 105

6 50 972.430 0.020 0.100 0.100 105

55 973.500 0.020 0.100 0.100 107

12 60 974.676 0.120 0.510 0.510 105

5 976.970 0.120 0.510 0.510 105

11 10 979.210 0.230 0.990 0.990 105
15 982.440 0.230 0.990 0.990 106

10 20 985.480 0.260 1.100 1.100 109
25 988.850 0.260 1.100 1.100 111

9 30 992.160 0.270 1.140 1.140 112

35 995. 420 0.270 1.140 1.140 114

8 4o 998.870 0.060 0.270 0.270 115
b5 1000.530 0.060 0.270 0.270 115

7 50 1002.310 0.020 0.100 0.100 115

55 1003.390 0.020 0.100 0.100 115

120/0FF 1004.452
FINAL

DIFF/AVGS. 61.528 0.1553 0.769 104.8

FIELD DATA

CT 84 PFAN CELL A

ANALYTICAL RESULTS DATA

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX “He

ASSUMED MOISTURE, X

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.
(in.Hg) (so)MV (deg.F)
5.0 450 56
6.0 450 56
8.0 565 56
8.0 565 57
8.0 575 58
8.0 575 59
7.0 525 60
7.0 525 60
1.0 205 60
1.0 205 60
1.0 155 60
1.0 155 63
3.0 340 66
3.0 340 64
6.0 475 63
6.0 475 63
6.0 500 64
6.0 500 64
7.0 510 66
7.0 510 68
2.0 250 69
2.0 250 70
1.0 150 70
1.0 150 70

9-4-86
CT-84-A-1
204
0.255
N-14
1.72
2.0

64.3

6.701

6.740

Stack
Temp
(deg.F)
89
91
91
91
92
90
89
89
89
91
91
90
91
92
93
93
g2
93
93
95
94
94
g2
92

91.5

ug

ug

ug

Leak
Check

0.000
0.000



PLANT
:AMPLING LOCATION
JPERATOR
SAR.PRESS..in Hg
STATIC PRESS.in H20

_EAK TEST VACUUM,1in.Hg

LEAK RATE,CFM

RUN START TIME

JUN STOP TIME

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB. FACTOR (Y)

£ST. DRY MOL.

STACK/DUCT AREA (in2)

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
12 0/0 4.697
5 7.370
11 10 9.850
15 13.200
10 20 16.740
25 20.000
9 30 23.480
35 26.880
8 4o 30.420
45 32.770
7 50 34.630
55 36.100
1 60 37.400
5 h4o.750
2 10 44 000
15 47.620
3 20 51.380
25 55.800
4 30 59.120
35 62.100
5 4o 64.800
45 66.510
6 50 68.000
55 69.565
120/0OFF 70.942
FINAL
DIFF/AVGS. 66.245

WT.{(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 84 FAN CELL A
DB
30.3500
0.0000
.0000
0.0000

ANALYTICAL RESULTS DATA

1230
1441

120
0.840
1.002
28.84
64,692.0

Pitot Vel Orifice “H Gas Meter
Head (in.H20) Temp.
(in.H20) 1Ideal Actual (deg.F)
0.1ho 0.630 0.630 115
0.140 0.630 0.630 115
0.270 1.200 1.200 113
0.270 1.200 1.200 112
0.260 1.100 1.100 110
0.280 1.250 1.250 112
0.260 1.160 1.160 112
0.260 1.160 1.160 114
0.100 0.450 0.450 114
0.080 0.340 0.340 114
0.030 0.150 0.150 114
0.030 0.150 0.150 113
0.230 1.040 1.040 111
0.230 1.040 1.040 110
0.310 1.40 1.410 110
0.310 1.410 1.410 111
0.340 1.510 1.510 112
0.340 1.510 1.510 112
0.170 0.750 0.750 113
0.160 0.740 0.740 112
0.040 0.160 0.160 112
0.040 0.190 0.190 111
0.040 0.190 0.190 111
0.040 0.190 0.190 110
0.1614 0.815 112.2

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.{(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (s0)MV (deg.F)
4.oo 370 58
4.0 370 57
5.0 510 57
5.0 510 58
5.0 505 56
5.0 520 56
5.0 500 59
5.0 500 60
2.0 310 62
2.0 270 62
2.0 180 63
2.0 180 65
5.0 475 69
5.0 475 66
6.0 550 67
6.0 550 69
6.0 570 70
6.0 570 71
4.o hoo 70
4.0 4oo 70
2.0 185 69
2.0 200 69
2.0 200 71
2.0 200 71

9-4-86
CT-84-A-2
705
0.257
N-14
1.72
2.0

60.6

0.685

0.708

Stack
Temp
(deg.F)
90
90
91
91
92
90
89
89
87
87
84
85
89
89
87
88
87
87
86
88
85
86
86
86

87.9

ug

ug

ug

Leak
Check

0.000
0.000



9/4/86

Theta

Dia
Cp

Y
Pbar

Delta H

Vm
tm
Vm(std)

Vic

Vw(std)
XH20
Mfd

Md

ts

Delta p

Qsd

Qaw

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Velume of Water Vapor, SCF
Moisture Content, ¥ by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

lsokinetic Sampling Rate, %

CT-84-A-1
950
1200
120
24
0.255
0.840

1.002

30.350

0.769
61.528
104.8

58.544

64.3
3.027
4.92
0.951
28.84

28.31

30.350

CT-8h-A-2
1230
1441
120
24

0.257

1.002

30.350

0.815
66.245
112.2

62.227

60.6
2.852
4.38
0.956
28.84
28.37
0.00
30.350

88

0.1614
23.02
64692.0
579.963.8
620,454 5

111.5



3/4/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million
Actual Cubic Meters/hr
Actual Cubic Feet/hr
Dry Std. Cubie Meters/hr

Dry Std. Cubic Feet/hr
CONCENTRATIONS AND EMISSION RATES - PMRa

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dsem
Concentration, grains per dscf
Emission Rate, 1lb/hr (PMRa)
Emission Rate, kg/hr (PMRa)
TOTAL CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, lb/hr (PMRa)

Emission Rate, kg/hr (PMRa)

CT-84-A-1

91.5
33.1

1.0383
36.6663
0.9587

33.8555

6.7005
4.042
1.7660
9.348
h.o244

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-84-A-2

87.9

31.0

1.0542
37.2273
0.9854

34.7978

0.6854
0.389
0.1700
0 941

0.427

0.708
0.402
0.175

0.972

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS. .in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,in
LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.
EST. DRY MOL.
STACK/DUCT AREA (in

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
12 0/0 80.476
5 84.500
11 10 88.710
15 93.120
10 20 97.570
25 102.020
9 30 106.850
35 111.480
8 40 116.300
4s 119.750
7 50 122.490
55 125.210
1 60 127.710
5 131.500
2 10 135.320
15 139.850
3 20 144 . 520
25 149 .420
4 30 154 . 450
35 158.720
5 40 163.000
45 165.060
6 50 167.310
55 169.030
120/0FF 170.830
FINAL
DIFF/AVGS. 90.354

2)

FACTOR (Y)
WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 84 FAN CELL B
DB

30.2500

0.0000

15.0000

0.0010

ANALYTICAL RESULTS DATA

850

1100

120
0.840
1.002
28.84
64.692.0

Pitot Vel Qrifice “H Gas Meter
Head (in.H20) Temp.
(in.H20) 1Ideal Actual (deg.F)
0.240 2.070 2.070 88
0.240 2.070 2.070 89
0.260 2.270 2.270 91
0.260 2.270 2.270 91
0.260 2.270 2.270 96
0.300 2.670 2.670 99
0.270 2.380 2.380 102
0.270 2.390 2.390 104
0.120 1.120 1.120 105
0.090 0.830 0.830 105
0.070 0.670 0.670 106
0.070 0.670 0.670 106
0.160 1.480 1.480 106
0.160 1.480 1.480 106
0.250 2.310 2.310 108
0.260 2.320 2.320 110
0.290 2.630 2.630 114
0.290 2.630 2.630 115
0.210 1.900 1.900 118
0.210 1.900 1.900 118
0.050 0.420 0.420 118
0.050 0.420 0.420 118
0.030 0.290 0.290 118
0.030 0.290 0.290 116
0.1691 1.656 106.1

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
11.0 480 55
11.0 480 56
12.0 500 58
12.0 500 59
12.0 500 61
13.0 540 60
13.0' 510 60
13.0 510 60
8.0 350 60
6.0 300 60
6.0 270 61
6.0 270 62
9.0 400 67
9.0 4oo 63
12.0 500 62
12.0 500 62
13.0 530 64
13.0 530 66
11.0 450 67
11.0 450 68
5.0 210 70
5.0 210 71
4.0 175 70
4.0 175 70

9-5-86
CT-84-B-1
207
0.307
N-14
1.72
2.0

91.6

1.578 ug

1.581

Stack
Temp
(deg.F)
89
89
88
89
90
90
91
91
92
92
91
91
90
91
92
91
91
91
92
92
91
91
90
90

90.6

ug

ug

Leak
Check

0.000
0.000



PLANT

JAMPLING LOCATION
JPERATOR
3AR.PRESS.,in Hg
STATIC PRESS.in H20

LEAK TEST VACUUM,in.Hg

.EAK RATE,CFM

RUN START TIME
UN STOP TIME

FOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.

£ST. DRY MOL.

Sample Sample Dry Gas Pitot Vel Orifice “H Gas Meter Pump Pitot Imp.Exit
Point Time Meter Reading Head (in.H20) Temp. Vac. Anemometer Temp.
No. (min) (Cu.Pt) (in.H20) 1deal Actual (deg.F) (in.Hg) (so)MV (deg.F)
1 0/0 172.800 0.160 1.420 1.420 109 5.0 390 54
5 176.580 0.170 1.570 1.570 109 6.0 410 56
2 10 180.520 0.280 2.510 2.510 110 7.0 520 56
15 185.350 0.290 2.620 2.620 112 7.0 530 58
3 20 190.380 0.290 2.630 2.630 114 7.0 530 58
25 195. 400 0.290 2.630 2.630 116 7.0 530 58
4 30 200. 440 0.220 1.980 1.980 115 6.0 460 58
35 204.830 0.220 2.020 2.020 115 6.0 Lhé6s 60
5 4o 209.750 0.160 1.490 1.490 114 5.0 400 60
45 213.140 0.140 1.250 1.250 114 5.0 365 62
6 50 216.750 0.030 0.270 0.270 113 2.0 170 62
55 218.370 0.030 0.290 0.290 112 2.0 175 64
12 60 220.185 0.180 1.650 1.650 110 6.0 470 68
5 224.250 0.160 1.490 1.490 110 6.0 400 65
11 10 228.150 0.310 2.810 2.810 110 8.0 550 65
15 233.270 0.270 2.420 2.420 110 7.0 510 66
10 20 238.640 0.310 2.820 2.820 112 8.0 550 69
25 243.375 0.330 2.980 2.980 113 8.0 565 70
9 30 248.700 0.280 2.540 2.540 113 8.0 520 71
35 253.600 0.280 2.540 2.540 113 8.0 520 72
8 4o 258.570 0.120 1.090 1.090 114 5.0 340 71
hs5 261.870 0.120 1.090 1.090 114 5.0 340 73
7 50 265.200 0.050 0.420 0.420 114 2.0 210 75
55 267.450 0.040 0.370 0.370 110 2.0 200 75
120/0FF 269.515
FINAL
DIFF/AVGS. 96.715 0.1814 1.788 112.3

FACTOR (Y)
WT.(Lb/Lb-Mole)
STACK/DUCT AREA (in2)

FIELD DATA

EXXON
CT 84 FAN CELL B
DB
30.2500
0.0000
15.0000
0.0000

ANALYTICAL RESULTS DATA

1130
1340

120
0.840
1.002
28.84
64,692.0

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX ~“H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

9-5-86

CT-84-B-2

209
0.308
N-14
1.72
2.0

97-5

0.527

0.529

Stack
Temp
(deg.F)
90
90
91
91
91
92
92
92
93
91
91
91
90
90
91
91
91
91
90
90
90
90
89
90

90.8

ug

ug

ug

Leak
Check

0.000
0.000



9/5/86

Theta

Pbar

Delta H

Vm
tm
Vm(std)

Vle

Vw(std)
ZH20
Mfd

Md

Ms

Pg

Ps

ts
Delta p
vs

A

Qsd

Qaw

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF

Dry Gas Meter Temperature, Degrees F

Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, &

CT-84-B-1
850
1100
120
24
0.307
0.840
1.002

30.250

1.656
90.354
106.1

85.678

91.6
4.313
4.79
0.952
28.84

28.32

30.250

CT-84-B-2
1130
1340
120
24
0.308
0.840
1.002

30.250

1.788
96.715
112.3

90.744

97.5

4.587

30.250
91

0.1814
24.53
64692.0
609,927.1
661,075.0

107.7



3/5/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
ib/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million
Actual Cubic Meters/hr
Actual Cubic Feet/hr
Dry Std. Cubic ﬁeters/hr

Dry Std. Cubic Feet/hr
CONCENTRATIONS AND EM1SSION RATES - PMRa

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, 1lb/hr (PMRa)
Emission Rate, kg/hr (PMRa)
TOTAL CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, 1b/hr (PMRa)

Emission Rate, kg/hr (PMRa)

CT-84-B-1

90.6

32.6

1.0842

38.2883

1.0007

35.3409

1.5778
0.650
0.2841
1.519

0.689

1.581
0.652
0.285
1.522

0.691

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-84-B-2

90.8

32.6

1.1232
39.6645
1.0363

36.5956

0.5268
0.205
0.0896
0.504

0.229

0.529
0.206
0.090
0.506

0.230

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR

BAR.PRESS.,in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,in.Hg
LEAK RATE,CFM

RUN START TIME

RUN STOP TIME
TOTAL NET RUN TIME
PITOT TUBE COEFFICIENT
GAS METER CALIB.
EST. DRY MOL.
STACK/DUCT AREA (in2)

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Pt)

1 o/0 368.639

5 371.400

2 10 373.920

15 399.610

3 20 380.570

25 384.340

4 30 387.720

35 390.410

5 Lo 392.480

4s 393.690

6 50 394.670

55 395.630

12 60 396.691

5 398.910

11 10 400.980
15 403.870

10 20 406.620
25 409.810

9 30 412.630

35 415.590

8 40 418.520

45 419.610

7 50 420.800

55 421.800

120/0FF 422.680

FINAL

DIFF/AVGS. 53.983

(Minutes)

FACTOR (Y)
WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 84 FAN CELL C
™S
30.3500
1.0000
15.0000
0.0010
ANALYTICAL RESULTS DATA
953
1207
120
0.840
1.004
28.84
64,692.0
Pitot Vel Orifice “H
Head (in.H20) Te
(in.H20) 1Ideal Actual (de
0.230 0.850 0.850
0.230 0.870 0.870
0.330 1.250 1.250
0.330 1.250 1.250
0.340 1.310 1.310
0.330 1.270 1.270
0.150 0.570 0.570
0.160 0.610 0.610
0.030 0.120 0.120
0.030 0.090 0.090
0.030 0.100 0.100
0.030 0.100 0.100
0.150 0.590 0.590
0.130 0.510 0.510
0.230 0.870 0.870
0.240 0.910 0.910
0.250 0.970 0.970
0.260 1.000 1.000
0.250 0.960 0.960
0.210 0.820 0.820
0.020 0.070 0.070
0.040 0.170 0.170
0.020 0.070 0.070
0.020 "0.080 0.080
0.1424 0.642

A-24

Gas Meter

mp.
g.F)
90
93
94
94
gk
95
96
98
98
98
100
100
97
98
99
100
102
101
102
102
102
102
102
102

98.3

DATE
RUN
NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "He

ASSUMED MOISTURE, %

NUMBER

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
6.0 469 55
6.0 473 53
8.0 568 55
8.0 566 56
8.0 580 58
8.0 571 57
5.0 382 58
5.0 401 58
2.0 176 59
2.0 158 61
2.0 166 60
2.0 163 61
5.0 389 57
5.0 362 58
6.0 471 58
7.0 481 59
7.0 496 61
7.0 503 60
7.0 493 60
6.0 455 61
1.0 129 60
2.0 206 59
1.0 133 60
1.0 143 62

9-4-86
CT-84-C-1
206
0.250
N-10
1.68
2.0

60.8
12.775 ug
13.259 ug

ug

Leak
Check

Stack
Temp
(deg.F)
91
90
92
91
91
91
91
99
99
102

103
104
92
91
92
92
92
91
91
90
91
92
92
92

396.633
396.691

93.4



PLANT

{AMPLING LOCATION
YPERATOR
SAR.PRESS.,in Hg
STATIC PRESS.in H20
L.EAK TEST VACUUM,in
.EAK RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

FOTAL NET RUN TIME (Minutes)

2ITOT TUBE COEFFICIENT
GAS METER CALIB. FACTOR (Y)
3ST. DRY MOL. WT.(Lb/Lb-Mole)
3TACK/DUCT AREA (in2)
Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
12 0/0 422.870
5 425.590
11 10 427.510
15 430.420
10 20 432.990
25 436.110
9 30 439.050
35 442,290
8 4o 444,730
4g Lbs. 640
7 50 ha7.280
55 447.990
6 60 449.032
5 450.110
5 10 451.100
15 452.080
4 20 k53,290
25 455.580
3 30 457.910
35 461.410
2 40 464.720
45 468.160
1 50 471.190
55 474 .010
120/0FF 476.710
FINAL
DIFF/AVGS. 53.726

FIELD DATA

EXXON
CT 84 FAN CELL C
™S
30.3500
1.0000
15.0000
0.0100
ANALYTICAL RESULTS DATA
1224
1442
120
0.840
1.004
28.84
64,692.0
Pitot Vel Orifice “H Gas Meter
Head (in.H20) Temp.
(in.H20) 1Ideal Actual (deg.F)
0.150 0.590 0.590 98
0.130. 0.510 0.510 98
0.230 0.870 0.870 98
0.240 0.910 0.910 98
0.250 0.970 0.970 98
0.260 1.000 1.000 99
0.250 0.960 0.960 98
0.210 0.820 0.820 98
0.020 0.070 0.070 97
0.040 0.170 0.170 96
0.020 0.070 0.070 96
0.020 0.080 0.080 96
0.030 0.100 0.100 94
0.030 0.100 0.100 94
0.030 0.090 0.090 94
0.030 0.120 0.120 94
0.160 0.610 0.610 93
0.150 0.570 0.570 93
0.330 1.270 1.270 92
0.340 1.310 1.310 92
0.330 1.250 1.250 g2
0.330 1.250 1.250 92
0.230 0.870 0.870 92
0.230 0.850 0.850 92
0.1424 0.642 95.2

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "He

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.{(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -~

Pump Pitot Imp.Exit
Vac. Anemometer Temp.
(in.Hg) (so)MV (deg.F)
3.0 389 53
2.0 362 55
2.0 471 56
3.0 481 58
3.0 496 59
3.0 503 60
3.0 493 59
3.0 455 59
1.0 129 60
1.0 206 61
1.0 133 60
1.0 143 60
1.0 163 58
1.0 166 60
1.0 158 61
1.0 176 62
4.0 401 61
4.0 382 62
6.0 571 63
6.0 580 64
6.0 566 63
6.0 568 65
5.0 473 65
5.0 469 65

9-4-86
CT-84-C-2
704
0.249
N-10
1.68
2.0

58.8

0.550

0.554

Stack
Temp
(deg.F)
93
92
92
92
92
91
91
91
91
93
94
93
93
93
93
93
93
93
93
93
93
92
91
g2

92.4

ug

ug

ug

Leak
Check

448.918
449,032



9/4/86

Theta

Dia
Cp

Y
Pbar

Delta H

vm
tm
vm(std)

Vie

Vwistd)
ZH20
Mfd

Md

Ms

Pg

Ps

ts
Delta p

vs

Qsd

Qaw

r
P

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, lnches Hg

Avg. Pressurc Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF

Moisture Content, ¥ by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole

Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press:, in Hg

Flue Gas Temperature, Degrees F
Average Veiocity Head, in. H20

Flue Gas Velocity, Ft/Sec

Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM

Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-84-C-1

953
1207

120

24

0.840
1.004

30.350

0.642
53 983

98.3
52.065

60.8
2.861
5.21
0.948
28.84
28.28
1.00
30.424

93

0.1424
21.73
64692.0
538,701.2
585,805.2

106.1

CT-84-C-2

1224
1442

24
0.249
0.840
1.004

30.350

0.642
53.726
95.2

52.109

58.8

2.768

0.950
28.84

28.29

30.424

92

0.1424
21.71
64692.0
539.977-3
585,068.5

106.8



9/4/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX cT-84-C-1

FLUE GAS TEMPERATURE

AIR

Degrees Fahrenheit 93.4
Degrees Centigrade 34.1

FLOW RATES x million

Actual Cubic Meters/hr 0.9953
Actual Cubic Feet/hr 35.1483
Dry Std. Cubic Meters/hr 0.9153
Dry Std. Cubic Feet/hr 32.3221

CONCENTRATIONS AND EMISSION RATES - PMRa

HEXAVALENT CHROMIUM (GFAA)

Catch 12.7753
Concentration, mg/dscm 8.665
Concentration, grains per dscf 3.7861
Emission Rate, lb/hr (PMRa) 18.542
Emission Rate, kg/hr (PMRa) 8.418

TOTAL CHROMIUM (GFAA)

Catch 13.259
Concentration, mg/dscm 8.993
Concentration, grains per dscf 3.929
Emission Rate, 1b/hr (PMRa) 19.244
Emission Rate, kg/hr (PMRa) 8.737

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

cT-84-C

35-

32.

0.
o}

0.

0.

0.

-2

33.5

.9940

1041

.9174

3986

5498
-373
1628

804

365

.554
-375
.164
.810

.368

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,in
LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

TOTAL NET RUN TIME (Minutes)

PITOT TUBE COEFFICI

ENT

GAS METER CALIB. FACTOR (Y)

EST. DRY MOL. WT.{(Lb/Lb-Mole)

STACK/DUCT AREA (in

Sample, Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Pt)
12 0/0 484,748
5 487.090
11 10 489.910
15 493.270
10 20 497.310
25 501.190
9 30 505.230
35 509.270
8 40 513.320
45 515.890
7 50 518.220
55 519.360
6 60 520.370
5 521.820
5 10 523.100
15 524.620
4 20 526.680
25 530.520
3 30 534.150
35 538.390
2 40 542.820
45 547.010
1 50 550.830
55 553.560
120/0FF 556.269
FINAL
DIFF/AVGS. 71.521

2)

EXXON

CT 84 PAN CELL D

TME
30.2500
1.0000
15.0000
0.0090

835

1043

120
0.840
1.004
28.84
64,692.0

FIELD DATA

ANALYTICAL RESULTS DATA

Pitot Vel Orifice
(in.H20)
Ideal

Head

(in.H20)

0.080
.090
.220
.230
.240
.250
.240
.250
.090
.080
.020
.020
.020
.020
.040
.0ko
.240
.220
.260
.280
.230
.240
.100
.110

O 0O 0O 0O 0O 0O 0 0 0 0O 0O 0 0 0 0 0 o0 o 0o o o o o

0.1307

0.
.700
.760
.800
.870
.960
.870
.940
.680
.600
.140
.130
.190
.170
.280
.340
.910
.740
.020
.150
.820
.880
.800
.830

O O - M NN M+ O 0 0 OC 0 0O 0 O F B B B = B O

610

“H

Actual
0.610
.700
.760
.800
.870
.960
.870
.940
.680
.600
.140
.130
.190
.170
.280
. 340
.910
.740
.020
.150
.820
.880
.800
.830

O O B M NN P H O 0O 0 0 0 0 0 O Fr B KB PP O

A-28

Gas Meter
Temp.
(deg.F)

90
92
94
94
94
94
95
95
96
96
96
96
96
96
96
97
95
93
94
96
97
96
96
95

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.
(in.Hg) (so)MV (deg.F)
4.0 276 55
4.0 293 56
7.0 465 58
7.0 472 58
7.0 483 59
8.0 496 58
7.0 485 58
8.0 494 57
4.0 293 58
3.0 274 59
1.0 132 58
1.0 127 59
1.0 153 56
1.0 148 57
2.0 189 58
2.0 206 60
8.0 489 59
7.0 467 61
8.0 503 62
9.0 519 64
7.0 478 63
8.0 486 64
4.0 316 65
5.0 323 64

9-5-86
CT-84-p-1
707
0.299
N-10
1.68
2.0

73.4

0.455

0.459

Stack
Temp
(deg.F)
85
84
84
87
89
90
91
92
92
93
93
93
92
91
g1
92
92
91
92
92
g1
90
91
90

90.3

ug

ug

ug

Leak
Check

0.000
0.000



PLANT
“AMPLING LOCATION
JPERATOR

JAR.PRESS.,in Hg
STATIC PRESS.in H20
EAK TEST VACUUM,in.Hg
EAK RATE,CFM

RUN START TIME

RUN STOP TIME

‘OTAL NET RUN TIME (Minutes)
'ITOT TUBE COEFFICIENT

GAS METER CALIB. FACTOR (Y)
'ST. DRY MOL.
'TACK/DUCT AREA (in2)

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Pt)
1 0/0 556.523
5 559.680
2 10 562.930
15 566.970
3 20 570.920
25 574.950
4 30 578.020
35 582.160
5 4o 585.120
45 586.310
6 50 587.350
55 588.600
7 60 589.510
5 590.590
8 10 591.760
15 593.070
9 20 594.640
25 598.240
10 30 602.420
35 606.330
11 4o 610.180
45 614.010
12 50 617.210
55 619.670
120/0FF 622.638
FINAL
DIFF/AVGS. 66.115

WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
CT 84 FAN CELL D
TME

30.2500

1.0000

15.0000

0.0080

ANALYTICAL RESULTS DATA

1104
1317

120
0.840
1.004
28.84
64,692.0

Pitot Vel Orifice “H
Head (in.H20) Te
(in.H20) Ideal Actual (de
0.150 1.140 1.140
0.150 1.180 1.180
0.260 2.000 2.000
0.240 1.910 1.910
0.230 1.830 1.830
0.240 1.870 1.870
0.130 1.050 1.050
0.130 1.010 1.010
0.020 0.130 0.130
0.010 0.110 0.110
0.020 0.130 0.130
0.010 0.110 0.110
0.010 0.110 0.110
0.020 0.130 0.130
0.020 0.180 0.180
0.030 0.260 0.260
0.210 1.630 1.630
0.240 1.980 1.980
0.220 1.730 1.730
0.230 1.770 1.770
0.170 1.350 1.350
0.150 1.140 1.140
0.120 0.900 0.900
0.120 0.960 0.960
0.1082 1.025

Gas Meter

mp.
g.F)
92
94
96
98
100
101
102
100
101
102
100
98
96
96
96
96
g8
100
98
99
100
100
99
97

98.3

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
5.0 379 52
5.0 385 52
8.0 502 53
8.0 489 53
7.0 479 55
8.0 483 58
5.0 362 57
5.0 354 58
1.0 126 59
1.0 119 61
1.0 124 61
1.0 120 63
1.0 119 63
1.0 130 61
2.0 149 61
2.0 182 62
7.0 433 64
8.0 499 65
7.0 468 65
7.0 472 66
6.0 412 65
5.0 379 65
4.0 337 67
5.0 348 67

9-5-86
cT-84-p-2
707
0.299
N-10
1.68
2.0

72.7

21.485 ug

21.540 ug

ug

Stack
Temp
(deg.F)
90
90
92
92
92
92
92
91
92
g2
92
92
95
94
93
94
93
94
94
94
93
94
94
93

92.7

Leak
Check

0.000
0.000



9/5/86

Theta

Pbar

Delta H

Vm
tm
Vvm(std)

Vie

Vw(std)
ZH20
Mfd

md

Ms

Pg

Delta p

vs

Qaw

%1

ISOKINETIC SAMPLING TRAIN FIELD DATA AND

EXXON REFINERY - BAYTOWN, TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Pt/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

1sokinetic Sampling Rate, %

RESULTS TABULATION

cT-84-p-1
835
1043
120
24
0.299
0.840
1.004

30.250

0.953
28.84

28.33

30.324

90

0.1307
20.78
64692.0
518,718.3
560,062.5

102.5

CT-84-D-2
1104
1317
120
24
0.299
0.840
1.004

30.250

1.025
66.115

98.3
63.616

3.423
5.11
0.949
28.84
28.29
1.00
30.324

93

0.1082
18.96
64692.0
469,512.5
511,001.5

104.0



3/5/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscft
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN, TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million
Actual Cubic Meters/hr
Actual Cubic Feet/hr
Dry Std. Cubic Meters/hr

Dry Std. Cubic Feet/hr
CONCENTRATIONS AND EMISSION RATES - PMRa

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, 1b/hr (PMRa)
Emission Rate, kg/hr (PMRa)
TOTAL CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf

Emission Rate, 1b/hr (PMRa)

Emission Rate, kg/hr (PMRa)

CT-84-p-1

90.3

32.4

0.9516

33.6038

0.8813

31.1231

31

0.4553
0.232
0.1014
0.462

0.210

0.459
0.234
0.102
0.466

0.211

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-84-p-2

92.7

33.7

0.8682
30.6601

0.7977

28.1707

21.4854
11.927
5.2113

21.801

9.898

21.540

11.957

5.224

§.923

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,1n Hg
STATIC PRESS.in H20

LEAK TEST VACUUM,in.Hg

LEAK RATL.CFM

START TIME
STOP TIME

RUN
RUN

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.

EST. DRY MOL.

Sample Sample Dry Gas
Point Time Meter Reading
No (min) (Cu.Ft)
A-1 0/0 468.874
" 15 484.590
" 30 500.380
" 45 516.860
" 60/0 533.690
" 15 547.380
" 30 564.120
" 4sg 578.710
" 120/0 593.670
" 15 609.330
" 30 627.810
" 45 641.070
" 180/0 656.170
" 15 671.870
" 30 687.430
" 45 702.920
240/0FF 718.714
FINAL
DIFF/AVGS. 249.710

FACTOR (Y)
WT. (Lb/Lb-Mole)
STACK/DUCT AREA (in2)

FIELD DATA

EXXON
COOLING TOWER 68 FAN CELLS 1 & 2
B.RUDD

30.2500
0.0000
15.0000
0.0050
ANALYTICAL RESULTS DATA
1145
1554
240
0.840
1.002
28.84
37.688.0
Pitot Vel Orifice “H
Head (in.H20) Te
(in.H20) 1deal Actual (de
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
6.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.3700 3.520

A-32

Gas Meter

mp .

g.F)
94
96
99
100
100
100
100
100
100
99
100
100
100
101
100
100

99.3

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "He

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
10.0 600 59
10.0 600 62
10.0 600 64
10.0 600 65
10.0 600 62
10.0 600 64
10.0 600 62
10.0 600 65
10.0 600 61
10.0 690 63
10.0 600 64
10.0 600 66
10.0 600 62
10.0 600 60
10.0 600 63
10.0 600 65

9/1/86

cT-68-DI-

Disc
1.614
N-12
1.76
2.0

215.6

5.596

5.611

Stack
Temp
(deg.F)
81
82
84
85
87
87
86
86
85
86
87
85
84
86
86
87

1

ug

ug

ug

Leak
Check

593.670
593.800



PLANT

;AMPLING LOCATION
)PERATOR
JAR.PRESS.,in Hg
STATIC PRESS.in H20

LEAK TEST VACUUM,in.

LEAK RATE,CFM

START TIME
STOF TIME

RUN
RUN

Hg

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.

£ST. DRY MOL.

FACTOR
WT.{(Lb/Lb-Mole)

STACK/DUCT AREA (in2)

Sample Sample Dry Gas
Point Time Meter Reading
No (min) (Cu.Ft)
A-1 o/0 958.858
" 15 974.920
" 30 990.860
" 45 1007.540
" 60/0 1024.600
" 15 1038.660
" 30 1055.890
" 45 1070.380
120/0 1085. 450
15 1101.470
" 30 1119.580
" 45 1133.290
" 180/0 1149.340
" 15 1165.270
" 30 1181.350
" 45 1196.980
240/0FF 1212.875
FINAL
DIFF/AVGS. 253.867

Y)

FIELD DATA

EXXON
COOLING TOWER 68 FAN CELLS 1 & 2
B.RUDD

30.2500
0.0000
15.0000
0.0040
ANALYTICAL RESULTS DATA
1145
1554
240
0.840
1.002
28.84
37,668.0
Pitot Vel Orifice "H
Head (in.H20) Te
(in.H20) 1ldeal Actual (de
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 .3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.370 3.520 3.520
0.3700 3.520

Gas Meter

mp.

g.F)
85
92
97
98
99

99
100

101
98
100
97
99
98
99
97
96

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,1inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
14.0 600 61
1k.0 600 63
14.0 600 58
1h4.0 600 60
14.0 600 62
14.0 600 64
14.0 600 62
14.0 600 62
14.0 600 63
14.0 600 65
14.0 600 66
14.0 600 66
14.0 600 60
14.0 600 63
14.0 600 62
14.0 600 61

9/1/86

CT-68-NZ-

208
0.312
N-6
1.71
2.0

220.0

9.840

9.866

Stack
Temp
(deg.F)
81
82
84
85
87
87
86
86
85
86
87
85
84
86
86
87

1

ug

ug

ug

Leak
Check

85.450
85.600



9/1/86

Theta

Pbar

Delta H

Vm
tm
Vm(std)

Vic

Vw(std)
1H20
Mmfd

Md

Ms

Pg

Ps

ts
Delta p

Vs

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN. TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-68-D1-1
1145
1554
240
16
1.614
0.840
1.002

30.250

3.520
249.71
99.3
240.754

215.6
10.147

4. o4
0.960
28.84
28.40

0.00

30.250

85

0.3700
34.80
37688.0
513,361.9
546,450.9

3.6

CT-68-NZ-1
1145
1554
240
16
0.312
0.840
1.002

30.250

3.520
253.867
97.2

245,695

220.0
10.356
4.o4
0.960
28.84
28.40
0.00
30.250

85

0.3700
34.80
37668.0
513,089.1
546,161.0

98.3



9/1/86

ug
mg/dscm
gr/dscf
i1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN. TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million
Actual Cubic Meters/hr
Actual Cubic Feet/hr
Dry Std. Cubic Meters/hr

Dry Std. Cubic Feet/hr

CONCENTRATIONS AND EMISSION RATES

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, lb/hr (PMRc)
Emission Rate, kg/hr (PMRc)
TOTAL CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, lb/hr (PMRc)

Emission Rate, kg/hr (PMRc)

CT-68-DI-1

85.3

29.6

0.9284
32.7871
0.8722

30.8017

- PMRc

5.5963
0.821
0.3587
1.578

0.716

5.611
0.823
0.360
1.582

0.718

ug
x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug
x 10E-3

x 10E-6

CT-68-Nz2-1

85.3
29.6

0.9279
32.7697
0.8717

30.7853

9.8397 ug
1.414 x 10E-3

0.6179 x 10E-6
2.718 x 10E-3

1.233 x 10E-3
9.866 ug
1.418 x 10E-3

0.620 x 10E-6

1.236 x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR

BAR.PRESS.,1in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM, in.Hg
LEAK RATE,CFM

RUN START TIME

RUN STOP TIME

TOTAL NET RUN TIME
PITOT TUBE COEFFICIENT
GAS METER CALIB.
EST. DRY MOL.
STACK/DUCT AREA (an2)

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)

A-1 0/0 719.600
" 15 735.890

" 30 749.060

" s 763.720

" 60/0 778.580

" 15 794.220

" 30 809.690

" 4s 824.420

" 120/0 839.280

" 15 856.140

" 30 874.310

" 45 887.590

" i180/0 900.780

" 15 914.580

" 30 930.090

" 45 945.100
240/0FF 959.240

FINAL

DIFF/AVGS. 239.640

(Minutes)

FACTOR (Y)
WT.(Lb/Lb-Mole)

Pitot Vel Orifice “H

FIELD DATA

EXXON
COOLING TOWER 68 FAN CELL #3
B.RUDD
30.2000
0.0000
15.0000
0.0060

ANALYTICAL RESULTS DATA

950

1351

240
0.840
1.002
28.84
37,688.0

Head (in.H20) Te
(in.H20) ldeal Actual (de
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.3500 3.210

A-36

Gas Meter

mp.
g.F)
86
90
94
94
98
99
98
99
99
99
100
101
102
102
104
103

98.0

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER.inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
10.0 585 63
10.0 585 60
10.0 585 60
10.0 585 58
10.0 585 64
10.0 585 66
10.0 585 65
10.0 585 61
10.0 585 62
10.0 585 60
10.0 585 57
10.0 585 60
10.0 585 62
10.0 585 63
10.0 585 64
10.0 585 62

9/2/86

cT-68-DI1~

Disc
1.614
N-12
1.76
2.0

263.7

73.355

73.946

Stack
Temp
(deg.F)
93
93
93
92
91
93
93
93
92
93
92
93
93
93
92
92

92.6

2

ug

ug

ug

Leak
Check

0.000
0.000



PLANT

JAMPLING LOCATION
JPERATOR
JAR.PRESS.,in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM,1n
LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

TOTAL NET RUN TIME

.Hg

(Minutes)

PITOT TUBE COEFFICIENT

GAS METER CALIB
EST. DRY MOL.

STACK/DUCT AREA (1n2)

Sample Sample Dry Gas
Point Time Meter Reading
No. (min) (Cu.Ft)
A-1 0/0 216.300
" 15 233.020
" 30 246.590
" hs 261.810
. 60/0 276.990
" 15 293.010
" 30 308.520
" 45 323.560
" 120/0 338.420
" 15 355.630
" 30 372.860
" 45 386.910
" 180/0 400.660
" 15 414.390
" 30 430.280
" 45 446 .020
240/0OFF h60.522
FINAL
DIFF/AVGS. 244 . 222

FACTOR (Y)
WT. (Lb/Lb-Mole)

FIELD DATA

EXXON
COOLING TOWER 68 FAN CELL #3
B.RUDD
30.2000
0.0000
15.0000
0.0020

ANALYTICAL RESULTS DATA

950

1351

240
0.840
1.002
28.84
37.668.0

Pitot Vel Orifice “H
Head (in.H20) Te
(in.H20) Ideal Actual (de
0.350 3.210 J.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 j.210
0.350 3.210 3.210
0.350 3.210 3.210
0.350 3.210 3.210
0.3500 3.210

Gas Meter

mp.
g.F)
87
91
94
94
97
98
97
97
97
98
99
100
101
101
103
103

97.3

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX "H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit
Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
13.0 585 66
13.0 585 60
13.0 585 58
13.0 585 61
13.0 585 64
13.0 585 64
13.0 585 65
13.0 585 66
13.0 585 62
13.0 585 60
13.0 585 61
13.0 585 62
13.0 585 63
13.0 585 64
13.0 585 65
13.0 585 62

9/2/86

CT-68-NZ-

208
0.312
N-6
1.71
2.0

269.6

69.186

69.744

Stack
Temp
(deg.F)
93
93
93
93
91
93
93
93
92
93
92
93
93
93
92
92

92.6

2

ug

ug

ug

Leak
Check

0.000
¢.000



9/2/86

Theta

Dia
Cp

Y
Pbar

Delta H

Vm
tm
Vm{std)

Vlc

Vw(std)
4H20
mMfd

mMd

Ms

Pg

Ps

ts
Delta p
vs

A

Qsd

Qaw

Z1

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN. TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, ¥ by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity., Ft/Sec
Stack/Duct Area, Sq. lnches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-68-p1-2
950
1351
240
16
1.614
0.840
1.002

30.200

3.210
239.64
98.0

231.036

263.7

12.413

0.949
28.84

28.29

30.200
93

0.3500
34.17
37688.0
491,113.4
536,552.2
3.6

CT-68-Nz-2
950
1351
2ho
16
0.312
0.840
1.002

30.200

3.210
244 . 222
97.3

235.744

269.6
12.691
5.11
0.949
28.84
28.29
0.00
30.200

93

0.3500
34.17
37668.0
490,783.5
536,307.9
98.6



9/2/86

ug
ng/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RES

EXXON REFINERY - BA

FLUE GAS TEMPERATUR
Degrees Fahrenh
Degrees Centigr

AIR FLOW RATES x mi
Actual Cubic Me
Actual Cubic Fe
Dry Std. Cubic

Dry Std. Cubic

CONCENTRATIONS AND

HEXAVALENT CHROMIUM
Catch
Concentration,
Concentration,
Emission Rate,
Emission Rate,

TOTAL CHROMIUM (GFA
Catch
Concentration,
Concentration,
Emission Rate,

Emission Rate,

ULTS

YTOWN. TX

E

eit

ade

llion
ters/hr
et/hr
Meters/hr

Feet/hr

EMISSION RATES

(GFAA)

mg/dscm

grains per dscf
1b/hr (PMRc)
kg/hr (PMRc)

A)

mg/dsem
grains per dscf
1b/hr (PMRc)

kg/hr (PMRc)

PMRc

CT-68-Dp1-2

32.

29.

92.6

33.6

.9116

1931

.8344

4668

73.3547 ug

11

4,

20

g.

73.

11

20.

.213 x 10E-3
8991 x 10E-6
.623 x 10E-3

354 x 10E-3

946 ug

.303 x 10E-3
.939 x 10E-6
789 x 10E-3

.430 x 10E-3

CT-68-NZ-2

33.7

0.9112
32.1785
0.8338

29.4470

69.1863
10.364
4.5284
19.050

8.641

69.744

10.448

19.203

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION

OPERATOR

BAR.PRESS.,in Hg

STATIC PRLSS.in

H20

LEAK TEST VACUUM, in.Hg

LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

TOTAL NET RUN TIME (Minutes)

PITOT TUBE COEFF
GAS METER CALIB.

EST. DRY MOL. WT.(Lb/Lb-Mole)

STACK/DUCT AREA

Sample Sample
Point Time
No. (min)
A-1 0/0
" 15
" 30
" us
" 60/0
15
" 30
" L‘S
" 120/0
" 15
" 30
" Ls
180/0
" 15
" 30
" us
240/0FF

FINAL
DIFF/AVGS.

ICIENT

FACTOR (Y)

(in2)

Dry Gas

Meter Reading

(Cu.Ft)

959

1006

1021

1085
1101

1181

253

.hos
975.
990.
.170
.960
1037.
1053.
1069.
.350
.165
1117.
1133.
1149,
1165.
.150
1197.
1213.

010
510

520
420
240

185
185
350
220

120
129

.72k

FIELD DATA

EXXON
COOLING TOWER 68 FAN CELL #5
B.BRIDGES
30.2500
0.0000
15.0000
0.0130

ANALYTICAL RESULTS DATA

910
1310
240
0.840
1.002
28.84
85,530.0
Pitot Vel Orifice “H Gas Meter
Head (in.H20) Temp.
(in.H20) 1deal Actual (deg.F)
0.370 3.540 3.540 88
0.370 3.540 3.540 99
0.370 3.540 3.540 100
0.370 3.540 3.540 100
0.370 3.540 3.540 103
0.370 3.540 3.540 103
0.370 3.540 3.540 103
0.370 3.540 3.540 103
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.370 3.540 3.540 104
0.3700 3.540 101.9

A-4Q

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX “H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -~
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
9.0 600 61
9.0 600 61
9.0 600 60
9.0 600 61
9.0 600 62
9.0 600 64
9.0 600 63
9.0 600 61
9.0 600 61
9.0 600 60
9.0 600 61
9.0 600 62
9.0 600 62
9.0 600 63
9.0 600 63
9.0 600 63

9/3/86
CT-68-D1-3
Disc

1.614
N-12

1.76

2.0

202.3

32.195 ug

32.195 ug

ug

Stack
Temp
(deg.F)
81
81
84
83
83
85
84
83
83
84
84
84
83
82
82
82

83.0

Leak
Check

0.000
0.000



PLANT EXXON
AMPLING LOCATION

JPERATOR B.BRIDGES
JAR.PRESS..in Hg 30.2500
STATIC PRESS.in H20 0.0000
.EAK TEST VACUUM,in.Hg 15.0000
_EAK RATE,CFM 0.0020

RUN START TIME 910
IUN STOP TIME 1310
IOTAL NET RUN TIME (Minutes) 240
21TOT TUBE COEFFICIENT 0.840
GAS METER CALIB. FACTOR (Y) 1.002
ZST. DRY MOL. WT.(Lb/Lb-Mole) 28.84
STACK/DUCT AREA (in2) 85,530.0

Sample Sample Dry Gas Pitot Vel Orifice “H Gas Meter Pump Pitot Imp.Exit
Point Time Meter Reading Head (in.H20) Temp. Vac. Anemometer Temp.
No. (min) (Cu.Ft) (in.H20) 1Ideal Actual (deg.F) (in.Hg) (so)mMV (deg.F)
A-1 0/0 460.657 0.370 3.540 3.540 88 15.0 600 66
" 15 476.220 0.370 3.540 3.540 96 15.0 600 64
" 30 491.940 0.370 3.540 3.540 99 15.0 600 61
" 45 507.745 0.370 3.540 3.540 100 15.0 600 60
" 60/0 523.640 0.370 3.540 3.540 101 15.0 600 60
15 539.450 0.370 3.540 3.540 101 15.0 600 62
" 30 555.350 0.370 3.540 3.540 101 15.0 600 63
" 4y 570.160 0.370 3.540 3.540 102 15.0 600 62
" 120/0 587.010 0.370 3.540 3.540 102 15.0 600 60
" 15 602.820 0.370 3.540 3.540 101 15.0 600 62
" 30 628.620 0.370 3.540 3.540 102 15.0 600 64
" 4s 634.385 0.370 3.540 3.540 102 15.0 600 64
" 180/0 650.100 0.370 3.540 3.540 102 15.0 600 64
" 15 665.8495 0.370 3.540 3.540 102 15.0 600 65
" 30 681.650 0.370 3.540 3.540 102 15.0 600 64
" b5 697.460 0.370 3.540 3.540 102 15.0 600 63
240/0FF 713.340
FINAL
DIFF/AVGS. 252.683 0.3700 3.540 100.2

FIELD DATA

COOLING TOWER 68 FAN CELL #5

ANALYTICAL RESULTS DATA

A-£1

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX “He@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)

TOTAL CATCH -
TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

9/3/86

CT-68-Nz2-3

208
0.312
N-6
1.71
2.0

202.5

34.914

34.914

Stack
Temp
(deg.F)
81
82
83
83
83
84
83
83
84
84
84
84
83
83
83
82

83.1

ug

ug

ug

Leak
Check

0.000
0.000



9/3/86

Theta

Dia

Cp

Pbar

Delta H

Vm
tm
Vm{std)

Vle

Vw(std)
%H20
Mfd

Md

Ms

Pg

Qsd
Qaw

%21

ISOKINETIC SAMPLING TRAIN F1ELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN. TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, ¥

CT-68-DI1-3
910
1310
240
16
1.614
0.840
1.002

30.250

3.540
253.724
101.9

243.493

202.3

9.520

3.76

0.962

28.84

28.43

0.00

30.250

83

0.3700
3.7
85530.0
1,170,243.5
1,236,902.2

3.6

CT-68-NzZ-3
910
1310
240
16
0.312
0.840
1.002

30.250

3.540
252.683
100.2

243.251

202.5
9.531

3.77
0.962
28.84

28.43

30.250

1,170,101.3
1,236.991.1

96.9



3/3/86

ug
mg/dscm
gr/dsef
l1b/hr

kg/hr

ug
mg/dscem
gr/dsecf
ib/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN. TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million
Actual Cubic Meters/hr
Actual Cubic Feet/hr
Dry Std. Cubic Meters/hr

Dry Std. Cubic Feet/hr

CONCENTRATIONS AND EMISSION RATES

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, lb/hr (PMRc)
Emission Rate, kg/hr (PMRc)
TOTAL CHROMIUM (GFAA)
Catch
Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, lb/hr (PMRec)

Emission Rate, kg/hr (PMRc)

CT-68-D1-3

83.0

74,

70.

PMRec

.1015
2141
.9883
2146

32.1948

4,

669

2.0402

20.

32.

20.

464

.282

195

.669

.0ko

464

.282

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-68-N2-3

83.1

28.4

2.1017
74.2195
1.9880

70.2061

34.9139
5.069
2.2147
22.212

10.075

34.914
5.069
2.215

22.212

10.075

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,in Hg
STATIC PRESS.in H20
LEAK TEST VACUUM, in
LEAX RATE,CFM

RUN START TIME
RUN STOP TIME

.Hg

TOTAL NET RUN TIME (Minutes)

PITOT TUBE COEFFICI
GAS METER CALIB.

EST DRY MOL.

ENT

STACK/DUCT AREA (in2)

Sample Sample Dry Gas
Point Time Meter Reading

No. (min) (Cu.Ft)
A-1 0/0 713.502
" 15 728.800
" 30 744,420
45 759.650
60/0 775.080
" 15 792.490
. 30 806.310
" 45 824.170
" 120/0 837.660
15 852.910
" 30 868.730
" 45 884.820
" 180/0 900.110
" 15 915.280
" 30 930.270
" 45 946.270
240/0FF 961.934

FINAL

DIFF/AVGS. 248.432

FACTOR (Y)
WT.(Lb/Lb-Mole)

FIELD DATA

EXXON
COOLING TOWER 84 FAN CELL D
B.RUDD

30.3500 NOZZLE DIAMETER.inches
0.1000 METER BOX NUMBER
15.0000 METER BOX "H@
0.0170 ASSUMED MOISTURE, %
ANALYTICAL RESULTS DATA
1010 TOT VOL. H20 COLL.(ml)
1410 TOTAL CATCH -
240 HEXAVALENT CHROMIUM (GFAA)
0.840 TOTAL CATCH -
1.002 TOTAL CHROMIUM (GFAA)
28.84 TOTAL CATCH -
64,692.0
Pitot Vel OrifICﬁ “H Gas Meter Pump Pitot Imp.Ex{it
Head (in.H20) Temp. Vac. Anemometer Temp.
(in.H20) 1deal Actual (deg.F) (in.Hg) (so)My (deg.F)
0.360 3.360 3.360 90 8.0 590 64
0.360 3.360 3.360 92 B.o 590 65
0.360 3.360 3.360 94 8.0 590 65
0.360 3.360 3.360 96 8.0 590 67
0.360 3.360 3.360 98 8.0 590 67
0.360 3.360 3.360 99 8.0 590 61
0.360 3.360 3.360 101 8.0 590 59
0.360 3.360 3.360 102 ° 8.0 590 63
0.360 3.360 3.360 102 8.0 590 66
0.360 3.360 3.360 103 8.0 590 62
0.360 3.360 3.360 103 8.0 590 65
0.360 3.360 3.360 103 8.0 590 64
0.360 3.360 3.360 103 8.0 590 64
0.360 3.360 3.360 103 8.0 590 64
0.360 3.360 3.360 103 8.0 590 64
0.360 3.360 3.360 103 8.0 590 65
0.3600 3.360 99.7

DATE
RUN NUMBER
NOZZLE #

9/4/86

CT-84-DI-4

Disc
1.614
N-6
1.71
2.0

257.9

2.171

2,188

Stack
Temp
(deg.F)
88
88
88
88
88
89
89
92
93
93
93
93
93
93
93
93

90.9

ug

ug

ug

Leak
Check

0.000
0.000



PLANT EXXON
SAMPLING LOCATION

JPERATOR B.RUDD
JAR.PRESS.,in Hg 30.3500
STATIC PRESS.in H20 0.1000
JEAK TEST VACUUM, in.Hg 15.0000
.EAK RATE,CFM 0.0170
RUN START TIME 1010
TUN STOP TIME 1410
‘OTAL NET RUN TIME (Minutes) 240
JITOT TUBE COEFFICIENT 0.840
GAS METER CALIB. FACTOR (Y) 1.002
3ST. DRY MOL. WT.(Lb/Lb-Mole) 28.84
STACK/DUCT AREA (in2) 64,692.0

Sample Sample Dry Gas
Point Time Meter Reading Head
No (min) (Cu.Ft) (in.H20)
A-1 0/0 213.302 0.360
" 15 227.040 0.360
" 30 242.210 0.360
" 45 257.320 0.360
" 60/0 272.280 0.360
" 15 290.160 0.360
" 30 303.960 0.360
" 45 321.620 0.360
" 120/0 334.820 0.360
" 15 350.430 0.360
" 30 365.870 0.360
" 45 381.860 0.360
" 180/0 697.090 0.360
" 15 412.240 0.360
" 30 427.170 0.360
Lg 442,510 0.360
240/0FF 458.782
FINAL
DIFF/AVGS. 245.480 0.3600

FIELD DATA

COOLING TOWER 84 FAN CELL D

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "H@

© ASSUMED MOISTURE, %

ANALYTICAL RESULTS DATA

Pitot Vel Orifice

(in.H20)
Ideal

(%]

W W WWwWwWwWwwwwwwwww

.360
.360
.360
.360
.360
.360
.360
.360
. 360
.360
.360
.360
.360
.360
.360
.360

"H

Actu

[SN]

W Ww W Wwwwwwwwwwww

al

.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360
.360

.360

Gas Meter
Temp.
(deg.F)
90
92
g4
95
97
102
106
106
107
108
108
108
108
108
108
108

102.8

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
12.0 590 62
12.0 590 64
12.0 590 64
12.0 590 66
12.0 590 66
13.0 590 63
13.0 590 62
13.0 590 65
13.0 590 66
13.0 590 62
13.0 590 64
13.0 590 66
13.0 590 66
13.0 590 66
13.0 590 66
13.0 590 66

9/4/86

CT-84-NZ-

208
0.312
N-12
1.76
2.0

253.5

9.896

9.970

Stack
Temp
(deg.F)
88
88
88
88
88
89
89
92
93
93
93
93
93
93
93
93

90.9

4

ug

ug

ug

Leak
Check

0.000
0.000



9/4/86

Theta

Pbar

Delta H

Vm
tm
Vm(std)

Vic

Vw(std)
4H20
Mfd

Md

Ms

Pg

Delta p

vs

Qsd

Qaw

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN. TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, lnches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in Impingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, ¥ by Volume

Dry Mole Praction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

Isokinetic Sampling Rate, %

CT-84-D1-4
1010
1410
240
16
1.614
0.840
1.002

30.350

3.360
248.432
99.7
240.053

257.9
12.141
4.81
0.952
28.84

30.357

91

0.3600
34.49
64692.0
860,602.5
929,709.8

3.7

CT-84-Nz-4
1010
1410
240
16
0.312
0.840
1.002

30.350

3.360
245,48
102.8

235.884

253.5
11.930
4.81
0.952
28.84
28.32
0.10
30.357

91

0.3600
34.49
64692.0
860,602.5
929,709.9
96.6



9/4/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY - BAYTOWN. TX

FLUE GAS TEMPERATURE
Degrees Fahrenheit
Degrees Centigrade

AIR FLOW RATES x million

Actual Cubic Meters/hr

Actual Cubic Feet/hr

Dry Std.

Cubic Meters/hr

DPry Std. Cubic Feet/hr

CONCENTRATIONS AND EMISSION RATES - PMRc

HEXAVALENT CHROMIUM (GFAA)
Catch
Concentration, mg/dscm

Concentration, grains per dscf

Emission Rate, 1lb/hr (PMRc)

Emission Rate, kg/hr (PMRc)

TOTAL CHROMIUM (GFAA)

Catch

Concentration, mg/dscm
Concentration, grains per dscf
Emission Rate, 1lb/hr (PMRe)

Emission Rate, kg/hr (PMRc)

CT-84-DI-4

90.9

32.7

1.5796
55.7826
1.4622

51.6362

2.1713
0.319
0.1396
1.030

0.467

2.188

0.141

1.037

0.470

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-84-N

55

51.

9.
1

0.

4.

2.

z-4

90.9

32.7

-5796

7826

Lh622

6362

8957 ug

.482 x 10E-3
6473 x 10E-6
775 x 10E-3

166 x 10E-3

.970 ug

.493 x 10E-3
.652 x 10E-6
.811 x 10E-3

.182 x 10E-3



PLANT

SAMPLING LOCATION
OPERATOR
BAR.PRESS.,in Hg
STATIC PRESS.in H20

LEAK TEST VACUUM,in.Hg

LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

TOTAL NET RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.
EST. DRY MOL.

Sample Sample Dry Gas
Point Time Meter Reading
No. {(min) (Cu.Ft)
A-1 0/0 469,307
" 15 484. 420
" 30 499.490
" 45 514.710
" 60/0 530.000
" 15 545,720
" 30 560.660
" 4y 576.010
" 120/0 591.220
" 15 606.640
" 30 621.990
" 45 639.810
" 180/0 652.860
" 15 668.330
" 30 683.700
" 45 698.990
240/0FF 714,331
FINAL
DIFF/AVGS. 245,024

FACTOR (Y)
WT.(Lb/Lb-Mole)
STACK/DUCT AREA (in2)

FIELD DATA

EXXON
COOLING TOWER 84 FAN CELL A
B.RUDD

30.2500

0.0000

15.0000

0.0170

ANALYTICAL RESULTS

820
1220
240
0.840
1.002
28.84

64,692.0

Pitot Vel Orifice “H
Head (in.H20)

(in.H20) 1Ideal Actual
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450

0.3600 3.450

A-48

DATA

Gas Meter
Temp.
(deg.F)
98
99
101
102
102
102
101
101
98
98
98
98
99
101
101
100

99-9

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER,inches
METER BOX NUMBER

METER BOX "He

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
10.0 595 63
10.0 595 65
10.0 595 60
10.0 595 58
10.0 595 60
10.0 595 63
10.0 595 65
10.0 595 66
10.0 595 63
10.0 595 61
10.0 595 65
10.0 595 63
10.0 595 66
10.0 595 67
10.0 595 62
10.0 595 59

9/5/86

CT-84-D1-

Disc
1.614
N-12
1.76
2.0

226.7

2.439

2.454

Stack
Temp
(deg.F)
86
86
87
87
88
88
87
87
88
87
87
88
88
88
88
88

87.4

5

ug

ug

ug

Leak
Check

0.000
0.000



PLANT

5AMPLING LOCATION
JPERATOR
3AR.PRESS..in Hg
STATIC PRESS.1in H20

LEAK TEST VACUUM,in.

LEAK RATE,CFM

RUN START TIME
RUN STOP TIME

Hg

TOTAL NCLT RUN TIME (Minutes)
PITOT TUBE COEFFICIENT

GAS METER CALIB.

£EST. DRY MOL.

STACK/DUCT AREA (in2)

Sample
Time
(min)
o/0
" 15
30
" 45
" 60/0
" 15
" 30
" 45
" 120/0
s 15
" 30
" Ls
" 180/0
" 15
" 30
" ll5
240/0FF

FINAL
DIFF/AVGS.

1002
1017
1032

1061

FACTOR (Y)
WT.(Lb/Lb-Mole)

Dry Gas
Meter Reading
(Cu.Ft)

970.
986.
.150
.290
.530
1047.

905
150

070

.520
1075.
1089.
1103.
1116.
1131.
1143.
1156.
1170.
1183.
1196.

600
760
200
530
720
170
620
070
360
665

.760

FIELD DATA

EXXON
COOLING TOWER 84 FAN CELL A
B.RUDD

30.2500

0.0000

15.0000

0.0090

ANALYTICAL RESULTS D

820

1220

240

0.840

1.002

28.84

64,692.0
Pitot Vel Orifice “H

Head (in.H20)

(in.H20) 1Ideal Actual
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450
0.360 3.450 3.450

0.3600 3.450

A=40

ATA

Gas Meter

Temp.

(deg.F)
94

96

98

99

100
101
100

96

96

95

95

95

97

98

98

98

97-3

DATE

RUN NUMBER

NOZZLE #

NOZZLE DIAMETER, inches
METER BOX NUMBER

METER BOX °“H@

ASSUMED MOISTURE, %

TOT VOL. H20 COLL.(ml)
TOTAL CATCH -

HEXAVALENT CHROMIUM (GFAA)
TOTAL CATCH -

TOTAL CHROMIUM (GFAA)
TOTAL CATCH -

Pump Pitot Imp.Exit

Vac. Anemometer Temp.

(in.Hg) (so)MV (deg.F)
14.0 595 61
14.0 595 66
15.0 595 60
15.0 595 58
15.0 595 63
15.0 595 66
15.0 595 65 .
15.0 595 66
15.0 595 62
15.0 595 60
15.0 595 61
15.0 595 63
15.0 595 65
15.0 595 61
15.0 595 57
15.0 595 59

9/5/86

CT-84-Nz-

208
0.312
N-6
1.71
2.0

209.9

6.346 ug

6.385

Stack
Temp
(deg.F)
86
86
87
87
88
88
87
87
88
87
87
88
88
88
88
88

87.4

5

ug

ug

Leak
Check

0.000
0.0C0



9/5/86

Theta

Pbar

Delta H

Vm
tm
Vm(std)

Vlc

Vw(std)
ZH20
mMfd

Md

Ms

Pg

Ps

ts
Delta p
vs

A

Qsd

Qaw

%1

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY - BAYTOWN. TX
Run Start Time
Run Finish Time
Net Run Time, Minutes
Net Sampling Points
Nozzle Diameter, Inches
Pitot Tube Coefficient
Dry Gas Meter Calibration Factor
Barometric Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Volume of Metered Gas Sample, Dry SCF

Total Volume of Liquid Collected
in 1lmpingers and Silica Gel, ml

Volume of Water Vapor, SCF
Moisture Content, % by Volume

Dry Mole Fraction

Estimated Dry Molecular Wt, Lb/Lb-Mole
Wet Molecular Weight, Lb/Lb-Mole
Flue Gas Static Pressure, in. Hg
Absolute Flue Gas Press., in Hg
Flue Gas Temperature, Degrees F
Average Velocity Head, in. H20
Flue Gas Velocity, Ft/Sec
Stack/Duct Area, Sq. Inches
Volumetric Air Flow Rate, Dry SCFM
Volumetric Air Flow Rate, Wet ACFM

lsokinetic Sampling Rate, %

CT-84-D1-5
820
1220
240
16
1.614
0.840
1.002

30.250

3.450
245,024
99.9

235.932

226.7
10.671
4.33
0.957
28.84
28.37
0.00
30.250

87

0.3600
34.41
64692.0
865,425.7
927.530.3
3.6

CT-84-NZ-5
820
1220
2ho
16
0.312
0.840
1.002

30.250

3.450
225.76
97.3

218.432

209.9
9.880
4.33
0.957
28.84
28.37
0.00
30.250

87

0.3600
34.41
64692.0
865,424.8
927.530.5
89.0



9/5/86

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

ug
mg/dscm
gr/dscf
1b/hr

kg/hr

EMISSIONS RESULTS

EXXON REFINERY -

BAYTOWN. TX

FLUE GAS TEMPERATURE

Degrees Fahrenheit

Degrees Centigrade

AIR FLOW RATES x million

Actual Cubic Meters/hr

Actual Cubic Feet/hr

Dry Std.

Dry Std.

CONCENTRATIONS AND EMISSION RATES -

HEXAVALENT CHROMIUM

Catch

Concentration,
Concentration,
Emission Rate,

Emission Rate,

Cubic Meters/hr

Cubic Feet/hr

(GFAA)

mg/dscm
grains per dscf
1b/hr (PMRc)

kg/hr (PMRc)

TOTAL CHROMIUM (GFAA)

Catch

Concentration,
Concentration,
Emission Rate,

Emission Rate,

mg/dsem
grains per dscf
1b/hr (PMRc)

kg/hr (PMRc)

PMRe

CT-84-DI-5

87.4

30.8

1.5759
55.6518

1.4704

51.9255

2.4392
0.365
0.1595
1.183

0.537

2.454
0.367
' 0.160
1.191

0.540

51

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

CT-84-N2Z-5

87.4

30.8

1.5759
55.6518
1.4704

51.9255

1.032
0.451

3.345

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3

ug

x 10E-3
x 10E-6
x 10E-3

x 10E-3



FITOT TRAVERSE FOR EFA/ENTROFY (EXXON):CT6B-RISER A-9/01/86

SPECIFIC GRAVITY OF FLUID AT AME. TEMP.=13.523
SPECIFIC GRAVITY OF WATER AT AMB. TEMFP.= 0.996
SPECIFIC GRAVITY OF WATER AT WATER TEMF.= 0.995
AVERAGE DIAMETER OF PIPE AT TRAVERSE FLANE= 14.13(IN)
AVERAGE AREA OF PIPE AT TRAVERSE PLANE= 156.7(SG IN)
FITOT TUEBE SERIAL NUMBER=WF&A

PITOT TUBE COEFFICIENT=0.833

TRAV DIAMETER 1 TRAV DIAMETER 2
TRAV FOS BL OCK DEF vc DEF vC
PT (IN) (IN) (IN FL) (FFM) (IN FL) (FFM)
1 Q.36 0.23 3.935 814.98 4.46 B66. 00
2 1.135 0. 68 6.97 1079. 46 7.94 1152.13
3 2.07 - 1.00 7.72 1133.71 10.00 1290.31
4 3.19 1.39 8.87 1212.16 10.77° 1335.6%
5 4.83 1.97 9.48 1248.52 10.80 1332.61
AVGE=1097.77 (FFM) AVE=1195. 35 (FFM)
&6 9.30 3.53 %.18 1216.18 11.28 1348.13
7 10.93 4.10 B.40 1159.03 10.19 1276.57
8 12.06 4.50 7.78 1112.55 7.87 1118.97
9 12.97 4.81 : 3.05 695.14 4,60 B53.69
10 12.76 S5.09 0.20 177.68 0.30 T217.62
AVG= B72.12(FFM) AVG= 962.9%9 (FFM)

AVG. VELOCITY=103I2, 06 (FPM)

AVG. SOR OF MAN DEFLEC.= Z2Z.SS(SGR(IN OF FL))
FLOW RATE(LOCAL BLOCKAGE)= B400. (GFPM)

FLOW RATE (AVG. EBLOCKAGE)= 8386. (GFM)

AVG. BLOCKAGE= 2.75(SQ@ IN)



TOT TRAVERSE FOR EFA/ENTROFPY (EXXON) :CT6B-RISER E~9/01/86

TRAV

aH -~

COVOND

SFECIFIC GRAVITY OF FLUID AT AME. TEMF.
SFECIFIC GRAVITY OF WATER AT AME. TEMF.

13
0.9946

.S
=)

-
23

SPECIFIC GRAVITY OF WATER AT WATER TEMP.= 0.995

AVERAGE DIAMETER OF PIFE AT TRAVERSE FPLANE=

AVERAGE AREA OF FIPE AT TRAVERSE FLANE=
FITOT TUBE SERIAL NUMBER=WF&6A
PITOT TURE COEFFICIENT=0.B3I3

FOSs
(IN)
Q.41
1.32
2.36
3.65
S5.51

10.61
12.48
13.76
14.81
15.71

AVG. VELOCITY=

AVG.

BLOCK
(IND
0.26_
0.74
1.10
1.58
’7_’)

L L

3.99
4,64
S.09
S. 46
5.77

TRAYV DIAMETER 1

DEF
(IN FL
1.06
2.69
3.56
4,32

4.52

4.38
4.54
3.17
1.15

0.20

662.41 ¢

)

AVG=

AVE=

FPM)

SOR OF MAN DEFLEC.=

FLOW RATE (LOCAL BLOCKAGE)=

FLOW RATE (AVG.

AVG.

BLOCKAG

BLOCKAG

E)=

E=

vC DEF

(FFH) (IN FL)
422.26 0.41
671.09 2.68
770.64 3. 40
847.03 4.08
B63. 63 4.37
714. 9% (FFM)
B4.64 4.33
BSS5.09 4.16
712.92 3.65
428. 60 2.87
178. 46 0.25
603.54 (FFM)

AVE=

AVG=

1.64(SOR(IN OF FL))

7026. (GPM)

7022. (GFM)

3.10(5@ IN)

16,12 (IN)
204,250 IN)

TRAV DIAMETER 2

vC

(FFM)
262,61
669.84
753.12
B823.17
84%. 18

671 .5B(FFM)

837.82
B18.52
764.99
&77.09
199.52

659.35%2 (FFM)



FITOT TRAVERSE FOR EPA/ENTROPY (EXXON) :CT&B-RISER C-9/01/86

SPECIFIC GRAVITY OF FLUID AT AMB. TEMF.=13.526
SFECIFIC GRAVITY OF WATER AT AME. TEMF.= 0.9%96
SPECIFIC GRAVITY OF WATER AT WATER TEMF.= 0.995
AVERAGE DIAMETER OF FIFE AT TRAVERSE FLANE= 16.83(IN)
AVERAGE AREA OF FIPE AT TRAVERSE FLANE= 222.3(50 IN)
FITOT TUBE SERIAL NUMBER=WF&6A

PITOT TUBE COEFFICIENT=0.833

TRAV DIAMETER 1 TRAV DIAMETER 2
TRAV FOS BLOCK DEF vC DEF vC
PT (IN) (IN) (IN FL) (FPM) (IN FL) (FPM)
1 0.43 0.27 1.40 485. 35 1.82 505.73
2 1.37 0.75 2.40 634.09 2.22 609.85
3 2.46 1.14 .12 721.73 2.94 700. 60
4 3.80 1.61 .32 742.92 3.07 714.40
S S.75 2.29 3.45 754.98 3.48 758. 26
AVG= 667.81 (FPM) AVGe= &57.77(FFM)
) 11.07 4.15 3.25 726.57 S 29 731.03
7 13.02 4.83 .20 718.71 2.97 692.40
8 14.36 S5.30 2.70 658.735 2.71 659.97
e 15.45 5. 68 2.26 601.63 2.05 573.00
10 16.39 6.01 0.26 203.75 c.28 211.44
AVG= 581.8B8(FFM) AVB= 573.57 (FFM)

AVG. VELOCITY= 620.26(FPM)

AVG. SGER OF MAN DEFLEC.= 1.33(SQR(IN OF FL))
FLOW RATE(LDCAL BLOCKAGE) = 7163. (GPM) '
FLOW RATE(AVG. BLDCKAEE)= 7157.(6PM)

AVG. BLOCKABE= 3J.22(SG@ IN)



PITOT TRAVERSE FOR EFA/ENTROFY(EXXON):CTB4-RISER A(9/3/86)

SFECIFIC GRAVITY OF FLUID AT AMEB. TEMF.= 2.936
SPECIFIC GRAVITY OF WATER AT AMR. TEMP.= 0,995
SFECIFIC GRAVITY OF WATER AT WATER TEMF.= 0.995
AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE= 17.19(IN)
AVERAGE AREA OF FIFE AT TRAVERSE FLANE= 232.0(8SQ IN)
PITOT TUBE SERIAL NUMBER=WF&6A

FITOT TURE COEFFICIENT=0.83%

. TRAV DIAMETER 1 TRAV DIAMETER 2
TRAV FPOS BLOCK DEF ve DEF vC
PT (IN) (IN) (IN FL) (FFM) (IN FL) (FFM)
1 0.44 0.28 S5.18 367.43 3.73 311,79
2 1.430 0.77 5.82 388.65 6.18 400,49
3 2.52 1.16 7.23 432.44 7.20 431.54
4 3.B? 1.64 7.33 440.40 7.51 439.82
S 5.88 2.33 7.93 450.58 7.88 449,16
AVG= 415.90(FFM) AVE= 406.56 (FFM)
6 11.31 4.23 7.91 444,29 8.43 450.73
7 13.30 4.93 7.93 445.49 B8.37 457.68
8 14.67 S5.41 7.33 427.40 8.44 458. 62
9 15.78 5.80 6.33 396.50 8.29 453.75
10 16.75 6.14 4.28 325.54 6.10 388. 64
AVG= 40B.24(FPM) AVG= 443.8B8(FFM)

AVG. VELOCITY= 418.65(FPM)

AVG. SOR OF MAN DzFLEC.= 2.63(SAR(IN OF FL))
FLOW RATE(LOCAL BLOCKAGE)= S5045. (GPM)

FLOW RATE(AVG. BLOCKAGE)= S5046. (GPM)

AVG. BLOCKAGE= 3.28(S0Q IN)



FITOT TRAVERSE FOR EFA/ENTROFY (EXXON):CT84-RISER B(9/3/86)

TRAV

B
-

U p i)

CO9OND>

SFECIFIC GRAVITY OF FLUID AT AMB. TEMP,
SFECIFIC GRAVITY OF WATER AT AME. TEMF,

AVERAGE DIAMETER OF FIFE AT TRAVERSE FLANE=

nn

AVERAGE AREA OF FIPE AT TRAVERSE FLANE=
FITOT TUBE SERIAL NUMBER=WFbA

PITOT TURE COEFFICIENT=0.833

F0OS
(IN)
0.43
1.38
2.48
3.83

3.79

11.15
13,11
14.446
15.55

16.350

AVG. VELOCITY= 4354.89 (FPM)

BLOCK

(IN)
0.27
0.76
1.14
1.62

2.30

4.18
4.8B46
S.34
S5.72

6.05

TRAV DIAMETER 1

DEF
(IN FL)

B8.26
10.80
12.80
12.80
11.71

AVG=

7.33
6.28B
S.88
5.02
2.78

vC DEF

(FFM) (IN FL)
46%.54 4,22
528.89 7.38
S74.79 B.6&2
57%.58 B8.97
546.93 ?.33
S37.54 (FFM)
429.08 8.72
I95.93 ?.84
382.29 Q.61
I52.62 %.43
262.01 7.98

AVE= Z64.38(FFM)

AVG. SOR OF MAN DEFLEC.=

FLOW RATE(LOCAL BLDOCKAGE)=

FLOW RATE(AVG. BLOCKARE)=

AVG.

BLOCKAGE=

2.931

0.994
SFECIFIC GRAVITY OF WATER AT WATER TEMP.= 0.995

Lo 2o 3 4

——t

(S0

AVG=

AVG=

2.86(SER(IN OF FL))

S323. (GPM)

S320. (GPM)

3.24(SQ IN)

16.94 (IN)

IN)

TRAV DIAMETER 2

vC

(FPM)
331.32
437.20
471.69
480.16
488. 20

441.71 (FFM)

468.00
495. 60
488.73
4B3.29
443.91

475.20(FFM)



FITOT TRAVERSE FDOR EFA/ENTROFY (EXXON):CTB4-RISER C(?/3/86)

) -~
- b

0.994

SFECIFIC GRAVITY OF FLUID AT AMB. TEMF.
SFECIFIC GRAVITY OF WATER AT AME. TEMF.
SPECIFIC GRAVITY OF WATER AT WATER TEMF.= 0.995
AVERAGE DIAMETER OF FIFE AT TRAVERSE FLANE= 17.25(IN)
AVERAGE AREA OF FIFE AT TRAVERSE FLANE= 2T3.7(SQ IN)
FITOT TUBE SERIAL NUMEER=WF&A

FITOT TUBE COEFFICIENT=0.,8I3

TRAV DIAMETER 1 TRAV DIAMETER 2
TRAV FOS BLOCK DEF vC DEF vC
PT CIN) (IN) (IN FL) (FFM) (IN FL) (FFM)
1 0.44 0.28 2.83 S06. 48 4,93 359.05
2 1.41 0.77 14.22 607.2 9.42 494,26
3 2.53 1.16 16.486 652,25 11.09 3535.38
4 3.90 1.64 17.47 670.58 11.93 S554.14
S S5.90 2.34 15.37 627.08 11.98 353,63
AVE= 61Z.73(FFM) AVG= 499, 29 (FFM)
[} 11.35 4.25 8.97 475.11 10.22 S507.13
7 13.35 4.95 7.38 429.63 10.13 S03.25
8 14.72 S.43 7.0Q7 419.63 .21 478.94
9 15.84 5.B2 6.17 391.3%4 Z.00 472.64
10 16.81 6.16 3.85 308.67 7.75 437.94
AVGE= 404.87 (FFM) AVG= 4B80.00(FFM)
AVG. VELDOCITY= 499.22(FPM)
AVG. SBR OF MAN DEFLEC.= 3I.13(SGR(IN OF FL))

FLOW RATE(LOCAL BLOCKAGE)=

FLOW RATE (AVG.

BLOCKABE) =

AVG. BLOCKAGE= 3.29(5Q IN)

6060. (GFM)

6054. (GFM)



FITOT TRAVERSE FOR EFA/ENTROFY (EXXON) :CTB4~RISER D(9/3/B&)

SFECIFIC GRAVITY OF FLUID AT AMB. TEMF.= 2,933
SPECIFIC GRAVITY OF WATER AT AMR. TEMF.= 0.994
SFECIFIC GRAVITY OF WATER AT WATER TEMP.= 0.995
AVERAGE DIAMETER OF FIFE AT TRAVERSE FLANE= 17.19(IN)
AVERAGE AREA OF FIFE AT TRAVERSE FLANE= 2T2.0(SQ IN)
FITOT TUBE SERIAL NUMBER=WF&LA

FITOT TUBE COEFFICIENT=0Q.B833

TRAV DIAMETER 1 TRAV DIAMETER 2
TRAV FOS BLOCK DEF vC DEF vC
PT (IN) (IN) (IN FL) - (FFM) (IN FL) (FFM)
1 0.44 0.28 7.94 454,73 6.12 399.23
2 1.40 0.77 11.08 0936.04 8.25 462.54
3 2.52 1.16 14,09 603,45 ?.89 505.58
4 .89 1.64 15.11 23.62 10.82 527.71
S 5.88 2.33 15.75 634,76 12,12 536.83
AVG= S570.52(FFM) AVB= 420.Z8B(FFM)
é 11.31 4.23 11.57 39.55 11.73 543,26
7 13.30 4.93 ?.354 488.43 10.935 523.29
8 14.67 3.41 2.20 478.64 9.96 498. 02
? 15.78 5.80 7.67 434.28 8.88 469.43
10 16.75 6.14 6.24 392.92 7.13 420.01
AVG= 467.17(FFM) AVG= 490.BO (FFM)

AVG. VELQCITY= S04.72(FPM)

AVG. SAR OF MAN DEFLEC.= 3.17(SQR(IN OF FL))
FLOW RATE (LOCAL BLOCKAGE)= 6082.(6?”)

FLOW RATE (AVG. BLDCKAGE)= 6079. (GPM)

AVG. BLOCKAGE= 3.2B(sSQ IN)



65~¢

nLow)

UM
XKkXXK
10.
20.
30.
40.
50,
60,
70.
?0.
110,
130.
150.
180.
210.
240.
270,
300 .
35 .
400.
450.
500.
600,
700,
R00.

T0TAL
TaTAL

D(HI)
(U]
133434
20,
A0,
4Q.
N0,
AQ .
70.
90,
110.
130.
150,
1RO,
#10.
240,
270,
200,
RETo
400,
A50,
S00.
400,
700,
800,
700,

MASS FLIIX=
COUNT FLUX=

IRY

ARFA SAMPI EN=

BAY-HA4-

L.06
DCHI)

Ak
1,301
1.477
1.602
1.69%
1.778
1.845
1.954
2.041
2.114
2.176
2.25%
24322
2.3R0
2.431
2.477
2.544
2.602
2,654
2.699
2.778
2.645
2.902
2.954

MASS MFAN NIAMETER= 282, (IM
24, UM

COUN1 MEAN DIAMF IFR=

MASS EMISSTON RAlE=

S1

n

HASS
Fr.ux
UG/sM2/5EC

KRR R KKK

2.81E402
$.32402
1.H4E403
2 A7E403
2.33E403
1.71403
2.49F402
1.316403
1578403
1.24F4+03
352403
S 07403
4,00E403
A4.246F403
N, 20E403
7.9242403
6,74E+03
1.43€£403
J.75L403
4.14E4103
1.21E403
0. 00E-01
1.02E403

é.6%E4+04 UB/H2/SELC
1.81F407 &/M2/SFC

-1 or

A3.680 M2

COUNT
KX
*+/H2/8EC

1., 59F405
6:51E4104
H.18E+04
4,96F.404
Z2.67E404
1.19L404
?.28E+03
2.50E403
1.74E4103
1.21E403
1.50E403
9.84E402
A71E402
H.02E402
4,297 402
4,41FK4+02
2.44E402
1.,10E402
6060401
1,73E+401
H.42E400
0.00E-01
I 19E400

2.YO0FE+00 GRAMS/SEC

% MARS
5Mal LER

032253332331
0,423
1.227
1.998
7567

11.077
13.651
174,406
19,479
21751
4,377
29.694
3h.462
11.499
48,0071
L5.931
A7 .6892
78.0%9
84./46
?0.3/5
Ph.624
8.453
PH, 45K
100,000

Z COUNT
SMALTLER

1334333033 ¢
IR, X7
1,130
73.9312
CHERAS ]
Y2359
?5.22
$7.472
?28.076
v8.494
96,789
?9.152
99.390
?P.552
?7.674
$P7727
99 .684
¥ .742%
P9.970
LA RR AT
??.997
99.999
97.999

100,000



Y540 9?20 F9.9

e, 1

/7040

50.0

30.0

1.9

Y.0

1223333333333 332333 333023233033 203833202 0022833302233 33233333844223028¢830333433223333333333¢3338¢3332

1.0

0.1

.l.#,l.l.lll,.l.i.t_l.**l‘*““!"‘*l!‘#'ﬂ‘**lI.l..l.'l"“"*l.’l‘CCCLCCCCCCl
] ] | 1 Q| i »
[ ] 1 1 ] I I «
- ® ® © @ © W * 4 o o ..........‘l-‘l.’...l..0....‘......0....‘.l'l....’.
] i 1 1 . o L} 1 - F 3
f [ ! t o . ! i -
1 1 | \ 1 ! | i »
H | 1 1 1 O 1 i -
] [} | ] o\ - - ] 1 P
A ] ! i Q- ' 1 *
| 1 ] ] [ ] ] »*
] l. i 1 O | 1 ”*
{ { ! 1 ] i t o
i 1 J 1 o 1 i 1 -
e @ @ &4 o ® @ ® © 4 e & ® 8 T O T S S © B B 4 ¢ ® o ® O P 4 o o e & o e & & ) .8 T & * & 4 e & ° O+ ese o s & o e o oY
| ] | { 1 1 | -
] 1 | o i 1 i -
] 1 | | i 1 1 *
] 1 i &) t § 1 1 -*
i ( i (] i { ] b =4 x »*
] i | i 1 ] | L
1 [ [IRS] | | I 1 Y]
| | [ &3] 1 | | t -
| | | i i 1 1 »
1 1 1 1 1 [ b 1 -
0..0.‘l.....'..'....““.'l..ll...ll..‘.‘.‘.l..l..0.'..'0!."
1 ] k8 | I 4 i » ] i L3
[l 1 I 1 t [ 1 LY
! 1 I i I | t Y
[ | ! i ] ] 1 -
1 & i 1 ] t 1 -
i [ 1 1 1 | | »
¢ ] 1 ) 1 x t *
\ ] i I I ] i *
1 L} 1 ! ] ' 1 *
* ® ® @ ® ® ® 6 * o & @ " 9 O ® ® 6 9 S5 ® ® e & 6 & € S o @ e T e e ° O PV O G- ¢ o T O & 6 O S S o e T e e e e
1 } 1 1 I b =i | 1 4
t 1 1 1 | 1 I *
I t 1 I ] | 1 3
] 1 | 1 1 b ] i »*
! ] 1 1 1 ] 1 *
i D I ! | 1 1 1 -
llllllll * ® ® ® ® o ® ° ® e @ @ ® % & ® ® O @ T S € & ® & T e e @ & O e 6 T & o & & & 0 o O e o ° e & s e+ e v e ¥
| “ “ 1 1 - l 1 ]
i ! 1 1 |
i [ [ 1 1 ] t u
i } ] { 1 i i ”*
1 I 1 ] | 1 | *
1 i i 1 p i | »*
(] 1 1 1 | ! 1 »*
® @ ® ® @ © ® ® & O ® O * o O © ® S O O S e O ¢ O & 4O O O T 4 6 O O 5 O O O 4 O ¢ @ F o & O O & O O O s 6 s G ¢ S o O
] i ] 1 b =i | i i m
L] ) ] i i ] [}
- [} i 1 ! 1 1 ) -
1 I 1 1 p o 1 | | %
- 1 I 1 1 1 [ 1 -
1 | | [ = | 1 |
] 1 ! | 1 i 1
1 1 i b = | 1 1 |
e o ® 6 % o o 8 e o 6 ® & o % e e e e % @ e ® e e @ e e s e e e s e o % e e e e e e s e s e e e e s e e e s e e
) | | | 1 ] 1
1 1 ' h = t i ] 1 -
1 I ! p i i t i L
] 1 [ 1 [ 1 1 ™
] t x| | t ] t
1 ] | | § ) I
e * 6 @ s @ o ® ® 2 © ® * o ® ® o o 8 s o o @ 22X * o e ® ® ° e + + 8 e G * e e s e & ® e * e e .+ v e e e s e s e e e o
) 1 1 1 ] 1 f
1 b o | ] ! | 1 L
] 1 1 ! 1 { 1 -
{ 1 t 1 1 | $ »
i x I ] i 1 1 1
1 4 i i | I ]
1 t | | ! i 1
1 t | ] ] [} |
! | | 1 i ' !
oooooooooo e e ® 2 @ @ o © ¢ ® * + % °® 4 ® e S e e e S 4 e S S e e e ST e e T s s e e s e e v s 4o s
| 1 | ] ] ] 1 -
i ] | ] [ 1 ]
] i | ' 1 1 ] ]
] i i \ ] | 1
] ] ! ] ] ] 1
] 1 4 1 I - i t
x 1 ! i | \ 1 L3
| 1 | 1 3 1 ! b
1 ] ] § 1 | | 3
' i J i [ i | u
b0..0...“0..0"....‘...000'..00‘00...0'.5'0..'.0...00000‘.!
x | ! | ] 1 1 ! 4
1 1 i ' | [ 1 9
1 1 ! | 1 t 1 3
1 | 1 1 ] ] i 9
i ] 1 i ] 1 ] 1
1 ] 1 { 1 | ! L]
! | I ! { 1 1 4
] 1 1 1 f ] 1 M
1 I | 1 i 1 | 4
I 1 i 1 ] | ] 1
* @& ® & o @ 8 ® ® o ® ® ® @ ® ® ® w w W ® e e @ & * o @ S * o o & e o e ® ® % 8 % ® % & e ® 6 6 e & ® e 4 v o ¢ e v o N
] 1 n | ! l “ -
1 | 1 | 1
P BB e B e PE e P B PE W B B B P B B W FE M B W B M B M B B M W B N B M B F M P IE FE P B B e I B M B I B B S B W M W W N

o ° © A-60 [ © © [
" 9o o S o o ©
- (] Ll o o



\RY ST §N | e

AREA SNAHPL EN= 43,80 MD

BAY-B4-H
t ot MASK COUN? % MASse X COUNT
D(LOW) D(HT) D(HI) FILLUX FI.UX SMAI I PR SMALLFR
UM LIM UG/HM>2/SEC  #/M2/GKEC
XRRxk LSt e P33R 22437223 AR 222420208 XAk kRkKokkd kR K
10. 20, 1.301 1.90E4+02 1.081405 0.442 27,032
20, 30, 1.477 ?.8%402 1.208405 2,732 Y7.704
3o, 40, 1.602 1.21L403 Y XRF{04 5,039 71.410
40, 50. 1.699 P 37F403 4,96E404 11.040 RI,. 40
50. 60, 1.778 2.852E403 2.956404 17.016 71,327
60, 70, 1.845 20070 403 1.58E404 72,303 $5.320
70, 0. 1.954 2.47+402 9.20F403 28,029 97.65%8
90, 110, 2.041% 1.2/F403 7+43£403 30,995 98,278
110, 130, 2.114 1.66L4+03 1 .85E+03 34,875 . 742
130. 110, 2.1764 1.46E403 1.29E403 39219 ?9.070
150, 100. <4235 209103 1.23403 45,938 ?9.301
180. 210, 2.322 3.39F403 . 23E402 H3.817 9?.602
210, 240, 2.380 3.53E+03 Y. 77E402 62,001 9P. 701
240. 270. 2.439 2.30E403 A, HOE$02 AP 699 99.848
270. 300. 2.477 2.57L402 2.12F402 75.67R 97.901
300. 350, 2.544 3.95L403 7. 20E+02 BA.861 PP.907
350. 400, 2.602 2 .34E403 H.46E401 70.291 ??.978
400. A%0. 2.653 2.41F403 G.Y9E+01 95,886 P?.974
450. 500. 2.699 7.89F402 1.41E+01 972.721 ?9.997
500. 600, 2.778 ¥.R0E402 1.12€+401 100.000 100,000

e
&\TOTAL HASS FIUX= A4,30E4+04 UG/M2/5FC
 TOTAl COUNT FlLUX= 1.,7XE407 #/MP/SEC
HASS MFAN DIAHETFR= 204, UM
COUNT MFAN DTAMFIER= 34, UM

MASS EMISSION RATE= 1.BB8E+00 GRAMS/SEC
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i1

DeLow) NCHLD)
JH Lt
AXA 4 ¥ AXEREK
10. 0.
20. S0,
30. 40,
40, 50,
50, 60
40, 70,
70, 90,
F0. 110,
110. 150,
130. 150.
150. 1810,
180. 10,
210. 40,
240, 270.
270. 100,
300. AS0.
3uU0. 400.
400. 450,
450, 500,
500. 600,
600, 700,
700. [d¢Xem
800. Y00.
900. 1000.
1000, 1200,
1200. 1400,

TOTAL HMASS FlIUX= &,
107TAL COUNT i UX=

HASS HE'AN DTAMEL k=
COUNT MFAN LTIAaHEIYR=

MASS EMISSION RATE=

QUMMARY IIROF

Akl SAHET Eti=

HAY-6H- 3
1.06G HASH
IeHT) P UX

UG/MN/SEC
X ek kX
1.301 Y.67L102
1.477 DOLRLI0T
1,602 1 OAELQOA
1.699 t.5aE104
t.72/0 1.3I8E104
1.845%5 1,804
1.554 JeLOR 0D
D041 $.39F404
2.114 L1778 104
241764 J.711 104
7.255 .19 404
2,320 YRV B ROE
2380 U I4E4 0
2.441 Ho4AET 04
2.47/ 4.5/L104
2.544 h.74L104
2,602 $.83H104
REFINR VABETOA
2.6%9 N 49E 104
2.7/8 1.89F404
2.845 LA6E1404
2.903 1.120104
2,954 0.00E~01
3.000 0.006~0t
2.079 0. 00E~-01L
X.146 1.948104

74E105 UG/MP/SEC

S,181407 B/HD/SFL

278. UM
6., UM

Foa9riot

St7L DISTRIRGTITON

SReaa M2

O
f1ux
F/7HD /880

(I EEFASE RS SN RS NSNS

HLATELOG
20600100
4. /1L 105
4LU6EH0D
1. OF 105
1,10E10%9
[ BRSNS R SRRV
6180 104
.01 H04
Jonrioq
YAt to4
1.449€104
B.62F 103
HGDPTHLI03
J//70 103
Ao/ 103
1.,59F403
AVLOEHO2
4.45£402
Vel 78 102
7.46E101
H.078 101
Q. 00E~-01
Q. 00F-01
0. 00F-01
1,697 104

GRAMS/SEC

Z HALGS
teat R

FHERRILESK
(0,443
Oan9g
2,027
4,356
6,307
?,/08
14,905
18,547
DT LA
2916
36,856
45,128
52./52
&0, 823
&7.587
770095
TRINIAY
B&. 944
0,444
93,442
5.459
?7.120
97.120
97.120
97.120
100,000

FARNEIIN
SHALLL PR

(1SS S RSN
DA 96T
RYSERIT NS
ISRAR LD
780007
$Ho, a4
tHo . ARy
P1.,4%0
$4.404
5,008
97.186
g8.193
Q4.44R
FHe24aL
F¢.528
Py . 700
97871
DA R
Py .96
99 .93
?9.99%
FP.F97
?9.$79
CARN AL
F2.7¢7
??.59Y

100.000
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VA NOU D WA -

ARFA SAMFLED=  23.64 M2
BAY-48-4
LOG MASS COUNY % HASS % COUNT
D(LOW) DCHI) [H(HT) Frux FI.UX SHALLFR SMAL LER
uM UM UG/M?2/SEC  $#/M2/SFC

XXERR 12283 TEXKX 1238333202222 000 332282838 23338888
10, 20. 1.301 B8.56E402 4,B4E405 0.18% 21.658
20. 30. 1.477  2.39E403  2.93E405 0.716 34,747
30. 40. 1,602 1.02E404 4.55E105 2.967 55.106
40, 50. 1.699  1.65E104  3.45F405 6.597 70.551
50. 40, 1.7/8 1.94E404 2.23E405 10.801 g80.53%
50, 70. 1.845 1.94E404 1.35E40S 15.164 84.581
70, 90. 1.954  4,23E404 1.58€405 24,472 93,630

%0, 110. 2.041 X.73E404 7.126404 32.684 94,814 '
110. 130, 2.114 2.50E104 2.74E404 IR, 195 98,051
130, 150, 2.176 2.0BEj04 1.456404 42,780 98,699
150. 180. 2.255  2.B84E104 1.22E404 49,087 99.243
180, 210, 2.322  2.55E404  &.546E103 54,698 99.5436
210, 240. 2.380 1.82E4104  3.04F+403 58.699 99.673
2490, 270. 2.431 1.B6E404 2.14F103 462.801 99.769
270. 300. "2.477 1.64Ft04 1.%7E403 66,457 99.830
300. 350, 2.544  2.57E404 1.436403 72.128 $9.894
350. 400, 2,602 2.70E404 9.79E402 78.082 99.938
400. 450, 2,653 1.45E404 4.11E402 81.721 99.956
450, 500, 2,699  2.49E404 4.79F402 87.64364 99.97)
500. 500, 2,778 3.09E404  3.55E402 94,439 99.993
600, 700, 2,845 1.69E104 1.18E402 98,172 99.998
700, 800. 2,903  S5.59E+03  2,53E401 99.403 100.000
800, ?00. 2,954 2.71E403  8.42E400 100.000 100,000

SUMMARY DROF S1ZF DISTRIRUTION

TOTAL MASS FLUX= 4.54E405 UG/H2/SEC
TOTAL COUNT FLUX= $.296407 $#/H2/SEC
HASS MtAN DIAHETER= 248, UM

COUNT HEAN DIAMETER= 44, UM

HASS EMISSION RA1E= 1.07E401 GRAMS/SEC
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Y
N4
Y
D6
07
8
09

D(LOW)

UM
Kk¥x ¥k
10.
20,
30.
40,
S0,
6Q.
70.
?0.
110.
130.
150.
180.
210.
240,
270,
300.
380,
400.
450.
$00.,
600.
700.
800.
00 .
1000.
1200,
1400.
14600,
1800.

TOTAL
TOo1AL

MASS EMISSION RATE=

DHI)
UM
AEEKK
20.
30.
40.
S0,
60.
70,
?0.
110.
130.
150.
180.
210,
240.
270.
300.
350.
400.
450,
500,
600,
700,
BOO .
?00.
1000.
1200.
1400,
1600.
1800,
2000,

MASS Fl.UX=
COUNT FI UX=

SUMMARY DROF SIZtI NVYSTKIBUIION

ARFCA SAMELEN= 42.00 M2

BAY-68-5
LOG MASS COUNY
Lo rrux FLUX

UG/H2/SEC  $#/MD2/8EC
KEERE ROk kKR KRk kK
1.301 ?.97e102 5.41E105
1.477 3.06C103 3.79E 405
1.602 9.14E403 4.07L 105
1.699 1.38E104 2.892E103
1.778 1.68E£104 1.93E105
1.6845 1.92€404 1.3XL105
1.954 4.15L404 1.55E105
2.041 4.41E104 8.421404
2.114 3.720404 4,11E104
2.176 2.98E£104 2.008E404
2,259 3.12F104 1.33L104
2.3272 Z.18E404 S5.60E103
2.380 1.7RE 104 2.99E103
2,431 1.65K404 1.90E403
2.477 1.48E104 1.22F103
2.544 1.9460104 1.097 103
2.602 1.792F104 6.7 102
2,653 2,020 104 $.073E102
2,699 1.23t4104 2.19K102
2.7/8 2.481104 2.85L102
2.845 1.10F 104 7.680101
2.907% f.86F 104 f1.44L 101
2.954 6.781 02 2.1 401
3.000 5.68H103 1.240 101
3.079 2.941 108 4.2 100
3.146 0.00f 01 0.00I 0l
3.204 0.00H-01 0.00F 0Ot
3.25% 0.00L -ut 0O.00F- 01
3.301 3.03t tua 8.421 100

4,880105 UG/MP/SEL

?.57F 107 &/HD/GEC
MASS MEAN DNIAMETER= 360.
COUNT MtAN DIAMETEKR= 44,

UH

2.05E401 GRAMS/SEC

Z HASS
SHAL LEK

S22 22 L8
0.196
0.823
2,697
5.521
8.974
12.908

21.421
30.459
38.089
44,203
50.603
55,065
58,715
62.090
65.121
69.140
72.80%5
76.951
79.469
84.557
R4.820
?0.641
¢2.031
?3.195
?5.7%97
$3.797
1,797
?3.7%7
100.000

% COUNTC
SHAI LR

Ok KOk K Kk Kk X
23,8487
40,382
58.337
71,074
79.604
85.4%1
92,323
?46.0738
?7.852
98,748
?F .35
?9.601
99.732
??.816
?9.870
?9.518
99.54¢
F9.9469
?9.%70
$9.591
99.594
?5.590
?F.¢9?
G, "Re

100.000
100.000
100.000
100,000
100.000
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Fexavalent Chromius

dater Inlet kasin  [ry Iniet Air Inlet Air Gutiel Air Evaporative £81551005
Flow Teep. Teaz., #ir Flow  Enthalapy Hueidity Humidity Heat Lesz ---------r-om-o-oe-
fun {les/hri {Fy {F1 (lbs/hr}  {BTds/IB) {lbs/lbi  (lbs/le  imeBTls/hri imgs/eaBiii{ugs/osl)

1-i 2,096,560 10t 8% 1,493,901 40,6 9.G18 IRUSH 7,2 {58 39,57
-1 2,085,580 102 B4 1.381,98) §2.0 0.01¢ 0. 0256 98,43 z. 80 £09

-1 1758360 18 83 1,303,247 $2.6 (. 020 B4 50 42,7 12,50
3-1 1,795,500 Lot 84 1,429,%% §2.5 4,022 EATRE- 579 Z9
fverage 1,755,300 180 85 1,134,629 §2.4 G021 .029% §7.83 27,25 .62
Cocling Toser &8, Standard-Efficiency frift Eliminator, Crosstiow Riser (ell &
3-1 3,978,300 101 84 4,044,588 39.6 GooLs 0.9253 227,91 261,53
5-2 1.578,500 101 B4 8,269,899 44,8 0,021 ¢.0298 235,12 28.61
5-3 3,578,300 101 B4 4,191,799 44,8 0,020 0.0277 251,34 114

A-1 2,323,000 100 8% 2,437,894 42,0 ¢.022 0,8%13 159138 28,04 14,91
A-2 2,923,000 160 B3 2,710,920 .8 0.02i {.0283 141,60 2.49 1,33
Average 2,323,000 100 B3 2,&74,37 §3.4 g.022 §.0297 156,49 13,26 Toe?

C-1 3,027,606 108 85 2,517,728 42,0 .02z 00334 194,34 58.77 24,75
£-2 027,000 100 B 2,355,740 44.8 0,921 0.0322 161,61 2.32 1,43

-1 3 9 B £2.¢ 0,022 0. 9368 143.47 .41 2,58
b-2 L0500 99 BS 4.8 0,021 6.0328 145,33 §8. 11 2.0
Average 3,039,300 99 &3 09,3 43.4 3,022 h.0318 146,90 34,78 i3.83




Southern Research Institute ZODLNT L Averiud Tont POOBn BERIe em, wnan eduETas 0030 DEUL 120D D05 Lo

November 18, 1986

Scott C. Steinsberger

ENTROPY Environmentalists Inc.

P.0O. Box 12291

Research Triangle Park, NC 27709-2291

Dear Scott:

Enclosed is a summary table with particle size cut values for the data
you sent me from the three cooling tower tests.

If you have any questions, feel free to call me.

Sincerely yours,

O

Ashley D 'Williamson
Head, Aerosol Science Division

ADW/fea
Enclosure
Project: 6112



COOLING TOWER DROP SIZING TRAIN RESULTS - EXXON, BAYTOWN REFINERY

Disc/Nozzle Train Run No.

1 2 3 Iy 5 average

Stack Gas Velocity (ft/s) 34.8 34,2 34.7 34.5  34.4
Disc Train D50 Cut Size (um) 12.55 12.66 12.56 12.60 12.62 12.60
Disc Train Probe D50 Cut Size (um) 5.07 5.11 5.08 5.09 5.10 5.09

Absorbent Paper/Impinger Train Run No.

i-1 2-1 3-1 5-1 5-2 D-1 D-2 A-1 average

Stack Gas Velocity (ft/s) 21.6 19 20.9 25.9 27.6 20.8 19 122.7

Absorbent Paper D50 Cut Size (um) 30.46 32.48 30.97 27.82 26.95 31.04 32.48 29.72 30.24




EXAMPLE PARTICULATE TEST CALCULATIONS

Cooling Tower No. 68 - Exxon Refinery
Baytown, TX
Run No. CT-68-1-1

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

vm(std) = 17.64 * Y * Vm K e me e
(460 + tm)
: ( 30.250 +
vm(std) = 17.64 * 1.0020 * 53.639 * —ceme—meee e
(460 +
vm(std) = 51.968

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

Vw(std) 0.04707 * Vic

0.04707 * 44.76 = 2.107 SCF

Vw(std)

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS

—— ———— ——————— — T ———— —— T  — —— = G s = e S e - T - — - — -

o
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100 X e = 3.9%

o°
o]
[\
@)
I

DRY MOLE FRACTION OF FLUE GAS

Mfd

1 - %H20/100

Mfd = 1 - 3.9% = 0.961

WET MOLECULAR WEIGHT OF FLUE GAS

Ms

(MA@ * Mfd) + (0.18 * $H20)

Ms = ( 28.84 * 0.961 )+ ( 0.18 * 3.9 )=

28.42 LB/LB-MOLE



EXAMPLE CALCULATIONS Page 2

Run No. CT-68-1-1

ABSOLUTE FLUE GAS PRESSURE

Ps Pbar + Pg / 13.6
Ps = 30.250 + ( 0.000 / 13.6) = 30.25

AVERAGE FLUE GAS VELOCITY [Note: (Delta p)avg is square of avg sg. root]

vs = B85.49 * Cp * SQORT[ —=--mmmmmmmmm e - ]
Ps * Ms
. 0.1429 * (460 + 84.1 )
vs = 85.49 * 0.840 * SORT [ == e ]
30.25 * 28.42
vs = 21.60 FT/SEC

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS

60 Tstd Ps
Qs@ = =---- * Mfd * vs * A ¥ oo I

144 ts + 460 Pstd

60 528 30.25
Osd = ---- % (0.961 * 21.60 * 37688 * e L

144 84.1 + 460 29.92
Qsd = 319,789 SCFM

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS

Qaw

60/144 * wvs * A

Qaw 60/144 * 21.59 * 37688 = 339,149 ACFM

PERCENT OF ISOKINETIC SAMPLING RATE

—_— e e e e, .- — e ———————-—

Pstd 100 (ts + 460) * Vm(stsd)
L] = mmem K e K e e o
Tstd 60 Ps * wvs * Mfd * Theta * Area-Nozzle, sqg.ft.
29.92 100 ( 84.1 + 460) * 51.968
ST = mmmm K mme K e e
528 60 30.25 * 21.60 * 0.961 * 120.0 *0.000340
%1 = 104.0 %



EXAMPLE CALCULATIONS Page 3

Run No. CT-68-1-1

GRAINS PER DRY STANDARD CUBIC FOOT : - HEXAVALENT CHROMIUM
7000 ugs
gr/DSCF = —-====--- *  eemme——-
453,592 vm(std)
7000 65.273
gr/DSCF = ~———m=—-n R ettt = 19.383 x 10E-6
453,592 51.968

Mass Area of Stack
PMRa = ------- ¥ e
Time Area of Nozzle
60 min 1 ugs Area of Stack
Lb/Hr = ---==--- L L et * o e
453,592 1000 Theta (min) Area of Nozzle
60 min 1 65.273 37,688.0
Lb/Hr = -~====--- ¥ omomme - o b * o
453,592 1000 120 0.049
Lb/Hr = 55.242 x 10E-3

n-82



EXAMPLE CALCULATIONS - Page 4

Run No. CT-68-1-1

POLLUTANT CONCENTRATION - AIRFLOW

Mass (mg) 35.34 ft3 ng
__________ * —— = ————
Vol. Metered (dscf) m3 dscm
0.065273 35.34 ft3
----------------- = 44 387851 mg/dscm
51.968 m3

PMRa (mg/hr) 1,000 wug/mg
____________________ * e
Water Flow Rate (gal/min) 60 min/hr
25060 1,000 ug/mg
-------- * —memmem—--- = 99.610 wug/gal
4,193 60 min/hr

Evaporative Heat (L1tl + Ghl) - (L1 - G(ae2 - ael)) * t2
Loss (MMBTU/hr) = =e--eecmccc—c oo
10E6 BTU/MMBTU

ael = Entering air humidity (1lbs/lb) 0.0180
ae2 = Exiting air humidity (1lbs/lb) 0.0251
G = Air flow (lbs dry air/hr) 1,494,901
hi = Entering air enthalpy (BTU/1b) 4o.6
L1 = Hot water flow (lbs/hr) 2,096,500
t1 = Hot water temperature (Degrees F) 101
t2 = Cold water temperature (Degrees F) 84
Evaporative Heat

Loss (MMBTU/hr) = 97.225 MMBTU/hr

mg/hr

________ = 257.753 mg/MMBTU



EXAMPLE CALCULATIONS Page 5

Run No. CT-68-1-1

MASS EMISSION RATE (RATIO OF AREAS) - ABSORBENT PAPERS

Mass (ug) 001 mg Stack Area (in2) 6.452 cm2
_________ * — - - * — - o o o ——— * ——
Sample Time (hrs) ug Area exposed paper in2
16.265 .001 mg 37,688 6.452 cm2
= eemmm———— * e # e e * e ——
2 ug 13.2 cm2 in2
= 149.8 mg/hr

DRIFT RATE - ABSORBENT PAPER

Water conc.(mg/L) * Water Rate (gpm) * 3.785 1/gal

149.8 *  1hr/60min * 100

L = 0.0021%
7.66 * higz * 3,785 1/gal
DRIFT RATE -~ IMPINGER TRAIN
Mass Emission Rate (mg/hr) *¥ 1 hr/60 min * 100
Water conc.(mg/L) * Water Rate (gpm) * 3.785 1/gal
25060.0 *  1hr/60min * 100
T e e = 0.344%
7.66 * 14193 * 3,785 1/gal
DRIFT RATE ~ SENSITIVE PAPER
Mass Emission Rate {g/sec) *  60sec/min * 100
Water Rate (gpm) * 1 g/ml * 3,785.4 ml/gal
12.4 * 60 sec/ min * 100
D S = 0.0047%

4193 * 3.785 1/gal

A-B4



EXAMPLE CALCULATIONS Page 6

Run No. CT-68-1-1

TOTAL CHROMIUM IN IMPINGER AND DI AND NZ SAMPLES

- - ———————— - = - —— — ————— = - —— -

B*A™*0.001 L/gram = C

C-L=0D

D*E=F
2 g (ml)

H* —mmmmmee =1
G

F (or D) + I +J =K

Sample weight sent for GFAA analysis (grams)

Sample concentration (GFAA) (ug/L)

Total chromium in GFAA sample (ug)

Blank corrected total chromium in GFAA sample (ug)

= Correction factor for 2 ml taken by NAA (if needed)
Adjusted total chromium in GFAA sample (ug)

Original sample weight sent for NAA analysis (grams)
Total chromium calculated and reported from NAA (ug)
Total chromium contribution from 2 ml NAA aliquot (ug)
= Total chromium contribution from beaker residue (GFAA) (ug)
Appropriate blank (ug)

= Total chromium for sample (ug)

ANoOraHITDOM@DoO O

Note: Letters refer to columns in table which follows.
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EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
XX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
£XX
EXX
EXX
EXX
EXX

Sample I1.D.

1-1-abc Impin
2-1-a Impin 1
2-1-b lmpin 2
2-1-c Impin 3
3-1-abc Impin
h-1-abc Impin
5-1-abc Impin
5-2-a Impin 1
5-2-b Impin 2
5-2-¢ Impin 3
5-~3-abc Impin
A-1-a Impin 1
A-1-b Impin 2
A-1-c Impin 3
A-2-abc Impin
8-1-abc Impin
B-2-abc Impin
C-1-a Impin 1
C-1-b Impin 2
C-1-¢ Impin 3
C-2-abc 1lmpln
D-1-abe Impin
D-2-abc Impin

& Filter

& Rinse

Filter
Filter
Filter
Filter

Rinse

Filter

& Filter

Rinse

Fllter
Filter
Filter
rFilter

Rinse

Filter
Filter
Filter
Filter

Dlank 1 Sample Trailn
Blank 2 Water Blank

Sample

grams

.9872
o,

5960

5.7761
5.0710

]

.3544
.0700

5.5819
5.5360

.9242
.5629
L7916
.9885
.7h29
.3238
.8390
L3312
. 1091
.8370
.9hlh
.9388
.2507
.0658
.0054
.8572
.0529

Sample

Conc.

(GFAA)

ug/L

4ous.
116.
98.
37.
164.
129.
3152.
h74.
37.
33.
157.
176.
h6 .
95.
58.
86.
107.
616.
76.
88.
110.
110.
497.
31.
110.

C 0O O 0O OO0 0 Q OO0 00 0O 0 0O 00 0 0 0 0 0 0 0 o

T

(G

O O N O O 0O O N O O O O O Q O 0 0O N~ O 0 O o oo

EXXON REFINERY - Baytown,

otal
Cr
FAA)
ug

.1ho2
-5331
L5661
.1876
L7101
.5250
.5941
.6241
1452
1836
-7523
.7020
.2182
.h108
3387
3725
-h397
.3636
.3758
.3466
.h676
Chhg2
L4877
. 1506
Lhths8

D E
Blank Corr.
Corr. Factor

Tot. Cr For 2 ml
(GFAA) Taken
ug By NAA
16.0h02 1.079
0.4331 1.086
0.5261 1.084
0.1676 1.077
0.6141 1.083
0.h250 1.082
17.4941 1.078
2.5241 1.091
0.1052 1.088
0.1636 1.112
0.6523 1.079
0.6020 1.078
0.1782 1.089
0.3908 1.074
0.2387 1.082
0.2725 1.119
0.3397 1 088
2.2636 1.085
0.3358 1.085
0.3266 1.083
0.3676 1.081
0.3h72 1.090
2.3877 1.088
1.078
1.091

Adj
Tot
(G

-
-

© ON O O O 0O N OO0 O O 0O 0O 0 O O N WO OQOOoOoOo

usted
. Cr

FAA)

ug

.3031
4703
.5700
.1805
.6652
4597
.8622
.7543
L1145
.1820
-7039
.64h88
.1940
Lh197
.2582
.3049
-3697
.h553
L3644
-3539
-3975
.3786
-5971
.0000
. 0000

TX

Original
Sample
wt.
grams

27.
25.
25.
28.
26.
26.
27.
23.
L6471
19.
27.
27.
20
29.
26.
.8088
.6307
25.
25.
25.
. 5968

24

18
2h

26
24
24

ho20
3218
9171
1114
0679
5272
5749
9277

7954
2730
7122
5078
0468
3708

6174
4790
9525

1260

.8029
27.
23.

7h61
9783

T
Cr
2ml

(

38.

= N O O O

N
o))

=~
O O 0 O N O O O B O O 0O O NO O O

H

otal
calc.

Aliq.

NAA)
ug

2110
.0000
. 0000
.2760
.2120
.3300
.8560
.5880
.0000
.0000
.3830
.0000
.0000
0530
.h530
.0770
.2500
.0000
.0000
.8950
0790
.9670
.8490
4aho
.2630

I

Total

[
2ml
(

QO O 0 0O 0 0O 0O O O OO0 0O 0O 0O O+ 0 o0 o o onN

o X

r in

Aliq.

NAA)
ug

.7889
.0000
.Q0Qo0
.0196
.1697
.1003
.9479
.0491
.0000
.0000
.17h8
.0000
.0000
.0312
.03h4
-4335
.1015
.0000
.0000
.0690
.1563
.0802
.0196
.0320

0.0219

Total
Cr in
Residue
(GFAA)
ug

&=

© O 0O = ® O 0 O O + &N O =WwWwm O O O @ = \u

-3730
.1280
7830
.0000
5530
.0h00
.8730
.8980
.8580
. 0000
.0230
.hh30
.0030
.0000
h1s50
.8430
.0580
.2080
.8080
.0000
.0000
.0000
.9230
.0000
.0000

-
=

Q O

Total

Cr

per

Sample

O = O W = Wu

66

—

N
O O O O 0O N O O - O O F U N O = O

ug

.hés0
5983
-3530
.2001
-3879
.6000
.6831
L7014
-9725
.1820
.9017
.0918
.1970
L4508
.7076
.5814
.5292
.6633
L1724

h229

-5538
.h588
-5397
.0320
L0219



L8-Y

EXX
£XX
EXX
EXX
XX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX
EXX

Impin &

DI-Lf
DI-1p
DI-2f
D1I-2p
DI-3f
DI-3p
DI-hf
DI-dp
DI-5f
DL-5p

Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc

Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
NZ-1 (w/o filter)

Sizing
Sizling
Sizing
Sizing
Sizing
Sizing
Sizing
Sizing
Sizing
Sizing

NZ-2pf Nozzle Train

NZ-3pf Nozzle Traln

NzZ-4

(w/o filter)

NZ-5pf Nozzle Traln

Filter-Blank Value

Impin 1 & Rinse-Blank Value
Impin 2-Blank Value
Impin 3 & Filt-Blank Value

wm

4
3

5
h

5
5
6
5
6.
6
5
5

1437
.3081
.8507
.8429
.4802
.0048
3343
ol89g
.0280
.706%
.5912
.1097
.6007
7369
.2465

L

GFAA

ug
0.1
0.1
0.0h
0.02

236.
550 .
12755.
348.
h365.
h32.
269.
37
gh.
h6.
h21.
6510.
6300.
287
1208.

O O 0O 0 0O 0 0 0 0O 0 0o o0 o o ©

N O O O = N

22

.hhogg
-9195
.8707
-0333
.9211
.5941
L4349
.2238
.5666
.2625
-3539
26.
L6844
.6h65
.1298

7541

N O © O B N

-3h99
.8195
-7707
-9333
.8211
Lhghy
3349
.1238
.h666
.1625
-2539
26.
22.
.5465
.0298

6541
5844

28.
24 .
28.
26.
25.
.9680
24
24 .
2h.
24,
2h .
22.
27.
27.
21.

24

5310
8876
7162
1345
4153

5252
4289
1605
1451
8408
1188
6306
7520
7376

2.5010
2.0320

83.
.1310
32.
.6130

~ O wv vy = O O = QO O

0610

4620

0500

.9140
.hs70
.0500

7210
7110

.8120

0000

-5950

C O = O O O 0 O 0O O N OBt O O

-1753
.1633
.7850
.0866
5545
.0491
.0041
L1567
.0378
L0041
.1386
.5164
L1445
.0000
L1468

~N QO 0O Q0 N O W R O

h2
11.
8.

.0000
.1030
.7600
.6100
.0230
.2530
.0000
.5680

1650
6180
4730
5730
1850
4230

.2080

28

= 0O O = (W

34

5252

.0857
71.
.6299

3156

3986

.7962
.3390

8185

.6695
.7846
.8655
69.

7435

-9139
9695
.3845



APPENDIX B.
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Preliminary Field Data

PLANT NAME Exxo ) - Angrewon Rerine

DRAW HORIZONTAL

LINE THROUGH DIAMETERS

1{ wore than § and 2 diameters and 1f duct

6 . ( x dia. is less than 24", use 8§ or ¢ poaints.
LOCATION PYTawn S
Fran LB # VELOCITY PARTICULATE
SAMPLING LOGATION ST-6B  F4584 N pianeTEne ;
- p— N
DUCT DEPTH A B 2.0 y
FROM INSIDE FAR WALL TO OQUTSDE OF PORT 12 12
> 74 1.75
NIPPLE LENGTH N y
NN\
DEPTH OF DUCT S o 13 —
20 .
WIDTH (RECTANGULAR DUCT) 54 1.25 e
EQUIVALENT DIAMETER: 16 <
D) = 2XDEPTH WDTH _ 2 ) - — 24 or 25
£ DEPTH + WIDTH ( + ) 2 0.5
DISTANCE FROM
T STREAM OWNSTRE AM
PORTS TO NEAREST <‘E=IReid  DOWNSTREAM
. DISTANCE DISTANCE
FLOW DISTURBANCE suer | FRoM 1nsipe | FROM OUTSIDE
Point DEPTH WALL OF PORT
DIAMETERS | 5/
2.1 495/ —
~— e 2
STACK AR:A:(’OQ-; ) = 27,668 =
310.81 25%
LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 4 [1.?‘ ?)Q) S/J
T & 3 € 10 12 14 16 1E 20 22 2¢ 5 S Q ot
1 6.7 4.4 3.2 2.6 ;.l 1.6 1.6 1.4 1.3 i.l 1.1 - bl ‘—SL{ /4l
2| 25.0 14.6 0.5 B.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2
3 \ 75.0 29.6 19.4 314.6 11.8 9.9 B.5 7.5 6.7 6.0 5.5 ° 55'(" ’-}%
4 93,3 70.4 32.3 22.6 17.7 14.6 12.5 10.9 g.7 8.7 7.9
5 l 85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5 7 Ce L{; fd )
6 95.6 B80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 (
7 B9.S 77.4 64.4 36.6 28.3 23.6 20.4 18.0 16.1 8 qsq lc:'él' /4 '
g | 96.8 85.4 75.0 63.4 37.5 29.6 25.0 21.8 19.4 g i \ I
I 91.8 B2.3 73.1 62.5 38.2 30.6 26.2 23.0 l gL.3 )%b /4
10 97.4 B6.2 79.9 71.7 61.B 38.5 31.5 27.2
! 93.3 B85.4 78.0 70.4 61.2 19.3 32.3 IO ‘ 282 J\’b ]bi
12 | 97.9 90.1 B3.1 76.4 6€5.¢ 60.7 39.8 135 3 o
13 94.3 87.5 Bl.2 75.0 6E.5 60.2
14 : 98,2 91.5 B5.4 79.6 73.8B 67.7 ZUL/ /6
15 95.1 B9.1 83.5 7.2 72.8 o y 3
16 ‘ 96.4 92.5 87.1 B82.0 77.0 lé q:}'C) q /6l
17 | 95.6 90.3 B5.4 80.6 I3 J
e 98.6 93.3 BB.4 B83.9 '
19 , 96.1 91.3 B6.8 !4 |
20 : 98.7 94.0 B83.5 :
21 96.5 92.1 -
22 | 98.9 94.5 o
23 Il 96.8 —
24 98.9 1o |
7 | I
LOCATION OF TRAVERSE PONTS IN RECTANGULAR STACKS 18 l l
P2 3 L 5 3 7 & g 10 11 12 19 l '
T 1 25.0 16.7 i2.5 10.0 8.3 7.1 6.3 5.6 5.0 4.5 4.2 !
2 ,75.0 50.0 37.5 30.0 25.0 21.4 18,8 16.7 15.0 13.6 12.5 20 | |
34 83.3 62.5 50.0 41.7 35.7 31.3 27.8 25.0 22.7 20.8 | !
4 87.5 70.0 56.3 50.0 43.8 38.9 35.0 31.8 29.2 -
5 | 0.0 75.0 64.3 56.3 50.0 45.0 40.9 37.5 2l l
6 l 91.7 75.6 68.8 61.1 55.0 50.0 &5.8
7 92.9 E..3 72.2 65.0 59.1 54.2 22 '
8 | 93.8 83.3 75.0 68.2 62.5 [
9 94.4 B85.0 77.3 70.8
105 95.0 B6.4 79.2 23 | ]
11 95.5 B87.5
12, 95.8 24
NTROPY

NVIRDNMENTALISTS, INC




PARTICULATE FIELD DATA

P-4

COMPANY NAME & D70 /u_-«fﬂlﬁ RUN NUMBER ST-S &- | -|
ADDRESS /519-«_/1‘0‘4)414 | Xa TIME START _UOF
SAMPLING LOCATIONEL &% fanclll «) TIME FINISH 132G
pATE 9= TEAM LEADER JS) _ _ TECHNICIANS 77
BAROMETRIC PRESSURE, IN. HG 3O @&~ ~ STATIC PRESSURE, IN. H,0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. C.of8( 00D
EQUIPMENT CHECKS IDENTIF ICAT1ON NUMBERS
~//4b1TOTS, PRE-TEST REAGENT BOX NozZLERL &  DIAMETER + 250
ApITOTS, POST-TEST METER Box 4/Z/¢(  T/c reEADOUT _2029 =
A/ FORSAT SAMPLING SYSTEM umBILICAL MQ. ~ T/c proBE _L=10 -
7TTEDLAR BAG SAMPLE BOX ORSAT PUMP __2{ %
o ruervMocourLE @ _8Y_ °r | proBe 2~ TEDLAR BAG _ /2
FILTER # TARE NOMOGRAPH SET -UP NOMOGRAPH & /i
A/ 4 AHg T 8 C FACTOR o=
METER TEMP stack TEmp __F0
% MOISTURE 4. ______ REF. 0P e ——
DRY GAS ORIF ICE GAS |.PUMP |FILTER/| IMP.

CLOCK METER Pitot |seTTING (AH), | METER |VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, {Reading IN. H-0 TEMP. |IN. HG |TEMP. TEMP. | TEMP. |READINGS l
PO NT | MIN. cu. Fr. |mv | 8p | ipeaclactuaL! OF  lcause | °r Ok | ©¢

| _1olo lwyg.1o1 B3vbillo.yCle. el | 4 |wa log %0 l
< lZs0-13  Rlogplowslo el fn & g lsd
2 | polzvaas Woblodsp <190 16 | Sy 180
| 2?53 9% lcycloRd 119 1151 19¢ |2 L% [ X1 :
I 3 | op1253.9% o029l 113 (18 [ 92 [ Z L 1S6 1% ‘
a1 26l.aS Faoleaghloyn 11 193 16 11 156 | 53
¢ | 30 [Pou.73 Wpoloadn - gle-53 194 |G | s (B3 |
35 lzey »a leple-ad 62210 +F19d | \ ez lga
= |l up 269644 B0yl o bl 50! T3 S A <y XA
us”l Z222.35 R0 | oysloysidy | Y 1l 159 lga |
& | <224 /4 9stooy 0. 1T 5163 | o | 189 sy ‘
<¢c1B2T. 4% 8l0lootp (¢ loyg 183 13 | 16} %3
z | bp @76 ¥3 B8ood 0% l049 193 13 po 153 |
EMFR23I 93 U93lewdo 15 nyl 98 |2 e | gy
1% 70 [229.04 |is9icoy o010 1010 192 2 | 7 sy
ErlrSoozx iboy ooy loag 93 [ | of | 3% !
9 | golzg/e 6% lyo¥oaolm-§blog€l1 93 1€ | S 199
SYlrsq.-21 lu3stoMlo tolo-2 194 | © | | s | §9
19 | se 126 Uy Butlalosulocd Ty | ST P e/ gy
I 285 %Y wagle 9!l @ rxlo 73 193 & 4 g3 10
1 10012932~ kub-ad 112 (1./0 183 Z 11 o2 |9
tot294.3 % I3Cinadl 1 g L3¢ 12 1N/ g2 56 |
1o 100392 .%2] ol okolowo 19¢ 1L T 7 1o, i5p
1051 799-60  2CYeyl psxto.sx19G | & | g3 |5C J
Io/og/sol  T43 | [ L | J
7
|
53,637 1429 629 93 g4
Vi (vop)? AH T Ts



Eqaon  ~EMA

IN. HG D@ e 20—

IN. HG

BAROMETRI!C PRESSURE,

STATIC PRESSURE.

RUN NUMBER C] G F T2

COMPANY NAME
ADDRESS g o I% ' TiME START 4|2
SAMPL ING LOCATION & ‘s TIME FINISH Y 2%
pate 4 /1 /¢C TEAM LEADE TECHNICIANS T M

IN. H,0

SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU.

FT./MIN. 2:00( ©.00D

EQUIPMENT CHECKS

IDENTIFICATION NUMBERS

REAGENT BOX
METER BOX

_A’_/“iPrTors. PRE - TEST
A{4 pITOTS, POST-TEST
¥ ORSAT SAMPL ING SYSTEM

TEDLAR BAG SAMPLE BOX

NOZZLE

o

DIAMETER __ 4.8

T/C READOUT @ocr?

UMB L 1CAL _nL___ T/C PROBE S ™3

ORSAT PUMP ¥/4

" THERMOCOUPLE @ &0 OrF | proBe _d«~ TEDLAR BAG _4/ (A
FILTER & TARE NOMOGRAPH SET-UP NOMOGRAPH & _———
-'v,-/ L BHg 22 C FACTOR —
METER TEMP F5— _ STACK TEMP ¥ &
% MOISTURE s~ _ _ REF. AP -
DRY GAS ORIFICE GAS | PUMP |FILTER| IMP.
cLOCK METER Pitot |sETTING {AH).| METER {VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |Reading IN. H»0 TEMP. |IN. HG [TEMP TEMP. | TEMP. |READINGS
POINT [ MIN. cu. Fr. [mv | 4p | ipeaLiacTuAL! ©F  lcause | OF O Of
J oln | zo1egnaly boalo.og \ma@l 94 120 /s Isy |5
s lgo2.6¢ 1S3 ntoeatol $yq 1 o T | vo
£ /0 lenz.c2 xoodle-toly.r0 1 fy | o | 38 | xy
5 |god 45 Lyl Of pedd In-2Y 19y | 2 | s> | 57
2 2o lgps B Bbloaulo-sS 1051 9 7 |53 (5
25 |gor 4y 3ol 0.4 1049 P g | e 154
y 20 18I0 1] Wodewrsl 0 fof lwtt9L 1 & | | lea |58
2clern ol WelBedt 0 bkl by 9% s~ | | 6o |5¢
< go g 9% Qudodm.aglo el Iy | <9 170
Y. oy | &y lpgt 19% Lo 159 19/
A solg19.- 93 bajpos] 92D le-26 196~ [ ] Lo 19/
ccHgdo. L] Lyolood o.24 |93 192 (2 | 28 .19/
Z o 1821 \WSood 0051008 % 11 | L | 7R
eS|y 23 NWS¥ped 000 1o | 9 |1 3 123
v Yo (503 -£F ly3slodl 0-25l0.35 (96 | S 6l 19
Ll J ] 03w V.op [ 100 | 96 2] b2 | ¢
9 | solyas-92 (@3b.p e-exlo.Cy¥6 | 5 e3 19/
sClsvai. ) ypasle 70 10.9019¢6 2 ea |2/
/5] 9o 1§34 1 144Go206-50 19.¢0 19 | X G 52
151 9367 ¢S Lle 33l 0.9/ 19 (195~ 1 | 9
't loo 1539. 22— {44llpadiosclose |90 L 1V gz | g
o5 1x42. 03 4126 009106219 L | S L3 1 ¢é
J2. 110 1yee. 97 Rallegl 0.4 awa | 6 | oy Ly |5
15 150l 9F Lb3leoF A A 65~ lge
/;zgjs%/ls/q&gf{ | I l l | 1 i
464726 J/m L#gg 7é 82
Vu (V_A—:;z AH T Ts

L




PARTICULATE FIELD DATA

DATE

ADDRESS

company NamE EZA0al = Em A

TIME

LAWY,

BAROMETRIC PRESSURE, IN. HG 30.2

SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN.

RAgtowa  Tx
SAMPLING LOCATIONGJ £ & Faw cefl # 3

TIME

TEAM LEADER TECHNICIANS

RUN NUMBER CTé - -/

START

FINISH L3 %

Im

STATIC PRESSURE: IN.
IN. HG _LSC

H,0 \

020 0 voe

EQUI PMENT CHECKS

iﬁ;n’ms. PRE - TEST

{TOTS, POST-TEST '

A/H0RSAT SAMPLING SYSTEM
TEDLAR BAG

IDENTIFICATION NUMBERS

(REAGENT BOX
METER BOX /

NOZZLE 20 _ DIAMETER 2.5 O

T/C READOUT _200%

uMBiLicaL U T/c PROBE

-2

SAMPLE BOX

ORSAT PUMP _¥ /4

A

tHErmocourLE @ 92 OF | prome __ 2 - TEDLAR Bac _ /4%
FILTER £ TARE NOMOGRAPH SET-UP NOMOGRAPH #_&/ﬁ_
AR .72 € FACTOR AL A
/V/ﬂ/ ME"l@']ER TEMP STACK TEMP]Q
% MOISTURE _=2- REF. AP Ja
DRY GAS ORIFICE GAS PUMP |FILTER IMP .
cLOCK METER Pitot |SETTING (AH), | METER |VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE| TIME, READING, jReading IN. H20 TEMP. |IN. HG |TEMP. | TEMP. | TEMP. |READINGS
POINT |MIN. cu. FT. |mv | 8P | ipeaLlacTuaL! ©F  leauce | OF ° | ©f
1 o/ 1549 0z2)auslpod p.23 lp2a3 (8¢ |y | afalsa (93
s |efou3 oFoodoirlorzlse ly |, |y 123
2. lo 1 ZS( 71 Wiolbalp. o5 loesd gl 12 1 — 17«
L lgsm3.95 [38foyrtecelo.celg?® |2 | lrs 1 e
2 20 ¥ 39 3gousio T+ o652 | e | Z | 153 | Pé
25 155w £ luorbyrlo.eu lotoy | £9 z | 5 7Yy
& 20 5o 9 434lotlo- 3 le.¥3 |89 e | lss 193
e let3 . sRe W2lloiy]o.6q lo.0a]g9 & | Iss 193
~ 4 01965.¥8 13U iloGo 10:Gol90 1Y 157 19a,
o568 4] lupziouglo. 7O lo. 2 F0 | g i 159 1oy
¢ | colgdo 23 M9 Yool ts—lodse- 17 | 3 | Iz 19y
seie32. (9 ol o-l2 loua lys (2 | 52 [#3
pd tolerz o9 Malod oy locy 191 12 | [ 57 17«
I8l NShoylors oy 122 (o | 9 g9
2o lgrc-32 98 looyly s loge (22 1 | s s
2ele6. ks Wglloaylo 9y lo.9¢ 193 [F | o g3
| 201$39-[ % 439e0ado.9y 0. 94 | 93 | $ ey &3
 scl¥62.0¢ upead 03?2 18.%91Fed | § 63  les
) g0 lfsd g yoylogo logoldy 19 | J ¢ 9y
9 18¥3.3 ¢ [43donlo-50 lo- g2 l9g | ¥ / [ 19y
[ (o 1098 2 s oSl o fy loge 19g 1 T _lee g
oL -§9 kFlpanlo-gyle.ss 12¢e 197 N/ ez 175
R leo i Pz e32oud o2y 1 023 IS¢ ¥ é3 19«
5 139529 RSyleoylo-2¢ To-28 | 14 P | (Ge— |2a
12044900 - 031 | | l l P i
L7 |
50959 _13l¢ 555 9] 2
Vi (ver)* B Ty T




Field Data

iminary

Prel

- w
9 TR ! IR A IN o LB
gl 2 4] = t ERT g
gl g 8 ~Q - ZES
gl g o ~ o o~
< o ~ ’ ©
. kb s U
8 & 2 A58 {
: 5 & £ H
mw HU [+ —_— _—_—
b= [T L . e e T
o = w £ o wn Ll %*
Q o =) ~ n a n w Q| /@
s < . . ! . A 4 Y
& mn mmz P — — o WVHL /nb...?—/ ZWHQJ Q.U/-f\— }
wi o _~ TN T n
%) (S T R SV W I 4 | RN B IR A RV e R R R B
o —_— QQ -
o~ d.l MWS ~ V-3 [} [} a8 dl Z A/v 3
2l 55 ©° = ~
gl « 3 . — S
o .
Sl ss .m.,m(mtﬁquw v 4 % J] | o
0 @ O = J- -
gl =% & A= N Pl o B R A N P B I B
AR =| = o A S| * 9| 0| = o
o
a q = 1 g
-3 7 qf — ¢ Ol=lailm|s|olw ||| [M T
xdw\\\m\\\ 3 NSO OO0 QDO DI D IR TG oy | ol | o
od 4125952140238278069851589 0N W00 N W N0 NN @
., tRmauaeganaanagianattAy afrnzonsanaaae
3 z N P R L R R RS £ AVNgRReAdResy
" n
ﬁs. * & In 2 |JteenwveanuanuangYenona 5 llreneancanagn
3 Iy (%) G VAP ANSd8RAaS3RRBIRATREG L T alAgeasrss
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PARTICULATE FIELD DATA

company namve CAon ~EMAR

ADDRESS _RAYfawas 1%,

RUN NUMBER :,1 ‘2 ‘g'/

TIME START

fan Cell 4

TiME FIiNisH LU 4fp

SAMPL ING LOCATION Tis
oare 72 /g6

BAROMETRIC PRESSURE,

SAMPL ING TRAIN LEAK TEST VACUUM,

SAMPL ING TRAIN LEAK RATE,

IN, HG 3o. 2

TEAM LEADER J#15) TECHNICIANS _J~m

STATIC PRESSURE, IN. H,0 _|
IN. HG_IS_ Q@

0602 o,

CU. FT./MIN,

r-8

EQUIPMENT CHECKS IDENT I FICAT 10N NUMBERS
T PITOTS, PRE-TEST REAGENT BOX NOZZLE @,  DIAMETER 253~
— PITOTS, POST-TEST METER Box _4 T/C READOUT _o T 9
~— ORSAT SAMPLING SYSTEM uMBILIcAL L2, T/C PROBE <=
—— TEDLAR BAG SAMPLE Box 12 ~ ORSAT PUMP __——
_V—THERMOCOUPLE @ °F | PrROBE _ TEDLAR BAG __——
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH # __ ———
= AHg 122 € FACTOR —_—
METER TEMP §O  STAcK Temp _JQ0
% MOISTURE __&- REF. AP —_
DRY GAS ORIFICE GAS | PUMP |FILTER| IMP.
cLock METER Pitot |seTTING (AH), | METER |VACUUM | BOX EXIT | STACK [LK. CHECK
SAMPLE | TIME, READING, {Reading IN. H>0 TEMP. |IN. HG |TEMP TEMP. | TEMP. |READINGS l
POINT | MIN. CuU. FT. mv| Ap IDEALJACTUAL Cr GAUGE ©F O Of
[ lofo 1900.20u 3¢boinle-63 063 93 |o dia |cr |@s | |
| < l9p2.53 lsdouzlowd lo-gg Z¢ 2 1 S Y
o | » 9% Bwlople.ye og— |94 13 \ AT,
4~ P06 -Fe 138Ho.u4le.scy 0.5y %S' 3 l St 9y |
3 20 190995 43Sioyqlobs o v Fe 14 s% 17 )
o 1904y  38Yloplose | o520 196 3 | > 19/
e 130 193,20 [4loado-16 (a6 196 1 | 5% 170 |
. g 19| bozlooglo. 1, lo.s6 76 l 6/ 4
s— uo 194620 139 poxlo.0op lo.og 196 \ o 1 &7
g 9/2.09 6 b>eg3 o-1f o v 27) [ e &9 ]
& o 192.9y l43beslp.ox lo.og (92 [ Vi 20 k
| =197y irde.caledo loqo 9F I l o |59
2 ¢o 19¢9. 8¢ 1209boglenig loyg 9% 12 [  1¢( 59 |
65~ 9. o 4 2 (oot o2 lo.20 (9% | 2. | O | g8
Yo 23,39 betbeglo a5 lr.ys- 172 12 | &2 | Fge
B 923,30 [93loal oz ez 1972 |2 g3 |&3 i
i 9251 R3%petin-24 lo.aylds 1o 6y 19D
plig. o Lswoetlo.3< .35 1ge 13 L ey 1v4
P 2o 192520 Bygloplegy 1o 314 |3 | oy [s2 |
| 25~ Doy Bsclosdo.-gsto. g 56 3 5 6s” _lgg
| oo 123252 wo3b.lH o> (0.3 w |\ s 152
ros— 935 80 1B3%410.Jbl oy (aélﬁg a | | T¢g Isa |
2 o 193369 13ponlo.s210 57 4% |4 Y e lss
11 1939.48 [Rjgo0le.gyiouyigg 13 6y 3%
128/ QU2 "0l 4 I il ! 1 | i
L7 ]
41,8) .082 368 96 59
Vi (_/Z—;—)z AH ™ ‘Tg



Preliminary FKield Data

5 P 3 r 3 DRAY HORIZONTAL LINE THROUGF DIAMETERS
= CKKO - 6@5;‘('@5!2 E';‘( T@
: LANT NAM— - = < \1 1f more than & and 2 diameters anc 1f auct
LOCAT[ON gMQ\AJA’ l { X dia. is less than 24", use 8 or 9 points.
— B VELOCITY PAPTICULATE
SAMPLING LOCATION CT-GR EaNCon S| | 52 mawemns S22
N 8 2.0 p
FROM INSIDE FAR WALL TO QUTSDE OF PORT e 12 12
— . 7 1.75 .
NPPLE LENGTH § -
~ @ N
DEPTH OF DUCT 382" 6 1.5 —
- 20
WIDTH (RECTANGULAR DUCT) 54 1.25 N
EQUIVALENT DIAMETER: 16
D,z 22 DEPTHX WDTH _ 2( ) - - 28 or 25
£~ T DEPTH+WDTH — ( + 2a-0.5
DISTANCE FROM
PORTS TO NEAREST ‘E=IEiaM  DOWHSTRCAM
DISTANCE DISTARCE
FLOW DISTURBANCE bucr | FRow mistoe | FRo oursioe
Point DEPTH WALL OF PORT
DIAMETERS
/165 ar S 2| Llzd | cYe |
c Az ! = N
3lu.el 29
LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 4 WYy sl
z 1o 12 3¢ le 18 20 22 26 Slzs. 62'/1.'
T] 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1 -~ s {/
z | 25.0 14.6 0.5 8.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2
; 75.0 29.6 15.4 14.6 11.8 9.9 8.5 7.5 €.7 6.0 5.5 °© 3. ”? z
4 93.3 70.4 32.3 22.6 17.7 114.6 1l2.5 10.9 9.7 B.7 7.9 t
5 85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5 7 Q‘f‘/ rEVA /L
6 95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 —
7‘ B9.5 77.4 64.4 36.6 2B.3 23.6 20.4 1B.0 16.1 8 %'0| &Wyz‘
g | 96.86 85.4 75.0 63.4 37.5 29.6 25.0 21.8 19.4
! 91.8 82.3 73.1 62.5 3B.2 30.6 26.2 23.0 S gL.% Z;}{s,él
| 97.4 86.2 79.9 71.7 61.B 38.8 3.5 27.2
| 93.3 85.4 78.0 70.4 61.2 39.3 32.3 10| ag.21 291
' 97.9 90.1 B3.l 76.4 69.4 60.7 39.8 T 21 . 17,
9¢.3 B7.5 Bl.2 75.0 6B.5 60.2 .
% 98.2 91.5 85.4 79.6 73.8 67.7 1 pYSg o
95.1 B89.1 B83.5 78.2 72.8
| gl gt 2 el 2 199.9] pesfe
i 95.6 90.3 B5.4 B0.6 13 1 :
| 98.6 93.3 B8B.4 83.9 :
; 96.1 91.3 86.8 \Z ;
! 98.7 94.0 89.5 !
96.5 92.1
‘ 2.5 scs| |15 ]
96.8
98.9 6
7 |
LOCATION OF TRAVERSE PONTS N RECTANGULAR STACKS 8 l
P2 3 [ 5 6 < 10 11 17 ;9'
1 125.0 16.7 12.5 10.0 &3 7.3 6.3 5.6 5.0 «.5 &.2 '
2, 75.0 50.0 37.5 30.0 25.0 21.4 18.8 16.7 15.0 13.6 12.5 201
3 83.3 62.5 50.0 41.7 35.7 31.3 27.8 25.0 22.7 20.8
L 87.5 70.0 58.3 50.0 43.8 3B8.9 35.0 31.8 29.2
s 90.0 75.0 4.3 56.3 50.0 45.0 40.9 37.5 2l
6 91.7 78.6 6B.8 61.1 55.0 50.0 45.8
7 92.9 81.3 72.2 65.0 53.1 54.2 22| §
8 93.8 B3.3 75.0 68.2 62.5 I
9 94.4 B85.0 77.3 70.8
1 95.0 86.4 79.2 23 '
11, 95.5 87.5
12 | 95.8 24

E NTROPY
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PARTICULATE FIELD DATA

EXXON

COMPANY NAME

ADDRESS DAY TowN , TEXAS

paTE_ 9-/-5b
BAROMETRIC PRESSURE, IN. HG
SAMPL ING TRAIN LEAK TEST VACUUM,

IN. He_/

TEAM LEADER 2f TECHNIC1ANS
0. =5

STAT!C PRESSURE,

TIME START

SAMPLING LOCATlON a&ﬁLM/C TOWEL LT PN CFL # 5 TiME Fll\éz—l

RUN NUMBER 07—()?‘5' '

050

Y/4

IN. H,0

SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. .00 _ppd

EQUIPMENT CHECKS

IDENTIFICAT10ON NUMBERS

=~ PITOTS, PRE-TEST
Z— PITOTS, POST-TEST

reacenT Box 294 NOZZLEQH_. DIAMETER ﬂ__

METER Box __2/~!0 __ T/c reapour Q73

_~__ ORSAT SAMPLING SYSTEM UMBILI1CAL o T/C PROBE
_—__ TEDLAR BAG SAMPLE BOX ORSAT PUMP _
_\Y THERMOCOUPLE @ Cr | prOBE TEDLAR BAG
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH £
-~ - BHg /by C FACTOR —
METER TEMP __ X STACK TEMP —
% MO ISTURE ___2‘___ REF. AP _—
DRY GAS ORIFICE GAS PUMP |FILTER IMP.

CLOCK METER Pitot |SETTING (AH), | METER [VACUUM | BOX EXIT STACK LK. CHECK
SAMPLE | TIME, READING, |Reading IN. H»0 TEMP. |IN. MG |TEMP. | TEMP. | TEMP. |READINGS
PO INT | MIN. cu. FT. {mv [ 80 | pearlacTua! ©F  leavee | OF O O
A L0 /68 How Wlﬁ U1 L i1 laed 1 2 | - 1852 1 sn

2185 g0 Wisiygieg | p9 1 g4 | £ | = | 58 145
31 /0 1/7).90» Ko 31 (17 1777 155 A — |1 58 |43
4115 1174940  borlza [y 40 1/ 4D | 4% b - 16l | g2
Jlzo 78350  Loolag |/ ¢ 1 /yd | G & - 1 ¢4 1 71
L1 7S /€830 zw os |19 /9 44 Z 03 s
/2130[p /43230 bsolacl/. 2o llizo | g4 6 — o6 | g2
/11 5 1J§b.509 %Mf pAviiat 196 | 17 - t5 | 83
(D) 10 /90250 L1519 T71,.80 1180 | 98 | & ~ 144 1 g3
a1 /5 /94200 65049 1. py 1/.68 1/0] 7 1 = 1e¢g g3
21 20 /99040 B0l 104 o4 1jo3 A - (7 14
71 25 1201310 |s21—1 o1 1,01 1/04d [ ~ 167 |84
A bholo 1201630 1Bsplyz i . 41 | 47 liov 3 — 1469 | g
g1 & 703665  5WIAN| 29 (/24 (100 | b — 1 h8 194
51 10 \2p6,940 B0 WSl il /67 1760 71 - 9 | 45
41 45 12104610 0139 1/, 44 [/4d 1o | [ — | 49 41
5120 lgvd 350  Bholg31 51 151 [/oY4 4 - 169 | 59
! 28 \Zi 5774 195 1oll.0¢ | .04 L1od | | - 1 68 | gy
(250f0 1747 /08 V@)l ok | Qb 4}9 { - 170 1490
]l 5 12/7.890  Hoolib | . hp1 | . b2 | 44 4 - {79 | 0
010 1220700  85501%) 1 /47 11./7 25 1 b — | 49 1 g4
Q118 1223450  psoid(l/sh 14150 1o 1 7 | — | 720 | 87
glro 1227//0  Lbo 32l(qb 111l (023 | b - W_1 b
7125 1230.d9p lgplLo3l 2 1.3 104 | ] - 7] | g

WplorF 123 5o | { i | | i
L By

£3./¢ .. 2047 LG43 99 8¢

Vy (VoP)° AH Ty Ty



B-11

COMPANY NAME 51\&0/‘/ run NumBerC 7 655"
ADDRESS LAY 172{//1/ TEXAS TIME START
SAMPL ING LoCAT 1o (00 /NG 707 [ % /ZAUGELL#Q_ TIME FlNISH gz %{
DATE -/ 56 TEAM LEADER TECHNIC IANS
BAROMETRIC PRESSURE, IN. HG _go g STATIC PRESSURE, IN. HoO
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG /5
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. .00/[ .00/
EQUIPMENT CHECKS IDENTIFICATION NUMBERS
_ PITOTS, PRE-TEST REAGENT BOX 228 NOZZLEJQL_ D1AMETER_ 97
_— PITOTS, POST-TEST METER BOX —/) T/C READOUT (/24
__—ODRSAT SAMPLING SYSTEM UMBIL1CAL T/C PROBE _
_"— TEDLAR BAG SAMPLE BOX ORSAT PUMP _
— THERMOCOUPLE @ °r | proBE — TEDLAR BAG _
FILTER & TARE NOMOGRAPH SET-UP NOMOGRAPH & —
— - AHg / ,/}X C FACTOR _
METER TEMP - STACK TEMP -
% MO!STURE i REF. AP -
DRY GAS ORIF ICE GAS PUMP FILTER IMP.,

CLOCK METER Pitot |SETTING (AH), | METER [VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |Reading IN. H20 TEMP. |IN. HG |TEMP. | TEMP. | TEMP. |READINGS
POINT [MIN. cu. Fr. |mv | 4p | ipeaLjacTual OF  icause | °r O Of
A /1 0 231.7%) Wolepl gd 1 gd 1 gL | 4 | — 136 193

! 734520 Whol1z] .91 1 a1 1 G | 4 — 1545 197
/0] 104231cm 590133 /9L g 197 1 | — 136 1491
9 I (5 240355 bpldri /19 V179 197 | g | = 157 191
¥ 120 1204 750 epl3 1438 /.35 1104 S | — 57 157
Nlzs (2487200 Vovlod! (3 1,18 12 ! ) | — 15% 1&5
1010 749 471 Wl (g | 64 | 99 4 1 - 1o 19
2| & 1257100 lgolo)1/3) 17151199 b | - 15% 19
21 0 1255320 UAS\4)1 170 1/galypp | 9 | — 159 |4k
f| 15 259 )50 L4l 1749 1479 Lot | 4 — lpo 195
51 20 12463 10 f0h17 | 52 | .52 4'94 2 - o 1587
pl 25 1265280 b Lp] D{ 1,05 i | 1 - b a6

A 1 lp 1265718 Wios, lz3 148 | | — 162 192
21 & 1267778 W40 ﬁ{ lsY 1o | 4 |~ Lo 1/
5100 12pq. 80w 50301 127 1/27 194 5 - 1535 |92
Sl 1273850  Lspl43 | (g6 | /5 | 94 g - 61 | §9
5120 276,930 18101271 /[ /1S 1 14S Jol | 5 — 1462 x9
bl 285 590 /D 20110 é[fb M /03 2 - L2 | g5
PO 757,205 toold2 (o Vo |l — b | 55
[ 5 1285 570 Jbzrtmzu o5 L o] | g — 1 6q | 54
190 40 1290.070 o0 l5(1222 722 (@5 | § - 65~ | 8%
4115 294450 Ygsl4g 121 17241 \jod | § - 6 | sk
§ 120 12957%0 280031 %5 .35 {/ms | 2- | - 49\ k5
7125 |300.5]0 |%0.09 | 4 Y 10 | 1 - 69 | 38
20pf 502 yp T 1 | | 1 1
L |
70,7217 ., 23]] 1/2 _loo 87
VM (_’7113::;2 AH Tm TS




PARTICULATE FIELD DATA

COMPANY NAME jyoA/

aporess _RAYT oA, TEXAS

RUN NUMBER _Lb_&ij’

TIME START

SAMPL ING LocaTION . Dorinl TBWMEL LY L A 5
DATE - ?W

BAROMETRIC PRESSURE,
SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN.

EADER

IN. HG37

IN. HG

STATIC PRESSURE,

TECHNICIANS

IN. H,0

TIME FINW

-—

015

EQUIPMENT CHECKS IDENTIFICATION NUMBERS
T PITOTS, PRE-TEST REAGENT BOX é‘ NOZZLE_L{J_ DIAMETER _Z_‘/j_
. PITOTS, POST-TEST METER BOX _A/_Q_ T/C READOUT [)
_~—— ORSAT SAMPLING SYSTEM UMBILICAL T/C PROBE
—~—_ TEDLAR BAG SAMPLE BOX — ORSAT PUMP _
— THERMOCOUPLE @ Or | proBE - TEDLAR BAG -
FILTER % TARE NOMOGRAPH SET-UP NOMOGRAPH # -
— — bHg /.68 C FACTOR —_
METER TEMP N STACK TEMP hantll
% MOISTURE _ REF. AP -
DRY GAS ORIFICE GAS PUMP |[FILTER/| IMP.

CLOCK METER Pitot |SETTING [AH), | METER |VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, {Reading| IN. H>0 TEMP. | IN. HG |TEMP, TEMP. | TEMP. |READINGS '
POINT |MIN. Cu. FT. mVl Ap | 1peAL |AcTUAL Op CAUGE O o o

! 0 %02.760 hgolpg | . 30 | 32 | g, | 2 | — | sz | 87 |
7 204 360 AN YRR E z — 1S5 | g8
3| /.@ |06, S8 NN AV AR 7 S — Sy | 56
41 )5 121030 bl /7% 1 /724 190 | & Sg 1 g4 |
Al zo (514050 B2olz8i1lo6 /46 1 4F | 3 — 1 bo | g4 ‘
pl 28 |3/72./4D 2021061, 35 1.35 | 47 Z - ©0 i d
/’1@0}0 389711~ 22l 20 1420149, | 6 — 62 |52
5 32220 b1Slyal (§o0 (/g0 1y00 | § | — | po | 54
10| 4O 12324710 11001501 /9 1194 1jo2 1 9 | — | 89 |85
91 /5 1320130 psp 441 /68 1768 1124 1 & = | 4p 18
120 13334952 2ol .29 1.29 | /0% | 3 - 1 &l 186 )
7128 1386610 o3l o |0 /o6 | | — 142 15¥¢
(2 16001326730 Wploe! 77 1.7 ljoz | 4 | = 1468 146 |
21 5 1335430 595133 4200 1 /.24 1 jp2 | b — 163 195
3140 1242770 (o #5144 [ 1103 1 @ | = |64 19
41 /3 1dulgs L3911 /ug | /4g ljob | T | = 6% 125 |
$120 13320 WOl ! e | od /o7 | 4 1~ 166 |5
bl 2¢ |3sz.785 Usslovl (0 |10 1/06 / — 146 133
1UGp [0 13853100 UR jont 42 1,13 | /oo / - L4 4o |
01 5 1254310 Woolibl o2 | b2 |99 | 2 | — 167 4]
1) 1357260 slgoljyd Ve 148 1 Z V= 1) 1490 :
91 /5 1360.290 Yol 271241 114 | 44 Z — 70 1 87
120 3637780 13,20 .95 9% |/ y7) — 70 | 47
1125 1366725 pasl.osl 30 .20 |/ Z | = 70 | 5¢/
1071369 340 | | | | | L
l 1l ]
65. ¢4 225 26399 27
Vy (Var)” M Ty Tg

R
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Preliminary Field Data

PLANT NAME EME - S0

DRAW HORIZONTAL LINE THROUGH DIAMETERS

LOCATION /5D\4‘TQ-)M’ \ )< ’ dia. 18 less than 24", use 8 or 9 points.
—_ 4 VELOCITY PARTICULATE
SAMPLING LOCATION Lo Swan " € TOET o HEEEEE
~ / ’
DUCT DEPTH AN 8 20 :
FROM INSIDE FAR WALL TO OUTSDE OF PORT 12 12
> 7 4= 1.75 .
NIPPLE LENGTH D 1
6
L AN =
DEPTH OF DUCT _<B% 6 1.5 —
PR - 20
WIDTH (RECTANGULAR DUCT! s L 1.25 ——
ZQUIVALENT DIAMETER: 16 <
D= 2X0EPTHxX WIDTH _ 2( hi¢ o — 24 or 25
c DEPTH + WIDTH ( + ) 2 0.5
DISTANCE FROM
PORTS TO NEAREST (PSTREAM  DOWNSTREAM '
— v DISTANCE DISTANCE
FLOW DISTURBANCE Du2§ FROM INSIDE | FROM OUTSIDE
o _ Potnt| prpTH WALL OF PORT
DIAMETERS | \ (o
) 2.
- G i
STACK AREA=_UESVMY = G46emw? .
3.l 237
3
LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 4 IQ?_ 50 7(,
Ps 6 8 10 12 14 16 _ 18 20 22 24 5 2SO0 ’}.[3/t
T 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1 5 o= n/ |
2| 25.0 14.6 10.5 8.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2
3] 75.0 29.6 19.4 14.6 11.8 9.9 8.5 1.5 6.7 6.0 5.5 5. ,OZ’??
4 | 93,3 70.4 32,3 22.6 17.7 14.6 12.5 10.9 9.7 8.7 7.9
5 l 85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5 4 (Gq‘f 184 78
6 95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 -t
7! 89.5 77.4 64.4 236.6 28.3 23.6 20.4 18.0 16.1 8 Is5.01 215 /‘10
8 ! 96.8 B85.4 75.0 63.4 37.5 29.6 25.0 21.B 19.4 T\
9 91.8 82.3 73.1 62.5 38.2 30.6 26.2 23.0 9 | 8L ] 236 ,4- !
0 97.4 88.2 79.9 71.7 61.8 38.8 3l.5 27.2 A
11 93.3 B85.4 78.0 70.4 6l.2 39.3 232.3 10 @82_ 25")@
2 97.9 90.1 83.1 76.4 69.4 60.7 19.8 T 3 3/
13 94.3 87.5 8l.2 75.0 6B.5 60.2
14 98.2 91.5 85.4 79.6 73.8 67.7 q > 2% s ¥
s 95.1 89.1 83.5 78.2 72.8
16 98.4 92.5 87.1 82.0 77.0 12 ?1°1 28!
17 95.6 90.3 B5.4 80.6 13
1€ 98.6 93.3 88.4 83.9
1o 96.1 91.3 86.8 | :
20 98.7 94.0 89.5 14 !
2 96.5 92.1 .
oz 96.9 94.5 15 } l
22! 96.8 -
28 98.9 5 | |
7 | @
_OCATION OF TRAVERSE POINTS IN RECTANGULAR STACKS ' l |
At 1
2 3 3 5 5 7 8 g 10 il 12 19 i
T 25.0 16.7 i2.5 10.0 8.3 .. 6.3 5.6 5.0 4.5 4.2 -
2 75.0 50.0 37.5 30.0 25.0 21.4 18.8 16.7 i5.C 13.6 12.5 201 i
3 83.3 62.5 50.0 &41.7 35.7 31.3 27.8 25.0 22.7 20.8 ! !
4 87.5 70.0 58.3 50.0 <3.8 38.9 35.0 31.8 29.2 .
5 90.0 75.0 4.3 6.3 50.0 45.0 40.9 37.5 2l i |
6 91.7 78.6 68.8 61.1 55.0 50.0 45.8 . ,
i 92.9 81.3 72.2 65.0 59.1 54.2 22 '
8 93.8 B3.3 75.0 68.2 62.5 . —
9 94.4 85,0 77.3 70.8 i
10 95.0 86.4 79.2 23 _
11 95.5 87.5
1 a5 © 24 1

If more than 8 and 2 diameters and if duct

E NTROPY 3 14
NVIRONMENTALISTS, INC




PARTICULATE FIELD DATA

COMPANY NAME EXXoA run NnuMBer(17 £Y-A-)
ADDRESS BAy7one o ) TEXAS TIME STARTO G52
SAMPL ING LOCATIONCERL NG TP ER_ $84 LELLA TIME FINISH _/Z29
pAaTE P-4 -5b TEAM LEADER DA TECHNIC 1ANS 23
BAROMETRIC PRESSURE, IN. He _39. 3% STATIC PRESSURE, IN. H,0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG_ /&
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. /220 (00D
EQUIPMENT CHECKS IDENT | FICAT ION NUMBERS
_" piTOTS. PRE-TEST REAGENT BOX zzn.sio_L D1AMETER » T3S
— PITOTS, POST-TEST METER Box ___N-t9 _ t/c reapour
_” ORSAT SAMPLING SYSTEM UMBILICAL ____&©  T/c PROBE
_~_ TEDLAR BAG SAMPLE BOX____ =~ ORSAT PUMP
_~ THERMOCOUPLE @ °r | proBE - TEDLAR BAG
FILTER % TARE NOMOGRAPH SET-UP NOMOGRAPH # ___=—
—_ -_— AH@ I~71/ C FACTOR ‘:
METER TEMP ___ T STACK TEMP
% MOISTURE = __ REF. AP =
DRY GAS ORIF ICE GAS | PUMP |FILTER| IMP.
cLock METER Pitot |SETTING (AH}.| METER|VACUUM| BOX EXIT | STACK [LK. CHECh
SAaMpLE|TIME, | READING, {Reading IN. Ho0 | TEMP. |IN. HG |TEMP. | TEMP. | TEMP. |READINGS
POINT IMIN. cu. FT. (mv [ 4P| ipeaLlacTuaL! ©F  icause | OF Op O
[ o 1942.9249 Wsol2)| . 97 | . g7 140 | & | — |5 | %9
S 1945 . §70 U 21| 52 | 87 | G/ ¢ - 3¢ | 91
210 B8 70 M51.33!1¢. 371437172 | & - S/
(S 952,00 RS1321/372 11371 55 | 8 - 1&gz 15/
31 z0 2855 ¢20 S7|.341142 |/ ¥ | 98 g - S8 192
25 7259210 15|34/ ¢2 /&2 1 9% | § — 159 190
Y120 |762.95D 5z5l.131//8 1 )./8 1 10) | 7 - leo | 94
35 964225 5251.28112/)9 /18 1102 | 7 - 60 | g4
S |40 1969.650 105 /4 A8 /o ¥ [ - 60 | 89
45 19710720 lto5l.04| 8 | .8 1408 | | — lgo 19/
b 150 1972.4%0 Ys£i.02| )0 | (0 [/05 | | - 169 14/
6W0 1973500 ysgiorl jo | 10 1 /07 | J — 143 [ %
12 h0)0 1974 70 BpliZ) &) 1 5) lyos | 3 | - lee | g/
| £ 19746, 970 Bwolge | §/ .5y /o5 | 3 | - 144 |92
()0 8679210 W15.231.99 |. 97 1/93 | 4 | = 53 13
| 28 1982 440 ¥s|231 99 |49 /e | ¢ | — 103 | 93
o | 20 1945 4%0 80026 [0 |r10 1009 | o | — 164 | 20
25 1988.950 Svoitbl/yo 1700 1yl 1 £ | — 164 |23
9136 992,40 50141 Jt¥ /0¥ 117 | 7 - lge ! 93
35 1995 Y20 50 .20 /s 424 (JE | 7 — 169 |45
7140 1558570 250 .0p! 27 |, 27 s | Zz- | = 169 |9Y
45 \oop.s30 Rs0\4, | 27 .27 /S | 2 — 190 | 2¢
7152 (902.3/0 5002l .0 NV / — 20 | 72
ss lo03.39p vsplozi. )0 1.0 115 1 ¢ - 70 147
Yobir 100Y. 45T || | I l 1 1 |
l N
/. 528 _]553 269 Jog 72
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COMPANY NAME EXXON

RAYTOIN . TEX

ADDRESS

AS

SAMPL ING_ LOCAT ION Coocinly Towek g4 [ Ect # A

TIME FINISH

Z-4. gp

P8

_~ PITOTS, POST-TEST
——_ ORSAT SAMPLING SYSTEM
— TEDLAR BAG

METER BOX
UMBILICAL

SAMPLE BOX

DATE TEAM LEADER TECHNIC 1ANS
BAROMETRIC PRESSURE, IN. HG _~30.3 5 _STATIC_PRESSURE, IN. H30
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG_/2
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. :99° 000
EQUIPMENT CHECKS IDENT | F ICATION NUMBERS
P
_~ P1TOTS, PRE-TEST REAGENT BOX nozzLe 10>  piamerer - Z9 7

_~  THERMOCOUPLE @ ¢ | proBEE TEDLAR BAG =
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH #
- — BHg L72 C FACTOR _
METER TEMP - STACK TEMP -
% MOISTURE - REF. AP _
DRY GAS ORIFICE GAS PUMP FILTER IMP .
cLocK METER Pitot |sSETTING (AH),| METER |VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | T IME, READING, {Reading IN. H20 TEMP. |IN. HG |TEMP TEMP. | TEMP. |READINGS
pOINT |MIN. cu. FT. |mv | Ao | ipeacjactuan! Or  leause | OF O Op
/2] 0 lppgd7 Blolud! 03! 03 |11/ | 4 |~ |58 |40
S W7.3720 Bl L3231 621 /0S | 4 | — |57 | 90
/11 19 lopg Ss© S101.211 (80 |t 20 | (13 S | = 157 | g!
| /1S 0/3.Z00 510127 120 { (20 | yiL | 5 — |1 s$5 14/
10 %0 0/p.TY0 5052 [10 1[40 174D | S 11— |56 |92
| Zz3 020 ¢ 281128 (p2s 11 | s | = S& 1 90
4 180 |023. 450 B . 26116 V1.l | /2 | &5 - 159 | ¥9
| 38 1026. 350 501 26 [fb it 1 114 | & | — | h~r | 5%
g [ 4p 103420 2ol (0] 45 | ¢S (/¥ | 2 | — |62 | 37
4 (032770 270081 34 |.32¢ | /gy z | — lez | 57
7150 [03¢.630 0l 03| (s | /S \w¥ | 2 — 1 5% | 3¢
53 103 jo0 #1031 (5 | /& /3 | 2 ¢ | &S
! Wojo 1037400 7522l j.of lposf 1 41 | S | — 09 | 57
| & 10%0.75D W23\ /o [t of (110 | S | — 144 | BT
2140 lowpovo 5503\ \ (41 1[4l 1)1g | b | — |67 | 87
/S 1047.620 Ksolwi | [ F( 111 6 | — 1¢9 | s&
2120 105380 570 3¢ 1/51 V£t 1 (2 | 4 — |70 | g7
| 25 |pss.yoo BTl /S| /51 /12 | 4 - 2/ 1 87
4120 g/zo Hwl(7.95 | 98 /(2 o - 70 | Zb
325 iz Ko jgl 74 |74 (2 | 4 | — | 70 | ¥5
S 140 oo YS9l | MG 112 ! Z - (9 | g5
48 10p6. 510 o419 1495 Vyy V2 |- 9 | 56
L |50 106 ovp o (4 | .19 1l | 2 | — 7/ 1 5¢
55 06955 gwlod (9 .19 1fje | 2 | — | 7/ |56
frelotF 070,99 1 [ | 1
| _
66,245 414 95 12 58
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PARTICULATE FIELD DATA

COMPANY
ADDRESS

ExXxps

run numeer 875

AV 7o/

7EXAS

TIME START

SAMPL | NG LOCATION[‘w/-J/‘/q' TowéR g  QCELL 6
TEAM LEADER

DATE

G-S-Kb

50
TIME FINI

BAROMETRIC

PRESSURE, IN. HG

SHA_I_LO.O_
TECHNICI1ANS Jg

SAMPL ING TRAIN LEAK TEST VACUUM,

SAMPL ING TRAIN LEAK RATE, CU. FT./MIN.

IN HG

TICJRESSURE IN. H20
Y

EQUI PMENT CHECKS

IDENTIFICATION NUMBERS

P-1A

__PITOTS, PRE-TEST REAGENT BOX NOZZLE_Z!L DIAMETER f_g__al
_— PITOTS, POST-TEST METER BOX T/C READOUT
_— ORSAT SAMPLING SYSTEM UMB I L1CAL T/C PROBE
——. TEDLAR BAG SAMPLE BOX ORSAT PUMP
_~ THERMOCOUPLE @ C¢ | proBE - TEDLAR BAG
FILTER *# TARE NOMOGRAPH SET-UP NOMOGRAPH §
~ — bHg /1T C FACTOR -
METER TEMP ~ STACK TEMP —
% MOISTURE REF. AP -
DRY GAS ORIFICE GAS PUMP |FILTER IMP.

CLOCK METER Pitot |SETTING (AH).| METER |VACUUM| BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, [Reading IN. H20 TEMP. |IN. HG [TEMP. | TEMP. | TEMP. |READINGS
PO INT | MIN. cu. FT. |mv | 20| peaLjacTuaL| ©F lcauce | Or O Of B

/2] 0 (090074 o2t 227 12,07 98 | /) =% |45 | £9 |

| 054 Svo Ysp 24 Ze7 (2071 54 | 4 — 156 | 5% i

/(] jo 1058 7/0 5o \2b|2.2712.27 ! 4/ /T | — 535 | 42

| ¢35~ 093,010 Sopl2612.27 | 2.271 42/ /17 | = g | 89

(9 20 (077,520 B00\26 122 | 227196 | 9 | — 14/ |99
| 25 |fo2 010 B0, W 2.7 | 2.7 149 /3 - 6?0 | o i

G130 Vocsso b2l 23%8 (237 1/o2 | /3 | = 4o |4/

3S /450 5191271239 12.29 | (24 | /3 - gz g/

S 4o \yg 360 Bs0LIZIIIZ (/12 V /05 | £ — Lo 192
| 45 | /9182 091 .8% | g2 18 | & | — |69 |92 i

7160 y22.4% pmwlo7| 467 | .¢ | /0 y - 4/ 7/

55 25,20 pwlo7V 67 V.67 /06 | 0 - 6z |

[ ¥ol0 1/27.7/0 L ib 1/ 48 1 +¥ /06 1 9 — 167 190

| & /3/5¢r  Wpmlib /4F 1/98 (/a6 1 4 — 1635 19/ i

2| 10 /35320 Yool |1 Z.3 1230 \JpX | /2 — 162 | 9T

| 45 1/35.852 e izb|2.3212.32\yp |72 | — 162 | 2/ i

31 22 /520 ls3ol261263 12631 123 | — 164 | 9t
| 2§ /9.2 W29 1z43 lzo2 08 173 - o6& 9/(
4130 |[s¢.¥So  Wsoi211/90 1/q2 | Jlf | 11 - 167 192
| 35 159720 WolU | /90 {92 | /1R 2 - | pf 192 i
S 140 300 120,05 | 47 | 42 (/f | & - 70 9/ _
45 Yps.060 ples .4z |yt /(g 1 & - 20 1 ¢/ i
o150 1736 51,031,244 | .29 14d 4 — 70 190
| S8 169.030 951031, 89 (.29 [ | 4 - 70 | g0
opftisr70.430 J| | ] l | ! |
90,354 ., 1£9/ .66 |06 9]
VM (»;)2 OH TM Ts
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COMPANY NAME ExxoV RUN NUMBERLW
ADDRESS LAYTow/N | TEXAS TIME START
SAMPLING LOCATION (00 NG FoecwéR B¢ (el B TIME FINISH
DATE -§-¥o TEAM LEADER TECHNIC IANS
BAROMETRIC PRESSURE, IN. HG _30. 2S5 STATIC PRESSURE, IN. H.0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. e /S _/
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. /00 L 002
EQUIPMENT CHECKS IDENT | F ICATION NUMBERS
_~ PITOTS, PRE-TEST REAGENT BOX zz2ie _ 299 _ biameTER _L_Zig;
_~ PiTOTS, POST-TEST METER BOX _I_Z_ T/C READOUT __—
~ _ ORSAT SAMPLING SYSTEM UMBILICAL ____— _ _ T/C PROBE -
—_ TEDLAR .BAG SAMPLE BOX = ORSAT PUMP _
—_ THERMOCOUPLE @ Or | proBE — TEDLAR BAG
FILTER &% TARE NOMOGRAPH SET-UP NOMOGRAPH ¥
- - OHg [ 7 C FACTOR -
METER TEMP STACK TEMP -
% MOI1STURE REF. AP -
DRY GAS ORIFICE GAS | PUMP |FILTER| IMP.
cLocK METER Pitot |SETTING (0H).| METER|VACUUM| BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |[Reading IN. H20 TEMP. |IN. HG [TEMP. | TEMP. | TEMP. |READINGS
PO INT |MIN. cu. FT. |mv | Ap | peaLjacTuaL! ©F  lcause | OF O Of
1| 0 \r772.920 Bgolyp| 1411y 1704 | 5 | — |54 | 90
S (/76.550 Wply11+8T1/57 1109 | &6 | — 15 | 40
2| (0 /o 5zo 570,281 7.57 12.51 | /1D 1 - 5L |9/
| 15 /585350 529,94|2.¢2 (2421112 | 2 — lsx | 9]
3120 1/90.350 1530.2912.43 | Z.63 | /14 7 - 5% /A
| 25 [/75. Y400 P91 2463 | 2,63 /b 7 1 — \s8 | 92
4| 30 |z2oo ¢ Wboil2l/ 38 198 | /S & — | 5K 97
35 \Zod g0 Wb5\7217.02 (202 \ys | {4 - o0 | 42
S D 1707 752 Woplab | /4G |/ ¥5 | | 5 | - 1po 143
45 1273 /40 35004 1/25 125 | 114 S - 67 | 9/
L 50 C. 752 1170103 27 Z7 /3 |z |- ¢ | 91
| S5 1248 370 11750 29y 1 72 1= 144 |9
/2160[0 1220 [FL 47018 /4;{! é,z /1o | 6 — |68 [ 40
5 1224250 g, | 144 uy | & - s 190
/1110 Z2g152 650|328 /( Z.ril /0 ) 4 - ﬁf_ g/
)5 1233270 o 211242124210 | 1 | - ol 19/
101 20 1238442 55p.3) | 28t (2.9 /2 | ¢ - 09 7
| 28 203 2797 5651231298 (248 (/3 | 5 | - 720 | 7/
7120 749700 Bool 291254 1 25¢ 1//3 | & | — 17/ 1490
| 35 (253,000 01281254 (259 (4% | ¢ - 77 i 9p
1 40 1258 5110 #pl./21/09 /09 | ud 5 - 7/ 1 90
45 126/ 8720 B0IJ1 /09 /.99 | /14 S - 72 1499
7150 1268200 Z)0los1 42 | 42 (/Y | 2 | = 75~ | 85
| 55 1267452 A1 37 1,37 /b 2 - 75 1 99
IIZDIOff SIS l | l | | N
|
9.5 184 L2727 112 _ql
Vi (1 3Py’ o T T




PARTICULATE FIELD DATA

COMPANY NaME £ 7204 -ZmAR RUN NUMBER CZ K¢ =C.T
Acoress LKy fowa) T o TIME sTART 293
sampLING LocaTIoN L [ TIME FINISH /203
pate - Y-S & TEAM LEADER _J7P\ 9 TECHNICIANS _ 77/
mnomsmlc PRESSURE, IN. HG __3D° 35 STATIC PRESSURE, IN. H,0 _/
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG_IS 10 10
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. Q00| ©.0)| ©6:00]
EQUI PMENT CHECKS IDENT | F ICATION NUMBERS
~— PITOTS, PRE-TEST REAGENT BOX — NozzLE &0 DIAMETER 25O

== PITOTS, POST-TEST

METER Box 42 /0O  T/c ReapouT ape 9

—— ORSAT SAMPL ING SYSTEM UMBILICAL /1) T/C PROBE $—-10
TEDLAR BAG saMPLE BoX__|[__  ORSAT PUMP _
k/msnmocoum.z @0 O | proEE _2 TEDLAR BAG _——

FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH § .=——

_— - AHg | & C FACTOR -
METER TEMP _2 5 = STACK TEMP 7o

“% MOISTURE 2 REF. 0P —

DRY GAS ORIFICE GAS PUMP FILTER IMP,

CLOCK METER Pitot |seTTING (4H), | METER|VACUUM | BOX EXIT STACK |LK. CHECK
SAMPLE | TIME, READING, [Reading IN. H20 TEMP. [IN. HG [TEMP TEMP. | TEMP. |READINGS
PO [NT |MIN. cu. FT. {mv | 89 | ipeaLlacTuaL] ©OF leause | OF Op Op

J olo 13Cs. 639 lutloasl o5 | o-5571 90 & wip |l s 194
£ s 122140 lg¥¥aa3lo-s2 lo-23197 & X s3 140
2 | ,o 13%3.92 s—b_&;.}}la-lr [ras 19y s s 14992
| e 1333 61 ko33 (o {(.25 194 o SC | 4y
3 | a0 13¢yn.vF  lsgoloauly3) 1 (9) [4y e & 191

| aclzgg -3y el nl.2% | a3 19¢ ¥ s* i
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| 31390 &1 lyoile.iblo-Cy lo-eq l9s 5 s 197
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ws" 139369 hs¥lbooiln.0¢ lo0.09 9% 2 Ll 1o
A $0l394-¢% lello-edlpr.so |o-/0 lico 2 Co 103
w3963 liedo.3lpyo lo.ro lwo | g el ling
12 0139¢.¢9/ Relloudoe-c9 los? 14y | & $3 192 |396-67/
o<1 39¢91  BldoNp.oxy |osv 198 | s 5% | 4/ 139¢-¢3.
1 zoluon 3y  lupifp. 3o g3 lo-§3 199 & ey | 92
2sluyon 8% lygtlaule.9( 1o.-¢7 100 T s7 | 52
10 | §golyob-ta lyjeb-250.-9% |p.73 li02 e 61 | 1o

| selyoed. gy lso3loald /.00 r-00 1o * o 19

9 doleyia . 6y Wi93indfo.9¢ |0.96 lpa | = Lo 19
feb e lyestoatln.¢a lo-s2 116> | 6 i 190

s | wolygy . <2 hadiperle. oexlo.03 102 L sl 191
w9 6! ,L}Lao'omo’ Lo ls Ln o p3 \V Q-j l e

* o lyao-¥0  lizslboHp.o3lo.0x oo | ) 72

| rluat. 32 hydlbbeoHp o lnog g | o> | 4~

aoff/ Iyt bsd | 1 | | | ! 1

/A ] |

53,983 424 442 9% 73
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FANL LUULALL 3 1l Lk avavian

company NaME £XT0Y o Lon RUN NumBer (T84 - 2L
ADDRESS _BRAYfawwn T TIME START _12-2Y
SAMPL ING LOCAT]ONC_T'lg([' yTauCell ¢ TIME FINISHLIY U Q.
pate $ /4 [ £6 TEAM LEADERCTIMS)  TECHNICIANS 7/
BAROMETRIC PRESSURE, IN. HG _32-35 STATIC PRESSURE, IN. H,0

SAMPL ING TRAIN LEAK TEST VACLUM, IN. HG_LS

SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. 010 0,083

EQUIPMENT CHECKS IDENTIFICATION NUMBERS
~— PITOTS, PRE-TEST REAGENT BOX ——____ NOZZLE _70& _ DIAMETER 24 ¢
_~—PITOTS, POST-TEST METER BOX 4__/____6 T/C READOUT 029
_—ORSAT SAMPLING SYSTEM uMBILicaL L2 T/c proBE JTa
_~—_TEDLAR BAG SAMPLE BOX_Q 2~ ORSAT PUMP ___
L THERMOCOUPLE @ _L__ PROBE d - TECLAR BAG
FILTER % TARE NOMOGRAPH SET-UP NOMOGRAPH # _
—_— AHg 1.6 ¥ C FACTOR
METER Temp _ 3.5 sTtack TeEmP _fO
% MOISTURE _2— ______ REF. AP —_—
DRY GAS ORIFICE ‘ GAS PUMP FILTER IMP .,
cl.ocx METER Piiot |SETTING (AH!, | METER (VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |Reading IN. Hp0 TEMP. |IN. HG |TEMP. | TEMP. | TEMP. |READINGS
PO INT IMIN. cu. Fr. |mv | 85| ypeaLlacTuaL! ©¢  leause | °F Of o
12 olo lusa.gzol3sglorg os9losgl 9y 13 [AMA 153 193
s leasi 54 Aol ost loB] 19y o | 1Sy 190
211 10 l433%.5 1 lupfloyie.salegplqy 12 | | 150G (99,
| (clezo-«a lyyiloadp 9 lo-91 195 3 \ £s 192
20! anteza 29 L9Ue2sio.1F lo.92 9% |3 \ _dem9 192
a gl spiloel ion ren 129 13 1 |\ lge 19/
22| 30ltd0%5 1493000.8 1090 19¢ 13 | | 19 1%
| eclue2. 09 lgsdpallo g lped | 75 | 7 19/
T olathk 23 lgdlowdo.p} | 003 1TZ | ) 6o 17/
eSAqus Gl l200lo.000. 15 ip-19 196 | ¢ &1 193
6 | <olaty.2%  i3de0d0. 03 (002192 Iy Lo 9y
| s514e2-99  lenrlonalp. 0% 1p-0¢ 196 [ Lo 193
26| eolugq. 032 63lo.03i0.10 lo.(p 194 ! | 1sg 193 ¢49.20
| es¢so-l0 Woblp.oyl®. 10 lo-to 19¢ 1 1 T lgo 195 lxse¥&
S| wolgc: /o 5 Yesl0-09 lo.09 [T L ] e 123
}r% Lo lo.oloelo o122 | 9 [ [ ] 62 183
4l solycxn-2 !QQ{ 2:10ln 6t lo.cf 1943 o I 1pl 193
| ;(L/w-rs:/ Yo (<10.53 [0.63 193 | 4 [ laa 193
@31 90 gt 9] Ple-33.23 11-2%192 |z [ 143 193
Il bl Kspb 33y o3 192 16 | [ g 193
W2 lp 4oy, T3 isthoab\ .26 -2 (93 15 1] 63 193
ros 4Ly W sbyb33\as (a9, | 6 [ l¢3= 192
tallso (47819 3db2dlogy lo-§% (gd [sm [ [ s 19/
s lerg.of (Wb pyie.gs o-¢5 162 1o 1\, les— (92
l 43G. TLO l | | VA | |
l ]
53,726 424 b2 95 72
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PARTICULATE FIELD DATA

COMPANY NAME Eaxtonw - PmB

RUN NUMBER (L F4-D-(

ADDRESS ﬁ#—w #o-uu I ol .

TIME START m

SAMPL ING LOCAT |ON CTX& -Qbu Cetl "D TIME FINISH {043
paTE 2 -6 TEAM LEADER e WD) TECHNICIANS T /M
BAROMETRIC PRESSURE, IN. HG 5D~2\ STATIC PRESSURE, IN. H:O l

SAMPL ING TRAIN LEAK TEST VACUUM,

SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. 0:009 o .np4

IN. e LS __ 2

EQU!I PMENT CHECKS

IDENTIFICATION NUMBERS

r-20

}— PITOTS, PRE-TEST REAGENT BOX ~— _ NOZZLE F0% _ piamerer + 228
== PITOTS, POST-TEST METER Box A//0 ___ T/c READOUT ©C0F
—ORSAT SAMPLING SYSTEM uMBILICAL /2 T/c ProBE S =7
_—"TEDLAR BAG samMPLE Box L/ ORSAT PuMP _——
_“THermocourLe @ 22 ©F | prose - TEDLAR BAG _———
FILTER & TARE NOMOGRAPH SET-UP NOMOGRAPH #__—
— AHg Lo ¥ C FACTOR _———
METER TEMP 93 sTack TeEmp _ 70
% MOISTURE £ REF. AP —_—
DRY GAS . ORIFICE GAS PUMP FILTER IMP.
CLOCK METER Pli:-?t SETTING (AH), | METER |[VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |Reacing IN. H>0 TEMP. |IN. HG [TEMP. | TEMP. | TEMP. |READING™
PO INT |MIN. cu. FT. |mv | 8p | 1peaL]acTuaL| ©F  leause | OF O Of i
12 lo/y luse-vbg brolor] .Sl 0641 90 | & | /4] cs | 85 1
< 142309 wegH. ol  I0p.-6]1 qz | & sC | Y i
2l 0 lueq. 91 e ed |36l 261 g4 | Z S | g4
| 4= 1993 . 2% luwl 3| 180llso| 94 [ 7 s—5 | 8%
20! 20 1493 3]  leg3l.2gl LI V-¥F! Gy | % 1\ <9 | 3
| 2 {50,194  WHl.esl 1.9 V.96 | 941 & | ls—gr | 4o i
9 3p |lsag.23 WBg vd ((@FH |- ¥F(| FC | 2 s« |
2 lc09 ., 0% Wlrst).ad L9yl 957 | & S 19a |
gl oup ly3.32 ghleN o GR I06xl G6 |y S 192
yolsirx] 15080 . efe.60] ¢ [ 3 s 9 3 .
g A o lgrx.2x idoto 44 oy 196 | s 193
sl srs.30 ¥l ods . 1> oz 124 / S 73
Ll 6o ls00.3% lmlerlo 1 lo.p9 19¢ 1 <o 192
| ¢S g2 lgdoto (¥ [pay %6 |/ R 7. R
S ¥ I5a3.10 igd Lodip. 28 |o-2¢1%¢ 2 gL ¥
25 lsag 2 RO6 . 240 .34 | o 3¢y T2 2 ¢o 1922 B
Yol co Tae-b g hodledlialledqr 1957 | ¢ ' 13
| gClisa0.570 M}A.ZL V.3 o 193 % ¢/ 2/
w31l 90 sy u.1 o lrp.31 26l L. o2laws 19y g | e laa_ |
S lcngrzd  Ieyqlzelz. S 019 | & | y 152 _
M2 jooleys-g> Wpiasl g BBl g2 192 12 w19/
rodyyy.ot el 24 1.8 | g 196 Y N/ ey 172 |
@ 1| uolsso 3 hip WDlg.8nlog0l 96 |y M s 19/
15 lesa. T Bl o, 8> lo-53 | £~ | & ¢y 159
(20l s 269 | | | | '
I/ J _ _
7052/ 1307 NV A 70
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COMPANY NAME L x X048 = EME RUN NUMB:-:RCZ 24 =D-D
ADORESS __LR2y s as - TIME START
SAMPL I NG LocaTioN C7 f/g Loy &/LD TIME FINISH
patE I =S —§ 6 TEAM LEADE TECHNICIANS _/ /Y
BAROMETR!C PRESSURE, IN. HG 30 2<% STATIC PRESSURE, IN. H,0 _/
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG._LS
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. 2:00% o .cof
EQUI PMENT CHECKS IDENT | FICAT ION NUMBERS
= PITOTS, PRE-TEST REAGENT BOX ~——— NOZZLE 202 _ piameTer 897
~—PITOTS, POST-TEST METER BOX _AJ /(D  T/C READOUT _0207
—— ORSAT SAMPLING SYSTEM umiLica, YA T/c proBE __ 4T3
——TEDLAR BAG SAMPLE BOX ORSAT PUMP
_LAEMCOUPLE e 70 °r | proBe _2 ~ TEDLAR BAG _——
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH & _————
— AHg L. 6 & C FACTOR ——
METER TEMP STACK TEMP 20
% MOISTURE _=— REF. AP —
DRY GAS ORIF ICE GAS | PUMP |FILTER| IMP.

CLOCK METER Pitot |SETTING (AH), | METER |VACUUM | BOX EXIT | STACK LK. CHECK
SAMPLE | TIME, READING, {Reading IN. H-0 TEMP. | IN. HG [TEMP. TEMP. | TEMP. |READINGS
PO [NT | MIN. cu. Fr. [mv | ap| jpeaLlactuaLl ©F lcause | °r Op O
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PARTICULATE FIELD DATA

B-22

COMPANY NAME EMb -~ Cxxon rRuN NUMBER C1-68- DL
ADDRESS Bryoun s, TX TIME START _H4S
sampLING LocaTioN Sentioc Toudga %€ - £aaCeus (£ TiMe FiNisH _I5%
DATE : TEAM LEADER _©, RudD  TEcHNICIANS __—
BAROMETRIC PRESSURE, IN. HG _%BOhLs STATIC_PRESSURE. IN. H0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG_IS
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. 0057 0.0
EQUIPMENT CHECKS IDENTIFICATION NUMBERS
_— PITOTS, PRE-TEST REAGENT BOX Nozzx.zg}i__ DIAMETER "~ _
__ PITOTS, POST-TEST METER Box N - (8 T/c READOUT WTOL i
__ ORSAT SAMPLING SYSTEM umBiLica. . T/c ProBE
; TEDLAR BAG SAMPLE BOX____ LTt  ORSAT PUMP ""“
~ THErmocourLe @ B2 ©F PROBE C- o TEDLAR BAG —
FILTER % TARE NOMOGRAPH SET-UP NOMOGRAPH # __——
~ AHg 1. +He C FACTOR _
METER TEMP = STACK TEMP —
% MO1STURE =2 REF. AP o
DRY GAS ORIFICE GAS | PUMP |FILTER| IMP.
cLocK METER Pitot |sETTING (AH), | METER |[VACUUM | BOX EXIT | STACK |LK. cHECK
SAMPLE | TIME, READING, |Reading IN. H20 TEMP. |IN. HG |[TEMP TEMP. | TEMP. |READINGS |
PO |NT | MIN. cu. Fr. [mv [ Ap | ipeaLlacTuaL]! ©F |eause | OF Op Op
A A4 |pfo | 408 .8Y leobstH3 82 (52| 94 | ip 3 [ 81 |
1571 ¥4 .51 3.9¢1 ]e et 6L | 8%
PNENYE T Lo ¥ | €&
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COMPANY NAME EMB - Cxxpa run NumBer CTGEY DT ¢
ADDRESS BRYTOMNY | TxX TIME START __ O35S
SAMPL I NG LOQTlONMﬂ_&ﬂ_—M&L&L TIME FINISH 138 [
DATE 09.-02. 8 TEAM LEADER_P . 2udd TECHNICIANS __ —
BAROMETRIC PRESSURE, IN. HG 390.2 STATIC PRESSURE, IN. H,0
SAMPL ING TRAIN LEAK TEST VACUUM., IN. HG (5 to
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. £.00& 0.003
EQUIPMENT CHECKS IDENTIFICATION NUMBERS
_~ PITOTS. PRE-TEST REAGENT BOX NOZZLE_LD_IS_Q‘__ DIAMETER _—__
_— PITOTS, POST-TEST METER Box ____MN-\&  T/c READOUT foYoYa
= ORSAT SAMPLING SYSTEM umBiLicaL WL T/c PROBE =5
— _ TEDLAR BAG i SAMPLE Box___% ¥ ORSAT PUMP —
" tHErRmocourLE @ 12 ©r | proBE -5 TEDLAR BAG —
FILTER # TARE NOMOGRAPH SET-UP NOMOGRA §_T
— bHg 2'1& C FACTOR i
METER TEMP __ STACK TEMP
% MOISTURE ___ % REF. AP _
DRY GAS ORIF ICE GAS PUMP [FILTER | IMP.
CLOCK METER Pitot |SETTING (L4H),| METER |VACUUM | BOX EXIT | STACK [LK. CHECK
SAMPLE | TIME, READING, {Readina IN. H50 TEMP. |IN. NG |TEMP. TEMP. | TEMP. |READINGS
POINT 'MIN. cu. FT. |mv | &p | ipeaLjacTuaL! ©F  |cauce Op Or Op
oh 118600 Beslad 52l s el 8 [ 1o [T | &3 [ 93
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PARTICULATE FIELD DATA

company nave b - Sxxo

ADDRESS Bayiiw X

run numBer (168 -0C-
TIME START _0SKI10

Lo
SAMPL ING LOCATION QOOUN% wct &8- Fan(r TiME FINisH LB 1D
DATE Y. od. 8¢ TEAM LEADER 8. BR 055  TECHNICIANS —
BAROMETRIC PRESSURE, IN. HG ___20.235 STATIC PRESSURE, IN. H,0

SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPLING TRAIN LEAK RATE, CU. FT./MIN.

IN. Ho 1§ &
Doy .00

EQUIPMENT CHECKS

— PITOTS, PRE-TEST

IDENTI1FI1CATION NUMBERS

REAGENT BOX.L_____NOZZLE.j>;:SS_; DIAMETER _—

W

R-24

— _ PITOTS, POST-TEST METER Box _A:(t  T/c ReapouT ___OOOY
— ORSAT SAMPL ING SYSTEM umBiLicar _ -l T/c PROBE 53
—_ TEDLAR BAG SAMPLE BoX___ &t  ORSAT PUMP —
—__ THERMOCOUPLE @ °r | proBE e TEDLAR BAG —_—
FILTER & TARE NOMOGRAPH SET-UP NOMOGRAPH &

AHg 1.7 C FACTOR

METER TEMP STACK TEMP

% MOI!STURE REF. AP
DRY GAS ORIFICE GAS | PUMP |FILTER| IMP.

CcLOCK METER Pitot |sETTING (AH), | METER |[VACUUM| BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, {Reading IN. H>0 TEMP. |IN. HG [TEMP. TEMP. | TEMP. |READINGS |
POINT |MIN. cu. FT. {mv | &p | ipeaLiacTuaL| ©OF lcause | °f O Of
44 10/01951 405 ko321 2.54| 55| 88| A4 [~— | g | 81 |
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S,

COMPANY NAME EMNb — ExXxa A

55—
RUN NUMBER CT- 84 48 4
TIME START _lo\©

ADDRESS Barpown TX
SAMPL ING LOCATION ' Towsan#* - [T TIME FINISH (410
paTE _O9Q- 04 & TEAM LEADER _B_ BMPO  TECHNICIANS _—
BAROMETRIC PRESSURE, IN. HG 35.85 STATIC PRESSURE, IN. Hy0 _ 1O
SAMPLING TRAIN LEAK TEST VACUUM. IN. HG_ S~
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. O0O(F
EQUI PMENT CHECKS IDENT 1 F ICATION NUMBERS
OL5C
~— PITOTS. PRE-TEST REAGENT BOX mznzﬂ__ DIAMETER @—35tz
= PITOTS, POST-TEST METER Box _ N-%  T/c REaDOUT __ 000N
—_ ORSAT SAMPLING SYSTEM UMBILICAL ___EL___ T/C PROBE S 5
— TEDLAR BAG SAMPLE BOX . Z«» _____ ORSAT PUMP i
" tHERMOCOUPLE @ RC> ©F | promE e TEDLAR BAG ——
FILTER # TARE NOMOGRAPH SET -UP NOMOGRAPH & __
_ BHg ]:}41 C FACTOR —
METER TEMP STACK TEMP
% MO ISTURE 2 REF. AP —
DRY GAS ORIFICE GAS PUMP |FILTER | IMP.
CLOCK METER Pitot [SETTING (AH},| METER (VACUUM | BOX EXIT | STACK [LK. CHECK
SAMPLE | TIME, READING, {Reading IN. H-0 TEMP. |IN. HG |TEMP TEMP. | TEMP. |READINGS
o |NT |MIN. cu. FT. |mv [ 8p | 1peaclacTuaL| ©F lcauce | OF o, op
A4 1o /olFs Sorisd 36 336 [23.36] 9o | B[ — | ¢4 | 88
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PARTICULATE FIELD DATA

COMPANY NAME GV‘L&‘“ Exxo O rUN NumBer CT-84 OI.[s
ADDRESS / M X TIME START _()€2ZO
SAMPL ING LOCAT 10N Sontang Towa 8¢ Fa ) Ce 4 TIME FINISH 12290
paTE__O4.oS R& TEAM LEADER__ X . RO TECHNICIANS —
BAROMETRIC PRESSURE, IN. HG _ 30.2S— STATIC PRESSURE, IN. H,0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. He_IS  _ LS
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. £.0171 o.0(®
EQUIPMENT CHECKS IDENT | F ICAT ION NUMBERS
—__PITOTS, PRE-TEST REAGENT BOX NnozzLE D (S  DiAMETER _—
_~_ PITOTS, POST-TEST METER BoX __ A \%  T/c READOUT [YYo)
T ORSAT SAMPLING SYSTEM umBiLica 4\ 1/c proBe SN
_~_ TEDLAR BAG SAMPLE Boxii_ ORSAT PUMP _
_“THErMocourLE @ 85 9 | proBe TEDLAR BAG —_
FILTER & TARE NOMOGRAPH SET-UP NOMOGRAPH  # —
- DHg (R C FACTOR —
METER TEMP - STACK TEMP -
% MOI1STURE 2= REF. AP —
DRY GAS ORIF ICE GAS | PUMP |FILTER| IMP
CLOCK METER Pitot |SETTING {AH), | METER |[VACUUM | BOX EXIT STACK |LK. CHECK
SAMPLE | TIME, READING, |Reading IN. H20 TEMP. |IN. HG |TEMP. | TEMP. | TEMP. |READINGS
PO INT |MIN. cu. FT. |mv | 20 | peaLlactua| O  leauce | OF Op Op
A4 ol |48 vatloys oGl dys] 345t IR | 1o | — | 63 | 86
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——

"z

COMPANY NAME Eﬂ& - (Exxod RUN NUMBER & L ¢& rNH-
ADDRESS ﬁpmu.]_; [X TIME START _ 145
SAMPLING LOCATION ' S00 K E8 - f 2. TiMe FiNisH 1554
DATE oL & TEAM LEADER (€Y TECHNICIANS _—
BAROMETRIC PRESSURE, IN. HG $0-1% STATIC PRESSURE, IN. H,0
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG & =5
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. oot Do

EQUIPMENT CHECKS IDENTIFICATION NUMBERS

_~" PITOTS, PRE-TEST
_— PITOTS, POST-TEST
—— ORSAT SAMPLING SYSTEM

_— TEDLAR BAG
-/msrmocoum.s @ L

REAGENT BOX NOZZLE o8
METER Box NS  T/c reapour OS9

DIAMETER _£.3 gi

umBILIicaL __(1.OY%  T/c PrROBE

—

SAMPLE BOX__Z..(;_C — ORSAT PUMP

PROBE TEDLAR BAG
FILTER TARE NOMOGRAPH SET-UP NOMOGRAPH & -
— bHg L. € FACTOR —
METER TEMP — STACK TEMP =
% MO |STURE . REF. AP e
DRY GAS ORIF ICE GAS | PUMP |FILTER| IMP.
cLocK METER Pitot |SETTING (OH), | METER |VACUUM | BOX EXIT | STACK |LK. CHECK
SAMPLE | TIME, READING, |Reading IN. H>0 TEMP. |IN. HG |[TEMP. | TEMP. | TEMP. |READINGS
o0 [NT | MIN. cu. Fr. |mv | Ap | ipeaLjacTuaL] ©F leauce | °F O O
#£- -4—_0/0 9sR.RSK leoolosW 452 [ 382, 85 | 4% | — (¢l | B
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PARTICULATE FIELD DATA

COMPANY NAME

ADDRESS

SAMPL ING LCCATION_Sang iy Towet.

RUN NUMBER
TIME START

X

- rasCEn, *3

pate_ T 02-86

BAROMETRIC PRESSURE,
SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU.

She.

TIME FINISH 1387/

TEAM LEADER P . Q40D  TECHNICIANS
IN. He 36, 4 STATIC PRESSURE, IN. H,0

IN. He__IS \3

FT./MIN. p.D0E 0.00 )

EQUIPMENT CHECKS IDENT I F ICAT |ON NUMBERS
= PITOTS, PRE-TEST REAGENT BOX NozzLE 2P pDiaMETER @udl2,
~ PITOTS. POST-TEST METER BOX T/C READOUT JY=Xeh
_—_ ORSAT SAMPLING SYSTEM UMBILICAL _\LJ__ T/C PROBE S. 5
~_ TEDLAR BAG SAMPLE BOX___ 2. x____ ORSAT PUMP —
HERMocourLE @ 1O ©F | prose G TEDLLAR BAG _—
FILTER % TARE NOMQGRAPH SET-UP NOMOGRAPH # _
R bHg [ 3 C FACTOR -
METER TEMP - STACK TEMP —
% MO!STURE 2 REF. AP —
DRY GAS ORIFICE GAS | PUMP |FILTER| 1MP
CLOCK METER Pi?c.:t SETTING (4H), | METER |VACUUM [ BOX EXIT | STACK |LK. CHECK I
SAMPLE | TIME, READING, [Reading] IN. H>0 TEMP. {IN. HG |[TEMP. TEMP. | TEMP. |READINGS
PO INT |MIN. cu. Fr. |mv | Ap | 1peaLiacTuaL! OF  leause | OF Cp Of
ofo | 216.%5> (geslsstz z4lved g4 3 [— 1766 1 93 |
IS 2% oL R Bl ot 1% e | g3
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COMPANY NAME emb - EYYQI\)

RUN NUMBER CTeB -NZ-3

ADDRESS BpytTowa X TiME sTART _O1 1D
SAMPL 1NG LOCATION L - rz ¥\~  TIME FINISH
DATE 05803486 TEAM LEADER_ 5. 3&@;';& TECHNIC IANS -

BAROMETRIC PRESSURE, IN.

SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU.

He __ 30 25~

IN. HG

STATIC PRESSURE,

< \s

IN.

H,0

£.002.-0.00¢

FT./MIN.

EQUI PMENT CHECKS

_~ _PITOTS, PRE-TEST

:_ PITOTS, POST-TEST

T ORSAT SAMPLING SYSTEM
—~— TEDLAR BAG

&~ THERMOCOUPLE @ & & °

IDENTIFICATION NUMBERS

REAGENT BOX
METER BOX N - T/C READOUT

nozzLe 208  piameTErR D 2512
oo

UMBILICAL A4~ QLl _. T/C PROBE

S-S

SAMPLE BOX__jﬁEL_____ ORSAT PUMP

PROBE TEDLAR BAG

pa———

-

FILTER % TARE NOMOGRAPH SET-UP NOMOGRAPH &
— bHg L C FACTOR —
METER TEMP hntl STACK TEMP —
% MO ISTURE — REF. AP i
DRY GAS _ ORIFICE GAS | PUMP |FILTER| IMP.

CLOCK METER Pitot |seTTING (AH). | METER |VACUUM | BOX EXIT | STACK |LK. cHECK
SAMPLE | TIME, READING, {Reading IN. H20 TEMP. |IN. HG |TEMP TEMP. | TEMP. |READINGS
PO INT |MIN. cu. Fr. |mv | 8p | ipeaLlactuaL! 9F  leause | °F O °r
A4 Ipfolden.est boolszl ssdldsyl #8 | 15 1— | €6 | 8¢
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PARTICULATE FIELD DATA
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EXXON COMFANY, U.S.A., BAYTOWN REFINERY, BAYTOWN, TX
FIELD SAMFLE INVENTORY, CODLING TOWERS 68 AND 84
FPage 1 of 4

Sample Date
1D Sampl ed Description Analysis
Blank 1-W 0B/29/8&6 Fre—RBr Cooling Water (468) RTI;Cr+6,Zn,Res. ,Minerals
Blank 2-W 09/01/8646 Fretest Cooling Water (468) RTI;Cr+6,In,Res. yMinerals
1—-1-W 09/01/86 Tower 68 Cooling Water RTI;Cr+6,Zn,Res.
2-1-W 09/01/86 Tower &8 Cooling Water RTI:;Cr+6,Zn,Res.
F-1-W 09/02/86 Tower &8 Cooling Water RTI;Cr+é6,Zn,Res.
4-1-W QOP/02/86 Tower &8 Cooling Water RTI;Cr+6,Zn,Res.
5—-1-W 09/01/86 Tower 68 Cooling Water RTI;Cr+6,Zn,Res.
S-2-W 09/01/86 Tower &8 Cooling Water RTI;Cr+6,Zn,Res.
O30 02/02/86 Tower 68 Cooling Water RTI;Cr+&,72n,Res.
Blank Z—-W 09/07/846 Fretest Cooling Water (84) RTI;Cr+4&,Zn,Res. yMinerals
A-1-W 09/04/86 Tower B4 Cooling Water RTI;Cr+b6,Zn,Res.
A-2-W 0P/04/86 Tower 84 Cooling Water RTI;Cr+6,Zn,Res.
B—-1-W 0P/05/86 Tower 84 Cooling Water RTI:Cr+b,In,Res.
B-2~W 09/05/86 Tower 84 Cooling Water RTI;:Cr+6,In,Res.
C—-1-W 09/04/84 Tower 84 Cooling Water RTI;Cr+6,Zn,Res.
C-2-W 09/04/86 Tower 84 Cooling Water RTI;Cr+6,Zn,Res.
-D-1-W 09/05/86 Tower 84 Cooling Water RTI;Cr+&4,Zn,Res.
D-2-W 09/05/86 Tower 84 Cooling Water RTI;Cr+46,Zn,Res.
PS-3-W 0R/02/86 Tower 68 Cooling Water RTI;Cr+6,Zn,Res. ;Minerals
FS=—4-W 09/04/86 Tower 84 Cooling Water RTI;Cr+&,Zn,Res.
FPS-5-W 09/05/86 Tower 84 Cooling Water RTI;Cr+6,In,Res. ,Minerals
1-1-abc 02/01/86 Tower 68 Sampling Train RTI;Cr,Zn:NAA:;Cr Br Na,Zn
2-1-a 09/01/86 Tower 6B Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,Zn
2-1-b 02/01/86 Tower 68 Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,Zn
2-1-c 092/01/84 Tower 68 Sampling Train RTI;Cr,Zn:NAA:;Cr ,Br,Na,Zn
Z—-l-abc ©9/02/86 Tower &8 Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,In
4-1—abc 02/02/86 Tower 6B Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,in
S-1-abc 09/01/86 Tower 68 Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,Zn
5-2-a 09/01/86 Tower 68 Sampling Train RTI:;CryZn:NAA;Cr,Br,Na,Zn
S-2-b 02/01/86 Tower 68 Sampling Train RTI;Cr,Zn:NAA;Cr ,Br,Na,Zn
g~-2-c 092/01/86 Tower 68 Sampling Train RTI;CryZn:NAA;Cr,Br Na,Zn
S-Z—abc 09/02/84% Tower &8 Sampling Train RTI:Cr,Zn:NAA;Cr ,Br,Na,Zn
A—-1-a 09/04/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr Br,Na,Zn
A—1-b 09/04/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr,Br ,Na,Zn
A-1-c 09/04/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA:Cr +Br,Na,Zn
A-2—abc 09/04/86 Tower 84 Sampling Train RTI:Cr,Zn:NAA;Cr,Br,Na,Zn
B~1-abc 0%9/05/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr Br ,Na,ZIn
B-2~-abc 09/03/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr ,Br,Na,Zn
C~1-a 09/04/86 Tower B4 Sampling Train RTI;Cr,Zn:NAA;Cr ,Br,Na,Zn
€~-1-b 0P/04/86 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr,Br,Na,Zn
C-1-c 02/04/86 Tower 84 Sampling Train RTI:;Cr,Zn:NAA;Cr,Br,Na,Zn
C-2—abc 09/04/86 Tower 84 Sampling Train RTI;CryZniNAA;Cr,Br,Na,iIn
D-1-abec 09/05/86 Tower 84 Sampling Train RTI:Cr,Zn:NAA;Cr ,Br ,Na,ZIn
D-2-abec 09/05/846 Tower 84 Sampling Train RTI;Cr,Zn:NAA;Cr Br,Na,Zn
Blank 1 09/09/86 Sample Train Rlank RTI;Cr,Zn:NAA;CrBr,Na,Zn
Rlank 2 09/09/864 RTI Water Elank RTI;Cr,Zn:NAA;Cr.Br,Na,Zn

Analysis Code - B-32

NAA = Nuclear Activation Analysis at N.C.5.U. for elements listed
RTI;Cr,In = Total Chromium and Zinc by Atomic Absorption at RTI
RTI;Cr+6 = Hexavalent Chromium by Colorimetric Determination at RTI
RTI:Res. = Total Chromium of residus after filtration of sample



EXXON COMPANY,

U.s

AL,

BAYTOWN REFINERY, BAYTOWN, TX

FIELD SAMFLE INVENTORY, COOLING TOWERS 68 AND 84

Fage 2 of 4
Sample Date
ID Sampled Description Analysis
Elank 1-F 09/08/864 Cooling Water Filtrate NAA; Cr ,Br,Na,Zn
Blank 2-F 09/08/86 Cooling Water Filtrate NAA; Cr ,Br,Na,Zn
1-1-F 09/08/86 Copling Water Filtrate NAA;Cr Br ,Na,ZIn
2-1-F 09/08/86 Cooling Water Filtrate NAA; Cr.Br,Na,Zn
F-1-F 0%9/08/86 Cooling Water Filtrate NAA; Cr sBr yNa,Zn
4-1-F 092/08/86 Cooling Water Filtrate NAA; Cr ,Br,Na,Zn
5-1-F 09/08/86 Cooling Water Filtrate NAA; Cr Br ,Na,In
S-2-F 09/08/86 Cooling Water Filtrate NAA; Cr ,Br ,Na,Zn
S~3~F O /08786 Cooling Water Filtrate NAA; Cr (Br,Na,Zn
Elank Z-F 0%/08/86 Cooling Water Filtrate NAA;Cr ,Br,Na,Zn
A-1-F 09/08/86 Cooling Water Filtrate NAA; Cr,Br,Na;In
A-2-F 02/08/86 Cooling Water Filtrate NAA; CrBr,Na,Zn
B-1-F 09/08/86 Cooling Water Filtrate NAA; Cr ,Br ,Na,Zn
B-2-F 09/08/86 Cooling Water Filtrate NAAR; Cr . Br .Na,Zn
C-1-F 0/08/86 Cooling Water Filtrate NAA; Cr ,Br ,Na,Zn
C-2-F 02/08/86 Cooling Water Filtrate NAAR; Cr,Br,Na,Zn
D-1-F 09/08/86 Cooling Water Filtrate NAA; Cr ,Br,Na,Zn
D-2-F 09/08/86 Cooling Water Filtrate NAA; Cr,Br ,Na,Zn
FS5-3-F 09/08/86 Cooling Water Filtrate NAA:;Cr JBr Na,ZIn
FS-4-F 09/08/846° Cooling Water Filtrate NAA:;Cr ,Br,Na,Zn
FPS-S-F 09/08/86 Cooling Water Filtrate NAA; CrBr,Na,Zn
Blank—-4-F 09/08/84 D.I. Water Filtrate NAA;Cr,Br,Na,Zn
Blank 1-R 09/08/86 Cooling Water Residue NAA; Cr ,Br,Na,Zn
Elank 2-R 09/08/86 Cooling Water Residue NAA:; Cr ,Br ,Na,Zn
1-1-R 0%2/08/86 Cooling Water Residue NAA;Cr ,Br,Na,In
2-1-R 07/08/86 Cooling Water Residue NARA; Cr ,Br,Na,Zn
Z-1-R 09/08/86 Cooling Water Residue NAA;Cr,Br,Na,in
4-1-R 09/08/86 Cooling Water Residue NAA; Cr ,Br,Na,in
S5-1-R 09/08/86 Cooling Water Residue NAA; Cr,Br,Na,Zn
9-2-R 09/08/86 Cooling Water Residue NAA;:;Cr ,Br ,Na,in
S5-3—-R 09/08/Bb6 Cooling Water Residue NAA; Cr 4 Br yNa,Zn
Blank I-R 02/08/864 Cooling Water Residue NAA; Cr ,BrNa,Zn
A-1-R 0%9/08/86 Cooling Water Residue NAA; Cr ,Br,Na,in
A-2-K Q?/08/86 Cooling Water Residue NAA3Cr,Br ,Na,In
B-1-R 02/08/86 Cooling Water Kesidue NAA;Cr ,Br,Na,ZIn
B-2-R a92/08/86 Cooling Water Residue NAAR; Cr,Br ,Na,Zn
C-1-R 09/08/86 Cooling Water Residue NAA; Cr  Br,Na,In
C-2-R 09/08/864 Cooling Water Residue NARA; Cr,Br,Na,In
D-1-R 02/08/86 Cooling Water Residue NAA; Cr ,Br ,Na,Zn
D-2-R 09/08/86 Cooling Water Residue NAA;Cr,Br,Na,Zn
PS-3—R 02/08/86 Cooling Water Residue NAA;Cr ,Br,Na,Zn
FS-4-R 09/08/86 Cooling Water Residue NAA; Cr ,Br ,Na,In
FP5-5-R 0%/08/86 Cooling Water Residue NAA; Cr ,Br ,Na,In
Elank—-4-R 09/08/86 D.I. Water Residue NAAsCr ,Br,Na,Zn

Analysis Code

NAA = Nuclear Activation Analysis at N.C.S.U. for elements listed
RTI;Cr,Zn = Total Chromium and Zinc by Atomic Absorption at RTI
RTI;Cr+6 = Hexavalent Chromium by Colorimetric Determination at RTI
RTI;Res. = Total Chromium of residue after filtration of sample
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EXXON COMFANY,

uU.s.
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BAYTOWN REFINERY,

EAYTOWN, TX

FIELD SAMFPLE INVENTORY, COOLING TOWERS 68 AND 84
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Analysis
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RTI;Residue =

Nuclear Activation Analysis at N.C.S.U.

for elements listed

Total Chromium by Atomic Absorption at RTI
Heiavalent Chromium by Colorimetric Determination at RTI
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Total Chromium of residue after filtration of sample



EXXON COMFANY,
FIELD SAMFLE INVENTORY,

U.S.A.,

Fage 4 of 4

BAYTOWN REFINERY, BAYTOWN,
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¥ o Yy 30
¢/ 27 (9
g —_— 33 r3

H> - (57 235
Ad _— /7t /53
45 —_— A 23
ol - Q¢ 77
¥ 7 s ¥ L
¢ $6 74
49 | o7 g9
S b/6 ¥22-




WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED: [/~ 17-55  DATE ANALYZED  j/—j7 Ao I/- 20
ANALYST: &l S o CLIENT: C”%/ﬁ@},,,/l
ANALYTE : T hnf
RTI # CLIENT # GFA™ e concemraTion LCP
Jotal ug/ L e ug/ L
S 74 LS
Sy g7 777
53 /{0 %9
S 11O To
2% Y570 4320
St 3/ 3z
S7 /(0 L3
5 129 |30
59 1320 /270
6o yqgo _b31o
6 ! 134 /58
b 214 /13 o0
4 3 S4go ¢¥# 30




Da

QUALITY CONTROL REPORT FORM

ELEMENT Cr - GF4A

te /(—/7/1/- 20

Analyst A M, w/sen

SRM or CEZICX STD.
Certified or Prepared conc. ] 8. ©
Average Rerorted Conc. |15 5

§ Difference

¢ 32

DUPLICATES SAmPLE 30

Concentration A /%49 pps A-3 X
Concentration B_ /40 444 (A+3/2)
- /7

RECOVERY  Wot Apylicable (Mo diyestios)

)

C soiked ( -
C True Spikea ( )

100

C unspoiked ( Yy x 100 =

Hethod of Standard Additions tmploved? ves no X
Highest Std run 50 ppé Flame _a/s— <Tlzmeless —
e
Lowest Std run 25 pp-L N-0/CoEg _—
Detection Limit / » b Alz/CsEs  _—
74
3lank lavels No  suyre szer 2KG. Ccroro ves v~ no
Zeemau
COMMZNTS::
B-39
Tigure 2 Qualizy contrzol report Zorm Zor mezhod



ATOMIC SPECTROSCOPY ANALYSIS SHEETS

DATE RECEIVED: /i [y7 [ &F DATE ANALYZED: [ 17 = /1/20
ANALYST: B, M., w.l¥ CLIENT: Latmpy
ANALYTE: Chromiwm Zeh GFran

MATRIX: dolude  accd

ATOMIZATION (EXCITATION)
MODE: FLAME a.Conventional

FLAMELESS d.Furnace X

(check one) b.Hydride

e.Hg Cold

c.ICAP

Vapor

Wavelength 257 & ,m

S1it O-7 um

LIGHT SOURCE TYPE: Hollow Cathode

(check one)
Other

v

Electrodeless Discharge

ATOMIZATION/EXCITATION CONDITIONS

a. Flame: Fuel ; flow cc/min
(convention) Oxidant "~ 3 flow cc/min
Burner type;
b. Flame: Fuel ; flow cc/min
(hydride) Ox idant ; flow cc/min
Purge Gas ; Tlow cc/min
Sample Vol ml.

B-40



ATOMIZATION CONDITIONS (Continued)

c. Reducing Agent NaBH4
Zinc
d. ICAP Nebulization Rate cc/min
Torch Height mm
Other

e. Furnaces Dry Zp s @ 10 °C
Char zo s@ /860 °¢C
Atomizeziods @ 7Lo0  °C
Purge Gas s @ 200 ‘cc/min  ARoOU.

Flow Mode: Interrupt DS Normal
Cuvette type p /e #for m
Matrix Modification sy, (A0~ ).
v ——

f. Hg Cold Vapor Sweep Gas @ © cc/min,
Sample Vol. ml

Sampie Pretreatment
Reducing Agent NaBH,
(check one) SnCly

Standardization Mode
(check one) a. direct calibration X
b. spike
c. standard additions

Standard Analysis: Concentration Absorbance Mean
625 ,,b -peF-002¢C
26,0 ot~ 0. /L)
Regression Constants m b buko turve corr.
B-41

Correlation Coefficient R= @, §94 ¢




WET CHEMICAL ANALYSIS SHEETS

OATEZ RECEIVED: [L-2- ¥F DATE ANALYZED //-2 4 ZcP ) /Z"’/&PA’/—!— \
ANALYST: N s CLIENT: & A,
ANALYTE: T/ o
RTI # CLLIENT # GF4-A SAMPLE CONCENTRATION T ¥
vorel ug/ | were- ugs L
7 234 249
72 550 46
Qf 12 %00 |0, 200
_i.f_ —_— 24d¢ 378
24 Y380 74 20
77 43z _ 473
27 2¢7 242
g9 37 be
Loo - 74 g/
10/ e gL
(02— Y2/ Lof
/03 LEl0 4349)5,“
/of —_ 300 qgé
COS 2%7 Z 52
/ob zz! zv7
L27 _—
[o& £2.10 740
/2T Lo4o & 288"
1o - S S
] . 43 g
//2 g o -4
1/3 —_— e 302




WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED: ) (-2Y- 7 DATE ANALYZED //-ZC/Z—CF )/Z-S/(é//,f.k)
ANALYST: Lt~ s, CLIENT: P b

Vi I
ANALYTE: T L[ Ca

RTI # G-FA&  snwpLe concenTRATION LCP
Teealug/ | weis- TR
{ >0 /1]
) 3 167
i 52
/0% 2z
EEL 1220
goHo 5538 (SI°
(44,000 /S0
e ppm

EETEEEEEEETTTTTTT ReReRER

: E
RRRRRRARRRRRRRRRRRRRRN .




Date

QUALITY CONTROL REPORT

Co— -

ZLEMENT

/2 -§-5L

Analyst B. M. WX~

\5435

S
o sau N® or cmzcx sTo.

Certified or Prepared conc.

Average Reported Conc,.

FORM

EFab

/&0

/4.8 19.7

€ xo

e DUPLICATES 414

g e

Ccncent

n
n

198 0 o4

zatio
Concentratio 974

C soiked (

$ Difference 4 4,

) = € unspixsd (

A=3

(A+3/2)]

RECOVERY (/\/a. C/L‘j,g#y,}n e (sl )

C True Spirxec (

7. .

Yy x 100 =
ves no X
Tlameless
2
T ves nc
r me=zhcd




ATOMIC SPECTROSCOPY ANALYSIS SHEETS
)z -5~ 56

DATE RECEIVED: /2 - 24 - pL DATE ANALYZED:  J2—pf—d<F%

ANALYST: B, M W s CLIENT: (P Py
I J

ANALYTE: @ A AL Cr

N —

MATRIX: Ll aitae el

ATOMIZATION (EXCITATION)

MODE : FLAME a.Conventional FLAMELESS d.Furnace X
(check one) b.Hydride e.Hg Cold
c.ICAP Vapor

Wavelength 357 ¥ oy
STit 0.7 uem
LIGHT SOURCE TYPE: Hollow Cathode o~

(check one) Electrodeless Discharge
Other

ATOMIZATION/EXCITATION CONDITIONS

a. Flame: Fuel ; flow cc/min
(convention) Oxidant ; Tlow cc/min
Burner type;
b. Flame: Fuel ; Tlow cc/min
(hydride) Oxidant ; Tlow cc/min
Purge Gas ; Tlow cc/min
Sample Vol ml.

n-45



QUALITY CONTRCL REZPORT

Cr

e

MEN

m

(]
Q]

L

13

pe

4-24-486

Date
Analvsct  Gwolse/wilse™
5
Bs 1643
, erh , N
~ Iy / - -y - -~
e S2EM or CE=zZCX STD.
Certifiad or Preparad conc. 4@5&/&7/@ /8 b
b P
Averace Regortad Conc. 49.6 . /9.9
§ Difference 2.5 &,
7
o DUPLICATES
Concentration A 7,83 A-3 x 100 = 5.9
Concentcraczion B /0. 4> (A+3/2)
e FTCOVIRY
C soiked ( ) = C unsgikedlk/////: x 100 =
C Tzue Socixkac ( ~ )
Mdezhod of Szancdard additions Imployed? ves no_ X
Hiznest Stzd  run -ye Flame Tlamelass GF4
Lowest S:td run /0,0 N2Q/ChH2
Dezaczion Limits .25 Aiz/CoEs
2lznx lesvals — ZXE., Ccrr. ves X . ~°S
2ececman
COMMZINTS:
B-48
Tigure 2. Cualizs conizol reweorz Zorm I meched



QUALITY CONTROL REPORT FORM

LEZMENT Fu

(]

Date 9- 1% -%6
Analyst Grel,s

ertified or Prepared conc. £. 200

C
Averzce Regortad Conc. &. /99

$ Differsnce C.,5

Concentration A 0.70 A-3 x 100 = 42
Concenzracion B 0,73 (A+3/2)
e RECOVIRY
C soikad ({ ) = C unsoixad ( ) x 100 =
C True Sgikaa | )
techod of Szandard Acdcdizions Imploved? ves no "X
HEignesz Sz run rlame X Tilzmelass

COMMINTS:

T menmny T A2t imes mammmma]l eamAa—- A S~ s
= ; > LooTe p gl T ZICrT meTnica



WET CHEMICAL ANALYSIS SHEETS

DATE ANALYZED 10- 8 - 84

ANALYST: B, v,

ANALYTE:

CLIENT:  ZnAo,,
Y

Zu/(«.\frveu-?f' ekrcwwu/x—

RTT # CLIENT # SAMPLE CONCENTRATION
Total ug uy/g ug/mi,
Q4a-3 Q-3 7.50
Bl -1-w Blk-1-+ £ 30
Bl-2.wW ([ efe. 7./ 0
Bik-3-w 1 .13
| = = - 7. 42
2-[- 7,17
2/ oy 1 7.(0
G- |- | 7., 04
5-/-w/ L7
E_zw . 7./
53 ~w r_ 7.7
A= \ 2,07
A-2-W ! 7.07)
B |- 1 7. S
R2-v 1 l. 67
e- |- 2,59
c-2-+ | 1 2
D~i-wW .79
D-2-w - 2729
Bs - 3-w /.5
0s - (-1 742
Ps- s Y g 04



Date

QUALITY CONTROL REPORT

/D - 8 -86

Analysc

[/\/.‘/S»w

FORM

e S2RM or C=zZCX 5TD.

Cartified or 2?repared conc.

Averace Recor=z2d Conc. .

$ Differsnce

e DUPLICATES H#A-3

Concenczration A 7.5 A-3 x 100 =

Concentraclion 38 9 ¥4 (A=3/2)
e RECOVIRY

C soiked ( ) = C unscikad ( ) x 100 = A~
C True Scik=a2ad ( )
tethecd of Stancdard Acddicions Zagloyed?  veas
50/&77341*’//"2

Hichesz Szé run 0,4 psful Tlzme Tlaheless

Lowess S22 run o. !/
Dertaczion Lialt 0.0/
Rlanx l=vals -
CoMMZNTS::
é}( )éer ma./[ Q A’
B-51
Tizurs 2 Cuzli<s cocnzTrol reco

o




Sa wnple ool

EPMAH 2 WwWs 37Y%
(72pp)

7%
cre (p;-//ﬂ"’)
4?agemé Blank
Beaker # 3/9
# 320
# 3/
# 363
3¢7
368-¥%
369
372
373
374
375
35 8-%
360
380

xto7
/79

174
390
39¢

T VN SRR SR S TR S S SN

pécauery

EEI‘H

o.0762
o, 08O

O.00¥7
/.90
0. 04?4
©. 356
0. 0329
6./07 %~
6. 0867
/. 9>
p-/606
0. 06792
0.0765
D.74806
o,/ 82%
O.04¢%
o.s0!7
o.6324
o. 118%

0.0§7y
0. 3330

O.0770

Tests

vo L (me)
—_—

25

&

(s

7

/6-(S-%6

/41,4» recoveredd
——

—

O. (Z-
47.5
le 25
3.90
O, ¥2-

2, 6%
R./6

7.9
Y, 02
/95
/.97

&L r s
%, 5¢

[e /2

2. 54



2030

/95
/93
/56
659
62?29
37¢
377
2005
L5z
379
/66
OV
307
2132
-3¢
$s 4
b 57
65
¢ 5
65
24133
R34

o9
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Zoo7
Aooy
03/
>o3%
3¢9
/¢ 2
b4
¢34
637
b=
643
vo7
(473
14 4
146
(S/-&
/60O

e./t5%

0. 093%
o.aé/y

0. 0o 2t ¢
[ Y48
0.055/
0. 0/5/
0.0 345
0.0/13
0. 01lS
6., 0/3%
O.DI1D?
0. 0212
6.0 557
O.0Ip¥

0.0152

0.2]5%
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NUCLEAR ENERGY SERVICES

ACTIVATION ANALYSIS REPORT

P. 0. No. 68-02-4336

CLIENT Dr. William G. DeWees
Entropy Environmentalists, Inc. Report No.

Box 12291 Date of Report 10/06/86

Research Triangle Park, N.C. 27709

EXPERIMENTAL PARAMETERS

13

18 Hr. Irradiation - 1.5 x 10 n/cmz—sec.

Monitored Decay

Phone 781-3550

600 And 1000 Sec. Counts On An Ortec 35%, 25%, And 21% GelLi Detectors

Coupled To An ND6620 Computerized Gamma Detection System
ANALYSIS RESULTS

DATA TABLES ATTACHED

Issued by: /QKA % //%/uz/é{

ZJack N. Weaver
Head, Nuclear Services
B-55
LOCATED AT:
NUCLEAR ENGINEERING DEPARTMENT/N. C. STATE UNIVERSITY/RALEIGH. N. C.—27695/PHONE: (919) 737-3347



LS-H"

NAA Of
Sample Description Br
D-1-R 1.734
D-2-R 2.052 ¢
PS-3-R 0.263 ¢
PS-4-R . 1.358 ¢
PS-5-R 2.027 £
Blank 4-R 0.141 ¢
QA-1 0.319 ¢
QAa-2 0.447 +
QA-4 0.479 ¢
1-1-AP 15.549 *
1-1-EW 19.228 ¢
1-1-NS 27.201 *
2-1-AP 36.805
2-1-SEX 87.435
2-1-NEX 62.773 %
3-1-AP 18.099 ¢+
3-1-EW 46.011
3~1-NS 32.278 ¢

4-1-nP 26.902

I+

.6%

.3%

.6%

TABLE 1 Continued

Trace Elements In Filters And Solutions

(ugrams element/sample)

49.

57

79.

.938
.580
.438
.781
.781
.776
.943
.569

.131

339

.156

448

118.42

235.36

135.29

90.

833

176.48

138.56

110.81

Na

t

1+

I+

i+

I+

I+

I+

14+

i+

4+

I+

I+

-+

I+

I+

14.3%
13.2%
14.2%
16.1%
17.1%

12.3%

o
},—l
oo

1.869
3.436
2.135
2.644
2.537
1.260
2.916
5.287
6.230
16.340
9.693
7.511
15.816
49.858
47.948
8.813
10.357
9.557
12.047

+

14

1+

I+

1+

I+

1+

=+

4=

14-

1+

1+

|+

1+

14

I+

I+

i+

93.464

212.

47

37.187

26.988

35.187

151.

114.

64

o8

96.408

117.
166.
148.
136.

206.

66

12

28

71

48

48.841

68.981

151.

106.

21

09

96.759

111.

32

I+

1+

1+

1+

I+

1+

I+

i+

I+

1+

1+

I+

I+

14

1+

I+

+

1+

1+

o
eo]
oo
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NAA Of

Sample Description Br
4-1-X10 14.288 ¢
4-1-X20 12.955 ¢
4-1-X30 35.749 ¢
4-1-X60 67.724 ¢
4-1-XP 76.480 ¢
5-1-AP 30.183 ¢
5-2-AP 20.001 #
5-3-X-1 116.18 #
5-3-X-2 67.867 £
A-1-AP 48.078
A-1-X 117.95 ¢
A-2-X 94.476 %
B-1-AP 34.401 ¢
B-2-XP 73.227 %
C~-1-AP 23.455 %
C-2-XP 43.552 %
C-1-X 87.851 ¢
C-2-X 19.738 *

33.447

I+

TABLE 1 Continued

Trace Elements In Filters And Solutions

(ugrams element/sample)

69.121
56.564
135.63
125.95
151.46
87.448
84.268
94.400
117.50
108.79
190.65
157.61
92.500
173.97
49.387
65.506
163.20
28.704

125.02

Na

1+

I+

I+

1+

1+

I+

1+

I+

1+

1+

1+

1+

I+

I+

14+

1+

I+

1+

.0%

o]
oo

w
oo

21

29

31

19.

.205
.096
.105
.070
.454
.042

.832

341

.451
.375
.741
.106
.728
.414
.419
.624
.144

.061

1+

1+

1+

1+

I+

1+

14+

1+

1+

1+

I+

i+

I+

I+

I+

I+

+

I+

116.66
115.71
127.731
126.94
18.683
110.77
109.72
27.691
146.59
19.491
98.401
32.437
57.865
41.373
182.78
100.56
127.26
114.36

168.74

1+

I+

14+

I+

I+

1+

I+

I+

1+

I+

1+

I+

14+

1+

1+

I+

I+

I+

I+

1.8%

0.9%

1.1%

0.5%

0.8%



6G-4d

Sample Description

D-2-XP
D-1-X
PS-3-X1
PS~-3-X2
Blank AP

Blank XP

25.

32.

28.

37.

NAA

021
857
683
060
.272

.145

Of

I+

i+

I+

I+

I+

+

TABLE 1 Continued

Trace Elements In Filters And Solutions

10.

18.

(%]
oo

(ugrams element/sample)

32.
52.
68.

98.

950
759
704

745

.791

.100

Na

I+

I+

I+

1+

I+

I+

=9

W

w

10.

11.

0
oo

wn
oo

B~
oo

Vo]
o

o
oo

Yo}
oo

13

60.

55.

.668

.937

999

810

.075

.304

1+

14

1+

1+

1+

1+

29.400

150.50

112.53

30.120

99.070

106.467

I+

1+

I+

I+

4+

+
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TABLE 2
QA NBS SRM Analyses

(ugrams element/gram SRM)

Sample Description Br Na

NBS SRM 1566 54.047 (55.0 + 6.0) 5052.79 (5100.0 t 300)
NBS SRM 1566 56.179 (55.0 % 6.0) 5057.77 (5100.0 t 300)
NBS SRM 1566 55.782 (55.0 * 6.0) ' 5047.40 (5100.0 t 300)
NBS SRM 1566 56.169 (55.0 t 6.0) 5071.32 (5100.0 * 300)
NBS SRM 1566 54.603 (55.0 + 6.0) 5304.96 (5100.0 * 300)
NBS SRM 1566 53.400 (55.0 + 6.0) 5059.36 (5100.0 *+ 300)
NBS SRM 1566 54.456 (55.0 * 6.0) 5081.58 (5100.0 + 300)
NBS SRM 1566 52.623 (55.0 + 6.0) 4866.91 (5100.0 t 300)
NBS SRM 1566 56.616 (55.0 + 6.0) 5048.41 (5100.0 + 300)
NBS SRM 1566 56.455 (55.0 t 6.0) 5201.38 (5100.0 * 300)
NBS SRM 1566 54.139 (55.0 t 6.0) 5200.69 (5100.0 * 300)
NBS SRM 1566 53.962 (55.0 t 6.0) 5181.34 (5100.0 # 300)
NBS SRM 1566 53.497 (55.0 # 6.0) 5179.45 (5100.0 * 300)
NBS SRM 1084 ——- ———-

NBS SRM 1084 ——— S

NBS SRM 1572 7.684 ( 8.2 + 1.6) 170.301 ( 160.0 + 20.0)
NBS SRM 1577-a 8.772 ( 9.0 £ 2.0) 2310.30 ( 2430 + 130.0)

*QA Note: The values shown in brackets are the certified or best known value for
this element in these National Bureau of Standards Reference Materials
processed and analyzed along with the unknown samples.
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TABLE 2 Continued
QA NBS SRM Analyses

(ugrams element/gram SRM)

Sample Description Cr Zn

NBS SRM 1566 0.660 ( 0.69 * 0.27) 858.53 (852.0 * 14.0)
NBS SRM 1566 0.474 ( 0.69 + 0.27) 848.30 (852.0 + 14.0)
NBS SRM 1566 0.606 ( 0.69 * 0.27) 845.56 (852.0 + 14.0)
NBS SRM 1566 0.497 ( 0.69 % 0.27) 858.86 (852.0 + 14.0)
NBS SRM 1566 0.581 ( 0.69 % 0.27) 845.10 (852.0 + 14.0)
NBS SRM 1566 0.496 ( 0.69 * 0.27) 845.65 (852.0 + 14.0)
NBS SRM 1566 0.599 ( 0.69 + 0.27) 874.58 (852.0 + 14.0)
NBS SRM 1566 0.899 ( 0.69 * 0.27) 858.57 (852.0 + 14.0)
NBS SRM 1566 0.501 ( 0.69 * 0.27) 856.16 (852.0 * 14.0)
NBS SRM 1566 0.768 ( 0.69 * 0.27) 877.87 (852.0 * 14.0)
NBS SRM 1566 0.568 ( 0.69 * 0.27) 855.53 (852.0 * 14.0)
NBS SRM 1566 0.559 ( 0.69 * 0.27) 843.08 (852.0 + 14.0)
NBS SRM 1566 0.657 ( 0.69 % 0.27) 849.12 (852.0 * 14.0)
NBS SRM 1084 101.45 (100.0 + 3.0 ) -———-

NBS SRM 1084 98.472 (100.0 + 3.0 ) -———-

NBS SRM 1572 0.726 ( 0.8 + 0.2 ) 26.487 ( 29.0 + 2.0)
NBS SRM 1577-A -———- 121.73 (123.0 + 8.0)

*OA Note: The values shown in brackets are the certified or best known value for
this element in these National Bureau of Standards Reference Materials
processed and analyzed along with the unknown samples.



NUCLEAR ENERGY SERVICES

ACTIVATION ANALYSIS REPORT

CLIENT

Dr. William G. DeWees P. Q. No. 68-02-4336

Entropy Environmentalists, Inc. Report No. 348762

Box 12291 Date of Report

Research Triangle Park, N.C. 27709 Phone 10/20/86
781-3550

EXPERIMENTAL PARAMETERS

1 2

18 Hr. Irradiation - 1.5 x 10 3n/cm -sec.
Monitored Decay

600 And 1200 Sec. Counts On An Ortec 35%, 25%, And 21% GeLi Detectors
Coupled To An ND6620 Computerized Gamma Detection System

ANALYSIS RESULTS

DATA TABLES ATTACHED

Issued by: Q[AA // 44;/////(

/" Jack N. Weaver
Head, Nuclear Services

LOCATED AT: B-62
NUCLEAR ENGINEERING DEPARTMENT/N. C. STATE UNIVERSITY/RALEIGH, N. C.—27695/PHONE: (919) 737-3347
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Sample
Description

NZ-4-PF-2
NZ-5-PF
1-1-1
2-1-1
3-1-1
4-1-1
A-1-T
B-1-1I
C-2-I
QA-6

TABLE 1 Continued
NAA Of Trace Elements In Solutions And Filters

(ugrams element/sample)

11.6%
10.9%
17.1%
14.2%

15.0%
17.2%

15.9%

Bx Na Cr Zn
7.152 *+ 0.8% 5.250 £+ 7.2% 0.782 + 4.9% 0.535 ¢
240.60 * 0.5% 241.29 £ 2,3% 1.855 + 2.2% 10.259 ¢
5.302 + 2.8% 32.468 + 6.7% 0.289 + 14.3% 2,362 %
10.889 *+ 1.5% 55.227 + 3.9% 0.793 * 16.0% 4,491
2,745 + 4,0% 16.045 + 9.2% <0.05 <0.20
3.788 + 3.2% 90.453 + 3.4% 0.155 % 15.5% 1.638 +#
9.097 + 2.1% 237.78 + 2,0% 13.669 + 2.3% 2.700 %
12,356 + 1.8% 46,283 £+ 5.5% <0.05 <0.20
8.869 + 2.0% 24.603 + 8.4% <0.05 3.886 ¢
0.800 + 6.9% 1.742 + 15.5% <0.05 1.595

19.3%
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Sample Description

NBS

NBS

NBS

NBS

NBS

NBS

NBS

NBS

NBS

NBS

SRM

SRM

SRM

SRM

SRM

SRM

SRM

SRM

SRM

SRM

1566
1566
1566
1566
1566
1566
1566
1577-A
RM50

1632-A

QA NBS SRM Analyses

(ugrams element/gram sample)

54.790
55.426
54.303
53.424
53.718
54.587
56.777

10.102

38.035

TABLE 2

Br

(55.0
(55.0
(55.0
(55.0
(55.0
(55.0
(55.0

(9.0

I+

I+

14

I+

I+

I+

I+

I+

I+

4.0)

5112.11
5130.56
5049.29
5199.83
5116.12
5074.01
5025.03
2405.03
1296.92

817.11

Na

(5100.0
(5100.0
(5100.0
(5100.0
(5100.0
(5100.0
(5100.0
(2430.0
(1100.0

(840.0

1+

I+

I+

1+

1+

I+

I+

4+

1+

I+

300.0)
300.0)
300.0)
300.0)
300.0)
300.0)
300.0)
130.0)

50.0)

40.0)
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TABLE 2 Continued
QA NBS SRM Analvses

(ugrams element/gram sample)

Sample Description Cr Zn

NBS SRM 1566 0.572 (0.69 + 0.27) - 858.80 (852.0 *+ 14.0)
NBS SRM 1566 0.653 (0.69 + 0.27) 861.44 (852.0 + 14.0)
NBS SRM 1566 0.806 (0.69 = 0.27) 848.35 (852.0 + 14.0)
NBS SRM 1566 0.760 (0.69 + 0.27) 873.05 (852.0 * 14.0)
NBS SRM 1566 0.730 (0.69 + 0.27) 855.23 (852.0 + 14.0)
NBS SRM 1566 0.624 (0.69 * 0.27) 857.95 (852.0 * 14.0)
NBS SRM 1566 0.734 (0.69 + 0.27) 865.28 (852.0 + 14.0)
NBS SRM 1577-pn  —==—== 121.61 (123.0 + 8.0)
NBS SRM RM50 mm———— 12.612 (13.6 £+ 1.0)
NBS SRM 1632-A 33.235 (34.4 ¢+ 1. == ===-

NBS SRM 1084 99.248 (100.0 * 3.0)  mme=——-

NBS SRM 1084 102.08 (io0.0 ¢+ 3.0  =m—m—-
*OA NOTE: The values shown in brackets in TABLE 2 are the certified or best known values

for these elements in these NBS Standard Reference Materials processed and an-
alyzed along with your unknown samples.
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SAMPLING AND ANALYTICAL PROCEDURES
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F;r' Liatesrnal EPA

DRAFT METHOD - 6/19/86 Eﬁ"’f’“) Only -
— Do Not Guote or Lite
METHOD’*~ DIRECT MEASUREMENT OF GAS VELOCITY AND VOLUMETRIC FLOWRATE
UNDER CYCLONIC FLOW CONDITIONS (PROPELLER ANEMOMETER)

i. Applicabilityv and Principle

1.1 Applicability. This method applies to the measurement of gas
velocities in locations where cyclonic flow conditions exist and gas
temperatures range from 0° to 5OOC {e.g. cooling tower exhausts).

1.2 Principle. A propeller anemometer 1s used to measure gas velocity
directly. Tne area of the stack cross section at the sampling location is used
¢o calculate volumetric flowrate, and temperature and pressure measurements are
used to correct volumes to standard conditions.

2. Apparatus ‘

Specifications for the apparatus are given below.

2.1 Propeller Anemometer. A vane axial propeller anemometer capable of
measuring gas velocities to within 2 percent. The manufacturer's recommenﬁed
range (all-angle) shall be sufficient for the expected minimum {low rates at
the sampling conditaions. Temperature, pressure, moisture, corrosive
characteristics, and sampling location are factors necessary to consider in
choosing a suitable propeller anemomerter.

2.2 Data Output Device. A digital voltmeter, analog voltmeter, stripchart
recorder, date-logger, or computer capable of displaving propeller anemometer
output to within 1 percent and at a minimum frequency of 1 reading per minute.

2.3 Temperature Gauge. Same as Method 2, Section 2.3 for volume
correction to standard conditions.

2.4 Barometer. Same as Method 2, Section 2.5 for volume correction to
standard conditions.

2.5 Celibration Eguipment.

2.5.1 Synchronous Motor. A variable speed synchronous motor capable of
providing a known constant rotational speed to the input shaft ol the propeller
enemometer for purposes of comparing and adjusting the output signal to known

values.

[AS]
wm

.2 Beegring Torgue Disc. A variable torgue applicator capable of
gpplying & range of torgues to the input shaft of the propellier anemometer from

C to the manufacturer's recommended "poor performance” crite-ion.

c-3



2.5.3 Wind Tunnel. A wind tunnel capable of providing stable velocities
over the expected range of velocities to be measured. Air flow should be fully
developed turpulent flow in the axial direction only. Means shall be available
to guantify ambient temperature and pressure {cr correction to standard
conditions. Means shall also be available to rotate the propeller anemometer,
within the wind tunnel, through 180° (:90O of the centerline) and note the
angle of rotation in 10° increments.

2.5.4 Calibration Pitot Tube. Same as M=thod 2, Section 2.7 for
determination of wind tunnel velocities tc within 1 percent.

2.5.5 Differential Pressure Gauge for Celibration Pitot Tube. Same as
Method 2, Section 2.8 for use with the standarc pitot tube during wind tunnel
velocity determinations.

3. Procedure

3.1 Proper Mounting of Propeller Anemometer. Attach the propeller
anemometer to & suitable device (probe, rail, roé, etc.) to facililtate
traversing the stack/duct cross-section. Ensure that all {low obstructions
~reated by (1) the sampling support eguipment (rail, etc.) are a minimum of 2
propeller diameters downstream of the propeller and (2) the sampling equipment
{nozzles) ere a minimum of 2 anches upstream of the propeller and have a
maximum obstructive aree (projected area) 1C¥ the size of the propeller's aree
of rotation. Ensure that the propeller anemometer is properly aligned with the
centerline of the stack/duct and stably mounted {vibration and subseguent
misalignment will create serious errors in the velocity and volumetric [low
rate results). Connect electrical connections for velocity data recording as
shown in Figurepp-1.

3.2 Cross Sectional Area. Determine the stack/duct dimensions at the
sampling location. Include the total ares (at the sampling location) without
regaerd to the velocity in the stack.

3.3 Zero Output System. Zero all recording devices by carefully bringing
the propeller anemometer to a stané-still. Recordé ambient temperature and
pressure aata and note time and date as shown in the example data sheet
Figurefh -2.

3.4 Determination of Gas Velocity. Measure the gas velocity and
temperature at the traverse points specified by Method (7 or other applicabie
method. (Note: Due to the size of most propellers, traverse points within 10
cm of a side-wall will be unmeasureable.) Alternatively, based on the

preliminary traverse or the previous measurement, the stack temperature may be
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FIGUREY&-Z. EXAMPLE VELOCITY AND VOLUMEZTRIC FLOWRATE DATA SHEE
Plant/Location
Date Run
Operators Time (start/finish)
Stack/duct dimensions m {in.)
Cross sectional area m2 (1n 2)

Anemometer ID no. Calibration Date

Anemometer electromechanical ratio

Anemometer axial/rotational velocity ratio

o]

. o} .
Ambient Temperature C ("F) Barometric Pressure

mo Hg (in. Hg)

Traverse tack/Duct Temp. Anemometer Output

point mo. | t_, ¢ (°F)|T_, °K (°R) V., oV |v_, rpo

Gas Velocity

Ve m/s (A/s)




measured at a single point if the gas temperatures ét all points were withan
EOF of the average temperature.
4, Calibration

4,1 Propelier Anemometer. The propeller anemometer shall be calibrated
pefore its initial use i1n the field. Both electro/mechanical and performance
parameters shall be checked during calibration according to the procedures
supplied by the manufacturer. Calibration procedures in 4.1.1, 4.1.2 and 4.1.3
shall be conducted before the initial field use. Calibration procedures in
4.1.3 shall be conducted for each propeller in use and whenever the structural
integrity of a propeller or shaft/generator housing is in guestion.

4.1.1 Generator Output Test. To assess the integrity of the electraical
output, a variable speed synchronous motor to rotate the propellier anemometer
input shaft at known rotational velocities will be requirec. A minimum of two
speeds shall be used to check the electrical output of each shaft/generator
housing. The two speeds chosen shall fall on either side of the expected shaft
velocities under field use.

Couple the synchronous motor to the anemometer input shaft according to the
manufacturer's specifications (to ensure no slippage occurs). Attach an cutput
device to the anemometer electrical outputs and start motor. Obtain the first
rotational test speed and record the anemometer output in either mV DT or rpm.
Obtain the second rotational test speed and record the anemometer output.
Continue with additional rotational test speeds if applicable. Repeat each
test speed in order to obtain a total of three output readings for each speed.

Average the three output readings from each rotational test speed applied
and compare these results with the manufacturer's specifications (e.g., linear
rpm/mV ratio). Results should compare with specifications to within 2 percent.

L.,1.2 Bearing Toraque Testz. To assess the integrity of the mechanical
bearings supporting the input shaft, & bearing torgue test shall be conducted.
Attach to the anemometer input shaft & torgue applicator (e.g., bearing torgue
disc) which will azpply a range of known, repeatable torgues beyond the
manufacturer's "poor performance" criterion. Star:ting with a 0.1 gre-cm torgue,
continuallyv increase the applied torque in (0.1 gm-cm increments uncil the shaft
begins to turn. HKecord the applied torgue required to create shaft rotation
and repeat two times. HResults from all three tests should be pelow the
manufacturer's specification for "poor performance." Conduct this check after
the non-axial flow celibration to aocument the torgue required during the

celibration.
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4.1.3 Non-Axial Flow Test. Assess the representativeness of
manufacturer's angular flow calibration curve by conduciing & wind tunnel test
on each propellier in use and generating & percent response-vs-wind angle curve
for comparison. ttach the propeller anemometer to the wind tunnel to allow a
full 180o rotation (:90O from the center line) within the tunnel. Connect all
other apparatus to display/record anemometer outputs.

With the wind tunnel operating at 15 to 25 fps, determine the velocity at
the propeller location using a standard pitot, differential pressure gauge,
barometric pressure and temperature. Starting with the propeller anemometer
oriented into the direction of flow (Oo) rotate and record the output readings
at lOO increments from 0° to - 90O and a® to - 900. Plot these results on &
percent response-vs-wind angle graph and compare to the manufacturer's
specifications. Differences should be within 3 percent at each point for the
1004 axial flow response. Using the 100, axial [low response compute a
velocity result and ccompare it to the velocity results measured using the
standard pitot probe. This difference should be within 3 percent of the pitot
propbe results at 0°. Repeat this test at a velocity of 25 to 40 fps; compute
the percent deviations as above.

Note: If the results of the propeller anemometer initial calibration tests
are not within the required specifications, then either corrective maintenance
should be implemented to correct the deficiencies or the eguipment in question
should be considered unsatisfactory and replaced.

4.i1.4 Field Use and Recalibration.

b.1.4.1 Field Use. When the propellier anemometer is used in the fieild,
the manufacturer's electromechanical ratio and axial/rotetional velocity ratio
shall be used to perform the velocity calculations.

4.,1.4.2 Recalibration. After each test run, both a bearing torgue check
and a generator output test shall be conaucted. If the bearing torgue check is
more than twice the torque recorded after calibration or 1s in the range of
"poor performance" as adescribed by the manufacturer, the anemometer must be
repaired or replaced and the run repeated. The generator output test results
must be within 5 percent of the predicted value or the system must be repaired
or replaced and the run repeated. -Alternatively the tester may opt to conduct
both checks at the conclusion of all runs. However, if both criteria are not
met, all runs must be repeated.

If both checks meet the above criteria and a visual inspection of the
propeller shows no apparent changes, no additionzl calibrations must be

conducted. Whenever the propeller anemometer fails to meet either of the
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above requirements or the propeller becomes damaged, a complete recalibration

as described in 4.1.1, 4.1.2 and 4.1.3 must be conducted.

.2 Temperature Gauge. After each test series,

check the temperature

gauge at ambient temperature. Use an American Society for Testing and

Materials (ASTM) mercury-in-glass reference thermometer, or eguivalent, as

reference. If the gauge being checked does not agree within 2 percent

(absolute temperature) of the reference, the temperature data collected in

field shall be considered invalid or adjustments of the test results shall

made, subject to the approval of the Administrator.

the

be

4.3 Barometer. Calibrate the barometer used against a mercury barcmeter

prior to the field test as described in Method 2.

5. Calculations

Carry out the calculations, retaining at least one extra decimal figure

bevond that of the acguired data. Round off figures after the final

calculation.
5.1 Nomenclature.
AS = Stack cross-sectional area, mz
Ce = Constan<t, anemometer manufacturer's electromechanical ratio,
rpm/mV.
Cr = Constant, anemometer menufacturer's axial/rotational velocirty
ratioc, cm/rev.
P = Barometric pressure, mm Hg.
bar
Pg = Average static pressure, mm Hg.
QS = Volumetric flow rate at standard conditions (ZOOC and
760 mm Hg), m3/min.
Ts = Absolute stack temperature, °k.
ts = Stack temperature, c.
Va = Anemometer voltage output, mV.
vr = Rotational velocity, anemometer ocutput, rpm.
2 = Stack gas velocity, m/sec.
5.2 Velocity.
v, = Ce Va (Eg. 7= -1)
v, F Cr vr/loo (Eq.;ﬁ;—Z)

1t

C_CV /100
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Volumetric Flow Rate.

= ’ L Li—
Q = A vy (Eg. £+=3)
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DRAFT METHOD - 1/23/87

METHOD CT - DETERMINATION OF CHROMIUM EMISSIONS
FROM COOLING TOWERS

1. Applicability and Principle

1.1 Applicability. This method applies to the determination of total
chromium and hexavalent chromium (Cr+6) emissions from cooling towers. The
hexavalent chromium emissions are calculated from the total chromium mass
emission rate using the ratio of hexavalent-to-total chromium in the cooling
water. .

1.2 Principle. Chromium emissions are collected from the exit of the
cocling tower cell(s) using an impinger train for sample collection and the
propeller anemometer for velocity measurement. The impinger train is the
same design as described in EPA Method 13 with the exception that the filter
is made of Teflon“* and a propeller anemometer is used in place of the pitot
tube. The impinger train samples are analyzed for total chromium (1) using
Neutron Activation Analysis (NAA) or (2) by solubilizing all the chromium
using nitric acid and measuring by Graphite Furnace Atomic Absorption (GFAA)
or Inductively-Coupled Argon Plasmography (ICAP). Cooling water samples are
also collected and analyzed both for total chromium by NAA, GFAA, or ICAP and
hexavalent chromium by the diphenylcarbazide colorimetric method. (See
Citations 1, 2, and 3 of Bibliography.)

2. Range, Sensitivity, Precision, and Interferences

2.1 Range. For a minimum analytical accuracy of + 15 percent, the lower
limit of the range is 0.05 ug total sample catch for chromium. This accuracy
can only be obtained when the analytical laboratory is told that the sample
concentration is extremely low. There is no upper limit.

2.2 Sensitivity. A minimum detection limit of 0.05 ug of Cr should be

observed.

2.3 Precision. The overall precision of the sample collection and

6

analysis for a tower containing 4 ppm of cr'® (4 ug/ml) in the cooling water

and emitting 1 ug/mg Cr+6 is about 35 percent with a 95 percent confidence

* Mention of trade names or specific products does not constitute endorsement
by the U. S. Environmental Protection Agency.



interval. A higher chromium content and/or & higher chromium emission rate
should improve the precision. No precision measurements have been made for
towers emitting less chromium. When less chromium is expected, sampling times
should be increased to collect the minimum amount of chromium (0.05 ug).

2.4 Interference. Sodium can interfere with the measurement of chromium
by NAA. Since sodium has a short half-life, the sodium interference can be
minimized by allowing the samples to radiate for approximately 14 days prior
to analysis. In studies conducted by EPA, approximately 100 ppm of sodium in
cooling water did not effect the analytical accuracy.

3.0 Apparatus

3.1 Sampling Train. A schematic of the sampling train used in this
method is shown in Figure gfjl. Commercial models of this train are
available. All portions of the train that will come into direct contact with
the sample should be cleaned with 1:1 HNO3 and rinsed thoroughly before field
use. After each sample is taken in the field, rinse with 0.1 N HNO3 and
follow with a water rinse.

The operating and maintenance procedures for the sampling train are
described in APTD-0576 (Citation 3 in the Bibliography). The sampling train
consists of the following components:

3.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered
leading edge. . The angle of taper shall be £30o and the taper shall be on the
outside to preserve a constant internal diameter. The probe nozzle shall be
of the button-hook or elbow design, unless otherwise specified by the
Administrator. If made of stainless steel, the nozzle shall be constructed
from seamless tubing; other materials of construction may be used, subject to
the approval of the Administrator.

A range of nozzle sizes suitable for isokinetic sampling should be
available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.)--or larger if higher volume
sampling trains are used--inside diameter (ID) nozzles in increments of 0.16
cm (1/16 in.). Each nozzle shall be calibrated according to the procedures
outlined in Section 6.

3.1.2 Probe Liner. Borosilicate or quartz glass tubing with a heating
system capable of maintaining a gas temperature at the exit end during
sampling of 120 + 14°¢ (248 + 25OF). or such other temperature as specified by

an azpplicable subpart of the standards or approved by the Administrator for

12
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a particular application. (The tester may opt to operate the equipment at a
temperature lower than that specified.) Since the actual temperature at the
outlet of the probe is not usually monitored during sampling, probes
constructed according to ATPD-0581 (Citation 5 of Bibliography) and utilizing
the calibration curves of APTD-0576 (or calibrated according to the procedure
outlined in APTD-0576) will be considered acceptable. .

In potentially explosive atmospheres, the probe shall not be heated. If
the probe is positioned lower than the sample box, a cyclone or eguivalent can
be used to collect the condensed water and drift, thus preventing it from
dripping back out of the probe into the fan cell.

Whenever practical, every effort should be made to use borosilicate or
quartz glass probe liners. Metal liners (e.g., 316 stainless) which contain
chromium are not allowed.

3.1.3 Propeller Anemometer. A propeller anemometer as described in
Section 2.1 of Method PA , or other device approved by the Administrator. The
propeller anemometer shall be attached to the sampling train (as shown in
Figure PA-1) to allow constant monitoring of the stack gas velocity. The
center of the propeller anemometer shall be placed 2 to 4 inches directly above
the nozzle and aligned with the nozzle opening. The propeller anemometer shall
have known electromechanicael and axial/rotational velocity ratios which have
been verified during calibration (see Section 4 of MethodPA ).

3.1.4 Data Output Device. A digital or analog millivolt meter, stripchart
recorder, data-logger, or computer as described in Section 2.2 of Method FA .
This output device shall be used for the measurement of the voltage output from
the propeller anemometer.

3.1.5 Impingers. Four impingers connected as shown in Figure (T -1 with
ground-glass (or equivalent), vacuum-tight fittings. For the third and fourth
impingers, use the Greenburg-Smith design, modified by replacing the tip with a
1.3 cm inside diameter (1/2 in.) glass tube extending to 1.3 cm (1/2 in.) from
the bottom of the flask. For the second impinger, use a Greenburg-Smith
impinger with the standard tip. The tester may use modifications (e.g.,
flexible connections between the impingers or materials other than glass),
subject to the approval of the Administrator. Place a thermometer, capable of
measuring temperature to within 1% (ZOF). at the outlet of the fourth impinger

for monitoring purposes.



3.1.6 Filter Holder. Borosilicate glass, with a glass frit filter support
and a silicone rubber gasket. Other materials of construction (e.g., Teflon™,
-Viton) may be used, subject to the approval of the Administrator. The holder
design shall provide a positive seal against leakage from the outside or around
the filter. The holder shall be attached between the third and fourth impinger.

3.1.7 Forceps. Plastic.

3.1.8 Metering System. Vacuum gauge, leak-free pump, thermometers capable
of measuring temperature to within 3OC (S.NOF), dry gas meter capable cf
measuring volume to within 2 percent, and related equipment, as shown in
Figure q[jl. Other metering systems capable of maintaining sampling rates
within 10 percent of isokinetic and of determining sample volumes to within 2
percent may be used, subject to the approvel of the Administrator. When the
metering system is used in conjunction with a propeller anemometer, the system
shall enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for higher flow rates
than that described in APTD-0581 or APTD-0576 may be used provided that the
specifications of this method are met.

3.1.9 Barometer. Mercury, aneroid, or other barometer capable of
measuring atmospheric pressure to within 2.5 mm (0.1 in.) Hg. In many cases,
the barometric reading may be obtained from a nearby national weather service
station, in which case the station value (which is absolute barometric
pressure) shall be requested and an adjustment for elevation differences
between the weather station and sampling point shall be applied at a rate of
minus 2.5 mm (0.1 in.) Hg per 30 m (100 ft) elevation increase or vice versa
for elevation decrease.

3.1.10 Flue Gas Temperature. A temperature sensor as described in Section
2.3 of Method ?A . The temperature sensor shall be attached to the sampling
probe in a configuration such that the tip of the sensor extends beyond the
leading edge of the probe sheath, does not touch any metal, and is in an
interference-free arrangement with the nozzle. As an alternative (as described
in Method IZL). if all points are within SOF of the average stack temperature,
the ﬁemperature of the stack may be determined at a single point.

3.1.11 Cooling Water Sample Bottle. A glass or polyethylene bottle 25 ml
or greater is required to collect a cooling water sample during each run.

Clean with 1:1 HNO3 and rinse thoroughly before use.

3.1.12 Equipment for Sampling in Potentially Explosive Areas. Class I

Division 1 Locations: Currently available eguipment cannot be readily modified

for use in Class I Division 1 locations.
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Class I Division 2 Locations: Two gas monitors are required to continu- -
ously monitor the atmosphere both at the cooling tower discharge point and the
area around the meter box. The gas monitors must be of the continuous type
(LEL meters or similar devices) and equipped with an glarm that indi- cates
when 40 percent of the lower explosive limit (LEL) has been reached. The meter
box must be equipped with an explosion-proof switch to shutdown all power to
the box in case of an emergency. The electrical cord running to the meter box
must be SO-type line and must be equipped with an explosion-proof plug.

3.2 Sample Recovery. Clean all items for sample handling or storage
with 1:1 HNO3 and rinse thoroughly before use. The following items are
needed:

3.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle brushes with
a handle (at least as long as the probe) of Nylon, Teflon™, or a similar
material which does not contain chromium. The brushes shall be properly
sized and shaped to brush out the probe liner and nozzle.

3.2.2 Wash Bottles--Two. Glass wash bottles are recommended;
polyetheylene wash bottles may be used at the option of the tester.

3.2.3 Glass Sample Storage Containers. Chemically resistant, boro-
silicate glass bottles, for water washes, 500-ml or 1000-ml. Screw cap
liners shall either be rubber-backed Teflon™ or shall be constructed so as to
be leak-free. (Narrow mouth glass bottles have been found to be less prone
to leakage.) Alternatively, polyethylene bottles may be used.

3.2.4 Forceps. Plastic.

3.2.5 Graduated Cylinder and/or Balance. To measure condensed water to
within 1 ml or 1 g. Graduated cylinders shall have subdivisions no greater
than 2 ml. Most laboratory balances are capable of weighing to the nearest
0.5 g or less. Any of these balances is suitable for use here and in
Section 5./0.2 .

3.2.6 Plastic Storage Containers. Air-tight containers to store silica
gel.

3.2.7 Funnel eni Rubber Policeman. To aid in transfer of silica gel to
container; not neceésary if silica gel is weighed in the field.

3.2.8 Funnel. Glass or polyethylene, to aid in sample recovery.



3.3 Sample Preparation for Analysis. Clean all items for sample handling or
storage with 1:1 HNO3 and rinse thoroughly before use. The following items
are needed:

3.3.1 Beakers. Borosilicate glass in sizes adequate for concentrating
aqueous samples (600-ml or larger) and digesting cooling water residue
filters (25- to 50-ml).

3.3.2 Hot Plate.

3.3.3 Storage Vials. Borosilicate glass, 40-ml capacity, with cap and
Teflon™ liner, such as EPA-approved vials for water analysis.

3.3.4 Analytical Balance. To measure within 0.1 mg.

3.3.5 Vacuum Filter Unit. Plastic or glass, 47-mm in diameter.

3.3.6 Graduated Cylinder. In a size slightly larger than size of
cooling water sample bottles.

3.3.7 Glass Sample Storage Containers. Same as 3.2.3.

3.3.8 NAA Vials (Optional). For NAA of cooling water residue only. The
laboratory conducting the NAA analysis should be contacted and the proper
screw-type vials obtained for the filters used to collect the residue.

3.4 Analysis. Three analytical methods have presently been shown to be
satisfactory for analysis of total chromium in cooling tower samples: GFAA,
ICAP, and NAA. One of these methods is used for the analysis of the impinger
train samples and the residue portion of of the cooling water samples.
(Additional specifications will be added to this section upon final selection
of the analytical method.) Analysis for hexavalent chromium in the cooling
water samples is performed following the Draft Method - "Determination of
Hexavalent Chromium Emissions from Stationary Sources." The necessary
apparatus is listed in Section 3.3 of the method.

4. Reagents

Unless otherwise indicated, all reagents must conform to the speci-
fications established by the Committee on Analytical Reagents of the American
Chemical Society. Where such specifications are not available, use the best
available grade. '

k.1 Sampling. The reagents used in sampling are as follows:

4.1.1 Water. Approximately 300 to 400 ml of deionized water for
impinger reagent and for sample cleanup; deionized water is also required for
reagent preparation. Significant levels of chromium must not be present in
the water. It is recommended that water blanks be checked prior to sampling

to ensure that the chromium content is less than 0.1 part per billion (0.1 ug



per liter); this can be accomplished by concentrating one liter of the water and .
analyzing by the appropriate technique.

4.,1.2 Filters. Teflon™ or equivalent filters with O.5-micron or smaller
pore size. The filter must have a chromium blank value of less than 0.005 ug
chromium per filter. Many glass fiber filters exceed the limit for chromium and
should not be used.

k.2 Sample Recovery. The reagents used in sample recovery are as follows:

4.2.1 Water. Approximately 300 to 400 ml of distilled water for impinger
reagent and sample cleanup; significant levels of chromium must not be present
in the water. (See Section 4.1.1.)

4,2.2 Nitric Acid, 0.1 N. Slowly add 7 ml of concentrated nitric acid

(EHNO,)} to water in a 1-liter flask; dilute to the mark.

2.3 Sample Preparaton and Analysis. As previously noted in Section 3.4,
three analytical methods are presently believed satisfactory for analysis of
total chromium in the impinger train samples and the cooling water sample
residues. The Draft Method for Hexavalent Chromium is used to measure the
hexavalent chromium in the cooling water filtrate. The reagents needed to
prepare the impinger train samples and cooling water aliquots for total chromium
analysis are listed below. The reagents necessary for the hexavalent chromium
analysis of the cooling water filtrate are listed in Section 4.3 of the Draft
Method. (Additional specifications for reagents needed for total chromium
analysis will be added to this section upon final selection of the analytical
method.)

4.3.1 Water. See Section 4.1.1.

L4.3.2 Nitric Acid. Concentrated.

4.3.3 Nitric Acid, 1:1 (v/v). Slowly add an equal volume of concentrated
nitric acid (HNO3) to water.

4.3.4 Filters. Teflon, 1.0-um pore size, 47-mm diameter for collecting
insoluble residue in cooling water.

4.3.5 Aqua Regia. Slowly add 1 part of concentrated nitric acid to 3 parts
concentrated sulfuric acid.

4.3.6 Performance Audit Sample. A performance audit sample shall be
obtained from the Quality Assurance Division of EPA and analyzed with the field
samples. The mailing address to reguest the samples is:

U. S. Environmental Protection Agency
Environmental Monitoring System
Quality Assurance Division

Source Branch, Mail Drop 77-A
Research Triangle Park, North Carolina 27711
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5. Procedure

5.1 Sampling. The complexity of this method is such that to obtain
reliable results, testers should be trained and experienced with the test
procedures.

5.1.1 Pretest Preparation. All the components shall be maintained and
calibrated according to the procedure described in APTD-0576, unless
otherwise specified herein.

Weigh several 200- to 300-g portions of silica gel in air-tight
containers to the nearest 0.5 g. Record the total weight of the silica gel
plus container, on each container. As an alternative, the silica gel need
not be preweighed, but may be weighed directly in its impinger or sampling
holder just prior to train assembly.

Check filter visually against light for irregularities and flaws or
pinhole leaks. Label filters of the proper diameter on the back side near
the edge using numbering machine ink. Alternatively, the filter holder, or
other means of tracking the filter to ensure that the filter is recovered
with the proper sample, may be used. The filters are not preweighed since
the analysis is a chemical determination.

5.2 Determination of Measurement Site. Due to the configuration of
cooling towers, Method 1 cannot be used to determine measurement sites.
Following are several alternatives for determining measurement sites for
cooling towers.

5.2.1 Selection of Number of Fan Cells to be Tested. For towers with
three or less cells, all cells shall be tested. For towers with 4 or 5
cells, at least 3 cells shall be tested. For towers with 6 or more fan
cells, a minimum of half of the cells shall be tested.

5.2.2 Criteria for Selecting Cells and Traverse Direction. The

following criteria must be met:

(a) Every run must consist of two traverses.

(b) Every equal area cell must be represented by at least two runs.

(c) A single traverse direction may be used for all towers containing
more than one cell.

(d) Based on the prevailing winds, the extreme inward and outward cells
are initially identified and selected for sampling.

(e) After identifying the extreme inward and outward cells, the
remaining cells to be sampled (sufficient to equal required minimum)
are selected at random.

(f) The mass emission rate for the tower is the sum of the averages for
each of the equal area cells.

(g) The traverse direction at the stack exit may be selected by the
tester.



(h) The order for sampling the cells may be selected by the tester.

(i) All runs must be consecutive; none may be conducted simultaneously.

(j} When a tower contains two distinctly different types of mist
eliminators, the cells with different mist eliminators must be
considered in the same manner as if the cells have different areas.

The following six examples are given to better define the epproach for
selecting the cells to be sampled. Circles represent fan cells, the small
rectangles show the recommended location for scaffolding, and the dotted
lines indicate traverse directions. Cells on towers with multiple fan cells
are selected in pairs to reduce the amount of scaffolding needed to conduct
the testing. The order of the sample runs and traverses presented are only

examples and the order is left to the tester.

EXAMPLE 1
Prevailing wind
Traverse direction is not
Runs (TR) used to select the
1,2,3 traverse direction;
tester may select
the most convenient
directions at 90° apart,
TR 1,2,3
® Three runs will be conducted with a traverse in both directions.
] The Mass Emission Rate is the average of the three runs.
EXAMPLE 2
™R 1,1,3 TR 2,2,3 Prevailing wind

direction is not
used in the
selection of
cells; the tester
may select the
most convenient
traverse direc-
tions:




® For Runs 1 and 2 each cell is traversed twice; for Run 3 both cells
are traversed once.
o The Mass Emission Rate would be the average of the three runs

multiplied by two.

EXAMPLE 3
TR 3,3
TR Prevailing
1,1 Wind

TR 2,2
] Cells 1 and 3 will be tested based on the prevailing winds.
° A coin toss selects Cell 4.
®© Each cell is traversed twice.
® The Mass Emission Rate is the average of the three runs calculated

using the combined area of all four cells.

EXAMPLE 4
CACRORCECRORORRN
™R 1 TR 2 Prevailing

wind
TR 4,4 TR 3

® O OO O Eud




) Cells 1 & 3, and 12 & 14 are selected based on the prevailing winds,
which eliminates for selection their representative equal area cell
pairs of 4 & 2 and 13 & 11, respectively.

° Cells 5 & 7, 6 & 8, 7 & 9, and 8 & 10 are available for selection.

. Cells 6 & 8 are selected by a random drawing which eliminates their
equal area cell pair 7 & 5.

® Therefore, Cell 9 is traversed twice, since it is not yet
represented by another equal area cell.

o Run 1 is a traverse of Cells 12 and 14; Run 2 is a traverse of Cells
6 and 8; Run 3 is a traverse of Cells 1 and 3; and Run 4 is two
traverses of Cell 9.

° The Mass Emission Rate is the average of Runs 1, 2, and 3 calculated
using the area of the twelve cells that they represent plus Run 4,

using the area of the two cells it represents.

EXAMPLE 5
Cells 2, 3, 4, and 5 have the same area.

Cell 1 is much larger, but is located on the same tower.

TR
1,1 TR 2,2
Prevailing
Wind
TR 4,4
and 5,5
TR 3,3
° Cells 2 and 5 are selected based on the prevailing winds.
° Cell 3 was selected by a flip of a coin.
. Cell 1 must be represented by two runs.
) Cells 2, 3, and 5 are traversed twice for Runs 1, 2, and 3,
respectively.
° Cell 1 is traversed two times each for Runs 4 and 5.



] The Mass Emission Rate is the average of Runs 1, 2, and 3 calculated
using the area of Cells 2, 3, 4, and 5 plus the average of Runs 4

and 5 using the area of Cell 1.

EXAMPLE 6

Prevailing
Wind

° Cells 1 & 10 and 5 & 6 were selected based on the prevailing winds.

° Cells 2 &3, 3& 4, 7& 8, and 8 & 9 are available for selection.

e Cells 8 and 9 were selected by random drawing.

° Cell 11 will be traversed twice because it has no other
representative cell.

® Run 1 will traverse Cells 1 and 2.

(] Run 2 will traverse Cells 5 and 6.

® Run 3 will traverse Cells 8 and 9.

® Run 4 will traverse Cell 11 twice.

e The Mass Emission Rate is the average of Runs 1, 2, and 3 calculated

using the area of the 10 cells traversed plus the average of Run 4
calculated using the area of Cell 11.
5.2.3 Criteria for Selecting Traverse Points. The following criteria

must be met:



(a) The traverse line may be located in any plane near the exit of the
cell. The tester may alternatively select any plane that is not
affected by the wind to a greater degree than the cell exit plane
(i.e., for a large cells--an access door in the cell stack or a
point 2 feet above the cell on a calm day).

(b) Twelve points shall be sampled on each traverse for a minimum of §
minutes per point. The points shall be located on the traverse line
at the percentage of the diameter as shown below:

Point 1 2.1% Point 2 6.7% Point 3 11.8%
Point 4 - 17.7% Point 5 - 25.0% Point 6 - 35.6%
Point 7 63.4% Point 8 - 75.0% Point 9 82.3%
Point 10 - 88.2% Point 11 - 93.3% Point 12 - 97.9%

{c) No point shall be closer than 9 inches from the wall. All points
that are calculated at less than 9 inches from the wall shall be
relocated at 9 inches from the wall.

5.3 Preliminary Determinations. Select the cells and the sampling
points as described in Section 5.2. Determine the stack pressure,
temperature and the range of velocities using Method PA . Determine the
moisture content with a wet and dry bulb thermometer, or assume saturation at
the stack temperature and calculate the moisture.

Select a nozzle based on the range of velocities, such that it is not
necessary to change the nozzle size in order to maintain isckinetic sampling
rates. During the run, do not change the nozzle size.

Select a total sampling time greater than or equal to the minimum total
sampling time based on 5 minutes per point and 2 hours per run.

The sampling time at each point shall be the same. It is recommended
that the number of minutes sampled at each point be an integer or an integer
plus one-half minute, in order to avoid timekeeping errors.

5.4 Preparation of Collection Train. Clean all portions of the sampling
train which will come into direct contact with the sample with 1:1 HNO3 and
rinse thoroughly with water. During preparation and assembly of the sampling
train, keep all openings where contamination can occur covered until just
prior to assembly or until sampling is about to begin.

Place 100 ml of water in each of the first two impingers, leave the third
impinger empty, and transfer approximately 200 to 300 g of preweighed silica
gel from its container to the fourth impinger. More silica gel may be used,
but care should be taken to ensure that it is not entrained and carried out
from the impinger during sampling. Place the container in a clean place for
later use in the sample recovery. Alternatively, the weight of the silica

gel plus impinger may be determined to the nearest 0.5 g and recorded.
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Using plastic forceps or clean disposable gloves, place a labeled
(identified) filter in the filter holder. Be sure that the filter is
properly centered and the gasket properly placed so as to prevent the sample
gas stream from circumventing the filter. Check the filter for tears after
assembly is completed.

A glass liner or equivalent must be used. Install the selected nozzle
using a Viton A O-ring or Teflon™ ferrules. Mark the traverse monorail or
other system to denote the proper distance in the exit plane of the cells for
each traverse run with equal diameter cells.

Set up the train as in Figure ¢77-1, using (if necessary) a very light
coat of silicone grease on all ground glass joints, greasing only the outer
portion (see APTD-0576) to avoid possibility of contamination by the silicone
grease. N

Place crushed ice around the impingers.

5.4.1 Leak-Check Procedure.

5.4.1.1 Pretest Leak-Check. A pretest leak-check is recommended, but
not required. If the tester opts to conduct the pretest leak-check, the
following procedure shall be used.

After the sampling train has been assembled, leak-check the train at the
sampling site by plugging the nozzle and pulling a 380 mm (15 in.) Hg vacuum.
Note: A lower vacuum may be used, provided that it is not exceeded during
the test.

The following leak-check instructions for the sampling train described in
APTD-0576 and ATPD-0581 may be helpful. Start the pump with bypass valve
fully open and coarse adjust valve completely closed. Partially open the
coarse adjust valve, and slowly close the bypass valve until the desired
vacuun is reached. Do not reverse direction of bypass valve; this will cause
water to back up into the probe. If the desired vacuum is exceeded, either
leak-check at this higher vacuum or end the leak-check as shown below, and
start over.

When the leak-check is ccmpleted, first slowly remove the plug from the
inlet to the nozzle, and immediately turn off the vacuum pump. This prevents
the water in the impingers from being forced backward into the probe and
silica gel from being entrained backward into the filter holder.

5.4.1.2 Leak-Checks During Sample Run. If, during the sampling run, a
component (e.g., filter assembly or impinger) change becomes necessary, a

leak-check shall be conducted immediately before the change is made. The



leak~check shall be done according to the procedure outlined in Section
5.4.1.1 above, except that it shall be done at a vacuum equal to or greater
than the maximum value recorded up to that point in the test. If the leakage
rate is found to be no greater than 0.00057 m3/min (0.02 cfm) or U4 percent of
the average sampling rate (whichever is less), the results are acceptable,
and no correction will need to be applied to the total volume of dry gas
metered; if, however, a higher leakage rate is obtained, the tester shall
either record the leakage rate and plan to correct the sample volume as shown
in Section 7.3 of this method, or shall void the sample run.

Immediately after component changes, leak-checks are optional; if such
leak-checks are done, the procedure outlined in Section 5.4.1.1 above shall
be used.

5.4.1.3 Post-Test Leak-Check. A leak-check is mandatory at the
conclusion of each sampling run. The leak-check shall be done in accordance
with the procedures outlined in Section 5.4.1.1, except that it shall be
conducted at a vacuum equal to or greater than the maximum value reached
during the sampling run. If the leakage rate is found to be no greater than
0.00057 m3/min (0.02 cfm) or 4 percent of the average sampling rate
(whichever is less), the results are acceptable, and no correction need be
applied to the total volume of dry gas metered. If, however, a higher
leakage rate is obtained, the tester shall either record the leakage rate and
correct the sample volume as shown in Section 7.3 of this method, or shall
void the sampling run.

5.4.2 Sampling in Class I Division 2 Locations. The following proce-
dures must be conducted in addition to all plant safety requirements. Plant
regulations take precedent over any regquirements stated below. The following
steps must be taken to allow testing at cooling towers in a Class I Division

2 area (as classified in accordance with API RP 500A4):

(1) The plant safety officer must first monitor the area and deem it safe.

{2) Proper personnel safety equipment must be obtained and properly
utilized during the test.

(3) A gas monitor (LEL or similar device) must be used to continuously
monitor the atmosphere both at the cooling tower discharge and in the
area around the meter box. Each gas monitor must have an alarm that
is set to indicate when 40¥% of the lower explosive limit (LEL) is

obtained in either area.



(4) The sample collection equipment in the cooling tower discharge stream
must not contain any electrical components with the exception of the
generator in the propeller anemometer which generates less than one
millivolt.

{5) The electrical cord running to the meter box must be a SO-type line
and must be equipped with an explosion-proof plug.

(6) The meter box must be equipped with an explosion-proof switgh to
shutdown all power in case of an emergency.

(7) All power to the meter box must be shutdown using the explosion-proof
switch any time the alarm sounds on the LEL meter or the plant alarm
sounds.

(8) The testers must evacuate the area of the cooling tower if the LEL
alarm sounds and the safety officer must deem the area safe prior to
the return of any testing personnel.

5.4.3 Cooling Tower Operation and Ambient Conditions. Based on
compunications with the Cooling Tower Institute (Citation 5 of the
Bibliography), the following guidelines are recommended which relate to tower

operating parameters and ambient environmental conditions during testing:

(1) Ambient Wind Speed: Ideally the average wind speed during the drift

measurement should be less than 5 to 6 miles per hour. More
realistically, the average wind speed, measured in an open and
unobstructed location within 100 feet upwind of the tower at a point 5
feet above basin curb elevation, should not exceed 10 miles per hour.
Wind gusts should not exceed 15 miles per hour and should not exceed 1
minute duration.

(2) Heat Load: Measurements may be taken with or without heat load (on a
mechanical draft cooling tower).

(3) Ambient Temperature and Humidity: Measurements may be taken at any

non-freezing ambient temperature/humidity condition.

(4) Stability of Test Conditions: Variations in average ambient air

temperatures should not exceed the following limits during the drift
measurement period:
*#¥Wet-bulb temperature - 2°F per hour
***¥Dry-bulb temperature - SOF per hour
(5) Water Flow: The measurements should be taken at normal operating

waterflow conditions, i.e., design flow + 10%.



(6) Water Quality: Measurements should not be taken during temporary

upset conditions in water chemistry, i.e., the cycles of concentration
for the circulating water at the time of the drift measurement should
be within a reasonable proximity of normal levels.

5.5 Train Operation. During the sampling run, maintain an isokinetic
sampling rate (within 20 percent of true isokinetic unless otherwise specified
by the Administrator).

For each run, record the data required on a data sheet such as the one
shown in Figure (T-2. Be sure to record the initial dry gas meter reading.
Record the dry gas meter readings at the beginning and end of each sampling
time increment, when changes in flow rates are made, before and after each
leak-check, and when sampling is halted. Take other readings required by
Figure g£—2 at least once at each sample point during each time increment and
additional readings when significant changes (20 percent variation in velocity
head readings) necessitate additional adjustments in flow rate.

To begin sampling, position the nozzle at the first traverse point with the
tip pointing parallel to the axis of the fan. Immediately start the pump, and
adjust the flow to isokinetic conditions. Standard isokinetic sampling
nomographs are designed for use with a Type "S" pitot and will have to be
modified for use with the propeller anemometer. Isokinetic sampling rate and
calculation programs using the Hewlett-Packard U41 are available from EPA
(Citation 6 of Bibliography). Traverse the cell as required by Method Pg.

If the pressure drop across the filter becomes too high, making isokinetic
sampling difficult to maintain, the filter may be replaced in the midst of the
sample run. It is recommended that another complete filter assembly be used
rather than attempting to change the filter itself. Before a new filter
assembly is installed, conduct a leak-check (see Section 5.4.1.1). The
pollutant catch shall include the summation of all the filter assembly
catches.

At the end of the sample run, turn off the coarse adjust valve, turn off
the pump, remove the probe and nozzle from the stack, record the final dry gas
meter reading, and conduct a post-test leak~check, as outlined in Section
5.4.1.2. Also, conduct a bearing torque check on the propeller anemometer and
a constant rpm check on the electrical system. The torgue must not exceed
twice the torque when calibrated. If the torque check does not meet the
requirements, clean and/or replace the propeller aznemometer and repeat the

run. Alternatively, the torque check may be conducted after the last run. If



FIGURE(Z[jZ. CHROMIUM FIELD DATA FORM

Plant Meter calibration (Y) Nozzle identification number
City Probe liner material Nozzle diameter mm (in.)
Location Probe heater setting Thermometer number
Operator Ambient temperature Final leak rate m”/min (cfm)
Date Barometric pressure (P ) mm (in.) Hg  Vacuum during leak-check
Run number Assumed moisture : mm (in.) Hg
Sample box number Static pressure (P ) mm {in.) HZO Bearing torque check
Meter box number Anem. electromechanical ratio Constant rpm check
Meter AH@ Anem. axial/rotational velocity ratio Filter number
Remarks
Pressure Temp.
differ- of gas
Stack ential Gas sample leaving
tempera- Anemometer orifice temp. at dry condenser
'|Traverse | Sampling | Clock Vacuum ture output, Velocity, | meter (AH), | Gas sample gas meter or last
point time time, mm éT )é millivolt m/s mm volgm g . Inlet Outlet impinger
number (6), min | (24 h) (in.) Hg ¢S (7F) or rpm (Ft/sec) (in.) H20 (ft ¢ Oy %c( °F) °c (°F)
Total Max Avg Total Avg Avg Max




it does not pass, all runs must be repeated. The constant rpm check of the
electrical system must be within 5 percent of the calibration value. If the
system does not meet the requirements, repair or replace the system and void
the run. Alternatively, the check may be conducted after the last run. If it
does not pass, all runs must be repeated.

5.6 Calculation of Percent Isokinetic. Calculate percent isokinetic (see
Calculations, Section 7) to determine whether the run was valid (80 to 120%
isokinetic) or another test run should be made. If there was difficulty in
maintaining isokinetic rates due to source conditions, consult with the
Administrator for possible variance on the isokinetic rates.

5.7 Collection of Cooling Water Sample. A cooling~water sample shall be
collected during each run. The sample should be collected once during each
run using a glass or polyethylene bottle from a location that would be
representative of water entering the cooling tower. Alternatively, the tester
may assume that all the chromium in the tower is in the hexavalent state and,
therefore, need not collect cooling water samples to correct the data for
non-hexavalent chromium.

5.8 Sample Recovery. Begin proper cleanup procedure as soon as the probe
is removed from the stack at the end of the sampling period. Wipe off all
external matter near the tip of the probe nozzle and place a cap over it to
keep from losing part of the sample.

Before moving the sampling train to the cleanup site, remove the probe from
the sampling train, wipe off the silicone grease, and cap the open outlet of
the probe. Be careful not to lose any condensate, if present. Remove the
filter assembly, wipe off the silicone grease from the filter holder inlet,
and cap this inlet. Remove the umbilical cord from the last impinger, and cap
the impinger. After wiping off the silicone grease, cap off the inlet to the
first impinger and any open impinger inlets and outlets. The tester may use
ground-glass stoppers, plastic caps, or serum caps to close these openings.

Transfer the probe and filter-impinger assembly to an area that is clean
and protected from the wind so that the chances of contaminating or losing the
sample is minimized.

Inspect the train before and during disassembly, and note any abnormal
conditions. Treat the samples as follows:

5.8.1 Container No. 1 (Probe, Filter, and Impinger Catches). Using a
graduated cylinder, measure to the nearest ml, and record the volume of the

water in the first three impingers; include any condensate in the probe in



this determination. Transfer the impinger water from the graduated cylinder
into a polyethylene or glass container. Add the filter to this container.
(The filter may be handled separately using procedures subject to the
Administrator's approval.) Taking care that dust on the outside of the probe
or other exterior surfaces does not get into the sample, rinse all
sample-exposed surfaces (including the probe nozzle, probe fitting, probe
liner, first three impingers, impinger connectors, and front half of the
filter holder) with 0.1 N HNO3. Use less than 500 ml for the entire wash.

Add the washings to the sample container. Perform the C.1N HNO3 rinses as
follows:

Carefully remove the probe nozzle and rinse the inside surface with 0.1 N
HNO3 from & wash bottle. Brush with a nylon bristle brush, and rinse until
the rinse shows no visible particles, after which make a final rinse of the
inside surface. Brush and rinse the inside parts of the Swagelok fitting with
0.1 N HNO3 in a similar way.

Rinse the probe liner with 0.1 N HNO3. While squirting the solution into
the upper end of the probe, tilt and rotate the probe so that all inside
surfaces will be wetted. Let the rinse drain from the lower end into the
sample container. The tester may use a funnel (glass or polyethylene) to aid
in transferring the liquid washes to the container. Follow the rinse with a
probe brush. Hold the probe in an inclined position, and squirt 0.1 N HNO3
into the upper end as the probe brush is being pushed with a twisting action
through the probe. Hold the sample container underneath the lower end of the
probe, and catch all rinse and particulate matter that is brushed from the
probe. Run the brush through the probe three times or more. Rinse the brush
with C.1 N HNOS' and quantitatively collect these washings in the sample
container. After the brushing, make a final rinse of the probe as described
above: It is recommended that two people clean the probe to minimize sample
losses.

Rinse the inside surface of each of the first three impingers (and connect-
ing glassware) three separate times. Use a small portion of 0.1 N HNO3 for
each rinse, and brush each sample-exposed surface with a nylon bristle brush,
to ensure recovery of fine particulate matter. Make a final rinse of each
surface and of the brush.

After ensuring that all joints have been wiped clean of the silicone
grease, brush and rinse the inside of the filter holder (front-half only) with
0.1 N HNO3. Brush .and rinse each surface three times or more if needed. Make

a final rinse of the brush and filter holder.
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After all 0.1 N HNO3 rinsings have been collected in the sample container,
tighten the 1id so that the ligquid will not leak out when it is shipped to the
laboratory. Mark the height of the liquid level to determine whether leakage
occurs during transport. Label the container clearly to identify its
contents.

This cleanup must be conducted for each of the test runs. Between sampling
runs, rerinse all the sample-exposed surfaces of the train and the probe and
impinger brushes with water. Keep brushes clean and protected from
contamination.

5.8.2 Container No. 2 (Sample Blank). Prepare a blank by placing an
unused Teflon™ filter in a container and adding e volume of water and 0.1 N
HNO3 equal to the total volume in Container No. 1. Process éhe blank in the
same manner as for Container No. 1. Only one sample blank must be collected
for each test series.

5.8.3 Container No. 3 (Silica Gel). Note the color of the indicating
silica gel to determine whether it has been completely spent and make &
notation of its condition. Transfer the silica gel from the fourth impinger
to its original container and seal. The tester may use a funnel to pour the
silica gel and e rubber policeman to remove the silica gel from the impinger.
It is not necessary to remove the small amount of dust particles that may
adhere to the impinger wall and are difficult to remove. Since the gain in
weight is to be used for moisture calculations, do not use any water or other
liquids to transfer the silica gel. If a balance is available in the field,
the tester may follow the analytical procedure for Container No. 3 in 5.10.2.

5.9 Sample Preparation For Analysis. The entire aqueous sample is
concentrated to a nominal volume of 25 ml. The specific procedures follow.

Note the liquid levels in Containers No. 1 and No. 2 and confirm on the
analytical da;a form (Figureg[-3 or similar form) whether or not leakage
occurred during transport. If noticeable leakage has occurred, either void
the test run or use methods, subject to the approval of the Administrator, to
correct the final results. Treat the contents of each sample container as
described below:

5.9.1 Container No. 1 (Probe Filter and Impinger Catch). To condense the
sample, place the sample or a portion of the sample, inciuding the Teflon

filter, in a beaker; add approximately 10 mls of concentrated HNO cover with

3’

a watch glass, and heat to 10500 in a hood. After the liquid contents are

removed from the container, rinse the sample container with 0.1 N HNO3 and add
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the rinse to the sample. If difficulty is encountered in evaporating the
sample without bumping, a few Teflon™ chips may be added. Condense the sample
to a nominal 25 ml; do not allow it to go to dryness. Transfer the condensed
sample to a clean, tare-weighed storage vial. Rinse the beaker with 4 ml or
less of 1:1 HNO3 and add to the vial. Seal the vial and reweigh. Record the
vial tare weight and final weight on the analytical data form. By assuming a
specific gravity of 1.0, the difference between the tare and final weights (in
g) is used as the sample volume (in ml). This volume is necessary to
calculate the total ug of Cr in the sample after analysis using GFAA or ICAP,
since the results are on a concentration basis. Transfer the samples to the
NAA, GFAA, or ICAP laboratory.

5.9.2 Container No. 2 (Sample Blank). Treat in the same manner as
described in Section 5.9.1 above.

5.9.3 Preparation of Cooling Water Samples. Shake the coocling water
sample container to suspend any settled solids. Immediately pour through a
1.0 um-pore size Teflon filter in a vacuum filtration unit. When filtration
is complete, use some of the filtrate to rinse the sample bottle and filter
this rinse through the same filter. Measure the volume of the filtrate using
a graduated cylinder and record on the analytical data sheet; transfer the
filtrate to a clean sample storage container.

If the impinger samples are to be analyzed by NAA, transfer the Teflon
filter holding the filtered residue to a precleaned screw-type vial suitable
for NAA. If the samples will be analyzed by GFAA or ICAP, place the filter in
a beaker with 5 ml of aqua regia and heat on a hot plate in a hood. Bring to
a low boil for approximately 15 minutes. Transfer the solution to a 100-ml
volumetric flask, rinsing the filter and the beaker well with water. Dilute
to the mark. Take a portion of the solution, transfer it to a 40-ml storage
vial, and submit it to the NAA, GFAA, or ICAP laboratory as appropriate.

5.9.4 Preparation of Performance Audit Sample. Pipette the volume of
audit sample as indicated in the EPA audit instructions into a cleaned storage

vial. The audit sample will be used to assess the accuracy of the analytical

procedures.

5.10 Analysis.

5.10.1 NAA, GFAA, or ICAP Analysis. These three analytical methods have
presently been shown to be satisfactory for analysis of cooling tower chromium

samples. Submit jimpinger train samples and cooling water residue samples to
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FIGURE (T- 3.

Plant Name

SAMPLE PREPARATION AND ANALYTICAL DATA FORM

Sampling Location

Sampling Date

Total Chromium Analyst

Hexavalent Chromium Analyst

Run ID Nos.

Silica Gel
Final wt, g
Initial wt, g (minus)

Wt gained, g

Cooling Water Samples
Sample -ID Nos.
Volume filtered (Vw)' ml

GFAA or ICAP results (Gw)*. ug Cr/ml

NAA results (Nw),* ug Cr

Cr in residue (G x V _or N ), ug Cr
W w w

Cr+6 results for filtrate (Hw)' ug Cr+6

Impinger Train Samples
Sample ID Nos.

Liquid level checked

Volume of condensed sample (Vs), ml =g
GFAA or ICAP results (GS)*, ug Cr/ml

NAA results (Ns)*, ug Cr

: J
Cr in sample (Gs x Vs or hs), ug Cr

Performance Audit Sample
Sample ID No(s).
Cr+6 results, ug crt
GFAA or ICAP results, ug/ml
NA results, ug Cr

6

Date NAA [] GFAA [] 1IcAP []
Date
Run 1 Run 2 Run 3

1 | |

*yalues should be blank corrected before being entered. Blank value must be less
than or equal to 0.01 ug for NAA or 0.00004 ug/ml for GFAA or ICAP. If this
value is exceeded, subtract only 0.01 ug or 0.00004 ug/ml for the blank values.



the NAA, GFAA, or ICAP laboratory. (Additional specifications will be added
to this section upon final selection of the analytical procedure for this
method) .

5.10.2 Container No. 3. Weigh the spent silica gel (or silica gel plus
impinger) to the nearest 0.5 g using a balance. This step may be conducted
in the field.

5.10.3 Cooling Water Filtrate. Analyze a representative portion using
the Draft Method - "Determination of Hexavalent Chromium Emissions from
Stationary Sources."

6. Calibration

Maintain a laboratory log of all calibrations.

6.1 Probe Nozzle. Probe nozzles shall be calibrated before their
initial use in the field. Using a micrometer, measure the inside diameter of
the nozzle to the nearest 0.025 mm (0.001 in.). Make three separate
measurements using different diameters each time, and obtain the average of
the measurements. The difference between the high and low numbers shall not
exceed 0.1 mm (0.004 in.). When nozzles become nicked, dented, or corrocded,
they shall be reshaped, sharpened, and recalibrated before use. Each nozzle
shall be permanently and uniquely identified.

6.2 Propeller Anemometer. The propeller anemometer assembly shall be
calibrated according to the procedure outlined in Section 4 of Method f4.

6.3 Metering System. Before its initial use in the field, the metering
system shall be calibrated according to the procedure outlined in APTD-0576.
Instead of physically adjusting the dry gas meter dial readings to correspond
to the wet test meter readings, calibration factors may be used to correct
mathematically the gas meter dial readings to the proper values. Before
calibrating the metering system, it is suggested that a leak-check be
conducted. For metering systems having diephragm pumps, the normal
leak-check procedure will not detect leakages within the pump. For these
cases the following leak-check procedure is suggested: make a 10-minute
calibration run at 0.00057 m3/min (0.02 cfm); at the end of the run, take the
difference of the measured wet test meter and dry gas meter volume; divide
the difference by 10, to get the leak rate. The leak rate should not exceed
0.00057 m3/min (0.02 cfm).

After each field use, the calibration of the metering system shall be
checked by performing three calibration runs at a single, intermediate

orifice setting (based on the previous field test), with the vacuum set at



the maximum value reached during the test series. To adjust the vacuum, insert
a valve between the wet test meter and inlet of the metering system. Calculate
the average value of the calibration factor. If the calibration has changed by
more than 5 percent, recalibrate the meter over the full range of orifice
settings, as outlined in APTD-0576.

Alternative procedures, e.g., using the orifice meter coefficients, may be
used, subject to the approval of the Administrator.

Note: If the dry gas meter coefficient values obtained before and after a
test serieg differ by more than 5 percent, the test series shall either be
voided, or calculations for the test series shall be performed using whichever
meter coefficient value {i.e, before or after) gives the lower value of total
sample volume.

6.4 Probe Heater Calibration. The probe heating system shall be calibrated
before its initial use in the field according to the procedure outlined in
APTD-0576. Probes constructed according to APTD-0581 need not be calibrated if
the calibrations curves in APTD-0576 are used.

6.5 Temperature Gauges. Use the procedure in Section 4.2 of Method £ to
calibrate in-stack temperature gauges. Dial thermometers, such as are used for
the dry ges meter and condenser outlet, shall be calibrated against
mercury-in-glass thermometers.

6.6 Leak-Check of Metering System Shown in Figure CT-1. That portion of
the sampling train from the pump to the orifice meter should be leak-checked
prior to initial use and after each shipment. Leakage after the pump will re-
sult in less volume being recorded than is actually sampled. The following
procedure is suggested (see Figure 5-4 of Method 5): close the main valve on
the meter box. Insert a one-hole rubber stopper with rubber tubing attached
into the orifice exhaust pipe. Disconnect and vent the low side of the orifice
manometer. Close off the low side orifice tap. Pressurize the system to 13 to
18 cm (5 to 7.in.) water column by blowing into the rubber tubing. Pinch off
the tubing, and observe the manometer for one minute. A loss of pressure on the
manometer indicates a leak in the meter box; leaks, if present, must be
corrected.

6.7 Barometer. Calibrate against a mercury barometer as described in
Method P .

6. Calculations

Carry out calculations, retaining at least one extra decimal figure beyond
that of the acquired data. Round off figures after the final calculation. Other

forms of the equations may be used as long as they give equivalent results.
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6.1 Nomenclature

Mresidue

=

w

o

bar

std

=« BRa e BN v

Tstd
lc

m(std)

Cross-sectional area of nozzle, m2 (ft2).

Cross-sectional area of cell(s), m2 (ftz).

Water vapor in the gas stream, proportion by volume.
Concentration of hexavalent chromium in cooling water, ug/ml.
Concentration of total chromium in cooling water, ug/ml.
Percent of isokinetic sampling.

Maximum acceptable leaskage rate for either a pretest leak
check or for a leak check following a component change;

equal to 0.00057 m3/min (0.02 cfm) or 4 percent of the
average sampling rate, whichever is less.

Individual leakage rate oberved during the leak check
conducted prior to the "ith"

3...n), m3/min (cfm).

component change (i = 1, 2,

Leakage rate observed during the post-test leak check, ms/min
{cfm).

Mass of hexavalent chromium in cooling water sample, ug.
Total emount of chromium matter collected, ug.

Mass of chromium residue in cooling water sample, ug.
Molecular weight of water, 18.0 g/g-mocle (18.0 1b/lb-mole).
Barometric pressure at the sampling site, mm Hg (in. Hg).
Absolute stack gas pressure, mm Hg (in. Hg).

Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Ideal gas constant, 0.06236 (mmHg)(m3)/(oK)(g-mole)

[21.85 (in. Hg)(ft5)/(°R) (1b-mole)].

Absolute average dry gas meter temperature

(see FigurecT-2), kK (°R).

Absolute average stack gas temperature (see Figure QI—Z),
°k (°R).

Standard absolute temperature, 2930K (528°R).

Total volume liquid ceollected in impingers and silica gel
(see Figure(T-3), ml.

Volume of gas sample as measured by dry gas meter,

dm3 (dcf).

Volume of gas sample measured by the dry gas meter,

corrected to standard conditions, dsm3 (dscf).
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w(std)

Vcwl

cw2

13.6
60
100

= Volume of water vapor in the gas sample, corrected to

standard conditions, sm3 (scf).

Volume of cocling water sent for NAA or Cr+6, ml.

Volume of cooling water which represents residue sent for NAA,
ml,

Stack gas velocity, calculated by Method P4, Equation 2-9,
using data obtained from Method P4 , m/sec (ft/sec).

Dry gas meter calibration factor.

Average pressure differential across the orifice meter (see
Figure Cr-2), mm H2O (in. HZO)'

Total sampling time, min.

Sampling time interval, from the beginning of a run until the
first component change, min.

Sampling time interval, between two successive component
changes, beginning with the interval between the first and
second changes, min.

Sampling time interval, from the final (nth) component change
until the end of the sampling run, min.

Specific gravity of mercury.

Sec/min.

Conversion to percent.

7.2 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop.

See data sheet (Figurecr-2).

7.3 Dry Gas Volume. Correct the sample volume measured by the dry gas

meter to standard conditions (ZOOC. 760 mm Hg or 68°F, 29.92 in. Hg) by using

EquationQI—l.

\Y

Where:

m(std) ~

VY Tstq [ Fpar * 0H/13.6
3

T

m std

Vm Y Pbar + {LH/13.6)

Tm Equation(T-1

0.3858 oK/mm Hg for metric units.
17.64 °R/in. Hg for English units.
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Note: Equation(i-1 can be used as written unless leakage rate observed
;;;;ng any of the mandatory leak-checks (i.e., the post-test leak-check or
leak-checks conducted prior to component changes) exceeds La. If Lp or Li
exceeds La' Equation(T-1 must be modified as follows:

(a) Case I. No component changes made during sampling run. In this
case, replace Vm in Equationcz-l with the expression:

vy - (L, - L)f]
(b) Case II. One or more component changes made during the sampling

run. In this case, replace Vm in Equation(T-1 by the expression:

n
[v - (L, -L)® —12;2 (Ly = Ley = (L) = Lge ]
and substitute ohly for those leakage rates (Li or Lp) which exceed La'

7.4 Volume of Water Vapor.

pw RT

std
\Y =V =K, V
w(std) lc —— 2 1lc . _
Mw PStd Equationcr-2
Where: K2 = 0.001333 mg/ml for metric units.
= 0.94707 ft-/ml for English units.
B _ Vw(std)
ws - . Cr
Vm(std) + Vw(std) Equation(T-3

Note: In saturated or water droplet-laden gas streams, two calculations of
the moisture content of the stack gas shall be made, one from the impinger
analysis (Equation(T-3), and a second from the assumption of saturated
conditions. The lower of the two values of Bws shall be considered correct.
The procedure for determining the moisture content based upon assumption of
saturated conditions is given in the Note of Section 1.2 of Method 4. For
the purposes of this method, the average stack gas temperature from Figure
EZ}2 may be used to make this determination, provided that the accuracy of
the in-stack temperature sensor is + 1°%¢ (20F).

7.6 Total Chromium Weight. Determine the total chromium catch from the

sum of the weights cbtained from Containers 1 and 2 less the blank (see



FigureCT-3). Note: Refer to Section 4.1.5 to assist in calculation of
results involving two or more filter assemblies or two or more sampling

trains.

7.7 Conversion Factors.

From To Multiply By
scf m3 0.02832
g/f‘t3 gr/f‘t3 15.43

g/ft 1b/£t3 2.205 x 1073
g/fe g/n 35.31

7.8 1Isokinetic Variation.

7.8.1 Calculation From Raw Data.

L. 100 Ts [K3 VlC + (Vm Y/Tm)(Pbar + AH/13.6) ]
60 v, P_ A Equation(T-4
Where: K3 = 0.003454 (mm Hg) (m3)§ K% for metric units.

0.002669 (in. Hg)(ft R) for English unit.

7.8.2 Calculation From Intermediate Values.

T = Ts Vm(std) Pstd 100
Tstd v, ® An Ps 60 (1—Bws)
- Kq Ts vm(std) ‘
P v A 6 (1-B ) Equation CT-5
Where: Kq = 4 .320 for metric units.

0.09450 for English units.

7.9 Acceptable Results. If 80 percent I 120 percent, the results
are acceptable. If the results are low in comparison to the standard and "I"
is beyond- the acceptable range, or, if "I" is greater than 120 percent, the
Administrator may opt to accept the results. Use Citation 4 to make

judgements. Otherwise, reject the results, and repeat the test.



7.10 Concentration of Chromium in Cooling Water.

M, +6
Cr+6 _ Cr
Vv Equationci-6
cw —
1
+6 Mresidue
Cr = Cr +
Y Equation ¢7-7
cw L
2
Note: If &ll the chromium in the cooling water was assumed to be in the

hexavalent state, then Cr+6 would equal 1.

7.1

PMR

1 Pollutant Mass Rate.

M A 60 crt®
n S

EquationcT-8

8 An 454,000,000 Cr

Where: K5 = 0.1322 x 107 both units.
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Instrumentation -

test:

1

ESC MEASUREMENTS

ESC used the following instruments to collect data during

Sensitive Paper Svstem

Manufacturer:

Description:

Environmental Systems Corpocration

Lk special fllter medium is chemically treated to produce a
distinct color change when wetted, Droplets impinging on
the papers produce blue stains whiéh may be correlated with
droplet size. The system operator records updraft velocity
and selects exposure times which yield serviceable
concentrations of stains. Knowing exposure times and
updraft velocities, analysts studying the papers with
microscopes can calculate droplet size and size

distribution.

Air Speed (Upcraft a+ Exit Plane)

Fanufacturer:
Model:

Description:

R. M. Young Company

27106 Gill Propeller Anemometer

A generator-type anexometer with excellent linearity and
off-axis response, Used to measwe fan upcraft velocity to
establish isokinetic sampling air flow rate. keadout is by
cigital voltmeter, In conjunction with this sensor, the
operator measures the air flow direction with a vane—~type

sensor to make & correction for off-axis flow, il necessary.



"Digital Voltmeter

Manufacturer:
Moael:
Serial Nos.

Description:

Jonn Fluke Manufzcturing Company

B022B

2620260, 2520262

Tnree (3) 1/2 digit DVM used to measure output signals

corresponding to fan updraft velocity and velocity vector.



PITOT TUBE MEASUREMENT PROCEzDURE

Remove tube and inspect - remove tip protection cap.

With appropriate couplings connected (typically 2" NPT - male), pull rein-
forcing sleeve and “stinger" fully 1nside coupling and screw coupling snugly
into gate valve (tighten with pipe wrench).

Open valve fully, after making sure once again the stinger is fully
retractea. Witn vaive fully open, push pitot tube stinger through the rein-
forcing sleeve, Lock into place and purge manometer and lines of all air.
Zero the manometer (i.e., no differential pressure should be indicated, with
total pressure and static pressure ports reading “static" prior to

inserting tupe in pipe).

Slowly insert pitot tube into pipe until a deflection is detected, Mark the
tube clearly at the stuffing box. Push tube fully across the pipe until it
contacts the other side. Mark tube clearly again and retract until zero
aeflection is seen again. Check this point with previous mark. Measure
distance between marks and add 3/16" to indicated diameter (for offset in
static/total sensing port location). Compare this diameter to the nominal
diameter of the pipe.

Calculate and mark measurement stations. No fewer than 20 stations per
diameter should be used for pipes greater than 36" diameter. Check to see
if manometer is zeroed and initiate traverse. Visual readings of manometer
should be no less than one minute. Periodic checks using 25-50 instan-
taneous manometer readings averaged and compared with the "eyepall" average
at a single point snould be conducted.

Other perpendicular traverses should be conducted similarly with center-point
readings compared from each traverse for consistency.

Ambient temperature and water temperature should be measured during traverse
to correct manometer balancing fiuid and water aensity, respectively.

Pitot tube tip should pe inspected for blockage/damage before and after each
traverse.

Any anomalies or problems, such as vibration, apparent backflow, etc. should
be noted.
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Fig. i==Pipe Coliper.

IN these instructions the various operations are
stated in their naotural order of progressicn, and
each subject 1s completely reqied 1n its paragraph

for easy reierence.

Pipe Caliper—>5es Fig. |,

This instrument consists of a brass rod which passes
through an eccentnc stuthng-box The lower end 1s
hook shaped, and to the other end is atiached an
index coliar and handle.

To attach the caliper, pull the rod all the way up
and screw the stuthng-box on the corporation cock,
making o water-tight joint with the leatner washer.

Open the corporation cock and push the rod in
until it touches the pipe. (See Fi1g. 1.) Turn rod 180°.
Measure the distance between index collar and stufi-
ing-box. Pull rod up until hook just touches the pipe.
Again measure from stuling-box to index collar. Tne
inside diameter of pipe is equal to the dilierence be-
tween these two medsurements plus one inch, the
one inch being adaed for the length of the hook

Caution should be taken to push the rod agmns!
the walls of the pipe siowly and gently. since the
pipe may be coated with tubercles and incrustations,
or there may be sand or sedimen! on tne botiom.
Should the rod be pushed too torcefuliy against the
Dipe, these intenior conditions would not be detected.
Remembper tnat it is the cciual working diameter of
Plpe. Qs necr as can be delermined, that should be
used in fiow caiculations.

SIMPLEX PITOT ROD

Description

The Simplex PFA Fitot Rod illustrated 1n F1g. 2 is a
pair of tubes 1n a casing One tube transmits the Rei-
erence pressure received at the siae oribces, and the
other tube transmits the impact pressure received at
the Impact oribce. which faces the flow.

The Simplex Rod 1s provided with o split clamp
which holds the tube in position and prevents it be-
ing pushed out by the water pressure. a stuling-box
which can easily be packed with any suntabie pack-
1ng and a stop coliar near the orihce end of the rod
to lumit the withdrawal of the rod through the stuthng-
box.

Rod-Corporation Connection

The threads of the connechion nut of the S:mpiex
rod cnd of the pipe caliper hts o 1™ Muelier Corporo-
tion Cock The requirements of the corporation cock
are for o maie tnread 1%:” O.D —tweive threads per
inch and a 1” ciear opening Where other makes of
corporauion cocks are empioved, an adcapter should
be provided having maie tareads to ht the Simbviex
item and iemaie threcds to fit the corporation cock



-Aﬂaching Pitot Rod

Before attaching Pitot Rod to corporation cock: be
gure 1o remove tbe protecting cap from tne onhc_e
:nd, then see that the tube 1s tully arown up so that it
¢vill escape corporation plug Screw connection nut
)p corporation cock. making a water-ight joint by
the leather washe:.

Have all cocks on Pitot Rod closed, and then open
‘he corporation. Open the air cocks at top of Piot
Rod to blow the air out of tube and aisoc out of top of
pipe, should any be lodged tnere.

Push the Rod 1n until it touches the pipe. and meas-
ure the disiance irom index coliar to traverse scaie
fiange. Pull the Rod out a distance equal to the radius
of the pipe minus % inch and secure the Rod in this
position by thghtening the clamp collar, emd at the
some time being sure that the arrow on the crown
casting of Rod points in the direction of the fiow,

If the direction of the fiow is unknown, this can be
determined by the use of the monometer connecied
to the Pitot Rod. QObserve the defiection 1n manometer
when artow on crown casting points along the pipe
ip ope carection. Then revolve the Pitot Tube 180° so

INSTRUCTIONS _
CROWN CASTING EESSNREIEE. 13
/ AIR COCKS

STOP
,__— STOP CoCKs

__— INDEX COLLAR

that the arrow points along the pipe in the opposite Pt
direchon. The water will be flowing in the direction N
that produces the greater deliection of the liquid in g
memometer. £
v
*
£
£
3

3

CARRYING
CASE -

ROD CL AKP i
COLLAR — ¢

B T S TRAVERSE SCALE
- E Y f: g _— HOLDER
HOSE e § ; : -

CONNECTION NUT

TRAVERSE SCALE FLANGE

GAUGE GLASS
CLEANING
BRUSH

STOP COLLAR —
PROTECTING

Fig. 3=—Manometer. Fig. 3—Plot Rod. CAP
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The Pitol Rod located as described above has its

orihces ot the center of the pipe. This is the usual

location for fow determunciion when connecied to
recorder or manomelter.

MANOMETER —5ee Figs. 3, 4
Description

In principle this insqument is ¢ U-tube.

The top assembly is provided with httings which
connect 1o eacn side and 10 (UM o each other through
vaive (e). Piug cocks (i) and ) and ar cocks (a)
and (g,) are qiso provided ot this point on the
manomester. (See Fig. 4) )

The top assembly is easily removabie for pour-
ing heuid into mamometer or for the msertion of the
ciecqung prush. The giass should alwoys be ciean
so that the hguid will not cling to tne surace, but
will form a clear and even meniscus in each side.
This is especaliy mmponant when the deiiechon of
the hquid is small.

A monometer co_nneczed to c Sumplex Pitot Rod
constitutes cne of the simpiest forms of o meter ifor
mdicohing the rate of fiow.

Connecting Manometer to Pitot Rod

The manometer may be connected with two lengins
of nose, either directly to the Pitot Reod of () emd (R),
as shown in 5. 4, or it rnoy be connected at (D
and ® ot the Recoraer fig. 10) when the loher 1s
cennected to the Piol Rod. While using the meomo-
meter thus connecied, snwt oft the Recoraer by clesing
cocxs (I) and ®R) on Recorder. Wnenever the momo-
meter is peing filied with bguid or is biown off for
expelling possible collechons of o from i, aiwoys
hirst ciose cocks (D and (R) ot Hecoraer. Lixewse,
whnenever - 1s pemng blown fom Recoraer aiways
hrst ciose cocks () and (R), thus snutting cff the meno-
meter 1o preven: the acnger of blowing the haquid frem
same. (See Fig. 10.)

FILLING MANOMETER WITH LIQUID AND
BLOWING OUT AR

Aemove wmng nut on top of manomete:. Lift off 1op
assembly, exposing holes to glass, Powr haquid, previ-
ously mxed (s expimned on Faoge B), wrough
tunnel o either hoie.

It 15 usually desirable to £ll the menometer half
tull of hquid, since the maximum aeflection equal to
the length of a giass tube will be cbtanabie by this
amount of liquid.



Howving poured haquid mio mamometer, replace the
.op assembly and tighten wing nut Fill. moncmeter
with water and expel all air from hose connections
nd manomete:. Care must be exercised not to biow
ut the bquid. To querd oganst tus keep one side of
_ne mancmeter closed while biowing out ar from the
other side. Tor exampie. 1o biow ar through the
mpact kne, hove all cocks o manometer closed
axcept open (a) and open (i}. Operung and closing
i) several times dunng the proceaure will facihtme
filing the gouge glass with water, since this will qive
more opportunity ior the cur from tne glass 1o escape
througn (a). Close (i) and {(a,). Likewse, fill the other
side with water and expel cur by operung (a,) and (1),

Howving thus blown till no air appears, close (r),
and finally, to insure that no air is trapped 1n the by-
pass connection, open cock (e) and hoving (a)
open, shghtly open (r]. Ciose (r) beiore the hquid
reaches the top of the giass Close {a.) and (e) and
open (i} and {r), when the manometer will be 1n
service and tbe aeflection of the hauid 1s o measure
of the velocity ol the water fiowing by the orihces
of Pitot Tube.

Cock {(e) is an equalimng cock and when open tbe
pressures 1 the two giasses tend to equalize. When
{e) 1s open the bguid in eoch giass should come to
the szme level provided either (i) or {r) or both are
ciosed. lt is necessary that al least one be ciosed.

This encbles the operator fo prove thet no ar is
in the manometer.

When the dellechons of the bguid are to be ob-
served for velocity indications. cocxs (e), (o) and
(a:) are closed ond cocks (i) and (1) are open.

LIQUID FOR MANOMETER

When measuring low velocities use a low specihe
gravity and ior high velocifies use g heovier mixture
of hguid. If the velomity being measured 1s so high
thert it will defiest the bouid 1n the manometer more
than the lengtn of the giass, thep it will be necessary
fo use c hecrvier hiquic.

The licuid usualiy used in the menometer is @ mix-
ture of corbon tetrg-chloride cnd benmne or benzol,
colored with o small quentity of red colering powaer.
Tpe licuids are mixed in such propertions that the
resulicnt muxture will hove omy aesired specihe
gravity between the himiuts of 1.10 emd 1.80. Specdihe
gravibes of 1.25 omd 1.50 are most commonly used.

about 1.60, end if this bguid 15 too haght, then for o
beavier liquid use bromoiorm. whose specific gravity
is gbout 2.98. Thus lirew:se can be mixed with ccxbon
tetra-chloride to obicn grovihes peiween 1.60 amd
2.98. Bromoform 1n its commeraal state usually con-
icuns some aleohol. For this reason it should be
washed with woier cnd then filltered through filter
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Fig. 5—~—Test tor Spectic Grevity.

paper beiore using in mcmomete:r. Do not mnnale
its fumes.

Tor differential pressures too greai tor the coove-
nomed hguids use mercury, whose speciiic gravity
15 12.58.

Specific Gravity Determination

The specihc gravity of the hguid or mixture cem be
determined by pounng scme in a giass cylinder and
fiooting o hydrometer 1o the hguid. The hghter the
hauid, the deeper will the bydrometer be submerged.
Read the specihc gravity on the hydrometer scaie
at the suriace of the hquid

Xer
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Hoving decided on the specihc grovity of the '# Typical Dot Sneet 4
irouid mixture to be used, the iormuic below will be
found helptul cnc time saving. Tor high velocifies, where c smaller defiechion 1s
S- — S. desired. use Bromoiorzm, Sp G. = S. = 2.8t
T=—=———x3B 70°F. This hguid may be mixed with carbon-te
; S — 5 chloride to give o mixture hghter than 2.9
where S- = specihc grovity of mixiure g s )
S. = specibc grovity of carbon tetra- gesired, the Sp G. of mixture being aceterm
chlonge by manometer baicncing or dy iormulas. In
S. = speciic gravity of benzol :
T = volume of carbon tetra-chioride latter case
B = voiume of benzal
S. — 5
For example, if § = 1.B0, 5. = .B7, and it 15 de- T= ————1xB
sired to have S- = 1.245 of the mixture, then 5. — 5-
T 1245 — .87 < B 375 B It must be berne 1n mind. howeve:, that the specihic
- 1.80 — 1.245 - .355 gravity determined under agctual test conditions 1s
T= 1057 B the value used in Low calculations
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TRAVERSE STATIONS—See Fig. 4

Wherever ¢ mmn is tapped jor the purpose of
measuring the fiow of water, let it be calied o stohion
ond nomed or designated by on assigned number.

When seleciing o location jor a stetion always, if
possibie, select a point in the pipe line where there
is a considerabie lengih of strenght pipe hne, where
the fiow will be undusturbed by valves, tees, or bends.

Tap the pipe at the seiected locathion ior a one-inch
corporation cock. The tap is usually made on the top

msrucrons §

PAGE T -

of the pipe. It may, however, be made ot the side of
the pipe or at any other point on tne circumference
1t 12 desirable that the pipe be not tapped so deep
that the corporation cock will extend through pipes
ar.d project peyond the inside suriace of the wall.o!
the pipe.

When it 15 1mpossible to make tap in a iong straight
Jength of pipe, say where the neares! up-stream
valve, tee, or bend 15 less than 20 or 30 diameters
from the station, then two taps apout 90° apart with .
one about {” to 6” anead of the other should be
topped 1n the pipe.

For steel pipes first atiach a swcp service clamp
to pipe.

An accurate record should always be made and
kept on file qiving the location of all stations and the
cusiance of same from of least two hxed lanamerks.

PIPE TRAVERSE—See Figs. 4, 6, 7

The object of making the pipe traverse by the ure
o! the Pitot Rod and the momometer 1z to ascertan
the relation between the mean velocity and the cen-
ter veloaity win the pipe. Tbe Puot Tube measures
velocity only at the point in the pipe where the ori-
fices are located. If the oribces of the Pitot Tube be
moved aiong the diameter of the pipe it will be
noticed that the velocihes are dilierent for difierent
locations of the orifices, and that they grodually in-
crease Qs we gpproach the center of the pipe. There-
jore, to acturaiely determine the guantity of wemer
flowing it is necessary to know the traverse coefh-
aent, C = Va/V., that is the relahion of the mean
velocity to the center velocity.

The method to be employed in making the traverse
is that of dividing the pipe mto mmamnery nngs or
annuli baving equal creas, and then 1aking readings
of the defiections of the hiquid 1n the menometer when
tne orihces of the Patot Tube are piaced at a pant i
each nng such that o circle through that pomnt wi
divide the nng into two equal creas.

Tais is illustraied in Fig. 4. Reier 1o the right-hex
lower corner where circuiar cross-sechion of o pif
is shown. Here the pipe 15 divided into five nngs
egual area. R, 15 the radius to the orihice locatx
for the first nng. R, is the radius to the orihce locatic
for the second ring. R, is the radius to the circn
ference of nng (al. The oyea of nng (a) equals the
arec of nng (b). The rings (a), (b), (c}. (d}, (e],
(), {g), (b), (i) cnd (j) bave equal creas cnd the
area of any one of these is equal to hali the area of
cny one of rings, 1. 2, 3, 4. or &,

The orifice locctions for emy size pipe may be cal-
culaied by iormuia (15) page 13 or they may be
seiected rom the table of oribce locations on page 15.



E e Southern Research institute

august 13, 1986

Mr. Bill DeWees

Entropy Environmentalists

P.O. Box 12291

Research Triangle Park, NC 27709-2291

Dear Bill:

I would like to expand on the results I gave you on the phone
concerning your tests at Paducah. As I understand it, your team ran the
paired rrains that we recommended, one train being a conventional isokinetic
impinger train and the other an impinger train sampling from a tube with a
disk-shaped collar positioned at 90 degrees from the direction of gas flow.
Our best estimate on the collection behavior of this train comes from the
theory of Zebel (In Recent Developments in Aerosol Science, Edited by David
T. Shaw, Wiley, NY, 1978). The only experimental data we know of was for a
geometry with a slightly different collar by Liu and Pui (Aeroscl Sampling
Inlets and Inhalable Particles, Atmospneric Environment, 15, 589-600, 1981).
According to Zebel's paper, the collection efficiency of drops by tne disk
train should be given by the eguation below:

]
Eff = 3779709 51X

(1)

where

STK = V pCD? /9ud (2)
and \Y = gas stream velocity (cm/sec)

p = droplet density (1 gm/cm® in this case)

C = Cunningham correction factor (= 1 for this size)

D = droplet diameter (cm)

| = gas viscosity (about 180 x 10~° poise)

d = sampling tube inner diameter (cm)

Although their geometry is slightly different from our setup, the
equation fits the data of Liu and Pui fairly well when the correct tube
diameter is assumed (see Figure 1). Table 1 contains calculated Dgy values
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Mr. Bill DeWees
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Page 2

for the four "90° train” runs. Note that while the calculated Dy, is on the
order of 13-16 um, the efficiency curves are broad, and significant
collection occurs at higher droplet sizes. Tne calculated collection
efficiencies for the velocities encountered by the "90° trains" at Paducah
are plotted in Figure 2. I have also done a convolution (see Table II) of
the calculated collection efficiency of the 90° train witn one of the size
distributions reported by ESC. If their size distributions are good in the
smaller size range, the 90° trains should collect less than 10 percent of
the drift mass. I do have some questions about their technigue, though,
which I will discuss below.

Although you did not directly ask us to analyze the ESC technique, I
felt a word about it was in order. The most definitive experimental work of
which we are aware is that of May and Clifford (The Impaction of Aerosol
Particles on Cylinders, Spheres, Ribbons and Discs, Ann. Occup. Hyg. 10,
83-95, 1967), which gives efficiency curves for the disk pbody impactor such
as those used for our study. I nhave enclosed a copy of their results (their
Figure 7) which illustrates it. In their plot the parameter P=A/{ 1s given
by half the value of STK 1n eguation 2 (where d now is the paper disk
diameter), Thus P is proportional to the square of the droplet diameter D.
Using this data the disk Dg, value expected for the velocity range covered
can be calculated and are included in Table I.

I draw two conclusions from the May and Clifford data. First, it is
probably a decent approximation to assume that the sum of the collection by
the paper disk and the 90° train will be approximately the same as the
isokinetic nozzle train for all sizes, with the greatest error of
approximation occurring for particles about 20 um. The efficiency curves
for a disk impactor and those of the 90° sampling train are fairly “"sloppy"
in terms of particle size separation. The paper disk collects large
droplets, and tne 90° train collects the smallest droplets, with near unit
efficiency. Thus both significant ends of the size spectrum are collected
well.

A second point I should emphasize 1is that the sensitive paper results
are subject to some guestion below about 25-50 um. While presumably ESC can
distinguish spots corresponding to 10-20 uym size droplets, they may
underestimate the actual flux of these drops. The Ranz and Wong (IMpaction
of Dust and Smoke Particles, Industial and Engineering Chemistry, 44,
1371~81, 1952) collection efficiency used by ESC to establish correction
factors does not seem to be fitted by the experimental data seen on Pigure 7
of May and Clifford.
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The relative contribution of droplets in the 10-50 um size range may
not be significant for the low efficiency drift eliminators in this study.
However, the sensitive paper may significantly underestimate the small
droplet flux downstream of higher efficiency collectors or in any duct where
a condensation droplet mode exists.

Please let me know 1f I can be of further help.

Sincerely yours,

7

L
L /C,?ﬂ/u .

Ashley D.\_Qlliamson
Head, Aerosol Science Division

ADW/fea

cc: Dan Bivains
Project 6112
SORI-EAS-86-755



Taple I. Calculated DSO Values

Calculated 950 values, um

Duct Velocity Right Angle
Run Number ft/sec Train Paper Disc
1 30.97 13.3 25.5
3 22.25 15.7 30.1
4 21.06 16.1 30.9
5 33.67 12.7 24.4



FIGURE 1@ ZEBEL'S THEZORY AND LIU'S DATA
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BLE II. COLLECTION OF ASSUMED SIZE DISTRIBUTION BY RIGHT aNGLE TRAIN

ZEBEL'S SIZE DISTRIBUTION COLLECTED

+ART. ASPIRATION EFF. BY RIGHT ANGLE TRLIN
DI&. v = v .= v = vy = ASSUMED v = v = v = v =
um) 31.0 33 7 22 3 21.1 SIZE DIST _31 @ 33 7 22.3 211
5 88 g7 91 91 (800) 701.6 694.1 726.8 730 4
15 44 42 52 54 955 422.2 402.4 500.9 514.0
25 22 21 28 30 573 127.2 t18%. 0 162.9 169.3
35 13 12 17 18 1480 188.0 174.6 249.3 260.9
45 8 7 11 11 2490 201.5 t86.4 271.8 285.4
5% 6 5 8 8 4650 258.8 238.9 1352.6 370.9
65 4 4 ) 6 6840 277.0 255.4 379.5 399.7
80 3 2 4 4 1670 45.3 41,7 62.13 65. 7
100 2 2 2 3 1830 32.1 29.5 44 3 46. 8
120 1 1 2 2 1600 19.6 18.0 27.1 28. 6
140 1 1 1 1 1640 14. 8 13.6 20.5 21.6
165 1 1 1 1 2080 13.5 12. 4 18. 8 19. 8
195 0 0 1 1 1690 7.9 7.3 11.0 11. 6
225 0 0 0 -1 1790 6.3 5 8 8.7 9.2
255 0 0 0 0 907 2.5 2.3 3.4 3.6
285 0 0 0 0 1530 3.4 3.1 4.7 4, 0
325 0 ] 1] 0 1890 3.2 2.9 4.4 4.7
375 0 0 0 0 1290 1.6 1.5 2.3 2.4
425 0 0 0 0 937 0.9 0.8 1.3 1.4
475 0 0 0 0 1540 1.2 1.1 1.7 1.8
550 0 0 0 [t 484 0.3 0.3 0.4 0.4
650 0 0 0 §] 13B0 0.6 0.5 0.8 0.9
750 0 0 0 0 B94 0. 3, 0.3 0.4 0.4
850 0 0 0 0 0 0.0 0.0 0.0 0.0
250 0 0 0 0 0 0.0 0.0 c.0 6.0
1100 0 0 0 0 0 0.0 0.0 0.0 0.0
1300 0 0 0 0 5240 0.6 0.5 0.8 0.8
TOTAL PARTICLE FLUX: 46180 2330.2 2212.4 285%6.7 2958%5.3

FRACTION OF PARTICLE

MLSS COLLECTED: 0.0504 0.0472 0.0618 0.0639
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Fic. 6. Experimental and theoretical impaction efficiency of long ribbons.

and HERRMANN (1949) also found tnat their experimen:al £ was substanually lower
than the theoretical prediction.

Discs
rigure 7 shows *h the same piciure as Fi1g. 6 in the
and experimgrtand needs little further comment except that discs ha

ion between theory
eceived less

attentio the literature than the other geometrical forms.
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1G. 7. Experimenial and theoretical impaction efficiency of discs.

Accuracy

Scatter of values from the replicate determinations at each point was very small
at the lower end of the curves (large objects, smell particles, Jow wind speed) but
S daditn hecame vk Inreer at the upper end of the curve, the spread sometimes

— ot



APPENDIX D.

CALIBRATION AND QUALITY ASSURANCE DATA






CALIBRATIONS

All measuring equipment Entropy uses is initially calibrated before use.
Equipment which can change calibration is both checked upon return from each
field use and is also periodically recalibrated in full. When an instrument
is found out of calibration, it is so noted in the report and appropriate
adjustments are made to the final results. The equipment is then repaired and

recalibrated or retired as needed. Specific equipment is handled as follows:

Propeller Anemometer - All propeller anemometers were calibrated
and/or checked using the procedures in the draft test method for the
use of the propeller anemometer. This included a full calibration in
the wind tunnel at 10° increments of flow alignment angles from -90
to +9OO. The electrical system was checked with a constant rpm motor
to ensure proper outputs. The bearing torque on the anemometer shaft
was checked with a bearing torque check device. All propeller
anemometers used in this program meet the requirements as specified by
the EPA draft method.

Dry Gas Meter and Orifice Meter - All Entropy meter boxes are
calibrated upon purchase and at least once every six months against a
secondary test meter (one calibrated against a wet test meter)
according to their usage history. Basic procedures are outlined in
the EPA Publication No. APTD-0576. The only differences are in the
choice of flow rates used and the volumes metered at each flow rate.
After each field use, quick checks are performed to ensure delta H@
changes of less than 5%. These checks compare the orifice against the
dry gas meter. If greater than 5% changes occur, recalibration and
repair are instituted.

Nozzles - Each nozzle is calibrated upon purchase, and thereafter
whenever it becomes apparent that the nozzle has become damaged. Each
nozzle is inspected upon return to laboratory from each field use.

The diameter is measured on five different axes, with the high and low
readings differing by no more than 0.004 inches as a tolerence.

Temperature Measuring Instruments - After each field use, the
thermocouples or thermometers are calibrated against an ASTM precision
mercury-in-glass thermometer across a wide range of temperatures. If
the initial reading is not within + 1.5% of the absolute temperature
reading of the standard thermometer, the instrument is adjusted until
it is in the acceptable range.

Three-Dimensional Pitot Tube - Prior to field use, the 3-D pitot
tube was calibrated in the wind tunnel using the procedures described

in EPA Method 1A. The pitot tube meets all requirements of the
Method.

D-3



MagnehelicR Gauges - After each field use, each MagnehelicR
Gauge is calibrated against an inclined manometer at three different
settings (low, medium, high) over the range of the individual gauges.
If the readings differ more than + 5% from the manometer readings, the
Magnehelics are recalibrated.

Barometer - After each field use, each barometer is checked
against & mercury barometer.
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=25 | 0. |+]o0.160 | 0.70e |0.200 | 0.980 | 0
=0 | 500 |l oo oo s z5 100 10
15 ' 0.t90 ‘4»1 0.0'70{ 0.7 © jO./&/ | /.4 [J)
=10 | 0¥ |+| 0 ©So |0.7¢0 |p.074 | L0510
~s | o.t70 '4—) O.ez0| 0.7(0 l&.w ’/.07 | n
o | 0.bLo = 0.0t 5 16-74—0 | g0r5 | .0F | O
-5 | Q.o I=] 0edo 0760 lop s 1 08 10
10" | p.bLo l"| 0.%0‘ 0.762 l-gﬁL‘ /)4 'o
=15 | o tto |7 000 | 070 i-prgs | /09 10O
20 | 0.6lo 5’10.\20 ‘o.7é~> ‘-—O-[[’,?/! /. 0F ‘ 0
~25 |o.LLo =] o To |6 o lnsep | 1pf |0
-30 !O.(;Qc }"'; o 130° )O-'?Lo !—a-j;’%/] YA/ ‘O
—2s | o0.ndo |=1 280 0.7 lpe38 | /72 1. 0!
~0 |pude |=[03%0 01720 |-psu7l /r2 |-ppsg
~as o3 =l ool o.tae bypos | /3 Lypay
~so 0.3 =] 0 St lo.qolpezr | 1x |lp e
~ss | 0.6e |=lo.cio | 0540 (=20 | 40 l-0.3/
-60 %o.%D!—fo.HO!o'Beo !.Ljp ’/55 ’_0 5¢
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NOZZLE NUMBER:

204

Date |Initials| Dia. 1| Dia. 2| Dia. 3| Dia. 4| Dia. 5{ Average
f30-82 | TR | 768 |- 256 | 255 |-268 |.257 |O-257"
[-18-83 PLo  1.262 | 259 |.260 | 260 | 26| 0.260"
3-¥-94 | TwC .25Y | -25% .25 957 | 257 [ ¢0.asé”
J:53-9vY | 6 L . 25¢ -2 5 258 . 253 254 o255 7
538-9¢ | MR ey DL S 2 B Y P X o A N P %1 /5
-19-65 | Lw 252 | 253 | .253 | .254 |.251 |g-253”
2.26. 86| B3 o) . A5 . 254 2N 22 | L2853 | 0.25D
3-U-B | LE 259 | [ To | 2SR (2l 20| 0.265
7-1-%bl B . 15Y 286 A 152 1 . L8S 1 0288

E NTROPY

NVIRONMENTALISTS, INC.
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NOZZLE NUMBER: Z‘pé

Date |Initials| Dia. 1| Dia. 2| Dia. 3| Dia. 4| Dia. 5| Average
J|-30-82 | Tid . 255 |.255 |.256 |.256 | .296 |0-256 "

-15-$3 | PLo 260 | . 260 |.259 |.2568 |.259 |0.299"
1-18-83 pro | .p57 | 268 | 259 | .26 | 257 |o259"”
3-g-94| TNC 253 | .2sY | ass | 253 | 152 |pas3”
7-55Y9 | 6M L .25/ 253 |, LS50 254 252 o 52’
2-35 40 | mAH 252 | 2y 252> | 5D 291 0251”7
-19-65 | LW | 247 | 244 | 247 | 247 | 24b | 0-24p "
2-26-86| B> .249 +2S0 | 252 | 24 [ -25) |0-250
-850 = .44 150 S | 181 1 .25 2. 2LSe

|

NTROPY
ENV!RDNMEN‘TALISTS,INC. D-8




NOZZLE NUMBER: Z {

Date |Initials | Dia. 1| Dia. 2| Dia. 3} Dia. 4| Dia. 5§ Average
U0k 1,209 .30 [.3/0 |.3/0 |.369 [0-3)0"
LI-I&R3| APLO B4 L34 | .12 | 315 314 o.3|+”
3-9-g4 | TNVC 312 .31 30 .3/2 .32 0.312
2-5%5Y | om L3664 | -306 309 | .352 |. .20y 0. 20Y 1
3/a5 T AT .32 [ .30 [ .3l | 31 .30 [0:3)\
3ocsc men | 307 | 308 1,305 | 37 | . | 0.307"
-19-49 | Kb 1,205 | [30b | .20 | 305 | ‘303 | 0-205"
2.20-86] RB « 310 . 3 . 2g | - 305 | 367 | D.309
R o ® IS 307 208 | - 20% 2L -30¢ | D307

NTROPY
ENvmoNMENTAusTB.wc:. D-9



NOZZLE NUMBER: é26723

NVIRONMENTALISTS, INC.

Date |Initials|{ Dia. 1| Dia. 2| Dia. 3| Dia. 4] Dia. Average
p-fel 7wk | 300 | 303 | 30/ |.300 |-302 |&-30"
A-15-83| PLD 303 | .30l |.303 |.3%302 |.30z |0:302"
(14883 P00 | 3ot | 305 | 3¢2 | Rg4 | 303 [0.303"
3-9-9¢| -TNC 303 305 | 306 305 | 303 |o30¢”
2-5-%9 Lo C . 303 . 30( |30y | 30y | -20/ O, 3037
3-25-9¢ | mRu 0 308 . 392 309 . 304 p. 303"
14945 | R Wb .30 | L2085 | (204 | 202 | 203 | 0-303"
2-26-6a | A . 30% 305 | «Be7 | « o7 | - B4 |).206
T-1-HL | BB -2 .30 313 312 2 o 212 L

|
|
|
|
D-10
NTROPY



NOZZLE NUMBER: 202

Date |Initials | Dia. 1| Dia. 2

I-30-82 | 7IH . 3)2 1,371 . 370 309 .30 |03/
A-|5-83| PLO 315 | .34 | /313 |.315 |-313 | p.314"
n-16-83 FPLO 315 313 Rl | 2D 25 034 ”
3-g-9Y | TNC . 309 319 .37 310 30¢ | 030"

-23-941 SH  1.310 | ‘300 | 3010 | 306 | .32 | 038"

[[3/6s | ATHM |31z | .31z [ .21\ [ .30 |31 =1
5?€3§ mRu .50‘{ ,3(75 Al . 3p% . 309 0. 507/1
302 | 0-203"

Dia. 3| Dia. 4] Dia. 5| Average

Nq-851 QB | 2ol | 305 | 3oz | 304
2.26-B61 BB .35~ « 315 | « 314 .33 .313 |0.31¢
7-1-8L1 B3 Y00'% 209 o0 | Db | . ROT | 0. 368

N TROPY
ENVIFIDNMENTAI.JSTS,lNC.

D-11



NOZZLE NUMBER: JOY

Date JInitials | Dia. 1] Dia. 2| Dia. 3| Dia. 4| Dia. 5| Average
2-2472 ST | 239 2«3 | 2% | 247 |. 243 |0 2¢a’]
4-4-43 | ALO 240 | o244 | 244 | 243 |.245 |p 244"
1-18-83 PLo_ | 244 | .24r | 244 | 241 | 245 |0.2457
3-g-94 | TNC a4y | 248 | Lavse | 297 | 299 | 02487
T-L-8 | TTm | . Q47 Q47 | . 948 3497 | . 34p | 0.847
D234 AT | 747 | 247 | 747 | 7242 | 243 | r.2d>
1024851 Ge 2a. | 240 | 248 | .249 | -247 | 0.247
2-(3-86| T.m°D. | .2 46 247 | .280 .25] 248 | 0249

l
NOTE: All diameters measured in inches.
NTROPY
ENVIRCNMENTAUBTB,INC. D-12



NOZZLE NUMBER: 705

Date Jlinitials| Dia. 1] pbia. 2| Dia. 3| Dia. 4} Dia. 5| Average
/1-2-¢1 | ST 255 234 | ST | AS3.>+ST |0.25Y°
4-(-83| JLO 260 | . 259 | 258 |.258 |.259 0259’
1-18 -3\ FLO 260 | 257 | 2o | 259 | .o lo.2g”
3-9-9Y | TNC 253 2549 | 29 | Lass | ags 10.25¢"
7-p-84 | TTm .53 L A53 | A5a2 ]l . as3 | . A5 1 0.353
102355 | AN 249 5] | 25?2 | 2sp | 249 | 525D
2-13-8513DE . 25| 252 | .250 | .z252 | 283 | P 252
10-2¢.85 GC - 256 . 257 . 254 + 257 . 256 0.256
2-/3-86 1 T.mMED. | .2562. | 2585 254 | .285 | .28y |0.25H4
L-20-04] BB 157 755 | 1S | 255 | 239 | £ 257
NOTE: All diameters measured in inches.

—

NVIRONMENTALISTSH,INC.

D-13




NOZZLE NUMBER: 207

Date |Initials| Dia. 1| Dia. 2{ Dia. 3| Dia. 4} Dia. 5| Average

2-2-221 ST 15946 | . 298| 20 | 200 | .Bo; | 0.3

1-/& B3 FL6 Zo4 | 302 | 3ot | 302 | B2 | 0.2643
$-g-g4 | TNC 300 | 302 | 303 | 302 30! 0.302°
7-0-84 | "7 302 | .30 .20 | 303 301 1o0.30a
102304 | AT | 7298 | 298 | 298 | 297 | .29 | 9297
10.24.85 | GC 2297 | 296 | 294 | 296 | 297 -2
2-12-36 \T-m¢p. | .293 | .293 | .295 | 296 | .294% |o.294
-048,] B . 259 24°¢ . 5po L7257 , 299 0.7.54

NOTE: All diameters measured in inches.

E NTROPY
NVIRONMENTALISTS, INC. D-14



BAROMETRIC PRESSURE : O?Q3 7[

TEMPERATURE

paTE: 27/ F-9€

SENSING EQUIPMENT CALIBRATION DATA

CAL IBRATED HY: ;;

MERCURY - IN- GLASS REFERENCE NUMBER: 00 /o2 45

AMBIENT TEMP. :

67

R S
CAL IBRATION | POTENTIOMETER | THERMOCOUPLE/ REFERENCE MEAN MHEFVOCOUPLE/ ATB
SYSTEM USED 1.D. NUMBER THERMOMETER THERMOME TER TEMPERATURE THERMOMETER _<_l.5‘
[.D. NUMBER TEMPERATURE OF Hg COLUMN [TEMPERATURE
Ty (°T)IT. (OF) Tq (°F) Ty (°F)
B¢ [me Ware=| 00609 S - 2/0 212 ) 2/3 /5.
' ’ oo T S- 2/0 2/ = 273 !
s 0 ¢ 9a - 2 2/ 0 2/ /2-6 273 VAW,
cop S 5-9 H0E 20 | /0 2/~ 32
000 9 ) 209 2/ 17d 2/~ | . /5¢
000 9 <= 9 | 20 22 /e o (2~ 02
013 - ¢ 2o |2/0 /00 209 A
| 0/ | Y 200 2 ( /0 20 . 3¢
o013 - ¢ 20 |2/2- S 200 .39
. 0d S 7-§ 208 12¢0 | 4o 2s3 LA
] 00 S 7-Y AR 2/ | 1z 23 -3¢
L 05 7-% [ 2cu 212 | /o ) | ./5¢
! o 3 A =T : ~——— ' |
b5 7 i %
| TS =7 ! '
i QQ( -5 2lo 21T /] 20 23 - ./
00 S o5 6 20d 2] 26 23 | .I5°,
[ 005 s-S0 210 2= /s 23 | ./5¢<
r 5a 7 Y 20 21 rre 2l = S
007 it 20 | 212 /20 202 A
| "0 7 7-4 | 200 =1 /5 Z: 2
‘ or3 Tz 2¢(0 >l ¢ 2// 1359
6153 7 2/0 | aus 1" 2171 1S9
B E i Zio | o-io- [ 2o 241/ VES
K poS S-57) 240 | 215~ ] /00 2/ ¢ .35
005 -5/ 204 221 sz 2/d X
L 06< N 2/0 202 126 203 /5 Y
_ I
L [ l
CORRECTED TEMPERATURE = T. = Tg + .00009 (Tg-20) (T,-Tp)
TEMPERATURE DIFFERENCE = AT = [(T.,9F + 460) - (Tt,OF + 460)] x 100 <1.5%
\ TC,OF + 460 N
D-15

ENTROPY



TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA

BAROMETRIC PRESSURE: o 7 S 2- omr:éﬁ/%fé CAL IBRATED BY: 77
o
MERCURY - IN- GLASS REFERENCE NUMBER: /%6¢/ §5/ AMBIENT TEMP. : 70
g S
CAL IBRATION | POTENTIOMETER | THERMOCOUPLE/ REFERENCE MEAN HHEMCOUPLE/ AT
SYSTEM USED [.0. NUMBER THERMOMETER THERMOMETER TEMPERATURE ITHERMOMETER <1.5
1.D. NUMBER TEMPERATURE OF Hg COLUMN TEMPERATURE -
Ty (°F)|T. (°F) T (°F) T. (°F)
fer O, L | oo0% S | oo | Y0 | /o0 G /.2
' | 0o S -4 oo L Y0 | ,4€ 379 /.7
| 00 S-u¢ oo Yo | o Lo J./E <
i 013 gz | Yoo Yo | re6 “o0 s
l or3 - Hoo 90 | 2z o0 ). /5
l o013 $-2- H00 Y10 | /00 399 A
! co s 7-2 Yoo |40 /¢ | dor- 97
\ 00 S 7-i— Heo YD /16 Yol LG
| 008 -2~ oo L wo | i L2 97,
| 6/3 7-¢ | oo VO | iz o) /. D=
I ©!3 2-4 Hoo |40 . Yoo 1./5
| 013 7-< oo | yyp /& | se /5 o
005 7-5 | oo | 4O ke “of /.02
00 S 7-5 Hou | Yp A 403 K
0¢S 7- ¢ Yoo | YWD /10 Yol .22-¢
0/l3 -7 Hoo | “ID /]2~ 3¢ ). bl
1 6 /3 s-9 4o g %0 /8 37§ L3
l ©/3 $-9 Y00 410 /70 297 49
I o ¥ 5-5% 4og YD /[l Hol /.0%
| 00¥% -3 6 “oo o | Ieg o/ /N7
| 00S - S-S0 00 | 40 [ Yo/ /.02°
/3 S=5 1/ 4oo | 40 /6 399 yars
5/ 3 55/ dg Y10 /! 8 oo [ 15
| | or3 $*5) | & a0 Yo s oo NEL
l oD —a bt e e
T ! G~ [ Z00 [ ————+&F i
et S —=7T o 07
\] -
M |

CORRECTED TEMPERATURE = T, = Ty +-.00009 (Ty-20) (To-Tp)

TEMPERATURE DIFFERENCE = AT = [(Tc,°F + as¢) - (T+,OF + 260)] x 100 <1.5%
TC,OF + 460 ’

D-16

ENTROPY



TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA

BAROMETRIC PRESSURE: o7 5 0 DATE : -20-86 CAL IBRATED BY: 77
MERCURY - IN- GLASS REFERENCE NWMBER: /74 /85/ AMBIENT TEMP. : A
A Ky
CAL IBRATION | POTENTIOMETER | THERMOCOUPLE/ | REFERENCE MEAN THERMOCOUPLE/| ATE
SYSTEM USED l1.D. NUMBER THERMOMETER THERMOME TER TEMPERATURE THERMOMETER 11.5
1.D. NUMBER TEMPERATURE OF Hg COoLUMN rr'EMPERAﬂJRE
T, (OF)|T. (°F) Tp (°F) T, (°F)
7 0, & vos (-1 00 Y10 1 20 Zoo 15
| oo% L-1 4a0 Y10 ) T2 do/ D3¢
\ coS (-1 oo | 40 /(2 W /.03
\ 013 7-2 “od Y0 /26 394 /b €
| /5 7-2 doo Yo A 3926 A
| 0/3 7-2 Yoo 4,0 /02 3 9¢ Ny
| 00 s=// “o0 0) A Lo/ /.03
i nos S<1! “oo Y0 /22 7 115 ¢
| 00S $-// Heo | ypg /2o Yoo Lok
| /3 b3 Ko 4/0 /b 39¢ | 1 T
| 0! G- 3 dag Y0 /22 294 IR
[ 0/3 b-3 Yoo 404 124 | 3923 1oy e
| 005 b=/ Yoo Yo /b |  39c Ll ¥
J 005 ¢/ | 400 14D /22 | 397¢ LDy O
| 0oS” 6-/ oo Y10 J T 259 e,
I 03 2=/ o0 YD ne 39¢ ] ¢
{ 0/1% 7-/ Yoo ¢1o /22 395 [ 2 ¢
or3 7-/ Hoe 4,0 /(& 379 [ e
00y b-6 Joo |y0 /r ¥ Lo [ l.e
| 0035 (-0 “400 40 iz Ho/ 1. e3¢
l oo ¢~ /g0 oo 1Yy 1z “o/f .03 ¢
i 0.3 5-7 Y00 410 /s 39y [ 32 -
'\ 0r3 s=7 oo Y40 /1 395 (72
‘. o013 5= “oo il) 129 395" 172 ¢
\ noy 4£-/0 dov | Y10 /7Y 379 . 7.
| 60% de/0 | oo Y1p a4 - a7 ¢
/ oo N “-10 Loo ‘40 /0¥ Jo3 L&
Nl 0r3 -5 456 1410 )/ 375 /.38
013 =5 400 |Y4U 11 s #00 .15
NES Y5 Uos | Y10 /o ¥ | 4oz z
CORRECTED TEMPERATURE = To = T, +-.00009 (T5-20) (Tg-Tp)
TEMPERATURE DIFFERENCE = AT = [(Tc,°F + a60) - (Tt,9F + as0)] x 100 <1.3%

Tc,°F + 460

b-17

ENTROPY



Maeter Box Number: R!fg

———

Calibration by: o ah(,~
N

Standard Meter Number:

wios Standard Meter Gamma:

. o072

pData: L -I1778C BarometTic Pressure (P ): Z9. 3¢ in. Hg
*Data: *Barcmetzic Pressure (Pb): in. Hg
DOETEST CALTBRATTION
Standard Meter Meter Box Metering System
Gas Or-_=:ce Gas
Volume | Temp. Time Setting | Volume | Temp.
(Vag) | (fag) | (@) (QH) | (Ve | (£g) Coezz. | LH,
:a.3 ° : 5 .|.3 ° 3
<t r min. in. HZO b e v (Yd) in. HZO
droo | 1L (0.0 | 0.T0 umy | 1< [.oz3e | .Gl
Uigeq | 72 (0.5 .o | Yizy | 76 oA | L
<. 20| 7L oo | 2.1 €2 | T4S | cob | | ¢
g. [C’O 1 1c.0o .| ‘ZBL‘Q qz,-'S [. ot3o 1—73
7. ol T2 (0. L. g |7.4dg) A8 [.oC5e | (.79
. s | 72 0.0 G (2..323] 45.% || opie [ .79
Average l.o1l3 [ 71
v o tas T Vas T (Fa v 2%0) T Py
v, * (kg + 460) * (P, + H/13.6)
0.0317 *QH t. + 460) * o | °
AH@ = cmmm————— e * _(__§§______3 _____
Pb * (td + 460) Yds * Vds

—NTR JPY



Meter Box Numbec: NI1D Calibration by: ~|. Aﬂg-tanJ;l
tandard Meter Number: b ¥3%223 Standard Meter Gamma: ). OOV
Date: Y—(-TL Barometric Pressure (P, ): 74.20 in. Hg
*Data: *Baromet=ic Pressure (Pb): in. Hg
tandard Meter Meter Box Metering System

Gas . Or.Zice Gas

Volume | Temp. Time Setting | Volume | Temp.

(Vas) | (fag) (8) (&H) (Vg) £4) Coef=. AH@
:.'a.3 o= : : . ,;‘..3 ° ~r 5 -
£< z min. in. d20 Z< )3 (-d) in. hz

ciwg 112 Lo lose luzse!l 22 | a9g | 1o

YUY L 7Y lip.o S | Y.z3sy | 97 . 9777 | G|
. A5 | 1Y 0.0 7. | §.557 1 ¢ G979 |19y
€A | 1Y 0.0 | T.1 g 5Ly €M 9¢30 | 1.73

L Sko| 73 /0.0 qy.¢ '2.97291 ¢¢ .499/0 |.7D

1. 54 71 (0.0 Y. ¢ 7.92b| 5D L9923 | 1.9D

Average \ C] W-l B La(
¢ o —_rgs_” Vas " [Fq v 480) * By
d Vg * (ty, + 460) * (P_ + H/13.6)
2
Ay o IO (gt 480 T
- * (td + 460) Yds * Vds
D-19

ENTROPY




Meter Box Number: N|7Z-

Calibration by: (T.-”X;yxl(hxi
o]

tandard Meter Number: [(]7/<—~7  Standard Meter Gamma: (<UD
Date: S'(’B— ?C, Barometric Pressure (Pb): AP 55 in. Hg
*Date: *Barometric Pressure (Pb): in. Hg

PPZTEST CALTIBRATION

tandard Meter Meter Box Metering Svstem
Gas Orozice Gas
Valume | Temp. Time Setting | Volume | Temp.
(Vag) | (tgg) | (8) (AE) | (Vg) | (ty) Coezs AN
zs7 *r  |min. |in. EO| ££7 °F (v,) |in. HO
2909 | 70 0.0 |.S0 .09 | ¢S 95 ¢ [.§0
Z2.920 | 70 0.0 |.SO Y0¥ | 7 555 ). 78
<. oMs | 10 /0.0 | T Y.2l9 | v3 (.00 | | A
g .o 9D 0.0 z. | <204 | ¢ | DO ' /. §0
[7.4900 | 1D (0.0 ¢ ¥ 12-371 1 90.5 | /. O3/ {. 7D
3% 7o (0.0 Ly 123w 57.5 | /.03 /. 7D
Average [ O / /[ 7
¢ o _tas” Vas T (%q v 4%0) T Py
Vg * (tyg + 460) * (P + H/13.6)
2
Ap o T BE (g v 460) 7 e
@ p_x (tg + 460) v *V
=20

ENTROPY




Meter Box Number: E Hl

Calibration by: | . |\

Standard Meter Number: WI20% 7] Standard Meter Gamma: | OO
Date: le-5- 86 Barometric Pressure (P, ): 2%.eO  in. Hg
*Date: *Barometric Pressure (Pb): in. Hg

PRETEST CALIBRATION

Standard Meter Meter Box Metering System
Gas Orifice Gas
Volume | Temp. Time Setting | Volume | Temp.
(Vag) | (tgg) (o) (AH) (Vg) (ty) Coetf. | O,
£42 "F | min. | in. H,0| ££° °r (¥)) | in. H O
4ot | 1% 1.0 | D.Se> 41125 3> Q995 {171
Gdozd |75 oo | b€ Y13l |85 | q4%&p | .72
ASY 1 73 o~ (2000 1€1¢2179.5 |l.oobo |1.77
LS| 13 oo |2-10 [8.220(%2.5 ||.ooz2 | 117K
2S84 | 125 | oo |48 1767 .5 (L o022 | .64
(2.519| Y 0.o | &Y LD | A5-S | l.ootle | |, w4
average |[.000S | 1.72
v, o _tas " Vas T (%q 7 2%0) " Py
d Vg * (g + 460) * (P, + H/13.6)
2
PP e S 5 S L
Pb * (td + 460) Yds * Vds
D-21

ENTROPY




[P AN}

(Vd"-) (‘,5 + NI6N0) (Ph « (p/ 13.6))

Dry Gias Neter ldentificatlon: |D(’7_QS"( Callbration by: N l-‘c\\,(.__\_
Dale: _y_jl - Baromelrie Pressure (Iy): . NG in. lig
e pros 1otz
"Date: "Rarometric Fressure (Py): in. lig NVIRONMENTALIBTEING
Approx ., Spiromeler Dry Gas lieter -
Flow Gas Gas Flow Meter Avg .
Ratle Volume Temp., Volune Temp. Pressure Time Nate Meler Meter
(Q) (v;) (L) (Vgg) (L) (Ap) (0) (Q) Coelf. Coef (.,
cfm ) O 3 i in. 1,0 min. cfm (Yae) (qu)
U O 2- 15. ¢ . oL X0 0.Y5 0.0 O 31l cvot
O-(IO .11 19.% Y. ok | So REES (O O DRUAA 70:50
o Y 15 19.7] ‘L OLE e N.¢5S 0. > | D-H0Kg | ). 6289
|, o' 14 . 055 %D S 10 .¢> | 0.593¢ | 1.ovss
O.L0 | 6w 177 | boolk <o 1.5 |0 |o.boig | 0223
I W O N 9.7 L-01S gD A 100 ¥issli.oNg
K. AT 9.7 L $ D L3S | iD.o|p. 2902 1.0c74
O YD .22, 9.7 ¥ oD% KO T up 1O.0 D 7937 t.olo7
gy 09.%5 | 1.9%¢ | Yo 145 1I2-0 0. 7225 | |.p)100
1011Y 1K (o | %0 | 3.%515 |00 |p9%90l | p. g3
, . O ToXRIVL | ¢Y o .0k _to 5 O 0.0 .93 1 boll
_|uoy 2¢.¢ | a0 oan 4] 250 0o | 0.94645] | 00df
1 2 559 A | AT 505 80 c.o  |w.o|l.tAz]| 0.9z
l 7. 123y g g iz -3 €0 o B 0.0 | 1. zeAl | 0.9935
' - 313 1. 7. 214 <O 5.% o0 12031 | p.9GES
' ' (Vg) (Lyg + N160) (Py) (ry) (Vg)
Vg 7 ——===mmmm oo Q = (17.6U) —cmmmrm e

(tg + N60) (3)
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Dry Gas Meler ldentification: Calibration by:

Dale: hf"— «(o Baromelric Pressure (Py): zc"g/b - In. lig
ENVMQNMENTALIB inNc.
"Date: "Baromelrlc Pressure (Py): in. Ng '
Approx. Spirometer Dry Gas tleler
Flow Gas Gas Flow Meter Avg.
Rate Volume Temp. Volume lemp, Pressure Time Rate Meter Meter
(Q) (vg) (Lg) (Vgg) (L) (ap) (0) (Q) Coelrl, Coeff,
cfm fe3 °F £e3 °F in. 1,0 min, cfm {(Yas) ('Y'ds)
4 4.yt .1 ERR) | 7. LLS o0 |1 wol | D.9¢3Y
. ddyd Gy | Y MY ¢0.S | 71.55 |o.o | .4l |0.9%1
» 4. 35 1y 4. Yo Yo 7.51% | Qo | -0 0 103 Y
;
(o8
] — ~—1
‘1 C{/ A |7
_—_ Jj; —
Yds S T T T T T T T T e s T s s e e e Q = ('706"‘) -------------

(Vgq) (tg + N60) (Py + ( p / 13.6)) (tg + 460) (9)



Dry Gas Meter ldentification:

b 33273

Calibration by:

Mt

Date: 3-2.6-%, Baromelric Pressure (Py): 0. v in. lg
ENTnopv
*Date: 3-71 - %0 "Baromelric Pressure (Py): 19.€¢ in, Hg NVIRONMENTALIBTE NG
Approx. Spirometer Dry Gas Heler
Flow Gas Gas Flow Meter Avg .
Rate Volume Temp. Volume Temp. Pressure lime Rate Meter Meter
(Q) (Vg) (L) (Vag) (Lys) (ap) (o) Q) Coeff . Coefr.
cfm £t3 °p fr3 °F in. 11,0 min, cfm (Yas) (?ds)
1414 6214 7.94; % | 0. 40 | I0.00 | 9age4| [.002¢
(.30 2.9 g2.¢ | __z.%¢A 7 do | 19.00 | .s00 | 1.0304
2652 3.3 31.80( 1 MO | 12,00 281 | 10311
¥ 4.238 %0.6 | 433p | "1 -85 | Doo| 4128} 9100
9.40 4. SH45 £0.6 4.3710 18 K | 1000|4421 | (.032¢
of. 11 N 245 | 19 &5 | (Doo | 4302} [.Oll4
5.32% 1%.9 S 200 gC |10 | 1000 | L2l 10128
(.30 £.3%73 19.1 £z 11 (S | oo | . S3V| 40l | 000
- .20 191 | £ leG 1€ 118 | 1000 | <214 | Lozo
¥ % 2¢¢ %1 B.210 14 yNAS (.00 | . g0LT| 9985
D.g0 &.391 gL 82|14 g0 2.0l | 10.00 | g#5¢| |.on9g .| |
g.35» | gz.4 %. 199 go 2.5 | (000 LKIDK| (0015
10 3% 43.3 (O {11 % 448 | 1900 lodp | (0014
|. 0o (H.6C6 23.3 9-534 AR 41§ theo| (04| q9gly
(0. Cr¥ %3.3 0,430 | %l S | 4.5 (0.00|__{.0296 L9941
(Vg) (tyg + U60) (Py) (Pp) (Vg)
Ygg = ===mm=ommmmmmmmm e mmm oo Q = (17.6U8) —momeee
(v (t 60 + %)) (t_ 2+ L6O) (2)
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Dry Gas Meter ldentiflcation:

Date: 2-1L6-%w

L%34 323

Baromelric Pressure (Py):

Calibration by:

30, 11

e

R NTROPY

".. s NVIRONMENTALIBTS,INC.

"pDate: 2-1L1-KG *Barometric Pressure (Pp): ‘1,38( in. Hg
Approx . Spirometer Dry Gas Heter
Flow Gas Gas Flow Meter Avg .
Rate Volume Temp. Volume Temp. Pressure Time Rale Meter Meter
(Q) (vg) (Lg) (Vgg) (tys) (ap) (0) Q) Coeff. Coeflf.,
cfm £t3 op fe3 °F in. H,0 min, cfm {(Ygs) (?ds)
¥ (2.7304 | 2.4 | (2.10% . S0 | 000 1.194S| 0.4932
{20 2111 | 2.4 | (2 068 %0 S<o | (000 | pigar | .qq14
17 186 w2 4 [2.100 £0 S50 W. 00| 1930 989
[BWAT g2 4 13. 4a¢ 9.5 6% | 1bop| L3H¥| 9931
|38 |_u3.€52 | .+ [3.508 £0 .85 | (000 | |.33 992
17952 | 8.5 | 13.7(2 o) 1.00 (0.00 | 1.38 ¢33
A Lj
~ A0 7
FIANS ~ UV L=
(Vg) (tyg + N60) (Py) (Pp) (Vg)
Ygg = —=—— = Q= (17.60) ——cmmmme e

(Vi) (t.s H60) (P, + ( p / 13.6))

(bg + 460) (3)




Date:

g-+-86

Time:

Auditor:

1Si4YZ

BER

Pyar :;5215291 in. Hg. Meter Box No.: PJ- C’
AH@: | = Pretest Y: /. 012 R
Orifice Dry gas Meter Duration

gauge meter Temperatures of
reading reading run
. A HE V. /e T;/T¢ ﬁ
in. H,0 ft3 min.
Gy | IC3.3n BB :
970.8o3 o0
Dry Gas Meter
meter temperature Pretest Calculated Audit
volume average Y Yc 0.97Y < Yc < 1.03Y
Vi th 0.97y Acceptable
£¢3 op 1.03Y
+. R |.0]2¢
|.od 2+
Calculated ¥,
10 (0.0319 (tm + 460) 1/2 = 10 0.0319( &5 + 460} 1/2
Vo Pyar ( 2.503) ( 3073 5’)/
_

Figure 5.2.
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Date: 9/q /¢ Time: STao
Client: £m A Auditor: T. M a/d
Prapi 3€Q.3< in. Hg. Meter Box No.: AJ (D
Mg A Pretest Y: O-9¢¢ %
Qrifice Dry gas Meter Duration
gauge meter Temperatures of
reading reading run
A
in Hg 0 Vi/v§ Ti/Tf mgn
T2 ft )
168 4¥u.b21 g K 10
Y39./03 % X
Dry Gas Meter
meter temperature Pretest Calculated Audit
volume average Y Yc 0.97Y < Yc < 1.03Y
Vm tm 0.97Y Acceptadble
ft3 op 1.03Y
7,568 N O.3552 | 0028
| .ol4e
Calculated YC
10 [0.0319 (tm - 460) 1/2 = 10 0.0319( gR& + 4o0) 1/2
V. L Prar | (2.5¢R) ( 3a35 )
Figure 4. Meter box audit.
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Date: OF.04-8G

Time: [S%Z
Clienz: E)MA — (ZXXA ] Auditer: BT
Pbar: O 35T in. Hg. Meter Box No.: d-(Z_
AH@: VRS Pretest V: [. Q)
Go=fzxce Dry gas ‘ Meter buration
gauge meter - Temperatures of
Teacing reading Tun
A E@ vi/VP Ti/Tf 9
xn. .0 o3 min.
A0 46010y | g5 10
4L .RQY | qo
ryv Gas Meter
mecers temperature Pretes: Calculated Audizc
volume average by YC 0.97v ¢ V_ < 1.03Y
Vm i 0.87v Acceptéble
.o-3 Co l.OBY
| CL?quCL’l
1307 84S O S8k
| l.ogo3
Ceacuiatec ¥
10 [L.CG338 (== - 400} i/« = 20 C.G229. €4.5 - 400) -/ =
v Foan J (3.1a3) v 30.35 )

Figure 5.2. Meter box audiz
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Date: q—é-/—ﬂo Time: [g’ﬁﬂ
client: CMA -ExxodS 6b~,rowd Auditor: NS
7
Py iyt 3035 in. Hg. Meter Box No.: A/- 14
AH@: |. 32 Pretest Y: [.00S
Orifice Dry gas Meter Duration
gauge meter Temperatures of
reading reading run
_ A H@ Vi/V¢ T;/T¢ ﬂ
in. H2O ft3 min.
122 12.90¢ 0o 10
| Ao
5035 /] 03
Dry Gas Meter
meter temperature Pretest Calculated Audit
volume average Y Y. 0.97Y < Y, < 1.03Y
Vi tn 0.97Y Acceptable
£e3 op 1.03Y
O . Q -
Fss 2 1ol S KIELSIE . Lo
(.0 35S
Calculated Y.
10 (0.0319 {(tm + 460) 1/2 = 10 0.0319( |lol.S + 460) 1/2
Vi Phar (?‘69-) ( 30.257
Figure 5.2. Meter box audit.
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i CALIBRATION DFE PROPELLER ANEMDMETERS - & -18-80

e AMEMDM»CT zt/ L

 RPMES Voumer (MV> < (PYy)
200 ... .. ... 25D 3.0

[200. . . .._,__M____MB_?_Z—____A __,,‘,__,______3-_61,"
/s . . A5 . B3.5]

f_ 1800 - . 5p0o ... 360
_ o <=3.L/
:____ - A,u:MoMr:rzz #2 i

_E_Pﬂ’i \/OLTA@L‘ ”n V) 5?4_@?%\/)___ )
L2co . 250 B0 .

e Iz 222 Bl
—— 450006 B!
_ 00 . Boo 25O

3 e <= 3.6/

ANEMOMETER #3

KkKAM's Vo TAGE (m@ L °<(’F’”va>
D200, .. 250 , 3.60
/1200 , 223 3.6

__;__ ~ [500 o 414 3.4
o /800D 5050 2.0
) <=3 L0
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 CALIBRATION OF PROPELLER ANEMOMETERS (-18-86
D

- AMEMOMETER #= 4

__RPM's_ _ NouTAcE(mV) . =<(P%)
20 245 , 33
. L B3
__I/sco & D3

e _ _ _ . o i} H=BLD
- AnemomMETER S5

RPM's  VorgAcE(mV) of(_’ F%?_v)_

B [Boo ==  3B.L4
e e < =363
o TueE \ARIABILITY. OFE.THE KESULTS IS WITHIN _THE

oLt Ts OF THE TEST METHOD . THEREFORE y ALl o<
. OF B.LO Py SHouLD BE USED FOR ALL FIVE
__ ANEMOMETERS .




 Bearine Torops TESTS  -18-8C
S 72
 ANesMormeTES T Disc ToRGLE
z O.3 or-cH.

L 02 oM
R T O 2 S = Y et af o A
4

e OB oM
0.3 ogr=iM

W

_ MoTe : _The (RITICAL. VALOE ASSOCIATED WITH. .

_ PPor fezroermance Wouln Be 0.9 D -CM
THEREFORE Al 'S SENSORS ARE /M
Wew " Coppirion. o

R —_———— — — —
——— e er o= T aarem—— -— —_ - .
SV — [ — - — — — — -
= T —— — —
e o
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NEAOMZTER CALIB. DF ESC

VEL(FPM)>=3445.2eV0OLTS+

VaLTs
G.107
g.zaa1
L. =38
0.452
0.5¢o
g.68C
0.7<5
0.908
l.C21

VmMes)H
.00
c.98
c. 00
7.99
10.01
11.95
15. 02
15.98

1E.00

VCFPMD
=94
84

1181
1572
1971

. 2350

2ret
3146

- -
o LR

O

zo.2

=4 FORWVARD(AS

VPRED(FPM)
e
72

1125
1577
1570
2363
2759Y
3149
3538
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LEFT>1-7-B6

ERR(D
L2230
0.238
-g0.3¢c2
-0.291
bU. o617
-g.112
0. 6zs
-0. 085
0.1c0

CLC(FPHD
S.20%
4.330
Z.557
S.019
2.818
3. 023
3.570
4.318
S.185

CLCZD
1.358
0.55«
g.300
.191
0. 143
g.128
g.12°%
0.137
G.3147



& Clondk,

Calibration
of

Two Btandard S8implex Pitot Tubes (WF & (PFR 233B) and WF 6A)

for
Environmental Systems Corporation
Knoxville, Tennesseae

N 1- &—fFt. long standard Eimplex tubes (WF & and WF 6A) were
:alibrated at two spesds between 7 and 10 ¢ps in a 24-in.
ipiral=-riveted pipe line (tube lengths are approximate). The
ine has a 30-foot test section of 24-inch ssamless steel pipe
+shose thickness is 3/8 inches and whose internal diameter at the
‘raverse location is 1.9378 +¢ (based ©on a series of eight
nternal diametral measurements at the traverse location). Water
ias pumped through the pipe line by means of a 20 «x 20-in.
:entrifugal pump driven by a 200 HP synchronous motor running at
,00 rpm.

"he actual flow rate was obtained volumetrically by timing the
‘ise of a float gage in a tank which had a uniform area of 19%.7
g.ft. The elapsed time was indicated by means of & digital
itop watch reading to 0.01 wsec. Rise distances of B to 9 ft were
mployed. Horizontal and vertical traverses were taken at a test
itation some 97 ft downstream from a long radius bend with rough
:urning vanes and some 14 ft upstream <$rom ancther bend. Two
iets of traverse ports are available: for normal length tubes,
‘ruely vertical and horizontal traverses can be made; for tubes
¥ extended length, the *vertical” port is 20 degrees off from
:rue vertical so as to allow the tube to extend into a 5—ft deep

channel while the "horizontal® port is 100 degrees from true
rertical mo0 as to allow the tube ¢tbo Clear octher laboratory
iipex. The former ports were used in these calibrations. Each

:raverse consisted of velocity readings at 17 points. The Pitot
:ube poxitions tabulated and used in plotting the accompanying
iraphs are based on the distance of the impact hole of the Pitot
‘rom the pipe wall on the far side of the pipe <from the
ttachment gdevice. Pressure differentials were pbtained with a
iifferential pot—type manometer usino carbon tetrachloride as
:he gage fluid; these observations were read in fert, tenths,
:nd  hundreths. In obtaining manometer differentials, it was
ieCessary to average the fluctuations over a period of time
‘usually a minute or so).

The calibration coefficients have been evaluated both in terms
a¢ a pipe velocity based on the actual pipe area and on an area
ISTrECi&Ed TOf the blockage effects of the Pitot tube. The arex
3f the pipe at the test section wWas evaluated to be 2.9493
G.ft. The arsa of the Pitot tube exposed to the flow when
.nserted to each reference position was calculated (mee attached
lockage calculation sheet). The average of these areas (00,0301
ig.ft. for PFA 23I38) has been taken as the blockage area. The
et area of the pipe for this Simplex was, therefore, Anet =
2.9493 - 0.0301 = 2.9152 wsg.ft. The net pipe velpozity would be
che total filow rate as measured volumetrically divided by thisA
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reaj ®.9., Vnaet = Q/Anet = I0.2027/2.9192 = 10.34461 $ps for the
traverses at the largest flow rate. The nominal velocity ¢or
nis flow rate was Vnom = 3J30.2027/2.9493 = 10.2406 ¢fps.

The gage readings, the velocities calculated therefrom, and
ther pertinent information from the test runs are tabulated on
he accompanying data shests and computer printouts. The average.

indicated velocity +from the Pitot tube was calculated by
veraging the fourteen velocities determined at the mid-areas of

.qunl—arna annuli (values at traverse locations {, 9, and 17,
ot at mid—-areas, were excluded). These experimental points were

plottcd and a smooth curve was drawn through them. These curves

ppear in the accompanying figures. Where any of the
xperimental points deviated substantially <from this smooth
curve (usually where there is evidence of vibration), a velocity

alue from the msmooth curve was substituted for the indicated

elocity. These values are also listed on the data (computer)
heets as adjusted velocities.

he procedure for averaging the velocity values 2t egqual area
nnuli 48 in accord with an accepted procedure (cf, the ABME
report of Fluid Meters). The procedure for substituting curve
alues for indicated values is based on the following line of
pasoning: Manometer readings, at locations where tube vibration
pr other flow abnormalities occur, tan and do vary considerably
<-om normal values. When the tube is wvibrating, the manometer
radings usually increase. Inclusion of these higher values in
_he coefficient calculations reduces the tube coefficient below
that which would obtain without the vibration. Eince vibration
f the tube depends on many <factors (tube extension, flow
rlocity, packing stiffness, mass and elastic characteristice of
the rod, flow fluctuation severity, etc.) and since in field use
" 1ese factors could well come topether differently than in the
tlibration runs, it is <felt that wsuch readings should be
replaced with values taken <from the smooth curve through the
oints free of vipration or other abnormalities. From many,
itny previous calibration runs using <+this test station, the
neral shapes of the velocity profiles, modified by Pitot tube
blockage, are well known. Accordingly, the smooth curves (drawn
noring “contaeminated” values) can be produced with Quite a
ph degree of confidence. At the same time, it must be mstated
that not all velprity determinations suspected on the bamis of
ctile and/or audible signals of being influenced by vibration
!Ern out to deviate xgignificantly from the smopth curve drawn
rough the mean of the points. Contrariwise, when there is no
tactile pr audible evidence, it is not assured that the tube is
bration <¢free and the velocity points might register higher
an normal on the velocity profile. In the case of the present
tests, tactile and audible evidence of vibration did appear at
ny of the traverse positions when testing these unreinforced
'rMple!es. In +fact, <for Tube 6A, when the tube was extended
towards the opposite wall, the vibrations became gquite violent.

IL net adjusted coefficient has been calculated using the
Justed traverse velocities and the average pipe velocity bamed
on the pipe area corrected for Pitot tube blockage. Thisa
Itlibration coefficient is calculated by dividing the net pipe

locity determined volumetrically (10.3461 fps for the example
case shown above) by the average adjusted Pitot tube velocity as.
Tllou:: C = 10.3461/712.4145 = 0.8333 (horizontal high velocity
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-averse for PFA 2338 (WFé&). In the writer ‘s view, a coefficient
ssmd on adjusted Pitot velocities and a pipe velocity corrected
sr blockage must be used for interpreting measurements macdce in
ip-i of other sizes. The +ollowing table summarizes ¢the
alculation of the coefficients.

second method of interpreting the data which accounts for
itot tube blockage in sach individual velocity determination is
-esented in Appendix A. This method allows the velocity profile
5 be plotted +ree, s0 to speak, ©Df blockage effects. The
~pfiles shown on the accompanying graphi(s) are skewed becausne
¥ the presence of the rod and concomitant flow blockage. With
nis second interpretation, this wskewsdness can be eftectivaely
emoved. As can be seen in the summary tables, the coefficients

-2 little affected.

ased DOn the traverses at velocities between 7 and 10 fps, the
nefficient recommended for use with standard Simplex tube PFA
IIB (WFL) is O0.B466, for PFA (WF6A), it is 0.8326. In uming
hese valuex, the flow area should be taken as corrected for
itot blockage (with tube extended halfway across the pipe or,
ore precisely, using an average ©of the blocking areas figured
or each reference position. Bee attached sheets and the BASIC
omputer program +for blpockagpe calculations). I¢ either the
ominal or corrected average coefficients are used, the
ppropriate methods must be uswed to determine the average
ndicated or corrected velocity as well as the nominal pipe
elocity.

t should be noted that both of these Simplex tubes calibrated
n the high side of many Simplex calibrations. Exactly the same
rocedures are employed in each text. The reason why some tubes
.alibrate high, some 1lDw, some average is not known. RQuite
ossibly, slight differences in geometric configuration are
‘esponsible. There is also the possibility that there is a
iefinitive variation of coefficient with pipe velocity. In
ieneral, the coefficient of a well-designed Pitot tube i=x
'elpcity-invariant, unless wide ranges in velpcity are
onsidered. In our calibration of Simplex tubes, the
oefficient usually appears to decrease with increase in pipe
‘elocity although the variation is never very large - a band of
1lus or minus one percent contains most of the data points. In
:hese present calibrations, there was a consistent trend in this
;ame direction. The direction of traverse, whether vertical or
iorizontal, did not seem to be a crucial factor in the
talibrations.

Recently, a calibration test of a reintorced Simplex gave a
~ather clear indication as to a possible reason why some tubes
Jive higher coefficients. At the request of a rclient who was
Sumer vihy Lihe calibrations and to eliminate the necessity of
moving the Simplex rod inside the reinforcing tube, a long 18 to
20 in, nipple was put betwean the valve and the Pitot. This
nipple was some ordinary schedule pipe found in the laboratory.
During the course pf the calibrations, when the Pitot was taken
in and out of the test pipe, the forces of tightening the nipple
caused the nipple to distort. By the end of the calibration the
nipple was guite bent and showed it. When the results were
znalyzed, it was found that the coefficient increased gradually
and consistently as time of day progressed or as the pipe was’



pecoming more and more distorted. When we retested the same tube
,-—ing a heavy schedule nipple of the same length, the
., lipration was right at the average of many tests. To be sura,
_.,e same usituation did not obtain in these present calibrations
with regard to a long nippla. However, the same type of result
. wuld be obtained with a standard unreinforced Simplex if its
, 1d was bent mso that it did not traverse directly across the
pipe on a diameter but went off on some chord of the
omp—sectional circla.

51te__52§; &< Signug/fi;;;;/
/

Table. Calculation pf Pitpt Coefficients

Etandard Simplex PFA 23I3B (WF &) (6 ft. long)

Traverae Horiz. Vert. Horiz. Vert.

Nom Velocity

Q/Apipe fps 7.273 7.273 10.241 10.241
Ave Ind Vel B.773 B.602 12.627 12.427
Nom Ind C 0.B2%91 0.8456 0.B110 0.B240
Ave Nom Ind C 0.B8274

Net Velocity

Q/Anet fps 7.34B 7.348 10.346 10.346
Ave AdJ Vel 8.657 B.48BJ 12.416 12.346
Net Adj C 0.848BB 0.B66&2 0.B3I3I3 0.B380O
Ave Net Adj C 0.B&466

Ave Corr Vel B.566 B.394 12.28B6 12.216
Corr Adj C i 0.B4%1 C.B&L64ES 0.B8335 0.B3IBI
Ave Corr Ads C 0.B468

Apipe = 2.9493 sg.ft. Anet = 2.9192 mg.ft.
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Tabla.

Standard Simplex PFA

Traverse Horiz.
Nom Velocity

R/Apipe $ps 7.273
Ave Ind Vel B.B56
Nom Ind C 0.7966
Ave Nom Ind C

Net Velocity

Q/Anet $ps 7.350
Ave Adj Vel B.703
Net Adj C 0.B445
Ave Net Adj C

Ave Corr Vel B.610
Corr Adj C ©.B447

Ave Corr Adj C

Calculation of Pitot

Apipe = 22,9493 gwg.ft.

Comfficients

(WF &6A) (6 f¢t.

Vert. Horiz., Vert.

7.273 10.348 10.348B

8.731 12.8%5 12.852

0.B159 0.B213 0.B331!
0.B8167

7.350 10.348 10.348

B.673 12.749 12.518

0.B474 0.B117 0.8B267
0.8326

B8.581 12.611 12.3B4

0.8477 0.8B8120 0.E26%
0.8328B

Anet = 2,.9192 sg.ft.
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Date of Makeup

Individual Tare of Reagent:

Individual Tare of Reagent:

CUSTODY SHLET FOR REAGINT BOM & ©205 L
6/(5/8@ Initials MTD Locked? -
L1
o0 o mls. of DSTILLED —Gzo
mls. of
Individual Silica Gel Tare Weight coo o gms.
ExYon -Bavtown 17

PLANT NAME

SAMPLING LOCATION Ceo /:‘u/c Towee L& fLarcell s

Run Date Initials Locked? Date $ S. Gel] Initials!| Locked?

Number Used Cleanup| Spent
v

A R - 7-] 90 JD _

N

erég-sa. -\ | KD G- ( 90 V72 |
P

Tyl 9. | KD < le2 | % | g

Date Initials Locked? Zero & Span Balance
Received in Lab 9% J/E S o Initials 1 EN,
13
. . i1 T Used .
Sampling Method: Eﬁg—;ﬂu”,ﬂ 72@;.ﬁlﬁu, £ Eer Weigit on
i (mgms) Test

ho Yono XS

Remarks:
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Date of Makeup

CUSTODY

SHEET

Blec /L6

Individual Tare of Reagent:

Initials

M3P

00D .©

Individual Tare of Reagent:

Individual Silica Gel Tare Weight

mls.

mls.

FOR REAGENT BOX ¢ 2|5

Locked?

of DistileD £20

of

PLANT NAME  Fygou)~ RAvfowa (£M6>

gms.

SAMPLING LOCATION cogz,w; dowcr ¥4y Lanvcells [ 2 43
P2 o I S o

Run

Date Initials Locked? Date $ S. Gel| Initials| Locke¢
Number Used Cleanup| Spent

9| Lo / %0 / s
Cleg-=1] I LoP 7-1 )

i
crég=a~ll a-) Jop 4 91 90 K0 >
ereg=fl -1 ) /s .2 25 Vel

Date Initials Locfsﬁ? Zero & Span Balance
Received in Lab 718 J¥.). Initials e
L Ti T Used.
Sampling Method: p S!:éz Teflw Qi“:&:s - AJO f‘ll;:er Weizit 25;
— (mgms) Test
TARSL ¥ - o
Remarks:

E NTROPY
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CUSTODY SHEET FOR REAGENT BOX ¢ ¢, 2|8

Date of Makeup 5)26/86 Initials ND'D Locked? Y
Individual Tare O?Rea;ent: e o mls. of D STiUED "‘L’ZO
Individual Tare of Reagent: mls. of

Individual Silica Gel Tare Weight 2o -8 gms.

PLANT NAME £7x%owv Baviow.o —EMR

SAMPLING LOCATION (L. 7- L¥ Jhcff‘w ]
Run Date Initials Locked? Date $ S. Gel| Initials| Locked?
Number Used Cleanup| Spent

erepazl] - KEP - algralr] Q0 LoD /
gz - KsD - argelt] @5 | M /
cTegapn 9-1 | U4D e A R 7 W
J-cH §-2 | KD A U S N N W2 S

wp el §-2 | wém e 152 | 90 | ged |
el 94 | Mo o 1 %2 | "

' _ Date Initials Loisgd? Zero & Span Balance
Received in Lab g )€, Initials e Jd.
Sampling Method: EMB- Sp@l %fﬂ@v Fil;.::er wgi;‘r_ Uzid.

Ao @# (mgms) Test
Remarks:

E NTROPY
N
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CUSTODY SHEET FOR REAGENT BOX ¢ 072728

"

Date of Makeup C?TL% /8@ Initials M D Locked?
Individual Tare of Re;gent: OO -© mls. of T)srmUED-LxZa
Individual Tare of Reagent: mls. of
Individual Silica Gel Tare Weight 700 .0 gms.
PLANT NAME EY o M -%
SAMPLING LOCATION T —Z{ — T2V
Run Date Initials Locked? Date % S. Gel| Initials quke
Number Used Cleanup| Spent .
CTC8G | Q| LY D S 5.} 20 7D /
CT-68-07-3 9.3 7 7 -7 30 LeAD S/
r-¢gh2-3 | 0).q KA D 7 9-3 85 WA Z
Crst ¢ | 9 -4 oD - by B0 (2% -
CT-g-A-l | Q-4 KALD 4 Y 90 MAY) d
c1-8Y 4~ G-\ b D — YA 5 M s
Date Initials Locked? Zero & Span Balance
Received in Lab QZQ ARAY \,//q Initials ), F.) .
Sampling Method: m¥ /u{% %‘/éﬁ/ ol Fil:er wzigit UCSJIeld.
4 (mgms) Test

et ik,

Remarks:

E NTROPY
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CUSTODY SHELT FOR REAGENT BOX ¢

Date of Makeup 5{\5[&9 Initials MID Locked? v
1 —
Individual Tare of Reagent: 200 -O mls. of Deriwed -—H?/O
Individual Tare of Reagent: mls. of
Individual Silica Gel Tare Weight o0 .o gms.
-
PLANT NAME  Afyor Ao
7/
SAMPLING LOCATION &7 @Y
7 ™ -
Run Date Initials Locked? Date % S. Gel| Initials| Locked?
Number Used Cleanup| Spent
cTe-vH G-y | A0 L9 | Se | &) ”
v ! e
CTRy N 7Y 2, Glr | 9o 1ol
N
(7-24-§1-2) < | #4) v 9-¢ go L)) -
3 e ¢ _
crabirdl 3-¢ | w) 9-C | & | 44 ”
y v -~
; %iwv 9-< | wyy - | 9% | Y
b — -
T =< | Sof v i | upw -
D gg,la'is Locked? Zero & Span Balance
Received in Lab éf S3.F < ot Initials O, F\T
: / s Filt Tare Used.
Sampling Method: Mfiz_kf %gm * #er Weight on
mgms) Test
ﬁ»iAvﬁé“ (mgms
Remarks:
D-43
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APPENDIX E.

MRI PROCESS DATA
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APPENDIX F.

TEST PARTICIPANTS AND OBSERVERS






SAMPLING PROGRAM PARTICIPANTS AND OBSERVERS

Name

Organization

Responsibility

Dan Bivins

Barry F. Rudd

Tom McDonald

Doug Biggerstaff
Scott Steinsberger
Kent Daeke

Robert W. Bridgeé
Tony Mastrianni
John Lewis

David Randall

E. W. Biggers

EPA, Emission Measurement Branch

Entropy
Entropy
Entropy
Entropy
Entropy
Entropy

Entropy

Environmental Systems Corporation

Midwest Research Institute

Environmentalists,
Environmentalists,
Environmentalists,
Environmentalists,
Environmentalists,

Environmentalists,

Environmentalists,

Exxon Company

F-3

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

EPA Task Manager
Project Coordinator
Sampling Team Leader
Sampling Technician
Sampling Technician
Sampling Technician
Sampling Technician
Sampling Technician
Field Engineer
Process Monitoring

Facility Contact



D
195

Chb
£
195b

— e e ————

i

DATE DUE




United Siates Oftice of Ar and Ruadiation
Enwvironmental Protection Citice of Air Quality Planning and Siandards
Agency Hesearch Inurgle Park, NC 27711

Ofiscial Business
Penity for Private Use
$300

If your address isincorrect, please change on the above label,
tear off, and return to tin2 ebove address -

If your do not desire te Laniinue recetving this technicdl resort
sanen, CHECK HERE [ 1ear off 1abe), and return b 1o ne



