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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 measurement 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

o 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

1 1



• 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-

mined using a propeller anemometer following the draft method Appendix C The

gas temperature and 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

1 2



certain particle size approximately 30 um These AP s were analyzed for

total chromium content by NCSU using NAA

Mr David Randall of Midwest Research 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 W

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 testing 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 oil 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

2 1



SYSTEM DATA

PARAMETER VALUE PARAMETER VALUE

TOWER AGE ORIGINAL SECTION YEARS

NO OF FAN CELLS

AIRFLOW dry scfm

CELLS 1 4 AVERAGE PER CELL

CELL 5

DIAMETER OF FAN STACKS ft

CELLS 1 4

CELL 5

RISERS

^ |ll nr t nr « « «

uiiLUIMIIC UMO

3 0x10

8 9x10

31

5

_S

NO OF RISERS

RECIRCULATING WATER FLOW RATE gal m1n

RISERS 1 AND 2 EACH

RISER 3 FOR CELL 5

18

24

FAN STACKS

PUMPS

COLD WATER FROM

BASIN TO PROCESS

HEAT EXCHANGERS

T NHTRT TflR

DISPERSANT

7 300

8 800

MVJI HHICIV KL I UKI1

BLOWDOWN

MAKEUP CLARIFIED RIVER WATER

Figure 2 1 Tower 68 at Exxon Baytown refinery



NORTH 1
SYSTEM DATA

BLOWDOWN

MAKEUP 80

INHIBITOR

DISPERSANT

SULFURIC ACID

CAUSTIC SODA

I HOT WATER RETURN

COLD WATER TO PROCESSES

PUMPS

PARAMETER

TOWER AGE YEARS

RECIRCULATING WATER FLOW RATE gal mln

AVERAGE AIR FLOW RATE PER FAN dry scfm

DIAMETER OF FAN STACKS ft

NO OF RISERS

NO OF FAN CELLS

VALUE

1

22 700

550 000

22

4

4

RISER CELLS

FAN STACKS

BASIN EXTENSION

Figure 2 2 Tower 84 at Exxon Baytown refinery



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

microbiological 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 a 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

Parameter Pretest

Test

series

No 1

Test

series

No 2

Date

Recirculating water flow gal min

Riser 1

Riser 2

Riser 3

Fan amperage amps
Cell 1

Cell 2

Cell 3

Cell 4

Cell 5

Pump outlet pressure psig
Pump 3

Pump 3B

Hot water line pressure psig

Water temperature °F

Basin 1 3

Basin 2 4

Basin 5

Hot water line °F

Riser 1

Riser 2

Riser 3

Makeup water flow gal min

Blowdown gal min

Water chemistry on line monitor

pH
Conductivity ymhos

Operator analysis
PH
Conductivity ymhos
Free chlorine ppm
Chromate ppm

a

08 31 86

7 307

7 260

8 827

09 01 86

85

90

78

90

120

80

80

28

82 85 5

85

83 85 5

99 5 102

100 102

103

100 102

09 02 86

84 85

89 90

77 78

90

120

80

80

28

83 85

83 84 5

83 85

100 102

101 102

325

70

7 87 7 96 7 90 8 04

1 029 1 056 1 026 1 038

7 7 7 9 8 1

1 000 1 057 1 022 1 035

0 2 0 0 1

12 13 14

continued
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TABLE 2 1 continued

Test Test

series series

Parameter Pretest No 1 No 2

Vendor analysisb
pH 7 9

Conductivity ymhos 1 020

m alka 1n1ty 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

j As 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 estimated 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 taps on the three risers and the hot water return

line itself Mercury in glass thermometers were used to record the

temperature The basin temperature 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 downwind 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 the system

volume was about 550 000 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 737^

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

2 10



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 three 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

2 11



TABLE 2 2 SUMMARY OF OPERATING PARAMETERS AND METEOROLOGICAL DATA

DURING TESTING OF TOWER 84

Parameter

Date

Recirculating water flow gal mina
Riser A

Riser B

Riser C

Riser D

Fan amperage amps

Cell A

Cell B

Cell C

Cell D

Pump outlet pressure psig
Pump 84A

Pump 84B

Cold water line pressure psig

Water temperature °F

Basin

Line to pump 84A

Line to pump 84B

Riser A

Riser C

Riser D

Makeup flow rate gal min

Blowdown gal min

Water chemistry on line monitoring
pH
Conductivity ymhos
Free chlorine ppm

Operator analysis
pH
Conductivity ymhos

Makeup conductivity umhos
Chromate ppm

Test Test

series series

Pretest No 1 No 2

09 03 86 09 04 86 09 05 86

5 300

5 200

6 100

6 100

60 60 60

60 60 60

60 60 60

63 63 63

80 80

80 80

85 84 85

82 83 82 83

82 83 82 83

99 5 100 98 5 100

99 5 100 98 5 100

99 5 100 98 5 100

6 8 7 1 6 8 7 0

Unknown Unknown

0 35 0 57 0 15 0 30

7 25 7 0

1 200 1 100

160 150

12 5 12 5

continued
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TABLE 2 2 continued

Test Test

series series

Parameter Pretest No 1 No 2

Vendor analysis
pH 6 9

Free chlorine ppm 0 2

Chromate ppm 12 5

Conductivity ymhos 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

As determined by ESC

Vendor analysis only performed on date of second test series
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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 meteorological 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 cell 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 IB

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

Date

1986

Sample Type

Riser Cell E

Fan Cells 1 and 4

Counterflow Cell

Riser Cell F

Fan Cells 2 and 3

Counterflow Cell

Riser Cell G

Fan Cell 5

Crossflow Cell

Run

No

Test Time

24 h clock

Run

No

Test Time

24 h clock

Run

No

Test Time

24 h clock

9 1 Chromium

Chromium

Chromium

Chromium

Particle Size

Particle Size

68 1 1

68 DI l

68 NZ l

1109 1326

1145 1345

1145 1345

68 2 1

68 DI l

68 NZ l

1417 1628

1354 1554

1354 1554

68 5 1

68 5 2

1050 1328

1400 1631

9 2 Chromium

Chromium

Chromium

Particle Size

Particle Size

68 4 1 1229 1446

68 3 1

68 DI 2

68 NZ 2

0933 1138

0950 1351

0950 1351

68 5 3 1033 1302

9 3 Particle Size

Particle Size

68 DI 3

68 NZ 3

0910 1310

0910 1310

TABLE 3 1 B TESTING SCHEDULE FOR COOLING TOWER 84 AT EXXON COMPANY INC BAYTOWN REFINERY

Jate

1986

Sample Type

Riser Cell A Riser Cell B Riser Cell C Riser Cell D

Run

No

Test Time

24 h clock

Run

No

Test Time

24 h clock

Run

No

Test Time

24 h clock

Run

No

Test Time

24 h clock

9 4 Chromium

Chromium

Chromium

Chromium

Particle Size

Particle Size

84 A l

84 A 2

0950 1200

1230 1441

84 C l

84 C 2

0953 1207

1224 1442

84 DI 4

84 NZ 4

1010 1410

1010 1410

9 5 Chromium

Chromium

Chromium

Chromium

Particle Size

Particle Size

84 DI 5

84 NZ 5

820 1220

820 1220

84 B l

84 B 2

0850 1100

1130 1340

84 D l

84 D 2

0835 1043

1104 1317

un numbers for chromium runs indicate Cooling Tower Riser or Fan Cell Run

Run numbers for particle size runs indicate Cooling Tower Technique Run
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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 mass 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

3 3



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 for 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 Rate Stack Moisture Isokinetic

No 1986 24 h clock
a

Actual
D

Standard Temperature

acmh

6
x 10

acfh

6
x 10

dscmh

6

x 10

dscfh

6
x 10

o

C
o

F

Tower 68 Riser Cells E and F

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 l 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 l 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 l 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 l 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 10^ Btu and the mass emission rates of

hexavalent and total 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 88°F 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

3

mg dscm x 10 ug gal mg 10^ Btu mg hr mg dscm x 10 ug gal mg 10^ Btu mg hr

Standard Efficiency Counterflow Tower 68 Riser Cell E

1 1 9 1 44 36 99 63 257 8 25 060 44 49 99 91 258 5 25 130

4 1 9 2 0 528 1 09 2 8 275 0 528 1 09 2 8 275

Standard Efficiency Counterflow Tower 68 Riser Cell F

2 1 9 1 8 713 19 54 48 7 4 115 8 713 19 54 48 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

A l 9 4 4 042 14 02 28 0 4 244 4 065 14 10 28 2 4 269
A 2 9 4 O 389 1 41 2 5 427 0 402 1 46 2 6 441

High Efficiency Counterflow Tower 84 Riser Cell B

B l 9 5 O 650 2 16 4 4 689 0 652 2 17 4 4 691
B 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

C l 9 4 8 665 23 18 58 3 8 418 8 993 24 06 60 5 8 737

C 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

D l 9 5 O 232 O 58 1 4 210 0 234 O 58 1 4 211

D 2 9 5 11 927 27 14 68 1 9 898 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 0 044 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 31°C 88°F and the moisture content averaged 4 3 The

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

runs
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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
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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 these 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 I 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 l and C l A 2 and C 2 B l and

D l 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 comparison 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

Date Total Flux Mean Diameter Mass Emission

Rate

grams hr

Water

Flow

gpm

Drift

Ratemass

2 4

ug m sec x 10

count

2 7

m sec x 10

mass

um

count

um

Cooling Tower 68 Riser Cell E Fan Cell 1

9 1 52 6 3 65 276 50 0 00344

rv

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 35U 0 0072

Cooling Tower 68 Riser Cell E Fan Cell 4

9 1 45 4 5 29 248 44 0 00297 4193 0 0040

Cooling Tower 68 Riser Cell G Fan Cell 5

9 1 48 8 9 52 360 44 0 00569 7157 0 0045

Cooling Tower 84 Riser Cell A

9 3 6 63 1 81 282 34 0 00081 5046 0 0009

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

1

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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3 2 2 Size Distribution of Chromium

Two methods were used for estimating the percent of 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 used for a reference measurement was

designed to collect all particle sizes isokinetically The disc train was

operated at the same sampling rate as the nozzle train and was designed to

collect primarily the smaller particles less than about 15 um Tne purpose

of the paired train particle sizing was to determine the percent of the

chromium emissions associated with the smaller particles

The second particle sizing method the absorbent paper AP technique was

also being evaluated as a screening method for cooling tower testing Southern

Research Institute s SoRI 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 of

particles collected at 50 percent efficiency D„ bv the disc train The D„
DU 0

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 D
_0 for the AP
5U

sampling device which collected primarily 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 F 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 10C 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 than the 30 um cut size was calculated using the ratio of the PMR
3

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
^

chromium residue was then analyzed for total chromium by NCSU

using NAA The sum of the hexavalent chromium Cr
^

and the residue on the

filter Cr
^

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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rABLE 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

Pooling Tower 68 Riser Cells E and F Fan Cells 1 and 2 Standard Efficiency Drift Elimin

CT 68 DI 1 716

58 1

1 1 AP

2 1 AP

149 4

145 0 147 2

1 0 591

CT 68 NZ 1 1 233 1 1 IMP

2 1 IMP

25 060

4 115 14 588

Cooling Tower 68 Riser Cell F Fan Cell 3 Standard Efficiency Drift Eliminator

CT 68 DI 2 9 354

108 3

3 KAP 79 9

15 U 123

CT 68 NZ 2 8 641 3 l IMP 528

Cooling Tower 68 Riser Cell G Fan Cell 5 Standard Efficiency Drift Eliminator

CT 68 DI 3 9 282

92 1

5 1 AP

5~2 AP

5 3 AP

175 1

145 6

1 057 459 2

2 0 94

CT 68 NZ 3 10 075 5 1 IMP

5~2 IMP

5 3 IMP

58 560
7 300
2 550 22 803

Cooling Tower 84 Riser Cell D High Efficiency Drift Eliminator

CT 84 DI 4 467

21 6

D l AP

D 2 AP

46 9

53 1 50 0

1 0 23

CT 84 NZ 4 2 166 D l IMP

D 2 IMP

210

9 898 5 054

Cooling Tower 84 Riser Cell A High Efficiency Drift Eliminator

CT 84 DI 5 537

35 6

A l AP 68 8

2 9 33

CT 84 NZ 5 1 508 A l IMP

A 2 IMP

4 244

427 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 chromium 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 Eire

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 7^ 9 7 0

PS 3 w 69 0 12 0 0 01 110 7 3
PS 5 W 7^ 4 11 7 0 05 9^ 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

4 1 Cooling Water Cr 6 4 1 W 7 33
4 1 Cooling Water Cr 3 4 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 O O65
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 l Cooling Water Cr 6 A l W 8 19

A l Cooling Water Cr 3 A l R 0 048

A l 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 l Cooling Water Cr 6 B l W 8 33
B l Cooling Water Cr 3 B l R 0 019

B l 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 l Cooling Water Cr 6 C l W 8 17
C l Cooling Water Cr 3 C l R 0 309
C l 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 l Cooling Water Cr 6 D l W 8 05
D l Cooling Water Cr 3 D l R 0 061

D l 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

Run

Number

Sample
Number Sample Type

Sample
Size

Total

Chromium

by NAA

ug

Total

Chromium

by GFAA

ug

Tower 68 Riser Cell E Fan Cell 1

CT 68 1 1

ct 68 i i

1 1 abc

1 1 AP

Impinger Contents Filter

Traversing Absorbent Paper

27 4020 ml

13 2 sq cm 16 265
65 465

Tower 68 Riser Cell F Fan Cell 2

CT 68 2 1

CT 68 2 1

CT 68 2 1

CT 68 2 1

2 1 a

2 1 b

2 1 c

2 1 AP

1st Impinger Probe Rinse

Second Impinger Content

Third Impinger and Filter

Traversing Absorbent Paper

25 3218 ml

25 9171 ml

28 1114 ml

13 2 sq cm 15 741

1 598
9 353
0 200

Tower 68 Riser Cell E Fan Cell 3

ct 68 3 1

ct 68 3 1

3 1 abc

3 1 AP

Impinger Contents Filter

Traversing Absorbent Paper

26 0679 ml

13 2 sq cm 8 738

1 388

Tower 68 Riser Cell F Fan Cell 4

ct 68 4 1

ct 68 4 1

4 1 abc

4 1 AP

Impinger Contents Filter

Traversing Absorbent Paper

26 5272 ml

13 2 sq cm 11 972

0 600

Tower 68 Riser Cell G Fan Cell 5

CT 68 5 1

CT 68 5 1

ct 68 5 2

CT 68 5 2

ct 68 5 2

ct 68 5 2

CT 68 5 3
ct 68 5 3
ct 68 5 3

5 1 abc

5 1 AP

5 2 a

5 2 b

5 2 c

5 2 AP

5 3 abc

5 3 x l

5 3 X 2

Impinger Contents L Filter

Traversing Absorbent Paper

1st Impinger Probe Rinse

Second Impinger Content

Third Impinger and Filter

Traversing Absorbent Paper

Impinger Contents Filter

Traversing Ion Exch Paper

Traversing Ion Exch Paper

27 5749 ml

13 2 sq cm

23 9277 ml

24 6471 ml

19 7954 ml

13 2 sq cm

27 2730 ml

13 2 sq cm

13 2 sq cm

8 379

6 967

31 528
19 037

66 683

6 701
1 973
0 182

2 902

Tower 84 Riser Cell A

CT 84 A 1

CT 84 A 1

CT 84 A 1

CT 84 A 1

CT 84 A 2

A l a

A l b

A l c

A l AP

A 2 abc

1st Impinger Probe Rinse

Second Impinger Content

Third Impinger and Filter

Traversing Absorbent Paper

Impinger Contents Filter

27 7122 ml

24 5078 ml

29 0468 ml

13 2 sq cm

26 3708 ml

4 376

5 092
1 197
0 451

0 708

Tower 84 Riser Cell B

CT 84 B 1

CT 84 B 1

CT 84 B 2

CT 84 B 2

B l abc

B l AP

B 2 abc

B 2 XP

Impinger Contents Filter

Traversing Absorbent Paper

Impinger Contents Filter

Traversing Ion Exch Paper

18 8088 ml

13 2 sq cm

24 6307 ml

13 2 sq cm

8 031

8 424

1 581

0 529

continued
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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

CT 84 C 1 C l a 1st Impinger Probe Rinse 25 6174 ml 10 663
CT 84 C 1 C l b Second Impinger Content 25 4790 ml 2 172

CT 84 C 1 C l c Third Impinger and Filter 25 9525 ml 0 423
CT 84 C 1 C l AP Traversing Absorbent Paper 13 2 sq cm 3 339

ct 84 c i C 2 abc Impinger Contents Filter 26 5968 ml 0 55^
CT 84 C 1 C 2 XP Traversing Ion Exch Paper 13 2 sq cm 3 H5

Tower 84 Riser Cell D

CT 84 D 1 D l abc Impinger Contents Filter 24 1260 ml 0 4588
CT 84 D 1 D l AP Traversing Absorbent Paper 13 2 sq 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 l 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 L 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 L 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 sq cm 4 983
7 4 ug mlQA 3 QA Sample 3 7 5 ug ml Cr 6 —

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 P 42 P 43 Blank f Blank

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 the analytical 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 l and 84 C l are presented in Table 3 9 The collection efficiency for

all runs showed greater than 932 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 of Catch Catch ug 2 of Catch Catch ug 2 of Catch

9 1 CT 68 2 1 1 598 14 332 9 353 98 212 0 200 100 002

9 1 CT 68 5 2 6 701 75 672 1 973 97 942 0 182 100 002

9 4 CT 84 A 1 5 092 75 552 1 197 93 312 0 451 100 002

9 4 CT 84 C 1 10 663 80 432 2 172 96 812 0 423 100 002

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 For these samples the entire
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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 blank 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
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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

PMR s for total chromium for the paper tests were calculated using the
a

exposed area of the paper diameter of 4l mm Some of these results are

presented in Table 3 10 for comparison with the PMF^ 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

PMR for the AP s and XP s The PMR values for the AP s and XP s were lower
a a

than the corresponding PMR 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 ^ 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

Pollutant Mass Rate by Ratio of Areas mg hr

Total Chromium Total Chromium by Absorbent

Run by Impinger Train and Ion Exchange Papers
Number GFAA 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 49 2

Average 4 392 51 0

Cooling Tower 84 Riser Cell D

CT 84 D 1 210 47 2

CT 84 D 2 9 898 53 2

Average 5 054 50 2

Ion exchange paper results not included in cell average

Ion 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 PMR values used to calculate the drift rates were for individual fan
a

cells The drift rates from the impinger train results and the AP and XP

results were calculated using the PMR for total chromium and the total
a

chromium in the cooling water at the time of the sampling run It was assumed

that the concentration 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 ig hr 1 hour 60 minutes

x ^
Cr in water mg 1 x water flow gpm x 3 785 L gal

The calculated drift rates for each run are presented in Table 3 H

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
„

Drift Rate — x 100

1 g ml x water flow gpm x 3785 3 ml gal

The calculated drift rates from the SP results are also presented in Table 3 H

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

Run

Number

Drift Rate As A Percent Of Water Flow

Impinger Train

GFAA

Absorbent and Ion

Exchange Paper
NAA

Sensitive

Paper

Cooling Tower 68 Counterflow Section Riser Cell E and F

CT 68 1 1

CT 68 2 1

ct 68 3 1

CT 68 4 1

0 34442
0 0681^
0 00892
0 00392

0 00212
0 00242
0 00132
0 00162

0 00472
0 01032
0 00722
0 00402

Average 0 10632 0 00192 0 00662

Cooling Tower^68 Crossflow Section Riser Cell G Fan Cell 5

ct 68 5 1

ct 68 5 2

CT 68 5 3

0 48422
0 05742
0 02052

0 00142
0 00112
0 00852

Average 0 18742 0 00132 0 00452

Cooling Tower 84 Riser Cell A

CT 84 A 1

CT 84 A 2

0 04522
0 00452

0 00072

Average 0 02482 0 00072 0 00092

Cooling Tower 84 Riser Cell B

CT 84 B 1

CT 84 B 2

0 00682
0 00222

0 00132
0 00132

Average 0 00452 0 00132 0 00062

Cooling Tower 84 Riser Cell C

CT 84 C 1

CT 84 C 2

0 07492
0 00312

0 00052
0 00042

Average 0 03902 0 00052 0 00052

Cooling Tower 84 Riser Cell D

CT 84 D 1

CT 84 D 2

0 00192
0 08232

0 00042
0 00042

Average 0 04212 0 ooo42 0 00082

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

3 27



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 Figures 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 C0UNTERFL0W 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

Sample Type

Sampling
Location

Number

of Runs Methods

Total Chromium

Drift Emissions

A B D 3
2

6

A

B

D

EPA Method 13~type impinger
train with GFAA analysis

Total Chromium

Chromium Drift

Emissions

A B D l

1

2

A

B

D

EPA Method 13~type impinger
train with GFAA analysis
filters and impingers recovered

separately for collection

efficiency check

Drift Size

Distribution and

Drift Rate Determi-

nation

A B D 1 or more at

each location

Aligned nozzle and disc

trains with GFAA and NAA

analysis absorbent paper

with NAA analysis sensitive

paper with microscopic analysis

Recirculating
Water Flowrate

C E Single point
check before

each run must

be within 10

of initial

determination

by complete
traverse

Calibrated pitot tube traverse

Cooling Water

Samples

c E 3 grab samples

per run com-

bined into

one composite

sample

6
Cr and NAA Cr analysis

Meteorological
Data

Local Hourly Dry wet bulb temperatures

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 4 was 15 feet

in height and 244 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 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 No 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 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

10 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 connected to 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

10 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 anemometer 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

4 10



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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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 sampling 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

4 13



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 test 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

o Checks of train configuration and calculations

« On site quality assurance checks of sampling train components

o 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

5 1



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

Meter Box No

Pre Audit

Y Value

Allowable Error

0 97Y Y 1 03Y

Calculated

Yc

Within Allowable

Limits

N 6 1 0123 0 9819 1 0427 1 0124 y

N 10 0 9847 0 9552 1 0142 1 0028 y

N 12 1 010 0 9797 1 0403 O 9866

N l4 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 fxxn d 3^VJOivrJ ~TX Task No 3 fTOfT

Date Samples Received Date Analyzed 0 JtSG
Samples Analyzed By 7^~T~j[ A C 5 M

Reviewed By 7 eXoHtf J UUaotr Date of Review loJ p

Sample

Number

ug mL

Cr
6

or Cr

Source of

SamDle

Analytical

Technique

Audit

Value

Relative

Error «

cm i Cr 2 24 o2J

Qa 2 7 5 m i Cr Q b Iee r ^AA 4 TC3 33 4

A 3 7 5 « C Q b il i GPAA 7 36 S7

QA 4 7 5 ^ Cr
l

6 Ab f£ \M Q 2 36 1 • 1

0 5 Cr D hhn G f D IS3 i 2 0

0 S ^ Cr Q bJ £[7 MA A ^ 0 00 7 67 0

5 3



APPENDIX A

TEST RESULTS AND EXAMPLE CALCULATIONS
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FIELD DATA

PLANT

SAMPLING LOCATION

IPERATOR

JAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

JEAK RATE CFM

EXXON

CT 68 FAN CELL 1

TMS

30 2500

0 OOOO

15 0000

0 0010

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE X

9 1 86

CT 68 1 1

206

0 250

N 14

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1417

RUN STOP TIME 1623

TOTAL NET RUN TIME Minutes 120

31 TOT TUBE COEFFICIENT 0 8 10

GAS METER CALIB FACTOR Y 1 002

2ST DRY MOL WT Lb Lb Mole 28 84

3TACK DUCT AREA in2 37 688 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

44 8

65 273 ug

65•465 ug

Samp 1e Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter ReadingI Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 748 104 0 110 0 450 0 450 90 4 0 330 55 80

A 2 5 750 130 0 110 0 450 0 450 90 4 0 330 58 80

A 3 10 752 280 0 240 0 950 0 950 90 6 0 480 57 80

A 4 15 754 980 0 300 1 190 1 190 91 7 0 540 57 81

A 5 20 757 980 0 290 1 130 1 130 92 7 0 525 56 81

A 6 25 761 250 0 280 1 100 1 100 93 6 0 520 56 83

A 7 30 764 730 0 220 O 87O 0 870 94 6 0 460 58 83

a 8 35 767 320 0 200 0 790 0 790 94 5 • 0 440 57 82

A 9 4o 769•940 0 140 0 560 0 560 93 5 0 370 58 82

A 10 45 772 350 0 110 0 450 0 450 93 4 0 330 59 82

A ll 50 774 140 0 040 0 150 0 150 93 2 0 195 59 84

A 12 55 775 480 0 050 0 180 0 180 93 3 0 210 61 83

B l 60 776 730 0 040 0 170 0 170 93 3 0 205 60 83

B 2 5 777 930 0 040 0 150 0 150 92 2 0 193 60 84

B 3 10 779•040 0 030 0 100 0 100 92 2 0 159 59 84

b 4 15 780 070 0 070 0 280 0 280 93 3 0 263 61 87

B 5 20 781 680 0 220 0 860 0 860 93 6 0 465 58 89

B 6 25 784 310 0 140 0 760 0 760 94 6 0 435 58 89

B 7 30 786 480 0 140 0 540 0 540 94 5 0 366 61 88

b 8 35 788 880 0 190 0 730 0 730 93 6 0 424 63 86

B 9 AO 791 320 0 290 1 120 1 120 93 7 0 529 62 89

B 10 45 794 370 0 290 1 160 1 160 94 7 0 535 62 86

B ll 50 797 710 0 100 0 4oo 0 400 94 4 0 314 64 86

B 12 55

120 off

799 600

801 743

0 140 0 550 0 550 94 5 0 369 63 86

Leak

Check

0 000

0 000

FINAL

DIFF AVGS 53 639 0 1429 0 629 92 7 84 1
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FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 68 FAN CELL 4

TMS

30 2000

0 0000

15 0000

0 0020

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE

9 2 86

CT 68 4 1

20 4

0 255

Nl4

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1229

RUN STOP TIME 1446

TOTAL NET RUN TIME Minutes 120

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 46 759 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

40 8

0 600 ug

0 600 ug

ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemometer Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A l 0 0 900 204 0 160 0 630 0 630 93 4 0 398 53 88

A 2 5 902 530 0 130 0 490 0 490 94 3 0 352 5^ 91

A 3 10 904 870 0 120 0 450 0 450 94 3 0 332 56 91

a 4 15 906 760 0 140 0 540 0 540 95 3 0 367 57 91

•

A 5 20 908 980 0 190 O 75O 0 750 96 4 0 ^35 57 91

a 6 25 911 420 0 130 0 500 0 500 96 3 0 354 58 91

a 7 30 913 700 o o4o 0 160 0 160 96 1 0 199 59 90

A 8 35 915 110 0 040 0 160 0 160 96 1 0 203 61 91

A 9 4o 916 300 0 020 0 080 0 080 96 1 0 139 60 89

0tH1 45 917 090 0 030 0 110 0 110 96 1 0 162 60 89
1 M 50 917•980 0 020 0 080 0 080 96 1 0 143 61 90

A 12 55 918 910 0 020 0 100 0 100 97 1 0 155 62 89

B 1 60 919 780 0 040 0 190 0 190 97 2 0 209 61 89

B 2 5 921 040 0 050 0 200 0 200 97 2 0 215 60 88

B 3 10 922 390 0 040 0 180 0 180 97 2 0 204 62 88

B 4 15 923 720 0 040 0 170 0 170 97 2 0 197 63 89

B 5 20 925 150 0 060 0 240 0 240 98 2 0 237 64 90

b 6 25 926 510 0 080 0 350 O 35O 98 3 0 283 65 89

B 7 30 928 220 0 130 O 53O 0 530 97 3 0 3^9 64 87

b 8 35 930 480 0 130 0 550 0 550 96 3 0 355 65 86

B 9 4o 932 720 0 170 0 710 0 710 96 4 0 403 65 87

B 10 45 935 300 0 160 0 660 0 660 96 4 0 389 66 87

B 11 50 937 620 0 130 0 570 0 570 97 4 0 362 66 88

B 12 55

120 0FF

939 990

942 014

0 100 0 44o 0 44o 98 3 0 318 68 88

Leak

Check

0 000

0 000

FINAL

DIFF AVGS 41 810 0 0811 O 368 96 2 89 0



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 1 2 86 EXXON REFINERY BAYTOWN TX CT 68 1 1 CT 68 4 1

Run Start Time 1A17
Run Finish Time 1623

Theta Net Run Time Minutes 120

Net Sampling Points 24

Dia Nozzle Diameter Inches O 25O

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 250

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 O 629

Vm Volume of Metered Gas Sample Dry ACF 5 3 € 39

tm Dry Gas Meter Temperature Degrees F 92 7

Vm std Volume of Metered Gas Sample Dry SCF 51 968

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 44 8

Vw std Volume of Water Vapor SCF 2 107

H20 Moisture Content by Volume 3 90

Mfd Dry Mole Fraction O 961

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 42

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 30 250

ts Flue Gas Temperature Degrees F 84

Delta p Average Velocity Head in H20 0 1429

vs Flue Gas Velocity Ft Sec 21 60

A Stack Duct Area Sq Inches 37688 0

Qsd Volumetric Air Flow Rate Dry SCFM 319 789 5

Qaw Volumetric Air Flow Rate Wet ACFM 339 1^9 ^

1 Isokinetic Sampling Rate 104 0

1229

1446

120

24

0 255

0 840

1 002

30 200

0 368

41 81

96 2

40 l6l

40 8

1 922

4 57

0 954

28 84

28 34

0 00

30 200

89

0 0811

16 38

46759¦0

295 672 6

319 185 2

103 6
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EMISSIONS RESULTS

9 1 2 86 EXXON REFINERY BAYTOWN TX CT 68 1 1 ct 68 4 i

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

8 1 1

28 9

0 5762

20 3 190

0 5^33

19 1874

89 0

31 7

0 5A23

19 1511

0 502 1

17 7 104

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

•kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

65 273 ug

4 1 356 x 10E 3

19 3802 x 10E 6

55 192 x 10E 3

25 057 x 10E 3

65 465 ug

44 486 x 10E 3

19 437 x 10E 6

55 355 10E 3

25 131 x 10E 3

0 600 ug

0 528 x 10E 3

0 2305 x 10E 6

0 605 x 10E 3

0 275 x 10E 3

0 600 ug

0 528 x 10E 3

0 231 x 10E 6

0 605 x 10E 3

0 275 10E 3
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FIELD DATA

PLANT

AMPLING LOCATION

IPERATOR

JAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

CT 68 FAN CELL 2

TMS

30 2500

0 0000

15 0000

0 0010

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE t

9 1 86

CT 68 2 1

204

0 255

Nl4

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1417

UN STOP TIME 1623

TOTAL NET RUN TIME Minutes 120

JITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

ST DRY MOL WT Lb Lb Mo1e 28 84

5TACK DUCT AREA in2 37 688 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

43 6

11 151 ug

11 151 ug

g

Samp 1e Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemometer Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 801 832 0 020 0 080 0 080 94 2 0 l4l 58 81

A 2 5 802 640 0 020 0 100 0 100 94 2 0 153 56 80

A 3 10 803 520 0 030 0 100 0 100 94 2 0 158 55 81

A 4 15 8o4 450 0 060 0 240 0 240 94 2 0 241 57 81

A 5 20 805 730 0 140 0 550 0 550 94 4 0 369 57 84

a 6 25 807 930 0 130 0 490 0 490 95 4 0 348 60 84

a 7 30 810 110 0 170 0 660 0 660 96 5 0 403 62 85

A 8 35 812 410 0 170 0 680 0 680 97 5 0 4o6 60 84

A 9 ho 8l4 970 0 120 0 480 0 480 97 4 0 346 59 90

A 10 15 817 020 0 110 0 410 0 410 98 4 0 322 59 91

A 11 50 819 930 0 050 0 200 0 200 98 3 0 • 221 60 91

A 12 55 820 410 0 060 0 230 0 230 97 2 0 240 62 91

B l 60 821 860 0 020 0 080 0 080 97 1 0 145 62 92

B 2 5 822 730 0 030 0 100 0 100 96 1 0 158 63 93

B 3 10 823 570 0 190 0 750 0 750 96 5 0 438 61 96

B 4 15 826 110 0 260 1 000 1 000 96 6 0 503 62 94

B 5 20 828 920 0 170 0 680 0 680 96 5 0 413 63 91

B 6 25 831 510 0 230 0 900 0 900 96 6 0 475 62 91

B 7 30 834 510 0 200 0 800 0 800 95 5 0 446 64 87

b 8 35 836 850 0 230 0 910 0 910 95 6 0 476 64 89

b 9 40 839 720 0 220 0 880 0 880 96 6 0 464 63 85

B 10 5 842 630 0 170 0 690 0 690 96 5 0 412 63 86

CD b 50 844 970 0 110 0 420 0 420 96 4 0 321 64 86

B 12 55

120 OFF

846 990

848 758

0 070 0 280 0 280 96 3 0 263 65 86

Leak

Che c k

0 000

0 000

FINAL

DIFF AVGS 46 926 0 1101 0 488 95 8 87 5

A 7



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 68 FAN CELL 3

TMS

30 2000

0 0000

15 0000

0 0010

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE

9 2 86

CT 68 3 1

206

0 250

Nl4

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 933

RUN STOP TIME 1138

TOTAL NET RUN TIME Minutes 120

PITOT TUBE COEFFICIENT 0 840

GAS METER CAL1B FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 37 688 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

55 0

1 376 ug

1 388 Ug

Ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemonete r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 849 072 0 060 0 230 0 230 85 4 0 245 52 93

A 2 5 85O 430 0 040 0 170 0 170 86 4 0 207 54 93

A 3 10 851 710 0 170 O 65O 0 650 86 7 0 410 55 94

A 4 15 853 950 0 150 0 580 O 58O 87 7 0 387 55 94

A 5 20 856 390 0 150 0 570 0 570 88 7 0 383 57 94

a 6 25 858 520 0 170 0 640 0 640 89 7 0 407 59 94

A 7 30 860 890 0 190 0 730 0 730 89 8 0 434 58 93

a 8 35 863 520 0 180 0 690 0 690 89 8 0 421 58 93

a 9 4o 865 830 0 160 0 600 0 600 90 8 0 391 58 92

1 0 ^ 5 868 4l0 0 180 0 700 0 700 90 8 0 423 59 91

A ll 50 870 730 0 040 0 150 0 150 91 3 0 197 57 94

A 12 55 872 190 0 030 0 120 0 120 91 2 0 173 57 93

B l 60 873 090 o o4o 0 140 0 140 91 2 0 192 58 94

B 2 5 874 180 0 040 0 150 0 150 92 2 0 195 59 89

B 3 10 875 320 0 040 0 160 0 160 92 2 0 199 59 88

B 4 15 876 480 0 240 0 940 0 940 93 9 0 481 60 83

B 5 20 879 170 0 240 0 940 0 940 93 9 0 479 61 83

b 6 25 882 280 0 200 0 790 0 790 94 9 0 44o 63 83

B 7 30 884 820 0 210 0 800 0 800 94 9 0 453 61 94

b 8 35 887 360 0 230 O 87O O 87O 94 9 0 472 61 94

b 9 40 890 250 0 220 0 840 o 84o 94 9 0 465 60 96

B 10 45 892 890 0 220 O 87O 0 870 94 9 0 471 62 95

B ll 50 895 730 0 190 0 730 0 730 94 8 0 432 63 94

B 12 55 898 290 0 070 0 260 0 260 94 4 0 257 65 92

120 OFF 900 031

¦ INAL

IIFF AVGS 50 959 0 1316 0 555 90 8 91 8



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 1 2 86 EXXON REFINERY BAYTOWN TX CT 68 2 1 CT 68 3 1

Run Start Time 1 ^417
Run Finish Time 1623

Theta Net Run Time Minutes 120

Net Sampling Points 24

Dia Nozzle Diameter Inches 0 255

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 250

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 0 488

Vm Volume of Metered Gas Sample Dry ACF 46 926

tm Dry Gas Meter Temperature Degrees F 95 8

Vm std Volume of Metered Gas Sample Dry SCF 45 197

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 43 6

Vw std Volume of Water Vapor SCF 2 050

ZH20 Moisture Content by Volume 4 34

Mfd Dry Mole Fraction 0 957

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 37

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 3° 250

ts Flue Gas Temperature Degrees F 87

Delta p Average Velocity Head in H20 0 1101

vs Flue Gas Velocity Ft Sec 19 03

A Stack Duct Area Sq Inches 37688 0

Qsd Volumetric Air Flow Rate Dry SCFM 278 776 8

Qaw Volumetric Air Flow Rate Wet ACFM 298 864 2

XI Isokinetic Sampling Rate X 99 7

933

1138

120

2b

0 250

0 840

1 002

30 200

0 555

50 959

90 8

49 bb9

55 0

2 591

4 98

0 950

28 8 b

28 30

0 00

30 200

92

0 1316

20 93

37688 0

301 625 7

328 656 0

io4 9

A 9



EMISSIONS RESULTS

9 1 2 86 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

CT 68 2 1

87 5

30 8

0 5078

17 9318

0 4736

16 7266

cT 68 3 1

91 8

33 2

0 558J4

19 719^

0 5125

18 0975

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

11 1514 ug

8 713 x 10E 3

3 8070 x 10E 6

9 063 x 10E 3

4 115 x 10E 3

11 151 ug

8 713 x 10E 3

3 807 x 10E 6

9 063 x 10E 3

4 115 x 10E 3

1 3759 ug

0 983 x 10E 3

0 4293 X 10E 6

1 163 x 10E 3

0 528 x 10E 3

1 388 ug

0 991 x 10E 3

0 433 x ioe 6

1 174 x 10E 3

0 533 x 10E 3

A 10



FIELD DATA

PLANT

SAMPLING LOCATION

IPERATOR

JAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

lEAK RATE CFM

EXXON

CT 68 FAN CELL 5

DB

30 2500

0 OOOO

15 0000

0 0000

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H§

ASSUMED MOISTURE X

9 1 86

CT 68 5 I

704

0 249

N 10

1 68

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1050

1UN STOP TIME 1328

TOTAL NET RUN TIME Minutes 120

ITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 004

2ST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 85 530 0

TOT VOL H20 COLL ml 55 8 ug

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA 66 683 ug

TOTAL CATCH

TOTAL CHROMIUM GFAA 66 683 ug

TOTAL CATCH

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Ac tual deg F in Hg so MV deg F deg F

A 1 0 0 168 400 0 050 0 170 0 170 84 2 0 210 56 86

A 2 5 I69 67O 0 190 O 69O O 69O 84 5 0 425 58 »n00

A 3 10 171¦900 0 310 1 170 1 170 85 6 0 550 58 83

a 4 15 174 940 0 370 1 400 1 400 88 6 0 600 61 82

a 5 20 178 380 O 38O 1 440 1 440 91 6 0 600 64 77

A 6 25 181 830 0 050 0 190 0 190 94 2 0 220 63 81

A 7 30 I83 230 0 320 1 200 1 200 94 6 0 550 66 80

a 8 35 186 500 0 450 1 720 1 720 96 7 0 660 65 83

A 9 40 190 250 0 470 1 800 1 800 98 8 0 675 64 83

A 10 ^5 194 200 0 440 1 680 1 680 101 7 0 650 65 83

A 11 50 198 040 0 270 1 040 1 040 103 6 0 510 67 82

1

h

1

ro 55 201 310 0 000 0 010 0 010 104 1 0 52 67 84

B l 60 201 630 0 120 0 470 0 470 100 3 0 350 69 94

B 2 5 203 665 0 330 1 240 1 240 100 6 0 570 68 94

B 3 10 206 940 0 430 1 610 1 610 100 7 0 650 69 95

B 4 15 210 670 O 38O 1 440 1 440 102 6 0 610 69 92

B 5 20 214 350 0 130 0 510 0 510 104 4 0 360 68 89

b 6 25 216 570 0 010 0 040 0 o4o 104 1 0 95 68 84

B 7 30 217 105 0 010 0 060 0 060 99 1 0 120 70 90

B 8 35 217 880 0 160 0 620 0 620 98 4 0 4oo 70 90

b 9 40 220 200 0 310 1 170 1 170 99 6 0 550 69 89

B 10 ^5 223 450 0 410 1 560 1 560 101 7 0 630 70 87

CD 1 50 227•110 0 320 1 260 1 260 103 6 0 560 70 86

B 12 55

120 OFF

230 48o

231 560

0 030 0 130 0 130 104 1 0 180 71 84

Leak

Check

0 000

0 000

FINAL

DIFF AVGS 63 160 0 2047 0 943 97 3 86 0

A 11



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 68 FAN CELL 5

DB

30 2500

0 OOOO

15 0000

0 0010

DATE 9 1 86

RUN NUMBER CT 68 5 2

NOZZLE 705

NOZZLE DIAMETER inches 0 257

METER BOX NUMBER N 10

METER BOX Hfl 1 68

ASSUMED MOISTURE 2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1400

RUN STOP TIME 1631

TOTAL NET RUN TIME Minutes 120

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 004

EST DRY MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 85 530 0

TOT VOL H20 COLL ml 68 9

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA 8 856

TOTAL CATCH

TOTAL CHROMIUM GFAA 8 856

TOTAL CATCH

Point Time Meter Reading Head in H20 Temp Vac Anemorae te r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 231 731 0 200 0 840 0 840 96 4 0 440 56 93

A 2 5 234 520 0 220 0 910 0 910 96 4 0 460 55 93

A 3 10 237¦4oo 0 330 1 420 1 420 97 6 0 570 56 91

a 4 15 240 888 0 420 1 790 1 790 99 7 0 640 57 91

a 5 20 244 750 0 310 1 350 1 350 101 5 0 550 57 87

a 6 25 248 200 0 040 0 180 0 180 102 1 0 200 58 85

A 7 30 249 472 0 160 0 690 0 690 98 4 0 400 60 96

a 8 35 252 100 0 310 1 310 1 310 99 6 0 550 58 94

A 9 4o 255 320 0 410 1 720 1 720 100 7 0 635 59 96

A 10 5 259 150 0 420 1 790 1 790 102 7 0 64o 60 93

A 11 50 263 100 0 120 0 520 0 520 104 3 0 340 60 87

A 12 55 265 280 0 010 0 050 0 050 104 1 0 110 61 86

B l 60 265 728 0 050 0 230 0 230 98 1 0 230 63 92

B 2 5 267 175 0 200 0 840 0 840 97 4 0 440 60 91

B 3 10 269 800 0 300 1 270 1 270 98 5 0 540 59 92

B 4 15 273 050 0 430 1 860 1 860 99 8 0 650 61 89

b 5 20 276 930 0 270 1 150 1 150 101 5 0 510 62 88

b 6 25 280 180 0 100 0 430 0 430 103 2 0 310 62 86

B 7 30 282 295 0 320 1 400 1 400 100 6 0 560 66 85

b 8 35 285 870 0 470 2 050 2 050 101 8 0 675 64 84

B 9 40 290 070 0 510 2 220 2 220 103 8 0 700 65 83

B 10 4 5 294 450 0 480 2 110 2 110 104 8 0 685 67 86

B ll 50 298 730 0 080 0 350 O 35O 105 2 0 250 69 85

B 12 55

120 OFF

300 510

302 448

0 090 0 410 0 410 104 2 0 300 69 85

FINAL

DIFF AVGS 70 717 0 2311 1 120 100 5 89 1



FIELD DATA

LAN T

SAMPLING LOCATION

iPERATOR

IAR PRESS in Hg

STATIC PRESS in H20

\CAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

CT 68 FAN CELL 5

DB

30 2000

0 0000

15 0000

0 0050

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE

9 1 86

CT 68 5 3

704

0 249

N 10

1 68

2 0

ANALYTICAL RESULTS DATA

}UN START TIME 1033

RUN STOP TIME 1302

TOTAL NET RUN TIME Minutes 120

ITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 004

rst DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 85 530 0

TOT VOL 1120 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

60 4

2 902 ug

2 902 ug

g

Samp 1e Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A l 0 0 302 700 0 080 0 300 0 300 86 2 0 280 56 87

A 2 5 304 360 0 180 0 670 0 670 86 2 0 420 56 88

a 3 10 306 500 0 430 1 620 1 620 88 5 0 650 58 86

a 4 15 310 300 0 460 1 740 1 740 90 5 0 670 59 84

A 5 20 314 050 0 280 7 060 1 060 94 3 0 520 60 84

a 6 25 317 140 0 090 0 350 0 350 97 2 0 300 60 84

a 7 30 318 972 0 320 1 200 1 200 96 6 0 560 62 83

a 8 35 322 200 0 470 1 800 1 800 100 8 0 675 60 84

A 9 bo 326 110 0 500 1 940 1 940 102 9 0 700 59 85
1 O 45 330 130 0 440 1 680 1 680 104 8 0 650 60 84

A ir 50 333 950 0 070 0 290 0 290 106 3 0 170 61 89

A 12 55 335 670 0 030 0 100 0 100 106 1 0 160 62 84

B 1 60 336 730 0 200 0 770 0 770 102 4 0 450 65 96

B 2 5 339 430 0 330 1 260 1 260 102 6 0 575 63 95

B 3 10 342 770 0 430 1 640 1 640 103 8 0 650 64 91

b 4 15 346 685 0 390 1 490 1 490 106 7 0 620 64 93

B 5 20 350 320 0 160 0 64o 0 64o 107 4 0 400 66 86

b 6 25 352 785 0 020 0 100 0 100 106 1 0 155 66 83

B 7 30 353 700 0 030 0 130 0 130 100 1 0 180 69 90

B 8 35 354 820 0 160 0 620 0 620 99 2 0 400 67 91

B 9 40 357 280 0 300 1 l4o 1 140 98 2 0 5^5 70 90

B 10 45 360 390 0 370 1 410 1 410 99 6 0 600 70 87

B ll 50 363 780 0 260 0 980 0 980 100 4 0 500 70 87

B 12 55

120 0FF

366 735

368 340

0 080 0 300 0 300 100 2 0 275 70 84

FINAL

DIFF AVGS

Leak

Check

0 000

0 000

65 6^0 0 2215 0 968 99 0 87 3

A 13



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 1 2 86 EXXON REFINERY BAYTOWN TX CT 68 5 1 CT 68 5 2

Run Start Time 1050

Run Finish Time 1328

Theta Net Run Time Minutes 120

Net Sampling Points 2h

Dia Nozzle Diameter Inches 0 2^9

Cp Pitot Tube Coefficient 0 8^0

Y Dry Gas Meter Calibration Factor 1 004

Pbar Barometric Pressure Inches Hg 30 250

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 0 9 3

Vm Volume of Metered Gas Sample Dry ACF 63 16

tm Dry Gas Meter Temperature Degrees F 97 3

Vm std Volume of Metered Gas Sample Dry SCF 60 865

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 55 8

Vw std Volume of Water Vapor SCF 2 627

H20 Moisture Content by Volume b lb

Mfd Dry Mole Fraction 0 959

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 39

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 30 250

ts Flue Gas Temperature Degrees F 86

Delta p Average Velocity Head in H20 0 20^7

vs Flue Gas Velocity Ft Sec 25 91

A Stack Duct Area Sq Inches 85530 0

Qsd Volumetric Air Flow Rate Dry SCFM 865 367 7

Qaw Volumetric Air Flow Rate Wet ACFM 923 231 4

21 Isokinetic Sampling Rate X 102 9

1 boo

1631

120

2b

0 257

0 8^0

1 00 b

30 250

1 120

70 717

100 5

67 796

68 9

3 244

4 57

0 954

28 84

28 34

0 00

30 250

89

0 2311

27 63

85530 0

913 506 8

984 581 1

102 0

CT 68 5 3

1033

1302

120

24

0 249

0 840

1 004

30 200

O 968

65 64

99 0

62 961

60 4

2 845

4 32

0 957

28 84

28 37

0 00

30 200

87

0 2215

27 01

85530 0

896 827 8

962 591 2

102 8

A 14



EMISSIONS RESULTS

5 1 2 86 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

CT 68 5 I

86 0

30 0

1 5686

55 3939

1 4703

51 9221

CT 68 5 2

89 1

31 7

1 6728

59 07^9

1 5521

54 8104

CT 68 5 3

87 3

30 7

1 6355

57 7555

1 5237

53 8097

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate Ib hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

ng dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

66 683 ug

38 691 x 10E 3

16 9051 x 10E 6

128 991 x 10E 3

58 562 x 10E 3

66 683 ug

38 691 x 10E 3

16 905 x 10E 6

128 991 x 10E 3

58 562 x 10E 3

8 8559 g

4 613 x 10E 3

2 0155 x 10E 6

16 081 x 10E 3

7 301 x 10E 3

8 856 ug

4 613 X 10E 3

2 016 x 10E 6

16 081 x 10E 3

7 301 x 10E 3

2 9017 ug

1 628 x 10E

0 7111 x 10E

5 613 x 10E

2 548 x 10E

2 902 ug

1 628 x 10E

0 711 x 10E

5 613 x 10E

2 548 x 10E

A 15



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 8FAN CELL A

DB

30 3500

0 0000

15 0000

0 0000

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H§

ASSUMED MOISTURE X

9 4 86

CT 84 A 1

204

0 255

N l4

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 950

RUN STOP TIME 1200

TOTAL NET RUN TIME Minutes 120

PITOT TUBE COEFFICIENT 0 840

GAS METER CALX B FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

64 3

6 701 ug

6 7^0 ug

ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pi tot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ttr Temp Temp

No mi n Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

1 0 0 9^2 924 0 210 O 87O 0 870 90 5 0 450 56 89

5 945 870 0 210 0 870 0 870 91 6 0 450 56 91

2 10 948 890 0 330 1 370 1 370 92 8 0 565 56 91

15 952 100 0 330 1 370 1 370 95 8 0 565 57 91

3 20 955 620 0 340 1 420 1 420 98 8 0 575 58 92

25 959 210 0 340 1 420 1 420 99 8 0 575 59 90

4 30 962 950 0 280 1 180 1 180 101 7 0 525 60 89

35 966 225 0 280 1 180 1 180 102 7 0 525 60 89

5 4o 969 680 0 040 0 180 0 180 104 1 0 205 60 89

45 971 020 o o4o 0 180 0 180 105 1 0 205 60 91

6 50 972 430 0 020 0 100 0 100 105 1 0 155 60 91

55 973 500 0 020 0 100 0 100 107 1 0 155 63 90

12 60 974 676 0 120 0 510 0 510 105 3 0 340 66 91

5 976 970 0 120 0 510 0 510 105 3 0 3^0 64 92

11 10 979 210 0 230 0 990 0 990 105 6 0 475 63 93

15 982 440 0 230 O 99O 0 990 106 6 0 75 63 93

10 20 985 480 0 260 1 100 1 100 109 6 0 500 64 92

25 988 850 0 260 1 100 1 100 111 6 0 500 64 93

9 30 992 160 0 270 1 140 1 140 112 7 0 510 66 93

35 995 420 0 270 1 140 1 140 114 7 0 510 68 95

8 40 998 870 0 060 0 270 0 270 115 2 0 250 69 94

45 IOOO 53O 0 060 0 270 0 270 115 2 0 250 70 94

7 50 1002 310 0 020 0 100 0 100 115 1 0 150 70 92

55 IOO3 39O 0 020 0 100 0 100 115 1 0 150 70 92

120 OFF 1004 452

FINAL

DIFF AVGS 61 528 0 1553 O 769 104 8 91 ¦ 5

Leak

Check

0 000

0 000

A 16



FIELD DATA

PLANT

iAMPLING LOCATION

IPERATOR

riAR PRESS in Hg

STATIC PRESS in H20

_EAK TEST VACUUM in Hg

lEAK RATE CFM

EXXON

CT 84 FAN CELL A

DB

30 3500

0 0000

15 0000

0 0000

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE I

9 4 86

CT 84 A 2

705

0 257

N 14

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME

3UN STOP TIME

TOTAL NET RUN TIME Minutes

PITOT TUBE COEFFICIENT

GAS METER CALIB FACTOR Y

£ST DRY MOL WT Lb Lb Mo1e

STACK DUCT AREA in2

1230

l44l

120

0 840

1 002

28 84

64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

60 6

O 685 8

0 708 ug

ug

Samp 1e Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft in H20 Ideal Ac tual deg F in Hg so MV deg F deg F

12 0 0 4 697 0 140 O 630 0 630 115 4 0 370 58 90

5 7 370 0 l4o 0 630 0 630 115 4 0 370 57 90

11 10 9 850 0 270 1 200 1 200 113 5 0 510 57 91

15 13 200 0 270 1 200 1 200 112 5 0 510 58 91

10 20 16 740 0 260 1 100 1 100 110 5 0 505 56 92

25 20 000 0 280 1 250 1 250 112 5 0 520 56 90

9 30 23 480 0 260 1 160 1 160 112 5 0 500 59 89

35 26 880 0 260 1 160 1 160 114 5 0 500 60 89

8 40 30 420 0 100 0 450 0 450 114 2 0 310 62 87

5 32 770 0 080 0 3^0 0 340 114 2 0 270 62 87

7 50 34 630 0 030 0 150 0 150 114 2 0 180 63 84

55 36 100 0 030 0 150 0 150 113 2 0 180 65 85

1 60 37 400 0 230 1 040 1 040 111 5 0 475 69 89

5 40 750 0 230 1 040 1 040 110 5 0 475 66 89

2 10 44 000 0 310 1 410 1 410 110 6 0 550 67 87

15 47 620 0 310 1 410 1 410 111 6 0 550 69 88

3 20 51 380 0 340 1 510 1 510 112 6 0 570 70 87

25 55 800 0 340 1 510 1 510 112 6 0 570 71 87

4 30 59 120 0 170 0 750 0 750 113 4 0 400 70 86

35 62 100 0 160 0 740 0 740 112 4 0 400 70 88

5 40 64 800 0 040 0 160 0 160 112 2 0 185 69 85

^5 66 510 o o4o 0 190 0 190 111 2 0 200 69 86

6 50 68 000 0 040 0 190 0 190 111 2 0 200 71 86

55 69 565 0 040 0 190 0 190 110 2 0 200 71 86

120 OFF 70 942

FINAL

DIFF AVGS 66 245 0 1614 0 815 112 2 87 9

Leak

Check

0 000

0 000

A 17



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 4 86 EXXON REFINERY BAYTOWN TX CT 84 A 1 CT 84 A 2

Run Start Time 950

Run Finish Time 1200

Theta Net Run Time Minutes 120

Net Sampling Points 24

Dia Nozzle Diameter Inches 0 255

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 350

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 0 769

Vm Volume of Metered Gas Sample Dry ACF 61 528

tm Dry Gas Meter Temperature Degrees F 104 8

Vm std Volume of Metered Gas Sample Dry SCF 58 5^^

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 64 3

Vw std Volume of Water Vapor SCF 3 027

XH20 Moisture Content t by Volume 4 92

Mfd Dry Mole Fraction 0 951

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 31

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 30 350

ts Flue Gas Temperature Degrees F 92

Delta p Average Velocity Head in H20 O 1553

vs Flue Gas Velocity Ft Sec 22 67

A Stack Duct Area Sq Inches 64692 0

Qsd Volumetric Air Flow Rate Dry SCFM 564 258 1

Qaw Volumetric Air Flow Rate Wet ACFM 611 105 2

XI Isokinetic Sampling Rate t 109 5

1230

1441

120

24

0 257

0 840

1 002

3O 35O

0 815

66 24 5

112 2

62 227

60 6

2 852

4 38

O 956

28 84

28 37

0 00

30 350

88

0 1614

23 02

64692 0

579 963 8

620 454 5

111 5

A 18



EMISSIONS RESULTS

9 4 86 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

CT 84 A 1

91 5

33 1

I 0383

36 6663

0 9587

33 8555

CT 84 A 2

87 9

31 0

1 05 12

37 2273

0 9854

3^ 7978

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

6 7OO5 ug

4 042 x 10E 3

I 766O x 10E 6

9 348 X 10E 3

4 244 x 10E 3

6 740 ug

4 065 X 10E 3

1 776 x 10E 6

9 402 x 10E 3

4 269 x 10E 3

0 6854 ug

0 389 x 10E 3

0 1700 x ioe 6

0 941 x 10E 3

0 427 x 10E 3

O 7O8 ug

0 402 x 10E 3

0 175 10E 6

0 972 x 10E 3

0 441 x 10E 3

A 1S



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 84 FAN CELL B

DB

30 2500

0 0000

15 0000

0 0010

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE i

9 5 86

CT 84 B 1

207

O 307

n 14

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 85O

RUN STOP TIME 1100

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

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

91 6

1 578 ug

I 58I ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

12 0 0 80 476 0 240 2 070 2 070 88 11 0 480 55 89

5 84 500 0 240 2 070 2 070 89 11 0 480 56 89

11 10 88 710 0 260 2 270 2 270 91 12 0 500 58 88

15 93 120 0 260 2 270 2 270 91 12 0 500 59 89

10 20 97 570 0 260 2 270 2 270 96 12 0 500 61 90

25 102 020 0 300 2 670 2 670 99 13 0 540 60 90

9 30 106 850 0 270 2 380 2 380 102 13 0 510 60 91

35 111 480 0 270 2 390 2 390 104 13 0 510 60 91

8 4o 116 300 0 120 1 120 1 120 105 8 0 350 60 92

45 119 750 0 090 O 830 0 830 105 6 0 300 60 92

7 50 122 490 0 070 O 67O O 67O 106 6 0 270 61 91

55 125 210 0 070 0 670 0 670 106 6 0 270 62 91

1 60 127 710 0 160 1 480 1 480 106 9 0 400 67 90

5 131 500 0 160 1 480 1 480 106 9 0 400 63 91

2 10 135 320 0 250 2 310 2 310 108 12 0 500 62 92

15 139 850 0 260 2 320 2 320 110 12 0 500 62 91

3 20 144 520 0 290 2 630 2 630 114 13 0 530 64 91

25 149 420 0 290 2 630 2 630 115 13 0 530 66 91

4 30 154 450 0 210 1 900 1 900 118 11 0 450 67 92

35 158 720 0 210 1 900 1 900 118 11 0 450 68 92

5 40 I63 OOO 0 050 0 420 0 420 118 5 0 210 70 91

5 165 060 0 050 0 420 0 420 118 5 0 210 71 91

6 50 I67 3IO 0 030 0 290 0 290 118 4 0 175 70 90

55 169 030 0 030 0 290 0 290 116 4 0 175 70 90

120 OFF 170 830

Leak

Check

0 000

0 000

FINAL

DIFF AVGS 90 354 0 1691 I 656 106 1 90 6

A n



FIELD DATA

PLANT

1AMPLING LOCATION

JPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

CT 84 FAN CELL B

DB

30 2500

0 0000

15 0000

0 0000

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE t

9 5 86

CT 84 B 2

209

0 308

N l4

1 72

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1130

^UN STOP TIME 1340

TOTAL NET RUN TIME Minutes 120

1 TOT TUBE COEFFICIENT 0 840

GAS METER CAL1B FACTOR {Y 1 002

EST DRY MOL WT Lb Lb Mo 1e 28 84

STACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

97 5

0 527 ug

0 529 ug

ug

Sample Sample Dry Gas Pi tot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemonet e r Temp Temp

No rain Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

1 0 0 172 800 0 160 1 420 1 420 109 5 0 390 54 90

5 176 58O 0 170 1 570 1 570 109 6 0 4io 56 90

2 10 180 520 0 280 2 510 2 510 110 7 0 520 56 91

15 185 350 0 290 2 620 2 620 112 7 0 530 58 91

3 20 190 380 0 290 2 630 2 630 114 7 0 530 58 91

25 195 4oo 0 290 2 630 2 630 116 7 0 530 58 92

4 30 200 kkO 0 220 I 98O 1 980 115 6 0 460 58 92

35 204 830 0 220 2 020 2 020 115 6 0 465 60 92

5 40 209 750 0 160 1 490 1 490 114 5 0 400 60 93

5 213 140 0 l4o 1 250 1 250 114 5 0 365 62 91

6 50 216 750 0 030 0 270 0 270 113 2 0 170 62 91

55 218 370 0 030 0 290 0 290 112 2 0 175 64 91

12 60 220 185 0 180 I 65O 1 650 110 6 0 470 68 90

5 224 250 0 160 1 490 1 490 110 6 0 400 65 90

11 10 228 150 0 310 2 810 2 810 110 8 0 550 65 91

15 233 270 0 270 2 420 2 420 110 7 0 510 66 91

10 20 238 640 0 310 2 820 2 820 112 8 0 550 69 91

25 243 375 0 330 2 980 2 980 113 8 0 565 70 91

9 30 248 700 0 280 2 540 2 5^0 113 8 0 520 71 90

35 253 600 0 280 2 540 2 540 113 8 0 520 72 90

8 40 258 570 0 120 1 090 1 090 114 5 0 340 71 90

45 261 870 0 120 1 090 1 090 114 5 0 340 73 90

7 50 265 200 0 050 0 420 0 420 114 2 0 210 75 89

55 267 450 0 040 0 370 0 370 110 2 0 200 75 90

120 OFF 269 515

FINAL

DIFF AVGS 96 715 0 1814 1 788 112 3 90 8

Leak

Check

0 000

0 000

A 21



9 5 86

The ta

Dia

CP

Y

Pbar

Delta H

Vm

tm

Vm s td

Vic

Vw std

3£H20

Mfd

Md

Ms

Pg

Ps

t s

Delta p

vs

A

Qsd

Qaw

XI

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

EXXON REFINERY BAYTOWN TX CT 8A B 1 CT 84 B 2

Run Start Time 850
Run Finish Time 1100

Net Run Time Minutes 120

Net Sampling Points 2k

Nozzle Diameter Inches 0 307

Pitot Tube Coefficient 0 8^0

Dry Gas Meter Calibration Factor 1 002

Barometric Pressure Inches Hg 30 250

Avg Pressure Differential of

Orifice Meter Inches H20 I 656

Volume of Metered Gas Sample Dry ACF 90 35^

Dry Gas Meter Temperature Degrees F 106 1

Volume of Metered Gas Sample Dry SCF 85 678

Total Volume of Liquid Collected

in Impingers and Silica Gel ml 91 6

Volume of Water Vapor SCF A 313

Moisture Content by Volume 4 79

Dry Mole Fraction 0 952

Estimated Dry Molecular Wt Lb Lb Mole 28 84

Wet Molecular Weight Lb Lb Mole 28 32

Flue Gas Static Pressure in Hg 0 00

Absolute Flue Gas Press in Hg 30 250

Flue Gas Temperature Degrees F 9^

Average Velocity Head in H20 O 169I

Flue Gas Velocity Ft Sec 23 67

Stack Duct Area Sq Inches 6^692 0

Volumetric Air Flow Rate Dry SCFM 56 9 » 015 •

Volumetric Air Flow Rate Wet ACFM 638 138 3

Isokinetic Sampling Rate X 105 9

1130

13^0

120

24

0 308

0 840

1 002

30 250

1 788

96 715

112 3

90 744

97 5

4 587

4 81

0 952

28 84

28 32

0 00

30 250

91

o l8l4

24 53

64692 0

609 927 1

661 075 0

107 7

A 22



EMISSIONS RESULTS

9 5 86 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

CT 84 B 1

90 6

32 6

1 0842

38 2883

1 0007

35 3409

CT 84 B 2

90 8

32 6

1 1232

39 6645

1 0363

36 5956

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration rog dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

1 5778 ug

0 650 x 10E 3

0 2841 X 10E 6

1 519 x 10E 3

O 689 x 10E 3

1 581 ug

O 652 x 10E 3

0 285 x 10E 6

1 522 x 10E 3

0 691 x 10E 3

O 5268 ug

0 205 x 10E 3

O O896 x 10E 6

0 504 x 10E 3

0 229 x 10E 3

0 529 ug

0 206 x 10E 3

0 090 x 10E 6

0 506 x 10E 3

0 230 x 10E 3

A 23



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 84 FAN CELL C

TMS

30 3500

1 0000

15 0000

0 0010

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE

9 4 86

CT 84 C 1

206

0 250

N 10

1 68

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 953

RUN STOP TIME 1207

TOTAL NET RUN TIME Minutes 120

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 004

EST DRY MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

60 8

12 775 ug

13 259 ug

ug

Sample Sample Dry Gas Pi tot Ve1 Ori f i ce H Gas Meter Pump Pi tot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemomete r Temp Temp

No min Cu Pt in H20 Ideal Actual deg F in Hg so MV deg F deg F

1 0 0 368 639 0 230 0 850 0 850 90 6 0 ^69 55 91

5 371 400 0 230 O 87O 0 870 93 6 0 473 53 90

2 10 373 920 0 330 1 250 1 250 94 8 0 568 55 92

15 399 610 0 330 1 250 1 250 94 8 0 566 56 91

3 20 380 570 0 340 1 310 1 310 94 8 0 580 58 91

25 384 340 0 330 1 270 1 270 95 8 0 571 57 91

4 30 387 720 0 150 0 570 0 570 96 5 0 382 58 91

35 390 4lo 0 160 0 610 0 610 98 5 0 401 58 99

5 40 392 480 0 030 0 120 0 120 98 2 0 176 59 99

45 393 690 0 030 0 090 0 090 98 2 0 158 61 102

6 50 394 670 0 030 0 100 0 100 100 2 0 166 60 103

55 395 630 0 030 0 100 0 100 100 2 0 163 61 104

12 60 396 691 0 150 O 590 0 590 97 5 0 389 57 92

5 398 910 0 130 0 510 0 510 98 5 0 362 58 91

11 10 400 980 0 230 O 87O 0 870 99 6 0 471 58 92

15 403 870 0 240 0 910 0 910 100 7 0 481 59 92

10 20 406 620 0 250 0 970 O 97O 102 7 0 496 61 92

25 409 810 0 260 1 000 1 000 101 7 0 503 60 91

9 30 412 630 0 250 0 960 O 96O 102 7 0 493 60 91

35 415 590 0 210 0 820 0 820 102 6 0 455 61 90

8 40 4l8 520 0 020 0 070 0 070 102 1 0 129 60 91

^5 419 610 0 040 0 170 0 170 102 2 0 206 59 92

7 50 420 800 0 020 0 070 0 070 102 1 0 133 60 92

55 421 800 0 020 0 080 0 080 102 1 0 143 62 92

120 0FF 422 680

FINAL

DIFF AVGS 53 983 0 1424 0 642 98 3 93 4

Leak

Check

396 633

396 691

A 24



FIELD DATA

PLANT

ampling location

1PERATOR

tjAR PRESS in Hg

STATIC PRESS in H20

„EAK TEST VACUUM in Hg

„EAK RATE CFM

EXXON

CT 84 FAN CELL C

TMS

30 3500

1 0000

15 0000

0 0100

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE X

9 ^1 86

CT 84 C 2

704

0 2 19

N 10

1 68

2 0

ANALYTICAL RESULTS DATA

RUN START TIME

}UN STOP TIME

TOTAL NET RUN TIME Minutes

ITOT TUBE COEFFICIENT

GAS METER CALIB FACTOR Y

ST DRY MOL WT Lb Lb Mole

5TACK DUCT AREA in2

1224

1442

120

0 840

1 004

28 84

64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

58 8

O 55O ug

0 554 ug

ug

Sample Samp 1e Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemomete r Temp Temp

No rain Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

12 0 0 422 870 0 150 0 590 0 590 98 3 0 389 53 93

5 425 590 0 130 0 510 0 510 98 2 0 362 55 92

11 10 427•510 0 230 O 87O 0 870 98 2 0 471 56 92

15 430 420 0 240 0 910 0 910 98 3 0 481 58 92

10 20 432 990 0 250 0 970 O 97O 98 3 0 496 59 92

25 436 110 0 260 1 000 1 000 99 3 0 503 60 91

9 30 439 050 0 250 O 96O O 96O 98 3 0 493 59 91

35 442 290 0 210 0 820 0 820 98 3 0 ^55 59 91

8 40 444 730 0 020 0 070 0 070 97 1 0 129 60 91

45 445 640 o o4o 0 170 0 170 96 1 0 206 61 93

7 50 447 280 0 020 0 070 0 070 96 1 0 133 60 94

55 447 990 0 020 0 080 0 080 96 1 0 143 60 93

6 60 449 032 0 030 0 100 0 100 94 1 0 163 58 93

5 450 110 0 030 0 100 0 100 94 1 0 166 60 93

5 10 451 100 0 030 0 090 0 090 94 1 0 158 61 93

15 452 080 0 030 0 120 0 120 94 1 0 176 62 93

4 20 453 290 0 160 0 610 0 610 93 4 0 401 61 93

25 455 58O 0 150 0 570 0 570 93 4 0 382 62 93

3 30 457 910 0 330 1 270 1 270 92 6 0 571 63 93

35 461 410 0 340 1 310 1 310 92 6 0 580 64 93

2 4o 464 720 0 330 1 250 1 250 92 6 0 566 63 93

45 468 160 0 330 1 250 1 250 92 6 0 568 65 92

1 50 471 190 0 230 0 870 0 870 92 5 0 473 65 91

55 474 010 0 230 0 850 O 85O 92 5 0 469 65 92

120 OFF 476 710

FINAL

DIFF AVGS 53 726 0 1424 0 642 95 2 92 4

Leak

Check

hUQ 918

449 032

A 2 5



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 4 86 EXXON REFINERY BAYTOWN TX CT 84 C 1 CT 84 C 2

Run Start Time 953

Run Finish Time 1207

Theta Net Run Time Minutes 120

Net Sampling Points 24

Dia Nozzle Diameter Inches 0 250

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 004

pbar Barometric Pressure Inches Hg 30 350

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 0 642

Vm Volume of Metered Gas Sample Dry ACF 53 983

tm Dry Gas Meter Temperature Degrees F 98 3

Vm std Volume of Metered Gas Sample Dry SCF 52 065

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 60 8

Vw std Volume of Water Vapor SCF 2 861

XH20 Moisture Content by Volume 5 21

Mfd Dry Mole Fraction 0 948

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 28

Pg Flue Gas Static Pressure in Hg 1 00

Ps Absolute Flue Gas Press in Hg 30 424

ts Flue Gas Temperature Degrees F 93

Delta p Average Velocity Head in H20 0 1424

vs Flue Gas Velocity Ft Sec 21 73

A Stack Duct Area Sq Inches 64692 0

Qsd Volumetric Air Flow Rate Dry SCFM 538 701 2

Qaw Volumetric Air Flow Rate Wet ACFM 585 805 2

XI Isokinetic Sampling Rate 106 1

1224

1442

120

24

0 249

0 840

1 004

30 350

0 642

53 726

95 2

52 109

58 8

2 768

5 04

0 950

28 84

28 29

1 00

30 424

92

0 1424

21 71

64692 0

539 977 3

585 068 5

106 8

A 26



EMISSIONS RESULTS

9 4 86 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

CT 84 C 1

93 4

34 1

0 9953

35 1483

0 9153

32 3221

CT 84 C 2

92 4

33 5

0 9940

35 1041

0 9174

32 3986

CONCENTRATIONS AND EMISSION RATES PMRa

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

12 7753 ug

8 665 x 10E 3

3 7861 x 10E 6

18 542 x 10E 3

8 418 x 10E 3

13 259 ug

8 993 x 10E 3

3 929 x 10E 6

19 244 x 10E 3

8 737 x 10E 3

O 5498 ug

0 373 x 10E

0 1628 x 10E

0 804 x 10E

O 365 x 10E

0 554 ug

0 375 x 10E

0 164 x 10E

0 810 x 10E

O 368 x 10E

A 27



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

CT 84 FAN CELL D

TME

30 2500

1 0000

15 0000

0 0090

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H§

ASSUMED MOISTURE X

9 5 86

CT 84 D 1

707

0 299

N 10

1 68

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 835 TOT VOL H20 COLL ml 73 4

RUN STOP TIME 1043 TOTAL CATCH

TOTAL NET RUN TIME Minutes 120 HEXAVALENT CHROMIUM GFAA 0 455

PITOT TUBE COEFFICIENT 0 840 TOTAL CATCH

GAS METER CALIB FACTOR Y 1 004 TOTAL CHROMIUM GFAA 0 459

EST DRY MOL WT Lb Lb Mole 28 84 TOTAL CATCH

STACK DUCT AREA in2 64 692 0

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft CIn H20 Ideal Actual deg F in Hg so MV deg F deg F

12 0 0 484 748 0 080 0 610 0 610 90 4 0 276 55 85

5 487 090 0 090 0 700 0 700 92 4 0 293 56 84

11 10 489 910 0 220 1 760 1 760 94 7 0 465 58 84

15 493 270 0 230 1 800 1 800 94 7 0 472 58 87

10 20 497 310 0 240 1 870 1 870 94 7 0 483 59 89

25 501 190 0 250 1 960 1 960 94 8 0 496 58 90

9 30 505 230 0 240 1 870 1 870 95 7 0 485 58 91

35 509 270 0 250 1 940 1 940 95 8 0 494 57 92

8 4o 513 320 0 090 0 680 0 680 96 4 0 293 58 92

15 515 890 0 080 0 600 0 600 96 3 0 274 59 93

7 50 518 220 0 020 0 140 0 140 96 1 0 132 58 93

55 519 360 0 020 0 130 0 130 96 1 0 127 59 93

6 60 520 370 0 020 0 190 0 190 96 1 0 153 56 92

5 521 820 0 020 0 170 0 170 96 1 0 148 57 91

5 10 523 100 0 040 0 280 0 280 96 2 0 189 58 91

15 524 620 0 040 0 340 0 340 97 2 0 206 60 92

4 20 526 680 0 240 1 910 1 910 95 8 0 489 59 92

25 530 520 0 220 1 740 1 7h0 93 7 0 467 61 91

3 30 534 150 0 260 2 020 2 020 94 8 0 503 62 92

35 538 390 0 280 2 150 2 150 96 9 0 519 64 92

2 40 542 820 0 230 1 820 1 820 97 7 0 478 63 91

15 547 010 0 240 1 880 1 880 96 8 0 486 64 90

1 50 550 830 0 100 0 800 0 800 96 4 0 316 65 91

55 553 560 0 110 0 830 0 830 95 5 0 323 64 90

120 OFF 556 269

FINAL

DIFF AVGS 71 521 0 1307 1 175 95 O 90 3

ug

Leak

Check

0 000

0 000

A 72



FIELD DATA

PLANT

SAMPLING LOCATION

IPERATOR

JAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

CT 84 FAN CELL D

TME

30 2500

1 0000

15 0000

0 0080

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE X

9 5 86

CT 84 D 2

707

0 299

N 1 0

1 68

2 0

ANALYTICAL RESULTS DATA

rtUN START TIME 1104

RUN STOP TIME 1317

OTAL NET RUN TIME Minutes 120

•ITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 004

ST DRY MOL WT Lb Lb Mo1e 28 84

TACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALEN T CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

72 7

21 485 ug

21 540 ug

ug

Samp 1e Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemometer Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

1 0 0 556 523 0 150 1 140 1 140 92 5 0 379 52 90

5 559 680 0 150 1 180 1 180 94 5 0 385 52 90

2 10 562 930 0 260 2 000 2 000 96 8 0 502 53 92

15 566 970 0 240 1 910 1 910 98 8 0 489 53 92

3 20 570 920 0 230 1 830 1 830 100 7 0 479 55 92

25 574 950 0 240 1 870 1 870 101 8 0 483 58 92

4 30 578 020 0 130 1 050 1 050 102 5 0 362 57 92

35 582 160 0 130 1 010 1 010 100 5 0 354 58 91

5 40 585 120 0 020 0 130 0 130 101 1 0 126 59 92

45 586 310 0 010 0 110 0 110 102 1 0 119 61 92

6 50 587 350 0 020 0 130 0 130 100 1 0 124 61 92

55 588 6OO 0 010 0 110 0 110 98 1 0 120 63 92

7 60 589 510 0 010 0 110 0 110 96 1 0 119 63 95

5 590 590 0 020 0 130 0 130 96 1 0 130 61 94

8 10 591 760 0 020 0 180 0 180 96 2 0 149 61 93

15 593 070 0 030 0 260 0 260 96 2 0 182 62 94

9 20 594 640 0 210 1 630 1 630 98 7 0 433 64 93

25 598 240 0 240 1 980 1 980 100 8 0 499 65 94

10 30 602 420 0 220 1 730 1 730 98 7 0 468 65 94

35 606 330 0 230 1 770 1 770 99 7 0 472 66 94

11 40 610 180 0 170 1 350 1 350 100 6 0 412 65 93

5 6l4 oio 0 150 1 l4o 1 l4o 100 5 0 379 65 94

12 50 617 210 0 120 0 900 0 900 99 4 0 337 67 94

55 619 670 0 120 0 960 0 960 97 5 0 3 8 67 93

120 OFF 622 638

FINAL

DIFF AVGS 66 115 0 1082 1 025 98 3 92 7

Leak

Check

0 000

0 000

A 2 9



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 3 86 EXXON REFINERY BAYTOWN TX CT 84 D 1 CT 84 D 2

Run Start Time 835
Run Finish Time 1043

Theta Net Run Time Minutes 120

Net Sampling Points 24

Dia Nozzle Diameter Inches 0 299

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 004

Pbar Barometric Pressure Inches Hg 30 250

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 1 175

Vm Volume of Metered Gas Sample Dry ACF 71 521

tm Dry Gas Meter Temperature Degrees F 95 0

Vm std Volume of Metered Gas Sample Dry SCF 69 256

Vic Total Volume of Liquid Collected

in lmpingers and Silica Gel ml 73

Vw std Volume of Water Vapor SCF 3 453

H20 Moisture Content X by Volume 4 75

Mfd Dry Mole Fraction 0 953

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 33

Pg Flue Gas Static Pressure in Hg 1 00

Ps Absolute Flue Gas Press in Hg 30 324

ts Flue Gas Temperature Degrees F 90

Delta p Average Velocity Head in H20 0 1307

vs Flue Gas Velocity Ft Sec 20 78

A Stack Duct Area Sq Inches 64692 0

Qsd Volumetric Air Flow Rate Dry SCFM 518 718 3

Qaw Volumetric Air Flow Rate Wet ACFM 560 062 5

II Isokinetic Sampling Rate X 102 5

1104

1317

120

24

0 299

0 840

1 004

30 250

1 025

66 115

98 3

63 616

72 7

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

A 30



3 5 86

EMISSIONS RESULTS

EXXON REFINERY BAYTOWNt 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

CT 84 D 1

90 3

32 A

0 9516

33 6038

0 8813

31 1231

CT 84 D 2

92 7

33 7

0 8682

30 6601

0 7977

28 1707

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRa

kg hr Emission Rate kg hr PMRa

0 553 ug

0 232 x 10E 3

0 1014 x 10E 6

0 462 x 10E 3

0 210 x 10E 3

0 4p9 ug

0 234 x 10E 3

0 102 x 10E 6

0 466 x 1OE 3

0 211 x 10E 3

21 4854 ug

11 927 x 10E 3

5 2113 x 10E 6

21 801 x 10E 3

9 898 x 10E 3

21 540 ug

11 957 x 10E 3

5 224 x 10E 6

21 856 x 10E 3

9 923 x 10E 3

A 31



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 68 FAN CELLS 1 « 2

B RUDD

30 2500

0 0000

15 0000

0 0050

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE X

9 1 86

CT 68 DI 1

Disc

1 6l4

N 12

1 76

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1145

RUN STOP TIME 1554

TOTAL NET RUN TIME Minutes 240

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 37 688 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

215 6

5 596 ug

5 611 ug

ug

Samp 1e Sample Dry Gas Pitot Ve1 Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome te r Temp Temp

No min Cu Ft in H20 Ideal Ac tual deg F in Hg so MV deg F deg F

A 1 0 0 468 874 0 370 3 520 3 520 94 10 0 600 59 81

15 484 590 0 370 3 520 3 520 96 10 0 600 62 82

30 500 380 O 37O 3 520 3 520 99 10 0 600 64 84

45 516 860 O 37O 3 520 3 520 100 10 0 600 65 85

60 0 533 690 0 370 3 520 3 520 100 10 0 600 62 87

15 547 380 O 370 3 520 3 520 100 10 0 600 64 87

30 564 120 0 370 3 520 3 520 100 10 0 600 62 86

45 578 710 0 370 3 520 3 520 100 10 0 600 65 86

120 0 593 670 0 370 3 520 3 520 100 10 0 600 61 85

15 609 330 0 370 3 520 3 520 99 10 0 600
t

63 86

30 627 ¦ 810 O 37O 3 520 3 520 100 10 0 600 64 87

45 64l 070 0 370 3 520 3 520 100 10 0 600 66 85

180 0 656 170 0 370 3 520 3 520 100 10 0 bOO 62 84

15 671 870 0 370 3 520 3 520 101 10 0 600 60 86

30 687 430 0 370 3 520 3 520 100 10 0 600 63 86

45 702 920 0 370 3 520 3 520 100 10 0 600 65 87

240 OFF 718 714

FINAL

D1FF AVGS 249 710 0 3700 3 520 99 3 85 3

Leak

Check

593 670

593 800

A 32



FIELD DATA

PLANT

1AMPLING LOCATION

PE RATOR

JAR PRESS in Hg

STATIC PRESS in H20

uEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 68 FAN CELLS 1 8 2

B RUDD

30 2500

0 0000

15 0000

0 0040

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE

9 1 86

CT 68 NZ

208

0 312

n 6

1 71

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1145

^UN STOP TIME 1554

TOTAL NET RUN TIME Minutes 240

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRV MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 37 668 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

220 0

9 840 ug

9•866 ug

ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft in H20 Ideal Ac tual deg F in Hg so MV deg F deg F

A 1 0 0 958 858 0 370 3 520 3 520 85 14 0 600 61 81

15 974 920 0 370 3 520 3 520 92 14 0 600 63 82

30 990 860 0 370 3 520 3 520 97 14 0 600 58 84

45 1007 540 0 370 3 520 3 520 98 14 0 600 60 85

60 0 1024 600 0 370 3 520 3 520 99 14 0 600 62 87

15 1038 660 0 370 3 520 3 520 99 14 0 600 64 87

30 IO55 890 0 370 3 520 3 520 100 14 0 600 62 86

5 1070 380 0 370 3 520 3 520 101 14 0 600 62 86

120 0 IO85 450 0 370 3 520 3 520 98 14 0 600 63 85

15 1101 470 0 370 3 520 3 520 100 14 0 600 65 86

30 1119 58O 0 370 3 520 3 520 97 14 0 600 66 87

45 1133 290 0 370 3 520 3 520 99 14 0 600 66 85

180 0 1149 340 0 370 3 520 3 520 98 14 0 600 60 84

15 1165 270 0 370 3 520 3 520 99 14 0 600 63 86

30 1181 350 0 370 3 520 3 520 97 14 0 600 62 86

45 II96 98O 0 370 3 520 3 520 96 14 0 600 61 87

240 0FF 1212 875

FINAL

DIFF AVGS 253 867 0 3700 3 520 97 2 roir\00

Leak

Check

85 450

85 6OO

A 33



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 1 86 EXXON REFINERY BAYTOWN TX

Run Start Time

Run Finish Time

Theta Net Run Time Minutes

Net Sampling Points

Dia Nozzle Diameter Inches

Cp Pitot Tube Coefficient

Y Dry Gas Meter Calibration Factor

Pbar Barometric Pressure Inches Hg

Delta H Avg Pressure Differential of

Orifice Meter Inches H20

Vm Volume of Metered Gas Sample Dry ACF

tm Dry Gas Meter Temperature Degrees F

Vm std Volume of Metered Gas Sample Dry SCF

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml

Vw std Volume of Water Vapor SCF

H20 Moisture Content X by Volume

Mfd Dry Mole Fraction

Md Estimated Dry Molecular Wt Lb Lb Mole

Ms Wet Molecular Weight Lb Lb Mole

Pg Flue Gas Static Pressure in Hg

Ps Absolute Flue Gas Press in Hg

ts Flue Gas Temperature Degrees F

Delta p Average Velocity Head in H20

vs Flue Gas Velocity Ft Sec

A Stack Duct Area Sq Inches

Qsd Volumetric Air Flow Rate Dry SCFM

Qaw Volumetric Air Flow Rate Wet ACFM

1 Isokinetic Sampling Rate X

CT 68 DI 1

1145

155A

24o

16

1 614

0 84o

1 002

30 250

3 520

2^9 71

99 3

240 754

215 6

10 147

4 o4

0 960

28 84

28 4o

0 00

30 250

85

0 3700

3^ 80

37688 0

513 361 9

546 450 9

3 6

CT 68 NZ 1

1145

155^

240

16

0 312

0 840

1 002

30 250

3 520

253 867

97 2

245 695

220 0

10 356

4 04

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

A 34



EMISSIONS RESULTS

9 1 86 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 PMRc

CT 68 DI 1

85 3

29 6

0 9284

32 7871

0 8722

30 8017

CT 68 NZ 1

85 3

29 6

0 9279

32 7697

0 8717

30 7853

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

5 5963 ug

0 821 x 10E 3

O 3587 x 10E 6

1 578 x 10E 3

0 716 x 10E 3

5 611 ug

0 823 X 10E 3

0 360 x 10E 6

I 582 x 10E 3

0 718 x 10E 3

9 8397 ug

l hih x 10E 3

0 6179 x ioe 6

2 718 x 10E 3

1 233 X 10E 3

9 866 ug

1 tis x 10E 3

0 620 x IOE 6

2 725 x 10E 3

1 236 x 10E 3

A 35



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

EAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE C FM

EXXON

COOLING TOWER 68 FAN CELL 3

B RUDD

30 2000

0 0000

15 0000

0 0060

DATE

RUN NUMBER

NOZZLE t

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H§

ASSUMED MOISTURE X

9 2 86

CT 68 DI 2

Disc

1 6l4

N 12

1 76

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 950

RUN STOP TIME 1351

TOTAL NET RUN TIME Minutes 240

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 37 688 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

263 7

73 355 ug

73 946 ug

ug

Sample Sample Dry Gas Pitot vel Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Ac tual deg F in Hg so MV deg F deg F

A l 0 0 719 600 0 350 3 210 3 210 86 OO 585 63 93

15 735 890 0 350 3 210 3 210 90 10 0 585 60 93
••

30 749 060 0 350 3 210 3 210 94 10 0 585 60 93
»

45 763 720 0 350 3 210 3 210 94 10 0 585 58 92
•• 60 0 778 580 0 350 3 210 3 210 98 10 0 585 64 91

15 794 220 0 350 3 210 3 210 99 00 585 66 93

30 809 690 0 350 3 210 3 210 98 10 0 585 65 93

45 824 420 0 350 3 210 3 210 99 10 0 585 61 93
•»

120 0 839 28O 0 350 3 210 3 210 99 10 0 585 62 92

15 856 140 0 350 3 210 3 210 99 00 585 60 93
•»

30 874•310 0 350 3 210 3 210 100 10 0 585 57 92

45 887 590 O 35O 3 210 3 210 101 10 0 585 60 93

180 0 900 780 0 350 3 210 3 210 102 10 0 585 62 93

15 914 580 0 350 3 210 3 210 102 00H 585 63 93

30 930 090 O 35O 3 210 3 210 104 00 585 64 92
••

45 945 100 0 350 3 210 3 210 103 10 0 585 62 92

240 0FF 959 240

FINAL

DIFF AVGS 239 640 O 35OO 3 210 98 0 92 6

Leak

Check

0 000

0 000

A 36



FIELD DATA

PLANT

AMPLING LOCATION

PERATOR

JAR PRESS in Hg

STATIC PRESS in H20

L EAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 68 FAN CELL 3

B RUDD

30 2000

0 OOOO

15 0000

0 0020

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX Hg

ASSUMED MOISTURE I

9 2 86

CT 68 NZ

208

0 312

n 6

1 71

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 950

HUN STOP TIME 1351

TOTAL NET RUN TIME Minutes 2 10

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 37 668 0

TOT VOL H20 COLL ml 269 6

TOTAL CATCH

1IEXAVALENT CHROMIUM GFAA 69 186 ug

TOTAL CATCH

TOTAL CHROMIUM GFAA 69 744 ug

TOTAL CATCH

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pltot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemometer Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A l 0 0 216 300 0 350 3 210 3 210 87 13 0 585 66 93

15 233 020 0 350 3 210 3 210 91 13 0 585 60 93

30 246 590 0 350 3 210 3 210 94 13 0 585 58 93

45 26l 810 0 350 3 210 3 210 94 13 0 585 61 93

60 0 276 990 0 350 3 210 3 210 97 13 0 585 64 91

15 293 010 0 350 3 210 3 210 98 13 0 585 64 93

30 308 520 0 350 3 210 3 210 97 13 0 585 65 93

45 323 560 0 350 3 210 3 210 97 13 0 585 66 93

120 0 338 420 0 350 3 210 3 210 97 13 0 585 62 92

15 355 630 0 350 3 210 3 210 98 13 0 585 60 93

30 372 860 0 350 3 210 3 210 99 13 0 585 61 92

45 386 910 0 350 3 210 3 210 100 13 0 585 62 93

180 0 400 660 0 350 3 210 3 210 101 13 0 585 63 93

15 4l4 390 0 350 3 210 3 210 101 13 0 585 64 93

30 430 280 0 350 3 210 3 210 103 13 0 585 65 92

45 446 020 0 350 3 210 3 210 103 13 0 585 62 92

240 0F f 460 522

Leak

Check

0 000

0 000

FINAL

DIFF AVGS 244 222 0 3500 3 210 97 3 92 6

A 37



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 2 86 EXXON REFINERY BAYTOWN TX CT 68 D1 2 CT 68 NZ 2

Run Start Time 950

Run Finish Time 1351

Theta Net Run Time Minutes 240

Net Sampling Points 16

Dia Nozzle Diameter Inches 1 6l4

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 200

Delta II Avg Pressure Differential of

Orifice Meter Inches H20 3 210

Vm Volume of Metered Gas Sample Dry ACF 239 64

tm Dry Gas Meter Temperature Degrees F 98 0

Vm std Volume of Metered Gas Sample Dry SCF 231 036

Vic Total Volume of Liquid Collected

in lmpingers and Silica Gel ml 263 7

Vw std Volume of Water Vapor SCF 12 413

H20 Moisture Content X by Volume 5 10

Mfd Dry Mole Fraction 0 949

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 29

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 3° 200

ts Flue Gas Temperature Degrees F 93

Delta p Average Velocity Head in H20 0 3500

vs Flue Gas Velocity Ft Sec 34 17

A Stack Duct Area Sq Inches 37688 0

Qsd Volumetric Air Flow Rate Dry SCFM 491 113 4

Qaw Volumetric Air Flow Rate Wet ACFM 53 552 2

XI Isokinetic Sampling Rate X 3 6

950

1351

240

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

O 35OO

34 17

37668 0

490 783 5

536 307 9

98 6

A 38



EMISSIONS RESULTS

9 2 86 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

CT 68 DI 2

92 6

33 6

O 9116

32 1931

0 8344

29 4668

CT 68 NZ 2

92 6

33 7

0 9112

32 1785

O 8338

29 4470

CONCENTRATIONS AND EMISSION RATES PMRc

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

73•35^7 ug

11 213 x 10E 3

A 8991 x 10E 6

20 623 x 10E 3

9 354 x 10E 3

73 946 ug

11 303 x 10E 3

4 939 X 10E 6

20 789 x 10E 3

9 430 x 10E 3

69 1863 ug

10 364 X 10E 3

4 5284 x 10E 6

19 050 x 10E 3

8 641 X 10E 3

69 744 ug

10 448 x 10E 3

4 565 x ioe 6

19 203 x 10E 3

8 710 x 10E 3

A 39



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 68 PAN CELL 5

B BRIDGES

30 2500

0 OOOO

15 0000

0 0130

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE X

9 3 86

CT 68 DI 3

Disc

1 614

N 12

1 76

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 910

RUN STOP TIME 1310

TOTAL NET RUN TIME Minutes 240

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 85 53O O

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

202 3

32 195 US

32 195 ug

ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemometer Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 959 405 0 370 3 540 3 540 88 9 0 600 61 81

15 975 010 0 370 3 540 3 540 99 9 0 600 61 81

30 990 510 0 370 3 540 3 540 100 9 0 600 60 84

45 1006 170 0 370 3 540 3 540 100 9 0 600 61 83

60 0 1021 960 0 370 3 540 3 540 103 9 0 600 62 83

15 1037 520 O 37O 3 540 3 540 103 9 0 600 64 85

30 IO53 420 0 370 3 540 3 540 103 9 0 600 63 84

45 1069 240 0 370 3 540 3 540 103 9 0 600 61 83

120 0 IO85 35O 0 370 3 540 3 540 104 9 0 600 61 83

15 1101 165 0 370 3 540 3 540 104 9 0 600 60 84

30 1117 185 0 370 3 540 3 540 104 9 0 600 6l 84

45 1133 185 0 370 3 540 3 540 104 9 0 600 62 84

180 0 1149 350 O 37O 3 540 3 540 104 9 0 600 62 83

15 1165 220 0 370 3 540 3 540 104 9 0 600 63 82

30 1181 150 0 370 3 540 3 540 104 9 0 600 63 82

45 1197 120 0 370 3 540 3 540 104 9 0 600 63 82

240 OF F 1213 129

FINAL

DIFF AVGS 253 724 0 3700 3 540 101 9 83 O

Leak

Check

0 000

0 000

A 40



FIELD DATA

PLANT

IAMPLING LOCATION

PERATOR

JAR PRESS in Hg

STATIC PRESS in H20

„EAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

COOLING TOWER 68 FAN CELL 5

B BRIDGES

30 2500

0 0000

15 0000

0 0020

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE X

9 3 86

ct 68 nz 3

208

0 312

n 6

I 71

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 910

UN STOP TIME 1310

TOTAL NET RUN TIME Minutes 240

ITOT TUBE COEFFICIENT 0 840

GAS METER CAL1B FACTOR Y 1 002

2ST DRY MOL WT Lb Lb Mole 28 84

STACK DUCT AREA in2 85 530 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

202 5

3Zt 91 it Ug

34 914 ug

Ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 460 657 0 370 3 540 3 540 88 15 0 600 66 81

••

15 476 220 0 370 3 540 3 540 96 15 0 600 64 82

30 491 940 0 370 3 540 3 540 99 15 0 600 61 83

4 5 507 745 0 370 3 540 3 540 100 15 0 600 60 83

60 0 523 640 0 370 3 540 3 540 101 15 0 600 60 83

15 539 450 0 370 3 540 3 540 101 15 O 600 62 84

30 555 350 0 370 3 540 3 540 101 15 0 600 63 83

45 570 160 0 370 3 540 3 540 102 15 0 600 62 83

120 0 587 OIO 0 370 3 540 3 540 102 15 0 600 60 84

15 602 820 0 370 3 540 3 540 101 15 0 600 62 84

30 628 620 0 370 3 540 3 540 102 15 0 600 64 84

45 634 385 0 370 3 540 3 540 102 15 0 600 64 84

180 0 650 100 0 370 3 540 3 540 102 15 0 600 64 83

15 665 895 0 370 3 540 3 540 102 15 0 600 65 83

30 681 650 0 370 3 540 3 540 102 15 0 600 64 83

45 697 460 0 370 3 540 3 540 102 15 0 600 63 82

240 OFF 713 340

FINAL

DIFF AVGS 252 683 0 3700 3 540 100 2 83 1

Leak

Check

0 000

0 000

A l



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 3 86

The ta

Dia

Cp

Y

Pba r

Delta H

Vm

tm

Vm s td

Vic

Vw std

SH20

Mfd

Md

Ms

Pg

Ps

t s

Delta p

vs

A

Qsd

Qaw

XI

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 X 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 2

CT 68 DI 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

34 71

85530 0

1 170 243 5

1 236 902 2

3 6

CT 68 NZ 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

0 00

30 250

83

0 3700

34 71

85530 0

1 170 101 3

1 236 991 1

96 9

A 42



EMISSIONS RESULTS

9 3 86 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 PMRc

CT 68 D1 3

83 0

28 3

2 1015

74 2l4l

1 9883

70 2146

CT 68 NZ 3

83 1

28 4

2 1017

74 2195

1 988O

70 2061

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

32 1948 ug

4 669 x 10E 3

2 0402 x 10E 6

20 464 x 10E 3

9 282 x 10E 3

32 195 ug

4 669 x 10E 3

2 040 x 10E 6

20 464 x 10E 3

9 282 x 10E 3

34 9139 ug

5 O69 x 10E 3

2 2147 x 10E 6

22 212 x 10E 3

10 075 x 10E 3

34 914 ug

5 O69 x 10E 3

2 215 x 10E 6

22 212 x 10E 3

10 075 x 10E 3

A 43



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 84 FAN CELL D

B RUDD

30 3500

O IOOO

15 0000

0 0170

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE

9 4 86

CT 84 DI 4

Disc

1 61^

N 6

1 71

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1010

RUN STOP TIME 1410

TOTAL NET RUN TIME Minutes 240

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

257 9

2 171 ug

2 188 ug

ug

Sample Sample Dry Gas Pitot Ve1 Ori fice
f

H Gas Meter Pump Pitot Imp Exit Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 713 502 O 360 3 360 3 360 90 8 0 590 64 88

15 728 800 0 360 3 360 3 360 92 8 0 590 65 88

30 744 420 O 36O 3 360 3 360 94 8 0 590 65 88

45 759 650 0 360 3 360 3 360 96 8 0 590 67 88

60 0 775 080 O 360 3 360 3 360 98 8 0 590 67 88

15 792 490 O 36O 3 360 3 360 99 8 0 590 61 89

30 806 310 0 360 3 360 3 360 101 8 0 590 59 89

45 824 170 O 360 3 360 3 360 102 8 0 590 63 92

120 0 837 660 O 36O 3 360 3 360 102 8 0 590 66 93

15 852 910 O 36O 3 360 3 360 103 8 0 590 62 93

30 868 730 O 36O 3 360 3 360 103 8 0 590 65 93

45 884 820 0 360 3 360 3 360 103 8 0 590 64 93

180 0 900 110 0 360 3 360 3 360 103 8 0 590 64 93

15 915 280 O 36O 3 360 3 360 103 8 0 590 64 93

30 930 270 O 36O 3 360 3 360 103 8 0 590 64 93

45 946 270 O 36O 3 360 3 360 103 8 0 590 65 93

240 0FF 961 934

FINAL

DIFF AVGS 248 432 0 3600 3 360 99 7 90 9

Leak

Check

0 000

0 000

A A A



FIELD DATA

PLANT

SAMPLING LOCATION

IPERATOR

JAR PRESS in Hg

STATIC PRESS in H20

EAK TEST VACUUM in Hg

EAK RATE CFM

EXXON

COOLING TOWER 84 FAN CELL D

B RUDD

30 3500

0 1000

15 0000

0 0170

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE X

9 4 86

CT 84 NZ 4

208

0 312

N 12

1 76

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 1010

1UN STOP TIME l4l0

OTAL NET RUN TIME Minutes 240

ITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

ST DRY MOL WT Lb Lb Mole 28 84

3TACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

253 5

9 896 ug

9 970 ug

Ug

Sample Samp 1e Dry Gas Pi tot Vel Ori fice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome ter Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 213 302 0 360 3 360 3 360 90 OCM4 590 62 88

15 227 040 O 360 3 360 3 360 92 12 0 590 64 88

30 242 210 0 360 3 360 3 360 94 12 0 590 64 88

45 257 320 O 36O 3 360 3 360 95 12 0 590 66 88

60 0 272 280 0 360 3 360 3 360 97 12 0 590 66 88

15 290 160 O 360 3 360 3 360 102 13 0 590 63 89

30 303 960 0 360 3 360 3 360 106 13 0 590 62 89

15 321 620 O 360 3 360 3 360 106 13 0 590 65 92

120 0 334 820 O 360 3 360 3 360 107 13 0 590 66 93

15 350 430 O 360 3 360 3 360 108 13 0 590 62 93

30 365 870 0 360 3 360 3 360 108 13 0 590 64 93

45 38l 860 0 360 3 360 3 360 108 13 0 590 66 93

180 0 697 090 O 36O 3 360 3 360 108 13 0 590 66 93

15 412 240 O 36O 3 360 3 360 108 13 0 590 66 93

30 427 170 0 360 3 360 3 360 108 13 0 590 66 93

45 442 510 0 360 3 360 3 360 108 13 0 590 66 93

240 OFF 458 782

FINAL

DIFF AVGS 245 480 0 3600 3 360 102 8 90 9

Leak

Check

0 000

0 000

A 45



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 4 86 EXXON REFINERY BAYTOWN TX CT 84 DI 4 CT 84 NZ 4

Run Start Time 1010

Run Finish Time l4l0

Theta Net Run Time Minutes 240

Net Sampling Points 16

Dia Nozzle Diameter Inches 1 6l4

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 350

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 3 360

Vm Volume of Metered Gas Sample Dry ACF 248 432

tm Dry Gas Meter Temperature Degrees F 99 7

Vm std Volume of Metered Gas Sample Dry SCF 240 053

Vic Total Volume of Liquid Collected

in Impingers and Silica Gel ml 257 9

Vw std Volume of Water Vapor SCF 12 141

U20 Moisture Content by Volume 4 8l

Mfd Dry Mole Fraction 0 952

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 32

Pg Flue Gas Static Pressure in Hg 0 10

Ps Absolute Flue Gas Press in Hg 30 357

ts Flue Gas Temperature Degrees F 91

Delta p Average Velocity Head in H20 0 3600

vs Flue Gas Velocity Ft Sec 34 49

A Stack Duct Area Sq Inches 64692 0

Qsd Volumetric Air Flow Rate Dry SCFM 860 602 5

Qaw Volumetric Air Flow Rate Wet ACFM 929 709 8

SI Isokinetic Sampling Rate X 3 7

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

A 46



EMISSIONS RESULTS

9 4 86 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 PMRc

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

CT 84 DI 4

90 9

32 7

1 5796

55 7826

1 4622

51 6362

2 1713 ug

0 319 x 10E 3

O 1396 x 10E 6

1 030 x 10E 3

0 467 x 10E 3

2 188 ug

0 322 x 10E 3

0 141 x 10E 6

1 037 x 10E 3

0 470 x 10E 3

CT 84 NZ 4

90 9

32 7

1 5796

55 7826

1 4622

51 6362

9 8957 Ug

1 482 X 10E 3

0 6473 x ioe 6

4 775 X 10E 3

2 166 x 10E 3

9 970 ug

1 493 x 10E 3

0 652 x 10E 6

4 811 X 10E 3

2 182 x 10E 3

A 47



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

BAR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 84 FAN CELL A

B RUDD

30 2500

0 OOOO

15 0000

0 0170

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H

ASSUMED MOISTURE I

9 5 86

CT 84 DI 5

Disc

1 614

N 12

1 76

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 820

RUN STOP TIME 1220

TOTAL NET RUN TIME Minutes 240

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

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

226 7

2 439 ug

2 454 ug

Ug

Sample Sample Dry Gas Pitot Ve1 Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome te r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 469•307 0 360 3 450 3 450 98 OO 595 63 86

15 484 420 O 36O 3 450 3 450 99 10 0 595 65 86

30 499 490 O 36O 3 450 3 450 101 10 0 595 60 87

45 514 710 O 36O 3 450 3 450 102 0 0 595 58 87

60 0 530 000 0 360 3 450 3 450 102 10 0 595 60 88

15 545 720 O 36O 3 450 3 450 102 10 0 595 63 88

30 560 660 O 36O 3 450 3 450 101 10 0 595 65 87

45 576 010 0 360 3 450 3 450 101 10 0 595 66 87

120 0 591 220 0 360 3 450 3 450 98 00 595 63 88

15 606 64o O 36O 3 450 3 450 98 10 0 595 61 87

30 621 990 O 360 3 450 3 450 98 10 0 595 65 87

45 639 810 O 36O 3 450 3 450 98 10 0 595 63 88

180 0 652 860 O 360 3 450 3 450 99 10 0 595 66 88

15 668 330 O 36O 3 450 3 450 101 10 0 595 67 88

30 683 700 O 36O 3 450 3 450 101 10 0 595 62 88

45 698 990 O 36O 3 450 3 450 100 00H 595 59 88

240 0FF 714 331

FINAL

DIFF AVGS 245 024 0 3600 3 450 99 9 87 4

Leak

Check

0 000

0 000

A 48



FIELD DATA

PLANT

SAMPLING LOCATION

OPERATOR

3AR PRESS in Hg

STATIC PRESS in H20

LEAK TEST VACUUM in Hg

LEAK RATE CFM

EXXON

COOLING TOWER 84 FAN CELL A

B RUDD

30 2500

0 0000

15 0000

0 0090

DATE

RUN NUMBER

NOZZLE

NOZZLE DIAMETER inches

METER BOX NUMBER

METER BOX H@

ASSUMED MOISTURE X

9 5 86

ct 8 i nz 5

208

0 312

n 6

1 71

2 0

ANALYTICAL RESULTS DATA

RUN START TIME 820

RUN STOP TIME 1220

TOTAL NCT RUN TIME Minutes 240

PITOT TUBE COEFFICIENT 0 840

GAS METER CALIB FACTOR Y 1 002

EST DRY MOL WT Lb Lb Mo1e 28 84

STACK DUCT AREA in2 64 692 0

TOT VOL H20 COLL ml

TOTAL CATCH

HEXAVALENT CHROMIUM GFAA

TOTAL CATCH

TOTAL CHROMIUM GFAA

TOTAL CATCH

209 9

6 346 ug

6 385 ug

ug

Sample Sample Dry Gas Pitot Vel Orifice H Gas Meter Pump Pitot Imp Exi t Stack

Point Time Meter Reading Head in H20 Temp Vac Anemome t e r Temp Temp

No min Cu Ft in H20 Ideal Actual deg F in Hg so MV deg F deg F

A 1 0 0 970 905 0 360 3^50 3 450 94 14 0 595 6l 86

15 986 150 0 360 3 450 3 450 96 14 0 595 66 86

30 1002 150 0 360 3 450 3 450 98 15 0 595 60 87

45 1017 290 0 360 3 450 3 450 99 15 0 595 58 87

60 0 1032 530 0 360 3 ^50 3 450 100 15 0 595 63 88

15 1047 070 0 360 3 450 3 450 101 15 0 595 66 88

30 1061 520 0 360 3 ¦ ^50 3 450 100 15 0 595 65 87

45 1075 600 0 360 3 450 3 450 96 15 0 595 66 87

120 0 1089 760 0 360 3 450 3 450 96 15 0 595 62 88

15 1103 200 0 360 3 450 3 450 95 15 0 595 60 87

30 1116 530 0 360 3 450 3 450 95 15 0 595 61 87

45 1131 720 0 360 3 450 3 450 95 15 0 595 63 88

180 0 1143 170 0 360 3 450 3 450 97 15 0 595 65 88

15 H56 620 0 360 3 450 3 450 98 15 0 595 61 88

30 1170 070 0 360 3 450 3 450 98 15 0 595 57 88

45 H83 360 0 360 3 450 3 450 98 15 0 595 59 88

240 OFF 1196 665

FINAL

DIFF AVGS 225 760 0 3600 3 450 97 3 87 4

Leak

Che c k

0 000

0 000

A Ao



ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS TABULATION

9 5 86 EXXON REFINERY BAYTOWN TX 01 8 1 01 5 CT 84 NZ 5

Run Start Time 820

Run Finish Time 1220

Theta Net Run Time Minutes 240

Net Sampling Points 16

Dia Nozzle Diameter Inches 1 6l4

Cp Pitot Tube Coefficient 0 840

Y Dry Gas Meter Calibration Factor 1 002

Pbar Barometric Pressure Inches Hg 30 250

Delta H Avg Pressure Differential of

Orifice Meter Inches H20 3 450

Vm Volume of Metered Gas Sample Dry ACF 245 024

tm Dry Gas Meter Temperature Degrees F 99•9

Vm std Volume of Metered Gas Sample Dry SCF 235 932

Vic Total Volume of Liquid Collected

in lmpingers and Silica Gel ml 226 7

Vw std Volume of Water Vapor SCF 10 671

XH20 Moisture Content i by Volume 4 33

Mfd Dry Mole Fraction 0 957

Md Estimated Dry Molecular Wt Lb Lb Mole 28 84

Ms Wet Molecular Weight Lb Lb Mole 28 37

Pg Flue Gas Static Pressure in Hg 0 00

Ps Absolute Flue Gas Press in Hg 30 250

ts Flue Gas Temperature Degrees F 87

Delta p Average Velocity Head in H20 0 3600

vs Flue Gas Velocity Ft Sec 3^ 41

A Stack Duct Area Sq Inches 64692 0

Qsd Volumetric Air Flow Rate Dry SCFM 865 425 7

Qaw Volumetric Air Flow Rate Wet ACFM 927 530 3

XI Isokinetic Sampling Rate 3 6

820

1220

240

16

0 312

0 840

1 002

30 250

3 ^50

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

A 50



EMISSIONS RESULTS

9 5 86 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

CT 84 DI 5

87 4

30 8

1 5759

55 6518

1 4704

51 9255

CT 84 NZ 5

87 4

30 8

1 5759

55 6518

1 470 1

51 9255

CONCENTRATIONS AND EMISSION RATES PMRc

HEXAVALENT CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

TOTAL CHROMIUM GFAA

ug Catch

mg dscm Concentration mg dscm

gr dscf Concentration grains per dscf

lb hr Emission Rate lb hr PMRc

kg hr Emission Rate kg hr PMRc

2 ^392 ug

O 365 x 10E 3

0 1595 10E 6

1 183 x 10E 3

0 537 x 10E 3

2 454 ug

O 367 x 10E 3

0 160 x 10E 6

1 191 x 10E 3

0 540 x 10E 3

6 3 158 ug

1 026 x 10E 3

0 4 183 x 10E 6

3 325 x 10E 3

1 508 x 10E 3

6 385 ug

1 032 x 10E 3

0 51 x 10E 6

3 3^5 x 10E 3

1 517 x 10E 3

A 51



PITOT TRAVERSE FOR EPA ENTROPY EXXON CT6B RISER A 9 01 B6

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 13 523

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 996

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE F LANE 14 13 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 156 7 SQ IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENTS 833

TRAV DIAMETER 1 TRAV DIAMETER 2

TRAV POS BLOCK DEF VC DEF VC

PT IN IN IN FL FPM IN FL FPM

1 0 36 0 23 3 95 814 9B 4 46 866 00

1 15 0 6B 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 B B7 1212 16 10 77 1335 69

5 4 B3 1 97 9 4B 1248 52 10 80 1332 61

AVG 1097 77 FPM AVG 1195 3

6 9 30 3 53 9 18 1216 IB 11 2B 1348 13

7 10 93 4 10 B 40 1159 03 10 19 1276 57

B 12 06 4 50 7 78 1112 55 7 87 1118 97

9 12 97 4 81 3 05 695 14 4 60 853 69

10 13 76 5 09 0 20 177 68 0 30 217 62

AVG B72 12 FPM AVG 962 99 FPM

AVG VEL0CITY 1032 06 FPM

AVG SOR OF MAN DEFLEC 2 55 SQR IN OF FL

FLOW RATE LOCAL BLOCKAGE B400 GPM

FLOW RATE AVG BLOCKAGE 83B6 GPM

AVG BLOCKAGE 2 75 SQ IN

A 52



TOT TRAVERSE FOR EPA ENTROPY EXXON CT68 RISER B 9 01 B6

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 13 523

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 996

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE 16 13 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE® 204 2 SO IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENTS B33

TRAV DIAMETER 1 TRAV DIAMETER 2

tpav POS BLOCK DEF VC DEF VC

T IN IN IN FL FPM IN FL FPM

1 0 41 0 26_ 1 06 422 26 0 41 262 61

2 1 32 0 74 2 69 671 09 2 6B 669 B4

2 36 1 10 o 56 770 64 3 40 753 12

4 3 65 1 55 4 32 847 03 4 OB B23 17

5 5 51 2 20 4 52 863 63 4 37 849 IB

AVG 714 93 FPM AVG 671 5B FPM

6 10 61 3 99 4 38 842 64 4 33 837 82

7 12 48 4 64 4 54 B55 09 4 16 818 52

8 13 76 5 09 3 17 712 92 3 65 764 99

9 14 81 5 46 1 15 428 60 2 87 677 09

10 15 71 5 77 0 20 178 46 0 25 199 52

AVG 603 54 FPM AVG 659 59 FPM

AVG VELOCITY® 662 41 FPM

AVG SOR OF MAN DEFLEC 1 64 SDR IN OF FL

FLOW RATE LOCAL BLOCKAGE 7026 GPM

FLOW RATE AVG BLOCKAGE 7022 GPM

AVG BLOCKAGE^ 3 10 SQ IN

A 53



PT

1
o

3

4

5

6

7

8

9

10

TRAVERSE FDR EPA ENTROPY EXXON CT68 RISER C 9 01 B6

SPECIFIC GRAVITY DF FLUID AT AMB TEMP 13 526

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 996

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE 16 83 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 222 3 SQ IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENTS 833

TRAV DIAMETER 1 TRAV DIAMETER 2

POS BLOCK DEF VC DEF VC

IN IN IN FL FPM IN FL FPM

0 43 0 27 1 40 485 35 1 52 505 73

1 37 0 75 2 40 634 09 2 22 609 85

2 46 1 14 3 12 721 73 2 94 700 60

3 80 1 61 3 32 742 92 3 07 714 40

5 75 2 29 3 45 754 98 3 48 758 26

AVG 667 81 FPM AVG 657 77 FPM

11 07 4 15 3 25 726 57 3 29 731 03

13 02 4 S3 3 20 718 71 2 97 692 40

14 36 5 30 2 70 658 75 2 71 659 97

15 45 5 68 2 26 601 63 2 05 573 00

16 39 6 01 0 26 203 75 0 28 211 44

AVG 581 88 FPM AVG 573 57 FPM

AVG VELOCITY 620 26 FPM

AVG SOR OF MAN DEFLEC 1 53 SQR IN OF FL

FLOW RATE LOCAL BLDCKAGE 7163 GPM

FLOW RATE AVG BLOCKAGE 7157 GPM

AVG BLOCKAGE 3 22 SQ IN

A 54



PT

1

3

4

5

6

7

8

9

10

TRAVERSE FOR EPA ENTROPY EXXON CTB4 RISER A 9 3 86

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 2 936

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 995

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE 17 19 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 232 0 50 IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENT 0 833

POS BLOCK

IN IN

0 44 0 28

1 40 0 77

2 52 1 16

3 89 1 64

5 88 2 33

TRAV DIAMETER 1

DEF VC

IN FL FF M

5 18 367 43

5 82 388 65

7 23 432 44

7 53 440 40

7 93 450 58

AVG 415 90

TRAV DIAMETER 2

DEF VC

IN FL FPM

3 73 311 79

6 18 400 49

7 20 431 54

7 51 439 B2

7 88 449 16

M AVG 406 56 FPM

11 31 4 23 7 91 446 29 8 43 460 73

13 30 4 93 7 93 445 49 8 37 457 68

14 67 5 41 7 33 427 40 8 44 458 62

15 78 5 80 6 33 396 50 8 29 453 75

16 75 6 14 4 28 325 54 6 10 388 64

AVG 40B 24 FPM AVG 443 88 FPM

AVG VELOCITY 418 65 FPM

AVG SQR OF MAN DEFLEC 2 63 S0R IN OF FL

FLOW RATE LOCAL BLOCKAGE 5045 GPM

FLOW RATE AVG BLOCKAGE 5046 GPM

AVG BLOCKASE 3 28 SO IN

A 5 5



PITOT TRAVERSE FOR EPA ENTROPY EXXON CT84 RISER B 9 3 86

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 2 931

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 994

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE® 16 94 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 225 3 SO IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENTS 833

TRAV DIAMETER 1 TRAV DIAMETER 2

TRAV POS BLOCK DEF VC DEF VC

FT IN IN IN FL FPM IN FL FPM

1 0 43 0 27 8 26 463 54 4 22 331 32

r 1 38 0 76 10 80 528 89 7 38 437 20

o 2 48 1 14 12 80 574 79 8 62 471 69

4 ¦ 8\i 1 62 O00•uH 573 58 8 97 480 16

5 5 79 2 30 11 71 546 93 9 33 488 20

AVG 537 54 FPM AVG 441 7

6 11 15 4 18 7 33 429 OB 8 72 468 00

7 13 11 4 86 6 2B 395 93 9 84 495 60

e 14 46 5 34 5 88 382 29 9 61 488 73

9 15 55 5 72 5 02 352 62 9 43 483 29

10 16 50 6 05 2 78 262 01 7 9B 443 91

AVG 364 38 FF M AVG 475 90 FPM

AVG VELOCITY® 454 89 FPM

AVG SQR OF MAN DEFLEC 2 B6 SQR IN OF FL

FLOW RATE LOCAL BLOCKAGE 5323 GPM

FLOW RATE AVG BLOCKADE 5320 GPM

AVG BLOCKAGE® 3 24 SO IN

A 56



FT

RA

PT

1

7

3

4

5

6

7

8

9

10

TRAVERSE FOR EPA ENTROPY EXXON CT84 RISER C 9 3 86

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 2 933

SPECIFIC GRAVITY OF WATER AT AMB TEMF 0 994

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE F LANE 17 25 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 233 7 SO IN

PITOT TUBE SERIAL NUMBER WF6A

PI TOT TUBE COEFFICIENTS 833

TRAV DIAMETER 1 TRAV DIAMETER 2

POS BLOCK DEF VC DEF VC

IN IN IN FL FPM IN FL FPM

0 44 0 28 9 85 506 48 4 95 359 05

1 41 0 77 14 22 607 27 9 42 494 26

2 53 1 16 16 46 652 25 11 09 535 38

3 90 1 64 17 47 670 58 11 93 554 14

5 90 2 34 15 37 627 08 11 98 55o 63

AVG 612 73 FPM AVG 499 2

11 35 4 25 8 97 475 11 10 22 507 13

13 35 4 95 7 38 429 63 10 13 50o o5

14 72 5 43 7 07 419 63 9 21 478 94

15 84 5 82 6 17 391 34 9 00 472 64

16 81 6 16 3 85 308 67 7 75 437 94

AVG 404 87 FPM AVG 480 0

AVG VELOCITY 499 22 FPM

AVG SQR OF MAN DEFLEC 3 13 SQR IN OF FL

FLOW RATE LOCAL BLOCKAGE 6060 GPM

FLOW RATE AVG BLOCKAGE 6054 GPM

AVG

I

BLOCKAGE 3 29 SQ IN

A 57



FT

RA

PT

1
•

3

4

5

6

7

e

9

10

TRAVERSE FOR EPA ENTROPY EXXON CTB4 RISER D 9 3 B6

SPECIFIC GRAVITY OF FLUID AT AMB TEMP 2 933

SPECIFIC GRAVITY OF WATER AT AMB TEMP 0 994

SPECIFIC GRAVITY OF WATER AT WATER TEMP 0 995

AVERAGE DIAMETER OF PIPE AT TRAVERSE PLANE 17 19 IN

AVERAGE AREA OF PIPE AT TRAVERSE PLANE 232 0 SO IN

PITOT TUBE SERIAL NUMBER WF6A

PITOT TUBE COEFFICIENTS 833

TRAV DIAMETER 1 TRAV DIAMETER 2

POS BLOCK DEF VC DEF VC

IN IN IN FL FPM IN FL FPM

0 44 0 28 7 94 454 73 6 12 399 23

1 40 0 77 11 08 536 04 8 25 462 54

r 1 16 14 09 603 45 9 89 505 58

3 89 1 64 15 11 623 62 10 82 527 71

5 88 2 33 15 75 634 76 12 12 556 83

AVG 570 52 FPM AVG 490 38 FPM

11 31 4 23 11 57 539 55 11 73 543 26

13 30 4 93 9 54 488 43 10 95 523 29

14 67 5 41 9 20 47B 64 9 96 498 02

15 78 5 BO 7 67 436 28 8 88 469 43

16 75 6 14 6 24 392 92 7 13 420 01

AVG 467 17 FPM AVG 490 80 FPM

AVG VELOCITY 504 72 FPM

AVG SQR OF MAN DEFLEC 3 17 SQR IN OF FL

FLOW RATE LOCAL BLOCKAGE 60B2 GPM

FLOW RATE AVG BLOCKAGE 6079 GPM

AVG BLOCKAGE 3 28CSQ IN

A 58



iRY SI ISI xur

AKTA SAMPI Lit 43 BO M2

BAY 84 A

1 00 MASS CDUNf X MASS

D LOW P HI I HI H UX n ux SMAI LH K

UM UM IJH M2 SEC ~ M2 SEC

10 20 1 301 2 HIE 02 1 59F 05 0 423

20 0 1 47 5 32r_ 02 6 51EH 04 • 1 227

30 10 i 602 1 H4E 03 8 Itlt f04 99B

40 50 1 699 2 37K 03 4 96F 04 567

50 60 1 7 R 2 JJk 03 2 67K 04 11 07

60 70 1 045 1 1F 03 1 19K 04 J 3 651

70 VO 1 954 2 4VF 03 9 2RE 03 17 406

90 1 10 2 041 1 31M03 2 50E 03 19 3 9

110 130 2 lit 1 5 03 1 74E103 21 751

130 150 2 176 1 4F 03 1 21E 03 24 3

150 J f 0 2 253 3 52F 03 J 50F 03 29 69 4

180 210 2 322 3 FCM 03 9 84E 02 35 462

210 240 2 3R0 4 OOE t03 6 1E 02 41 499

240 270 2 431 4 6r 03 5 03E 02 48 0H3

270 300 2 47 5 20E 03 4 29P 02 55 931

300 350 2 544 7 931 4 03 4 41F 02 6 7 £ 92

350 400 2 60 6 71E 03 2 44E 02 B or 9

400 450 2 65 4 4•43C 03 1 10IT I02 84 46

450 500 2 699 7 5E 03 6 65 01 90 3 5

500 600 2 770 4 14E^3 4 5E 01 96 624

600 7 00 2 645 X 21E 03 H 43K 00 90 453

700 f 00 2 903 0 00E 01 O OOE 01 VH 4 53

POO 900 2 954 1 02E 03 3 19F 00 100 000

¥ TOTAL MASS Tl 6 63E 04 tlfl MS SFi
^ TOTAI COUNT FLUX 1 B1F 07 t MIVSFC
^

MASS MKAN lUAMUfLR 2 I UM

COUNT MKAN PIAMKO R 4 DM

MASS EMISSTnN RA1K» 2 90F 00 GRAMS SFC

x cduNr

SMAU FR

S4 130

VS 93 2

nr 901

92 59

95 227

97 47

98 076

98 496

9B 7H9

99 152

99 390

99 552

99 671

99 7 7

9V HB4

99 94

99 9 0

99 9H6

99 997

99 999

99 999

100 000
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KY S jyi III

Ak F A SftMIM Ell 13 80 M

BAY 84 B

1 00 MASS COUNT MrtSP

D LOU D HI D HI FI UX HI UX SMAI 1 IK

UM UM un M scc M SF_C

10 20 1 301 J 90E 02 onr o5 0 442

20 30 1 47 9 85E 02 1 ^0 r 05 2 32

30 40 1 602 t »1U03 5 3PM 04 5 539

40 50 1 699 37K 03 4 • 96E 04 1 1 40

50 60 1 77R ¦ 5 E 03 2 9fit 04 J 016

60 70 1 045 U Vf 03 1 58Et04 303

70 90 1 954 i 47K 03 9 0F 03 20 039

90 1 10 2 041 i vr 03 43t 03 30 995

110 130 2 114 1 6FJL 03 1 H5L 03 34 P r

130 i o 2 176 X I6E 03 1 9F 03 39 19

150 100 2 25b nvr 03 t 3t 03 45 938

180 i lO 2 372 3 39F 03 P 3E 02 53 P17

210 40 2 380 3 53E 03 5 9^ 02 ^a or i

240 270 J 431 3 30E 03 3 R0E 02 69 699

270 300 2 47 2 5 h 03 2 12F 02 75 67P

300 350 544 3 95K 03 0E 02 P4 861

350 400 2 602 ~ 34E 03 H 46E 01 90 291

400 450 2 653 4ir o3 V9F 01 95 P8 4

450 f 00 2 699 7 H9F 02 1 41E 01 97 7 1

500 600 2 7 8 v hoe o 1 12E 01 100 000

i TOTAL MASS Fl IIX 4 30E 04 lin M2 Pf r
1 1

TOTAI COUNT M IIX 1 73K 07 t M SEC

MASS MKAN DJAMKITW 706 UM

COUNT MKAN PTrtMKIKK 34 UM

MASS EMISSION RATE 1 B8E 00 PRAMS SF C

z cnuwr

KMAI I F R

i

2 J2

S7 704

n 310

P3 P60

91 327

95 330

97 658

9R 273

9P 742

99 070

99 301

99 60 A

99 71 ]

99 848

99 901

99 957

99 9 8

99 994

99 997

100 000
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SUMMARY MROF Sf | |i I S I K I L U T I ON

ARFA 3AMI I Hi 4 3 00 M

BAY 0 4 C

I LOG MASS COIIN 1

D LOU H 11 [ IKIIT 1 1 IX ri UX

UM 1H JB M2 SEC f M SI C

1 10 20 1 301 1 11L102 6 20C I04

20 « 1 477 2 291 t 02 HOI 1 04

3 30 40 1 60 2 t 90EI 03 I 4 7E^4

4 40 so 1 699 2 031 1 03 4 6F I 04

tv 50 60 1 770 1 7 0E 103 2 051 104

6 60 70 1 IMS 1 3nc 03 9 50E103

70 90 1 954 t 73Ft03 6 4 4E 03

B 90 110 2 041 1 32Et03 51L 03

y 110 130 • 1 I 4 t OF 03 1 OOEI 03

1 0 130 150 2 1 76 1 631 1 03 1 1 4E 03

11 ISO 100 2 255 2 82T 03 t or 103

i 180 210 n 3 n n 2 B3L103 7 29F I 02

13 210 240 2 300 2 9 1 1 03 4 90E 02

1 4 240 70 2 431 3 OOE 03 3 45L 1 0

15 270 300 2 47 2 0 7E 0 3 1 t F 02

t 6 300 350 2 544 3 4 4T f03 1 91E 02

I 350 400 2 602 4 661 03 1 6VI 1 02

tfl 400 450 2 65 5 2 46E103 6 121 101

tv 450 500 • 699 1 1 61 103 2 07E10 1

roiAi mass ri ux 3 92F io4 un hi src

101AI COUN I n UX 1 1 5 L 0 7 l HP SEC

MASS MF AN H1 AMF I F K 210 UM

COUNT HKAN nFAML tR 39 UM

MASS EMISSION RA 1 E 1 2FF00 RAMS SEC

X MASS

SMAI I I k

CdtlNI

SMAI L E R

o H3 23 04 7

0 067 3 4 4 60

5 1 66 600

10 904 o 7

15 453 90 54 1

10 V67 94 17

23 3 1 9 6 621

26 725 97 5 4

31 05 4 90 206

35 219 90 I

42 401 9 V 1 1

4 9 6 20 99 4 40

5 194 99 637

64 035 99 760

O 107 97 832

0 074 99 905

90 756 99 969

97 031 99 99

00 000 100 000
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SI MMAkY fik ljf HI I tM s IICl nil I IIJN

r K l A r r M
¦

I I ll 43 fcIO M7

HAY FJ l H

I 1 lib MASS 1 iHlrl 1

[1 L Oil HUH IKIII MUX 1 i ij

IIM UM un M vcur » m i c

f t ~

1 10 20 I 301 1 33L102 uj2r i 04

» 20 30 1 47 V 01E102 1 1 01 1 or

3 30 4 0 1 60 2 1 4 21 1 0 3 7 3 11 1 •

4 4 0 SO 1 t 9 V 1 71 1 03 6 t 41 1 04

1 LO AO 1 77ft 3 3 4E 1 03 3 H 1 1 04

6 60 70 1 14S 2 71 1 0 5 1 V vl 1 0 4

70 90 I 9T 4 3 26T 1 03 1 221 1 04

H 90 110 2 041 20m o 3 4 201 1 03

9 110 1 30 2 114 2 MCI 03 2 5 I 1 03

10 1 30 1 SO 2 1 76 2 3OF 103 1 AOIt I 0 5

t i 1 jO IPO 2 25^ 3 471 103 1 4fJL 1 03

1 • 100 1 0 2 322 4 711103 1 2 1 L 1 0 3

i ji 2 10 2 4 0 2 3R0 l M 103 n ¦ 6 31 1 02

I A 2 4 0 2 70 2 4^1 0 71 1 0 J ^ | 4T I 0 2

I ^ 2 70 00 2 47 i 4 jVI 1 •

I S 300 SO r 4 4 1 11 i 4 741 I ¦

I j » 400 2 02 t ¦ 2 t M ¦ i

i H 400 4 Vi i js i 971 1 ¦ 7 r r 1 1

l V 4r 0 NO v 711 1 • 4 u ir i

o Vr 6 J j ft 7 HOI i 2 1 121 l

jt 6 ¦ 1 Ij Tj 0 OOI ¦ 1 0 l 1

o
• f 2 903 6 H 10 ¦ n 11 i oo

TOTAL M A Sfi M IJX 6 6J 104 uu M2 n t

TO IA1 cuunr r i i 1 741 107 I h i t

MASS HI AH [HAHI iIK 234 UM

C0UN1 MIAN [I I AMI II k 59 UM

MASS EMISSION RAH 61 I 00 RAMS SEC

7 MASS

H M AI I CK

Kt I HII it

0 197

I Jj2 9

A

II jOC

I i J I 7

I 3 I t

22 I 6 7

25 4 2
1

2H M9 4

32 001

3 13

1 1 I OA

I 720

nv j 1

7 101

0 0 4 2

nv Li 1P

it

\ 9 oc _

¦

7 Ol

100 000

7 rnuMi

smai i rK

~

i n H»7

4 V10

6 9o

79 07 1

6r9

9 7 2 7

y r2

9 7 6 31

9fl 2 I i

9H 6 3 6

9 V 00 7

V J 12

•3 r 2n

f 1

V 0

ov

7

r

100 000
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suMMrii i ih UP i i n s iw i en t r if

Ai i ii ^Af r i r li
¦•

i H

IIA1 M 1

f 1 11 MASS 1 II rf l

C LOU Mill rn 111 1 1 11 1 I II

UN UM IIHsM V c i 1 1 m 11 u

t i t ¦M tit i tltlK MM 11 f M M M

1 10 o I 30 1 s ioi 1 o 1 H9I I

¦ 20 50 1 47 1 r r 0 i VI If

5 10 10 1 ao i vm 1 Til n

i 10 SO 1 AV9 1 vi 1 0 4 ¦I IOr

1 oo AO 1 7 n 1 4UF 1 04 i • i 00

a AO 70 1 U 4 j 1 Vt 1 0 1 i or

70 90 1 y 4 191 1 0 4 i M

H 90 110 2 0 1 1 i i t 1 1 4t Er 04

y 110 1 30 I1 1 I 1 BIH 1 A 1 ^ i fir i 04

1 0 1 50 1^0 1 o 1 • 1 1 1 I I M I 14

1 1 1 r A 1 HO 11 1 Ijvl 1 •• 1 I 1 1 1

1 III mo T
t J11 5 OVI 1 0 1 7 M 1 0 5

1 5 L11 0 _ 4o ¦J 5^0 ir h 1 0 4 4 Ml 1 0 3

11 2 10 70 J 4 1
•

i 04 1 1 71 I 1

1 71 • 4 t ji M SI 10 5

1 b 500 5 Ml 2 0 • 4 1 ai 1 04 \U\ 10 3

1 3r o 400 4 4 r L 1 I
¦

VI 1 O 5

1 i 4 00 ¦HjO 1 9 ¦ t 1 0 4 7 501 |0J

1 V i o jOO a^j 41 1 04 A II 1 J

o 300 AOO 7 1
¦

in 1 I 1^1 1

¦ 1 600 zoo 8 4 1 fU l 1 0 4 I 71 1 0 J
•

700 HOO 2 90 j 4 j L f 0 l 1 0 1

1300 yoo r i 4 ^1 1 0 Al I

IUIai ma^S 1 i UX 6C o IIO m s ir

I 11 Al CGIJNI I I M 6cj L I 0 l l t L

MASS HI AN HIAMMIK IVA Ih

cnun i mi a i 01 ami hi o hm

MASS L lis i I on f All l JIC IOI rilvi M f C

MASS

r tuii i i iv

it it M t M

u 7

o i

I I

HVfl

11

in 1 1 r

I tiA 1

1 V ¦

hi

50 i 1

1
• •

4 • o m

47 410

D ¦ I

Afi o 1 5

o lll i

» J 0

in 7f| 0

IIh L OI

V J ¦ 0 J 5

J 7 Vl 4

JH 9 0

I 00 OnO

7 unuf 1

MIAI I I ¦

I I ~ t ~ 111 I

I I
¦ ¦

v

V 7

i

II ¦ o

v 1 • J 1
¦

9 4 7 1

VY 7

V jHi

K t 7

7V HI I

V • 4 01

L V 1

yo
¦

¦

IIVH

v v

V9 9 Mi

9 vr v
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SIJNHAPY Hl ur SI X H i S IKI £UJ I I OH

ARF~ A SAMfl E ~3 64 M2

EiAY 68 2

I I nii MASS i nun i

D l OU nan nam 1 1 IJX 1 1 ux

UM JH HG M2 5CC 1 M2 SEC

~ ~

1 10 20 1 301 1 73L 03 9 M05

20 30 1 47 1 671103 2 06E 05

30 40 1 602 7 2UE103 3 24E 05

4 40 50 1 699 67i t04 5 6 0 E1 0 5

5 50 60 1 770 1 9BFI1 04 i BFH 05

6 60 70 1 045 1 75E104 1 1L 1 05

7 70 90 1 954 3 36E104 1 5K05

0 90 1 10 2 041 3 62M04 6 92T 04

V 110 1 30 2 114 • 06EI04 3 1 L 04

10 130 150 2 1 76 2 96E 04 2 06EI04

1 1 150 1130 2 255 4 071 t 04 1 3M 04

t 180 210 2 322 3 60E104 9 7t 03

1 3 210 2 40 2 380 3 40E 04 5 OL103

1 4 240 270 2 431 3 00EI04 4 37L103

1 5 270 300 2 47 4 23fc 04 3 49E 03

1 6 300 350 2 544 K 7 31 04 4 06E 03

1 7 350 400 2 602 0 64E104 3 13L103

lb 400 450 2 653 42F 04 1 05LH 03

19 450 500 2 699 6 49L104 1 16C 03

• 500 600 2 7 0 1 27L 105 1 46Et03

i 600 700 2 045 a 50E104 5 7L 1 02

¦ 700 000 2 903 5 51M04 2 50EI02

5 000 900 2 954 5 43L103 1 69E 01

rOTAI MASS n nx 9 70E 05 UG M2 SEC

10TAI COUNI Fl IX 6 42F I07 I M2 5EC

MASS HI AN 0 1 AMI [ ~K 360 MM

COUNI MKAN ¦ I AMI I l K 42 UH

MASS EMISSION R A T E 2 29E101 PF\AMS SEC

7 MASS

SMAI LEK

7 UJN

SMAI I rK

0 1 0

0 3^

1 102

h b

5 904

703

11 161

1 4 B97

1 U50

20 907

2j 105

28 017

32 322

36 7 ib

4 0 600

4V 605

58 514

66 169

72 063

05 94 1

93 56

99 440

100 000

35 965

43 551

5^ 4 11

76 106

H 4 4 ti 7

OR 95

93 565

96 1 10

97 275

96 035

9B 67

99 0 13

9V 223

99 384

99 513

99 691

9y 007

9V 075

99 917

99 97 1

99 990

99 999

J 00 000
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SHMMAh Y I Ikor 8 1 1 U i S I Ki Mil T HI

akta SAni i eh 3 64 H2
HAY 6H 3

I I OG MASS i nuti i

[i LUU nam nan 1 1 UX 1 1 ux

uh UM IJ i M2 SE C i M2 si r

1 1 0 20 1 30 l 9 67U 0 2 5 4 7 1 1 05

20 0 1 47 2 1 3L 03 2 60L105

3 30 40 1 602 t 06E 104 4 It 105

4 40 50 t 699 t b6E t 04 3 26E I 05
i_

50 60 1 7 0 1 38E 1 04 1 59T 05

6 6 0 70 1 845 1 58L10 4 1 1 OH 105

70 90 1 954 3 5 OF 1 0 1 1 31L105

H 90 110 04 1 3 39M04 6 4f t 04

9 110 1 50 2 114 3 171 104 3 5 1 r t 0 4

1 0 130 1 50 2 1 76 3 II 04 2 5PT104

1 1 150 1H0 2 255 5 i r104 2 211 104

i 1 BO 2 1 0 2 322 5 5Pr 04 1 4 4 C I 0 4

i 3 210 240 2 3H0 5 1 4 E10 4 B 62r 03

14 240 270 2 4 41 5 44E104 6 27L103

t 5 270 300 2 47 4 5 L 0 4 3 7 1 1 03

1 6 300 50 2 54 4 6 74C 04 3 751 1 03

1 350 400 2 602 3 031 1 0 4 1 19ri 03

1 B 400 450 2 653 2 4SEI04 6 16E102

J 9 450 500 2 699 2 4ytt04 4 45E102

o 500 600 2 7 8 1 P9M04 2 1 7f 1 02

600 700 2 045 t 361Z104 9 46E101
•

T 700 BOO 2 903 1 12M04 5 071 01

23 eoo 900 2 954 0 00E 01 O OOE Ol

24 900 1000 3 000 O OOF O O OOF 01

25 1000 1200 3 079 O OOE Ol 0 OOF 01

6 1200 1 400 3 1 4 6 1 941 1 04 t 69T101

TOTAL MASS ft IX 6 74EI05 UG M2 SEC

I01AL CC1UNI H IX 5 1 DM 07 t h Sf C

MASS Mf AN tilAMK llli 278 IIM

COUNI MKAN UTAHI irk 46 MM

MASS EMISSION R A 1 [I 1 59f 01 CRAMS PIT

X MASS

MAI I I k

~~ ~

ro^43 ^
6 459

2 07

1 3 16

6 Jl»7

n 8

1 925

in v 7

23 ¦ •a

29 1 62

36 B56

45 120

52 52

60 023

67 599

7 7 595

u s 6V

H6 94 4

90 644

93 4 12

95 459

97 120

97 120

97 J 20

9 7 120

100 000

KI IIJN I

SMAIJ TK

Hit

2 t 9 6 7

6 Id I

11

j
•

10 4 7 1

t 5 IH j

VI 4S

94 40fl

96 OOli

97 1 36

9F 193

9 1 1148

99 24 2

99 528

9V 700

y 07i

9 9 97 4

9V 962

99 983

99 991

99 997

99 999

9V 999

99 V99

99 999

100 000
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I

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

16

19

20

21

22

23

SUMMARY DROP SUE DISTRIBUTION

AREA SAMKLF U 23 64 H2

BAr 68 4

LOG MASS counr X MASS X COUNT

D LOU D HI [t HI H UX Fl UX SMALLER SMAI LER

UM UM UI5 M2 SEC M SEC

10 20 1 301 8 56E402 4 ¦ 84E 05 0 189 21 658

20 30 1 477 2 39E403 2 93E »05 0 716 34 747

30 40 1 602 1 02F 4 04 4 55EI05 2 967 55 106

40 50 1 699 1 65b 104 3 45F4 05 6 597 70 551

50 60 1 7 0 1 94E 04 2 23E 05 10 861 BO 53S

60 70 1 845 1 94E404 1 3SE4 05 15 164 86 581

70 90 1 954 4 23E 04 1 58E 05 24 472 93 630

90 110 2 041 3 73EI04 7 12F 04 32 684 96 814

110 130 2 114 7 50E f04 2 76E 04 3P 195 98 051

130 150 2 176 2 08EJ04 1 45E 04 42 780 98 699

150 180 2 255 2 86E f 04 1 22E 04 49 087 99 243

180 210 2 322 2 5SE 04 6 56E403 54 698 99 536

210 240 2 380 1 82E J 04 3 04F 03 58 699 99 673

240 270 2 431 1 86E4 04 2 14F403 62 801 99 769

270 300 2 47 1 66F t04 1 7K 03 66 457 99 830

300 350 2 544 2 57E 04 1 43E403 72 1 8 99 894

350 400 2 602 2 70E 04 9 79E4 02 78 08 99 938

400 450 2 653 1 65E 04 4 HE J 02 81 721 99 956

450 500 2 699 2 69E404 4 79F 02 87 636 99 97

500 600 2 7 B 3 09E404 3 55E 02 94 439 99 993

600 700 2 845 1 69E104 1 18E102 98 172 99 998

700 800 2 903 5 59E 03 2 53E 01 99 403 100 000

800 900 2 954 2 71E 03 8 42E400 100 000 100 000

TOTAL MASS FLUX 4 54E 05 U0 H2 SFC

TOTAL COUNT FLUX 5 29E 07 t H2 SEC

HASS Mt AN DIAMETER^ 248 UM

COUNT MEAN MAMF TER 44 UM

MASS EMISSION RAT E 1 07E401 GRAMS SEC
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SUMMARY PROF SIZC PTS1K1UU1I0N

ART A SAMILr ll 12 00 M2

BAY 68 5

I LOG MASS coun i
•

MASS

P LOU nou li 111 n ijx FLUX SMAI LFZK

UM UM UG M2 SEC m2 sf c

1 10 20 1 301 9 5 LI02 5 4 IE 105 0 196

20 30 1 477 3 06CI03 3 74E105 0 B23

3 30 40 1 602 9 HE103 4 07L105 2 697

4 40 50 1 699 1 30E101 2 P9E105 5 521

5 50 60 1 7 78 I 68EI 01 1 93EI05 8 974

6 60 70 1 845 1 92E104 1 3 E 1 05 12 908

7 70 90 1 954 4 15E1 04 1 55L105 21 121

8 90 1 10 2 011 4 4 IE 104 8 42HI04 30 459

9 110 1 30 2 114 3 721 104 4 1 IE 104 38 089

10 130 150 2 176 2 98EI04 2 00E I04 44 203

t 1 1 50 180 2 255 3 1 21 1 04 1 3JL104 50 603

I 180 210 2 322 2 18E4 04 5 60E103 55•065

13 210 240 2 380 1 7pr104 2 99EI03 5R 715

1 4 240 270 2 131 1 65EI04 1 90EI03 62 090

15 270 300 2 477 1 40E104 1 22F103 65 121

14 300 350 2 511 1 96FI04 I 091103 69 140

t 7 350 400 2 602 1 79f 104 6 171 102 72 005

18 400 450 2 653 2 021 104 5 0 5L 1 02 76 951

19 450 500 2 699 1 23U04 2 19E102 79 469

o 500 600 2 7 0 2 401 I 04 2 85L102 04 55

m 600 700 2 815 1 IOMO 1 7 60ri01 06 020

700 BOO 2 903 1 061 104 n¦4 41101 90 641

I13 000 900 2 951 6 701103 2 11f 101 92 031

4 900 1000 3 000 5 6BI 1 03 1 26T 101 93 195

25 1000 1200 3 079 2 941 1 02 4 2 l 1 00 93 797

6 1 200 1 400 3 146 O OOT 01 O OOT 0 1 93 797

1 400 1600 3 204 0 001 0 1 o o« r oi 93 797

fi 1600 1800 3 255 o ooi ¦

ii t O OOT 0 1 93 79

9 1000 2000 3 301 3 0 51 l 4 0 4 l 1 00 100 000

T01 AL MASS F LUX 4 oneJ 05 un M vsKn

T01 Al COUNT Fl UX 9 52F107 i m vsit

MASS MEAN rHAMttt R 360 UM

COUNT Mt AN li I AML TEI\ 41 UH

MASS EMISSION RATE 2 05E101 GRAMS SEC

X COUUf

SMAI LTR

23 807

40 302

50 3 5 7

71 074

79 604

85 491

92 323

96 038

97 052

98 768

99 353

99 601

99 732

99 016

99 870

99 918

99 9 46

99 969

99 70

99 99t

9 9 994

99 990

99 999

99 9

100 000

100 000

100 000

1 00 00

100 000
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HEXAVftLENT CHROMIUM EMISSIONS IN MILLIGRAMS PER MILLION BTLl S AND MICROGRAMS FEF GALLON OF WATERFLOk

CODLING TOWERS 63 AND 84 EXXON COMPANY INC BAVTGWN U

Hexavaienc Chrosiua

sater Inlet Basin Dry Inlet Air Inlet Air Cutlet Air Evaporative Eaissions

Flow leap Tess Air Flow Enthalapy Humidity Husicity Heat Los

Run Ibs hr F F Ibs hr 8Tijs lb lbs lb lbs lb saBILis hri iscs iisSTiji lugs gal
3 r rszs r

~

~s

Coaling Tower 68 Standard Efficiency Drift Eliamator Counterfiow Rise Ceii E

1 i 2 096 500 101 94 1 494 901 40 6 0 018 0 0251 97 22 237 3 99 57

4 1 2 096 500 102 84 1 381 546 42 0 0 019 0 0296 92 05 2 60 1 0

Average 2 096 500 102 84 1 438 424 41 3 0 019 0 0273 97 64 130 28 50 33

2 rss rr z rs s z r r r r s r r r r r rrrr rrr r r r r r r rrr

Coaling Tower 63 Standard Efficiency Drift Eliainaio [ounte tiow Riser Ceil F

2 1 1 755 500 101 85 1 303 267 42 6 0 020 0 0277 84 50 43 7 19 53

3 1 1 755 500 101 84 1 409 990 42 6 0 022 0 0322 91 16 5 79 2 51

Average 1 755 500 101 85 1 356 629 42 6 0 021 0 0299 87 83 27 25 11 02

Coolino Tower 68 Standard Efficiency Drift Eliainator CrosstioK Riser Cell G

5 1 3 578 500 101 84 4 044 568 39 6 0 018 0 0264 223 91 261 53 136 32

5 2 3 578 500 101 84 4 269 699 44 8 0 021 0 0296 255 12 28 61 16 99

5 3 3 578 500 101 84 4 191 799 44 8 0 020 0 0277 251 36 10 14 5 94

Average 3 578 500 101 84 4 168 689 43 1 0 020 0 0279 243 46 100 10 53 OS

Ccoling Tower 84 High Efficiency Drift Eiiainator Counterf1ow Riser Cell A

A l 2 523 000 100 85 2 637 694 42 0 0 022 0 0315 151 38 28 04 14 Oi

ft 2 2 523 000 100 85 2 710 920 44 8 0 021 0 02E3 161 60 2 49 1 33

Average 2 523 000 100 E5 2 674 307 43 4 0 022 0 0299 156 49 15 26 7 7

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ

Cooling Tower 8« High Efficiency Drift Eliiunator Counterf 1 ow Riser Cell £

S l 2 660 000 9Q 85 2 752 986 42 0 0 022 0 0309 156 92 4 3 2 16

E 2 2 660 000 99 85 2 851 140 44 8 0 021 0 0309 169 34 1 22 0 65

Average 2 660 000 99 85 2 802 063 «3 « 0 022 0 0309 163 13 2 80 1 40

Cooling Toxer 84 High Efficiency Drift Eliainator CounterfIon Riser Cell C

C l 3 027 000 100 85 2 517 728 42 0 0 022 0 033 154 34 58 27 24 75

C 2 3 027 000 100 85 2 523 960 44 8 0 021 0 0322 161 61 2 32 1 03

Average 3 027 000 100 85 2 520 844 43 4 0 022 0 0328 157 98 30 29 12 89

r rs r zrs rr rr2z r s rz rz r z s 2 r2 r sr2 r csr s r~ r r rs rrr rrsrrs rrcr

Cooling Tower 84 High Efficiency Drift Eiininator Counterfion Riser Cell D

D l 3 039 500 99 85 2 424 248 42 0 0 022 0 030 143 47 1 41 0 58

D 2 3 039 500 99 85 2 194 443 44 8 0 021 0 0328 145 33 68 11 27 13

Average 3 039 500 99 85 2 309 346 43 4 0 022 0 0318 146 90 34 76 13 85
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Southern Research Institute sjxnt z »n a oiv

November 18 1986

Scott C Steinsberger
ENTROPY Environmentalists Inc

P O 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

Head Aerosol Science Division

ADW fea

Enclosure

Project 6112
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COOLING TOWER DROP SIZING TRAIN RESULTS EXXON BAYTOWN REFINERY

Disc Nozzle Train Run No

12 3^5 average

Stack Gas Velocity ft s 3^ 8 3^ 2 3^ 7 3^ 5 3^ ^

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 H 5 08 5 09 5 10 5 09

Absorbent Paper Impinger Train Run No

1 1 2 1 3 1 5 1 5 2 D l D 2 A 1 average

Stack Gas Velocity ft s 21 6 19 20 9 25 9 27 6 20 8 19 22 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
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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

Pbar Delta H 13 6

Vm std 17 64 Y Vm

460 tm

30 250 0 629 13 6

Vm std 17 64 1 0020 53 639

460 92 7

Vm std 51 968

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

Vw std 0 04707 Vic

Vw std 0 04707 44 76 2 107 SCF

PERCENT MOISTURE BY VOLUME AS MEASURED IN FLUE GAS

H20 100 Vw std Vw std Vm std

2 107

H20 100 3 9

2 107 51 968

DRY MOLE FRACTION OF FLUE GAS

Mfd 1 H20 100

Mfd 1 3 9 0 961

WET MOLECULAR WEIGHT OF FLUE GAS

Ms Md Mfd 0 18 H20

Ms 28 84 0 961 0 18 3 9 28 42 LB LB MOLE
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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 sq root]

Delta p avg 460 ts

vs — 85 49 Cp SQRT[ ]
Ps Ms

0 1429 460 84 1

vs 85 49 0 840 SQRT [ ]
30 25 28 42

vs 21 60 FT SEC

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS

60 Tstd Ps

Qsd Mfd vs A

144 ts 460 Pstd

60 528 30 25

Qsd 0 961 21 60 37688

144 84 1 460 29 92

Qsd 319 789 SCFM

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS

Qaw 60 144 vs A

Qaw 60 144 21 59 37688 339 149 ACFM

PERCENT OF ISOKINETIC SAMPLING RATE

Pstd 100 ts 460 Vm stsd

Tstd 60 Ps vs Mfd Theta Area Nozzle sq ft

29 92 100 84 1 460 51 968

I

528 60 30 25 21 60 0 961 120 0 0 000340

I 104 0
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EXAMPLE CALCULATIONS Page 3

Run No CT 68 1 1

GRAINS PER DRY STANDARD CUBIC FOOT HEXAVALENT CHROMIUM

7000 ugs

gr DSCF

453 592 Vm std

7000 65 273

gr DSCF 19 383 x 10E 6

453 592 51 968

POUNDS PER HOUR PMRa

Mass Area of Stack

PMRa

Time Area of Nozzle

60 min 1 ugs Area of Stack

Lb Hr

453 592 1000 Theta min Area of Nozzle

60 min 1 65 273 37 688 0

453 592 1000 120 0 049

Lb Hr 55 242 x 10E 3

A 82



EXAMPLE CALCULATIONS Page 4

Run No CT 68 1 1

POLLUTANT CONCENTRATION AIRFLOW

Mass mg 35 34 ft3 mg
_

Vol Metered dscf m3 dscm

0 065273 35 3^ ft3

51 968 m3

44 387851 mg dscm

POLLUTANT CONCENTRATION WATER FLOW TO FAN CELL

PMRa mg hr 1 000 ug mg

Water Flow Rate gal min 60 min hr

25060 1 000 ug mg

99 610 ug gal
4 193 60 min hr

POLLUTANT CONCENTRATION EVAPORATIVE HEAT LOSS

Evaporative Heat Lltl Ghl LI G ae2 ael t2

Loss MMBTU hr

10E6 BTU MMBTU

ael Entering air humidity lbs lb 0 0180

ae2 Exiting air humidity lbs lb 0 0251
G Air flow lbs dry air hr 1 494 901

hi Entering air enthalpy BTU lb 40 6

LI Hot water flow lbs hr 2 096 500
tl 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

MMBTU hr
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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

Sample Time hrs ug Area exposed paper in2

16 265 001 mg 37 688 6 ^ 52 cm2
_

2 ug 13 2 cm2 in2

149 8 mg hr

DRIFT RATE ABSORBENT PAPER

Mass Emission Rate mg hr 1 hr 60 min 100

Water conc mg L Water Rate gpm 3 785 1 gal

149 8 lhr 60min 100

7 66 4193 3 785 1 gal

DRIFT RATE IMPINGER TRAIN

0 0021

Mass Emission Rate mg hr 1 hr 60 min 100

Water conc mg L Water Rate gpm 3 785 1 gal

25060 0 lhr 60min 100

7 66 4193 3 785 1 gal

DRIFT RATE SENSITIVE PAPER

0 344

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

0 0047
4193 3 785 1 gal
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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 D

D E F

2 g ml

H I

G

F or D I J K

A Sample weight sent for GFAA analysis grams

B Sample concentration GFAA ug L

C Total chromium in GFAA sample ug

D Blank corrected total chromium in GFAA sample ug

E Correction factor for 2 ml taken by NAA if needed

F Adjusted total chromium in GFAA sample ug

G Original sample weight sent for NAA analysis grams

H Total chromium calculated and reported from NAA ug

I Total chromium contribution from 2 ml NAA aliquot ug

J Total chromium contribution from beaker residue GFAA ug

L Appropriate blank ug

K Total chromium for sample ug

Note Letters refer to columns in table which follows
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EXXON REFINERY Baytown TX

B
H

Sample I D

Blank Corr

Sample Total Corr Factor Adjusted

Sample Cone Cr Tot Cr For 2 ml Tot Cr

Wt GTAA GFAA GFAA Taken GFAA

grams ug L ug ug By NAA ug

Original

Sample
Wt

grams

Total

Cr calc

2ml A1iq
NA A

ug

Total

C r in

2ml Aliq
NA A

Ug

To t a 1

Cr in

Residue

GFAA

ug

To la 1

C r per

Sample

ug

EXX

exx

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

EXX

1 1 abc Itnpin

2 1 a Imp In 1

2 1 b 1 in pin 2

2 1 c Imptn 3

3 1 abc Impin

A l abc Jmpln

5 1 abc Impln

5 2 a Imp Ln 3

5 2 b Impin 2

5 2 c Imp 1n 3

5~3 abc Impin

A I a Impin 1

A l b Impln 2

A l c Impin 3

A 2 abc Impin

B l abc Impln

B 2 abc Impin

C l a Impln 1

C l b Impin 2

C l c Impin 3

C 2 abc ImpLn

D 1 abc Imp In

D 2 abc Impin

Blank 1 Samp 1

Blank 2 Water

Si Tilter

Rinse

8 Filter

8 Filter

Filter

Filter

Rinse

8 Fl iter

t Filter

8 Rinse

8 Filter

8 Filter

8 Filter

Filter

Rinse

8 Filter

St rilter

8 Filter

8 Filter

s Train

Blank

3 9872

4 5960

5 7761

5 0710

4 35 1 1

1 0700

5 5819

5 5360

3 9242

5 5629

1 7916

3 9885

1 7 129

1 3238

5 8390

1 3312

4 1091

3 8370

4 9 1 1 1

3 9388

1 2507

4 0658

5 005

4 8572

1 0529

^10^8 0

116 0

98 0

37 0

16ft 0

129 0

3152 0

4 7 4 0

37 0

33 0

157 0

176 0

16 0

95 0

58 0

86 0

1 07 0

616 0

76 0

88 0

110 0

110 0

197 0

31 0

110 0

16 1 10 2

0 5331

0 5661

0 1876

0 7141

0 5250

17 59 U

2 6241

o 1 152

0 1836

0 7523

0 7020

0 2182

0 4108

0 3387

0 3725

0 4397

2 3636

0 3758

0 3466

0 4676

0 4472

2 4877

0 1506

0 4458

16 0402

0 4331

0 5261

0 1676

0 6l4l

0 4250

17 4g4l

2 5241

0 1052

0 1636

O 6523

0 6020

o 1782

0 3908

0 2387

0 2725

0 3397

2 2636

0 3358

0 3266

O 3676

o 3472

2 3877

1 079

1 086

1 084

1 077

1 083

1 082

1 078

1 091

1 088

1 112

1 079

1 078

1 O89

1 074

1 082

1 119

1 088

I 085

1 085

1 083

1 081

1 090

1 088

1 078

1 091

17 3031

0 4703

0 5700

0 1805

0 6652

0 4597

18 8622

2 7543

0 1145

0 1820

0 7039

0 6488

0 1940

0 4197

0 2582

0 3049

0 3697

2 4553

0 3644

0 3539

0 3975

0 3786

2 5971

0 0000

0 0000

27 4020

25 3218

25 9171

28 1114

26 0679

26 5272

27 5749

23 9277

24 6471

19 7954

27•2730

27 7122

24 5078

29 0468

26 3708

18 8088

24 6307

25 6174

25 4790

25 9525

26 5968

24 1260

24 8029

27•7461

23 9783

38 2110

0 0000

0 0000

0 2760

2 2120

1 3300

26 8560

0 5880

0 0000

0 0000

2 3830

0 0000

0 0000

0 4530

0 4530

4 0770

1 2500

0 0000

0 0000

0 8950

2 0790

0 9670

49 84go

0 4440

0 2630

2 7889

0 0000

0 0000

0 0196

0 1697

0 1003

1 9479

0 0491

0 0000

0 0000

0 17 18

0 0000

0 0000

0 0312

0 0344

0 4335

0 1015

0 0000

0 0000

0 0690

0 1563

0 0802

4 0196

0 0320

0 0219

45 3730

1 1280

8 7830

0 0000

o 5530

0 0400

45¦8730

3 8980

1 8580

0 0000

2 0230

4 4430

1 0030

0 0000

0 4150

0 8430

0 0580

8 2080

1 8080

0 0000

0 0000

0 0000

14 9230

0 0000

0 0000

65 4650

1 ¦ 5983

9 3530

0 2001

1•3879

0 6000

66 6831

6 7014

1 9725

0 1820

2 90 1 7

5 ¦ 091 8

1 1970

0 4508

0 7076

1 5814

0 5292

10 6633

2 1724

O 4229

0 5538

0 4588

21 5397

0 0320

0 0219



EXX D I If Disc Tart Sizing

nxx Dl Ip Disc Tart Sizing

EXX DI 2f Disc Part Sizing

EXX DI 2p Disc Part Sizing

CXX Dl 3f D J s c Part Sizing

EXX DI 3P Disc Part Sizing

EXX D1 l f Disc Part Sizing

EXX DI h p Disc Part Sizing

EXX Di 5f Disc Part Sizing

EXX D1 5P Disc Part Sizing

EXX NZ 1 w o filter]

EXX NZ 2p f Nozzle Train

EXX NZ 3pf Nozzle Train

EXX NZ l w o filter

CXX N 7 5 p f Nozzle TraJn

I

CO

J

In pin Filter Blank Value

Impin t Rinse Blank Value

Jmpin 2 13 lank Value

Impin 3 Flit Blank Value

A B c D

6 1 137 236 0 1 1 199 1 3 I99

5 3081 550 0 2 9195 2 8195

h 8507 12755 0 61 8707 61 7707

5 8429 3 i8 0 2 0333 1 9333

5 1802 1365 0 23 9211 23 8211

6 00 l8 132 0 2 59 11 2 tg i 1

5 • 33 3 269 0 1 i3 9 1 ¦ 3 3 9

6 0 189 37 0 0 2238 0 1238

6 0280 9 i 0 0 5666 0 1666

5 7065 16 0 0 2625 0 1625

5 5912 121 0 2 3539 2 2539

h 1097 651 0 0 26 75 il 26 65 11

3 6007 6300 0 22 68 1 1 22 58 1 1

5 7369 287 0 1 6 165 1 5 165

1 2 165 1208 0 5 1298 5 0298

L

GFAA

8

0 1

0 1

0 O l

0 02

G

28 531 o

2 i 8876

28 7162

26 1345

25 4153

2 l 9680

2h 5252

2 l 1289

2 1 1605

2b 1 151

2 1 8 108

22 1188

27 6306

27 7520

21 7376

H

2 5010

2 0320

83 0610

1 1310

32 4620

0 6130

0 0500

1 91 10

0 1570

0 0500

1 7210

5 7110

15 8120

0 0000

1 5950

I

0 1753

0 1633

5 7850

0 0866

2 5 5 • 5

0 0 191

0 00 11

0 1567

0 0378

0 00 11

0 1386

0 516

1 1 1 15

0 0000

0 1 168

J

0 0000

1 1030

37600

0 6100

2 0230

1 2530

0 0000

0 5680

0 1650

1 6180

7 1730

12 5730

11 1850

8 1230

1 2080

K

1 5252

1 0857

71 3156

2 6299

28 3986

3 7962

1 3390

0 8 185

0 6695

1 7 8 16

9 8655

69 7 135

3 913 9

9 9695

6 38 15



APPENDIX B

FIELD AND ANALYTICAL DATA
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Preliminary Field Data

PLANT NAM ^— x ^o ^ i jc ry

LOCATION TX

sampling location
Kt^aS CgLLS ^
^2

DUCT DEPTH
FROM INSIDE FAR WALL TO OUTSIDE OF PORT

NIPPLE LENGTH

DEPTH OF DUCT

WIDTH RECTANGULAR DUCT

e q

EQUIVALENT DIAMETER

p _
2 DEPTH x WIDTH _ 2f

Ui~ DEPTH WIDTH

_

DISTANCE FROM

PORTS TO NEAREST

FLOW DISTURBANCE

DIAMETERS

LPSTREAM DOWNSTREAM

STACK AREAr jOl^Y XT r ^1 ^8 IN

DRAW HORIZONTAL LINE THROUGH DIAMETERS

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

4 6 8 10 12 14 16 16 20 22 24

1 6 7 4 4 3 2 2 6 2 1 1 6 1 6 1 4 1 3 1 1 1 1

2 25 0 14 6 10 5 B 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 7 5 6 7 6 0 5 5

4 93 3 70 4 32 3 22 6 17 7 14 6 12 5 10 9 9 7 8 7 7 9

5 85 4 67 7 34 2 25 0 20 1 16 9 14 6 12 9 11 6 10 5

6 95 6 60 6 65 6 35 6 26 9 22 0 18 6 16 5 14 6 13 2

7 B9 5 77 4 64 4 36 6 28 3 23 6 20 4 18 0 16 1

E 96 8 85 4 75 0 63 4 37 5 29 6 25 0 21 8 19 4

9 91 B 62 3 73 1 62 5 3e 2 30 6 26 2 23 0

10 97 4 B6 2 79 9 71 7 61 8 38 6 31 5 27 2

11 93 3 65 4 78 0 70 4 61 2 39 3 32 3

12 97 9 90 1 83 1 76 4 69 4 60 7 39 6

13 94 3 87 5 81 2 75 0 66 5 60 2

14 98 2 91 5 B5 4 79 6 73 8 67 7

15 95 1 89 1 83 5 78 2 72 8

16 96 4 92 5 87 1 62 0 77 0

17 95 6 90 3 65 4 80 6

IE I 98 6 93 3 86 4 83 9

19 96 1 91 3 B6 8

20 96 7 94 0 69 5

21
i

96 5 92 1

22 i 98 9 94 5

23
i

i
96 6

24 98 9

LOCATION Or TRAVERSE POINTS M RECTANGULAR STACKS

2 3 L 5 b 7 6 9 10 11 12

1 i 25 0 16 7 12 5 10 0 O J 7 1 6 3 5 6 5 0 4 5 4 2

2 i 75 0 50 0 37 5 30 0 25 0 21 4 18 6 16 7 15 0 13 6 12 5

3 I 83 3 62 5 50 0 41 7 35 7 31 3 27 8 25 0 22 7 20 8

| 87 5 70 0 58 3 50 0 43 8 38 9 35 0 31 8 29 2

5 1 90 0 75 0 64 3 56 3 50 0 45 0 40 9 37 5

6 1 91 7 78 6 66 8 61 1 55 0 50 0 45 8

92 9 El 3 72 2 65 0 59 1 54 2

8 i 93 8 83 3 75 0 68 2 62 5

9 1 94 4 85 0 77 3 70 8

10 | 95 0 86 4 79 2

11 95 5 87 5

12 95 8

If more than 6 and 2 diameters and if duct

dia is less than 24 use 8 or 9 points

VELOCITY
DIAMETERS

UP DOWN

2 0

7 1 75

1 5

5 _L 1 25

0 5

PAPTI CULATE

12

16

20

2A or 2 5

Point

or

DUCT

DEPTH

DISTANCE

FROM INSIDE

WALL

DISTANCE

FROM OUTSIDE

OF TORT

1 2 1

2 c i 1 4

3|u r D^k
4 nM Hs I
5 4

5

7 C t { Ml

8 ic 4 4l
9 L S

10 ggzl ictv fel
II 3

12 9^ 2J 4

13

14 |

o j
16 | |
17

18 j
19 j
20 |

21
i

I 1

22

23
t

24

IISJTWOPY

I NVmONMENTALISTS INC



PARTICULATE FIELD DATA

COMPANY NAME £ AS — £ Q
ADDRESS f A

t
I V^

SAMPLING lqcaTlon £7~ 6

DATE

BAROMETRIC PRESSURE IN

TEAM LEADER^felSi
HC

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT MIN C ofaf 0 CrQ

RUN NUMBER 1

TIME START it Of
TIME FINISH^

TECHNICIANS T ^

STAT IC PRESSURE IN

1S1
h2o

EQUIPMENT CHECKS

A Tp I TOTS PRE TEST

W P I TOTS POST • TEST

^^ ORSAT SAMPLING SYSTEM

TEDLAR BAG

^ THERMOCOUPLE @ M

I DENT1F1CAT I ON NUMBERS

REAGENT BOX

METER BOX AJ If
UMBILICAL U^
SAMPLE BOX

PROBE ¦
—

NOZZLE te2jLi2__ DIAMETER XSt

T C READOUT POd 9 ~

T C PROBE ¦ O

ORSAT PUMP

TEDLAR BAG

HZSlF1LTER

su a

TARE NOMOGRAPH SET UP NOMOGRAPH

Ah ia i y 2

METER TEMP

MOISTURE

SSL
C FACTOR

STACK TEMP

REF AP

TO

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readinc

OR 1F1CE

SETTING AH

IN H »0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap IDEAL ACTUAL

o o r^ ioi t 3£ l\ o uC 1 o u r ^ | 4 \ vU | ST i a 1
r Xro 1 i» l3\0 o fl o v r 1 r\ fr 1 U 1 i r r I

0 so ^ 9 riD f rl 90 16 1 l T ltf 0
1

fell ^ tczirtloJSci Nl t ft 1 5L l r^ I 5r

J s 3 9S I 1 ^ \ ii 1 9J 1 VI
i

a r1 ^ ar i D 93 I £ 1 Sri

U i 3c \ I^cIo jiU 0 i 1 I 1
1 ar ^ »a_ l£fcnle ad 7 c 7 T 1 1 I r X

v U rt 0 c6 D • f 1 3— 1 \ \ rr 1 xil

u
~ baoifl it O • 4 0 v c~ f ^ 1 1 \s~ r l r^

C 1 Of 3 4 ia M l 1 1 rz 1 k

1 SiC jo es ¦£ I ^ 1 O fS^ 1 ^7 1 3 1 \C 1^^

7 \ tn \ttt ¦ ZtSlc Otl \3 I ^6 ^ 1 x S 1
1 iT i n o ci « ^i fd i 1 ^ ^5 1 ^

f ^ I7 9 0V lfr io o\l a toy If L X LT7 1

r ©•£} Z 3 I^Y 1 J

f ^ £ S A ialtf 9 0 o I f 7 1 ^ j j^ 91

5r f~ l Ife M i r^ 1

to 0 ar ^ i zLju 1 0 r r rd\1U 1 J 1 16 1 ^ 1

y r~ ioi^6 9l 16 14 i

JOO Ira^U afj l u 1 n 1 71 1 1 1 2 JL 1 S 9

1a r
¦¦

94 X r cH ri\ \ 1L \\ tL \^cf ^ i 63 \ 6
— 3—

c ivt t 0 1 O ltG 1 o U n 1 fa u Lh \ G

i r lW fvh VAo iu 1 r iJro rHU 1 ^L 1 Z 1

1 tec oi kol l kS ¦1 I
~

1 1
¦

1 I i
I

51 £3 JW 21 13 __9±

vM ^AP
2

Ah tm ts



COMPANY NAME

ADDRESS

g »i

_lv

SAMPL1NG LOCAT1ON

DATE

ffi Aj ce ti

TEAM LEADEIVm

RUN NUMBER

TIME START Jlf I

TIME FINISH V f

TECHNICIANS ~7~ Ct\

BAROMETRIC PRESSURE IN HG _2 lJzSZL STAT 1C PRESSURE

C 6
IN HzO

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT MIN Q OqI O^QxTO

EQUIPMENT CHECKS

p I TOTS PRE TEST

Uj± PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE @ St~C °F

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX As ^
UMB I L I CAL 2

SAMPLE BOX

PROBE

NOZZLE

T C READOUT X»Q Crf

DIAMETER

T C PROBE

ORSAT PUMP

TEDLAR BAG

FILTER TARE

Ah
@

NOMOGRAPH SET UP

I

NOMOGRAPH

METER TEMP

MOISTURE

Jlr _

C FACTOR

STACK TEMP

REF AP

Y

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Reading

OR IF1CE

SLITING AH

IN Hr»0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap IDEAL ACTUAL
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PARTICULATE FIELD DATA

COMPANY NAME

ADDRESS A fx

SAMPLUMp LOCATION Cl~ a £
f

fiv £6 11 M \
DATE

1NG LOCAT

ih M TEAM LEADER

BAROMETRIC PRESSURE IN HC 3 STATIC PRESSURE

SAMPLING TRAIN LEAK TEST VACUUM IN HG 5T 2
SAMPLING TRAIN LEAK RATE CU FT MIN D C 6

RUN NUMBER crtcb T

TIME START D3

TIME FINISH II \ SS

TECHNICIANS ~7~

IN H 0 \

EQUIPMENT CHECKS

a 6 pi TOTS PRE TEST

A lfo I TOTS POST TEST

i^ORSAT SAMPLING SYSTEM

A^TEDLAR BAG

THERMOCOUPLE @ 3^Z °fr

F I LTER 5 TARE

VI
~

I DENT1FI CAT ION NUMBERS

t
REAGENT BOX

METER BOX

UMBILICAL 0 2

SAMPLE BOX I

PROBE

NOZZLE DIAMETER ¦J tcD

a

T C READOUT OOOQ

T C PROBE T

ORSAT PUMP aSI

TEDLAR BAG ^ 4

NOMOGRAPH SET UP

AH
@

f 7^
METER TEMP

MOISTURE

fSL

NOMOGRAPH yOfa

C FACTOR AJ ^

STACK TEMP

REF AP

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readina

OR IF1CE

SETTING AH

IN H 0

GAS

ME 1 t H

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap 1 DEAL 1 ACTUAL
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Preliminary Field Data

PLANT NAME
~ A

LOCATION
^

TA

SAMPLING LOCATION

DUCT DEPTH
FROM INSIDE FAR WALL TO OUTSDE OF PORT

NIPPLE LENGTH HI

DEPTH OF DUCT 244

WIDTH rectangular duct

EQUIVALENT DIAMETER

n _
2» DEPTH WIDTH _ z

E~ DEPTH WDTH
~

_

DISTANCE FROM

PORTS TO NEAREST

FLOW DISTURBANCE

DIAMETERS

UPSTREAM DOWNSTREAM

STACK AREA 16 45^ IN
2

DRAW HORIZONTAL LINE THROUGH DIAMETERS

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

LOCATION Or TRAVERSE POINTS N RECTANGULAR STACKS

If more tnan 6 and 2 diameters and If duct

di£ is less tnan 2use 8 or 9 points

VELOCITY

2 3 4 5 6 6 9 10 11 12

1 25 0 16 7 12 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 1B E 16 7 15 0 13 6 12 5

3 83 3 62 5 50 0 41 7 35 7 31 3 27 8 25 0 22 7 20 8

i 87 5 70 0 56 3 50 0 43 8 38 9 35 0 31 8 29 2

5 90 0 75 0 64 3 56 3 50 0 45 0 AO 9 37 5

6 91 7 78 6 68 8 61 1 55 0 50 0 45 8

7 92 9 81 3 72 2 65 0 59 1 54 2

8 93 8 B3 3 75 0 68 2 62 5

9 94 4 85 0 77 3 70 8

10 95 0 86 4 79 2

11 95 5 87 5

95 e

DIAMETERS

UP DOWN

8 4— 2 0

1 75

6 U 1 5

5 1 25

0 5

PARTICULATE

12

16

20

24 or 25

4 e B 10 12 1 16 ie 20 22 24

1 6 7 4 4 3 2 2 6 2 1 1 6 1 6 1 4 1 3 1 1 1 1

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 e 9 9 6 5 7 5 6 7 6 0 5 5

4 93 3 70 4 32 3 22 6 17 7 14 6 12 5 10 9 9 7 8 7 7 9

5 B5 4 67 7 34 2 25 0 20 1 16 9 14 6 12 9 11 6 10 5

6 95 6 8D 6 65 8 35 6 26 9 22 0 IB 8 16 5 14 6 13 2

7 65 5 77 4 64 4 36 6 28 3 23 6 20 4 1B 0 16 1

E 96 8 85 4 75 0 63 4 37 5 29 6 25 0 21 8 19 4

o 91 B 82 3 73 1 62 5 38 2 30 6 26 2 23 0

10 97 4 88 2 79 9 71 7 61 8 38 8 31 S 27 2

11 93 3 B5 4 78 0 70 4 61 2 39 3 32 3

12 97 9 90 1 63 1 76 4 69 4 60 7 39 8

12 94 3 67 5 61 2 75 0 66 5 60 2

14 9B 2 91 5 85 4 79 6 73 8 67 7

15 i 95 1 89 1 63 5 78 2 72 8

16 98 4 92 5 87 1 82 0 77 0

17
|

95 6 90 3 e5 4 BO 6

1£ 1 98 6 93 3 8B 4 83 9

19 96 1 91 3 86 8

20
1

9E 7 94 0 69 5

1
96 5 92 1

22 I 98 9 94 5

22
I

j 96 8

24 1 98 9

Point

i or

DUCT

DEPTH

DISTANCE

FROM INSIDE

WALL

DISTANCE

FROM OUTSIDE

OF PORT

1 e f «

~N

cL \Lrk
3 ii b

4
in •

5 ol

o 1
7 CW t gl
8 M

9 ez i

10

II 1
12 ^3
13 |
14 i
15 i
16

17

18 |

19

20 I i
21 |
22 1

23

24 1

INTROPY
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PARTICULATE FIELD DATA

COMPANY NAME

ADDRESS ikuxJ
j

I 7

SAMPLING 1 orAT I ON CT £ ffiAjCtZ fy
n^rr 9 2 P £ TEAM LEADER

RUN NUMBER £T6 ~

If
TIME START 3 3 7

BAROMETRIC PRESSURE IN HC 3o • 2

TIME FINISH 1U

TECHNICIANS 7 ~rY\
STATIC PRESSURE IN H Q J

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT M1N D 6Q1 0

IVT Jfu

EQUIPMENT CHECKS

PI TOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPL1NG SYSTEM

•

TEDLAR BAG

^^THERMOCOUPLE @
C

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX ^
if

UMB I L I CAL D 2_

SAMPLE BOX

PROBE I

NOZZLE 3
t{

J

DIAMETER _

T C READOUT r 0~0 9

T C PROBE S~ ^

ORSAT PUMP

TEDLAR BAG

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

Ah
@

i a

METER TEMP

MOISTURE

2_f2_
3^

C FACTOR

STACK TEMP

REF AP

STL

QAMPt r

CLOCK

TIME

DRY GAS

METER

READING

CU FT

Pitot

Readina

OR 1F1CE

SETTING AH

IN H 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK
|

READINGS 1

POINT 1MIN mv Ap I DEAL|ACTUAL
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Preliminary Field Data

PLANT NAM

LOCATION

¦QuJpI

1_£_

SAMPLING LOCATION _£P^ ^Ccu

DUCT DEPTH
__

from inside far wall to outsde of PORT

NIPPLE LENGTH

DEPTH OF DUCT

WIDTH RECTANGULAR DUCT

EQUIVALENT DIAMETER

n _
2» DEPTH x WDTH _ 2

E DEPTH WIDTH

DISTANCE FROM

PORTS TO NEAREST

FLOW DISTURBANCE

DIAMETERS

UPSTREAM DOWNSTREAM

STACK AREr A Itefor in

DRAW HORIZONTAL LINE THROUGH DIAMETERS

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

12 22

1 6 7 4 4 3 2 2 6 2 1 1 6 1 6 1 4 1 3 1 1 1 1

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 e 5 7 5 6 7 6 0 5 5

4 93 3 70 4 32 3 22 6 17 7 14 6 12 5 10 9 9 7 8 7 7 9

5 85 4 67 7 34 2 25 0 20 1 16 9 14 6 12 9 11 6 10 5

6 95 6 80 6 65 8 35 6 26 9 22 0 18 B 16 5 14 6 13 2

7 09 5 77 4 64 4 36 6 28 3 23 6 20 4 16 0 16 1

8 96 8 85 4 75 0 63 4 37 5 29 6 25 0 21 8 19 4

9 91 e 82 3 73 1 62 5 36 2 30 6 26 2 23 0

10 97 4 8B 2 79 9 71 7 61 B 36 e 31 5 27 2

11 93 3 85 4 78 0 70 4 61 2 39 3 32 3

12 97 9 90 1 83 1 76 4 69 4 60 7 39 8

13 94 3 87 5 81 2 75 0 66 5 60 2

14 98 2 91 5 65 4 79 6 73 8 67 7

15 95 1 89 1 83 5 78 2 72 6

16 98 4 92 5 87 1 62 0 77 0

17 95 6 90 3 85 4 60 6

IE 98 6 93 3 8B 4 83 9

19 96 1 91 3 86 8

20 96 7 94 0 89 5

21 96 5 92 1

22 96 9 94 5

23 96 8

24 96 9

0CATION OF TRAVERSE POINTS IN RECTANGULAR STACKS

i 2 3 L b 6 7 8 g 10 11 12

1 i 25 0 16 7 12 5 10 0 8 3 7 1 6 3 5 6 5 0 5 4 2

2 75 0 50 0 37 5 30 0 25 0 21 A 18 8 16 7 15 0 13 6 12 5

3 1 83 3 62 5 50 0 41 7 35 7 31 3 27 8 25 0 22 7 20 8

4
1

B7 5 70 0 58 3 50 0 43 8 38 9 35 0 31 8 29 2

5 1 90 0 75 0 64 3 56 3 50 0 45 0 40 9 37 5

6 i 91 7 78 6 66 8 61 1 55 0 50 0 45 8

7 i 92 9 81 3 72 2 65 0 59 1 54 2

8 | 93 8 83 3 75 0 68 2 62 5

9 1 94 4 85 0 77 3 70 8

10 i 95 0 66 4 79 2

11 • 95 5 87 5

12 95 6

e
NTROPY

If more Chan 8 and 2 diameters and if auct

dia if less than 24 use 8 or 5 point6

VELOCITY
DIAMETERS

UP DOWN

2 0

1 JL 1 75

6 1 5

5 1 25

0 5

PAPTICULATE

12

16

20

24 or 25

Point

or

DUCT

DEPTH

DISTANCE

FROM INSIDE

WALL

DISTANCE

FROM OUTSIDE

OF PORT

1 z\

2 c } | 22 e

3 11

4 | V

5 z s c Sz W
r

o 35 ^ llVAl
7 ^4 2JL

l
i

8

9 BL b

0 a z\ zai

II

12

13

14 | I I
15

16

17 |
16 1 i 1

9

20 |

21

22

23|
1
1

24 |
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PARTICULATE FIELD DATA

COMPANY NAME

ADDRESS

EXXbtJ RUN NUMBER £ I b £~

C Ay~n W 7~ YA5 TIME START DTP

SAMPLING mraTION l OL tfrG 77JllJ£7 2 fAN Cf tLL tf 5 TIME FINISH

DATE _

TEAM LEADER TECHNICIANS

BAHOMETRIC PRESSURE I N HG 3 —£ STAT IC PRESSURE IN

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT MIN QOO

STATIC PRESSURE

tS It

rr 0

EQUIPMENT CHECKS

PI TOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE @
C

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX _

UMB I L I CAL _

SAMPLE BOX_

PROBE

10
NOZZLE n 4

So

DIAMETER

T C READOUT Ol 3

T C PROBE

ORSAT PUMP

TEDLAR BAG

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

Ah ra 4J1I
METER TEMP

MOISTURE

L

0

C FACTOR

STACK TEMP

REF AP

SAMPLE

PO INT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Reading

ORIFICE

SETTING AH

IN Ht 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap 1 DEAL 1 ACTUAL

A 1 € \M S io flTI n n 1 s4 1 1 iX 1 Sb
2 1 T 1 ^ fcTo V2^ I bl i W i jt i i r
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COMPANY NAME

ADDRESS
AAK TirutAf 7bXA

RUN NUMBERCTUiS lA
1 TIME START y frO

SAMPLING i rv aTiON 1 £ TUVJEr 6 TIME FINieM L 3 I

na rr TEAM LEADER M TECHNICIANS LPTX

BAROMETRIC PRESSURE IN HG lO STAT 1 C_ PRESSURE IN H 0

SAMPLING TRAIN LEAK TEST VACUUM

SAMPLING TRAIN LEAK RATE CU FT

IN HG

Ml N QO I

EQUIPMENT CHECKS

~~

PI TOTS PRE TEST

—

PITOTS POST TEST

ntWaT SAMPLING SYSTEM

^

TEDLAR BAG

THERMOCOUPLE @
c

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX _

UMB I L 1 CAL _

SAMPLE BOX_

PROBE

A

NOZZLE jOoL
T C READOUT

T C PROBE _

ORSAT PUMP _

TEDLAR BAG

DIAMETER_

Of 5
T7

F1LTER TARE NOMOGRAPH SET UP

C FACTOR

METER TEMP STACK TEMP

MO I STURE REF AP

NOMOGRAPH

Ah
@

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readina

OR IF1CE

SETTING AH

IN H 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap I DEAL i ACTUAL

£ 0 IftyP \ CfU \ d I Sto I

1 tW 5^0 4 1 ^ I V 1 I 5JT l 3

t 1 i0 z^n W 1570 33 ^ 1 ^ l^r 7 16 1 \sta 1 ^
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PARTICULATE FIELD DATA

XVOACOMPANY NAME

address AAyr out ~t£ya

SAMPLING LOC^T1
ONTWm G ^ 9 OcLL

^
T^AIg^

LEADER X^fb TECHNICIANS

RUN NUMBER if lo tf~5 ~3
TIME START 033
TIME FINISH

DATE

BAROMETRIC PRESSURE IN HC

JML
Qo

STATIC PRESSURE

UL °L
IN H 0 —

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT M1N ¦ OOX O 5

EQUIPMENT CHECKS

PITOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE fa

IDENTIFICATION NUMBERS

noREAGENT BOX NOZZLE

METER BOX N tQ T C READOUT

UMBILICAL

~~

T C PROBE _

SAMPLE BOX ORSAT PUMP

PROBE
~~

DIAMETER

TEDLAR BAG

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

AHfl l bZ
METER TEMP

t MOISTURE

C FACTOR

STACK TEMP

REF AP

SAMPLE

POINT

DRY GAS

CLOCK METER

TIME READING

MIN CU FT

Pitot

Readina

mv

OR IFICE

SETTING AH J
IN H7Q

Ad 1 DEAL I ACTUAL

GAS

METER

TEMP

0„

PUMP FILTER IMP

VACUUM BOX EXIT STACK LK CHECK

IN HG TEMP TEMP TEMP READINGS

GAUGE °F °F °F

A I 1 D L 01 16 G Wgp[n9 1 3 Q I 3® 1 f Is

1 T tol yl ^7 I Ll I

\ St \
2

—

I M
3 hO Ilo rd £V\ J±\i Uls I 1 1 1s ft I T

41 fs I^ o ^d 1 71 t nJ 1 90 S

I ^6
I

T\ tv \H4 dtt K~Z \ l£\Lo

ft 1 7X \ sn t D temlOQ 1 ¦ 3T

d n I 4

\41 I ^

— I ho i
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Preliminary Field Data

PI AMTMAMF
~

i nnATinM l

SAMP1 NG LOCATION

DUCT DEPTH
FROM INSDE FAR WALL TO OUTSDE OF PORT

NIPPLE LENGTH

DEPTH OF DUCT Z6 H

WIDTH RECTANGULAR DUCT

EQUIVALENT DIAMETER

n
_ 2 DEPTH WIDTH _ zi _

E— DEPTH WIDTH

—¦

DISTANCE FROM

PORTS TO NEAREST
^PSTRE^M

FLOW DISTURBANCE
~~

DOWNSTREAM

niA^cTFRq
¦

—¦

STARK ARFA

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

4 6 8 10 12 14 16 18 20 22 24

1 6 7 4 4 3 2 2 6 2 1 1 8 1 6 1 4 1 3 1 1 1 1

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 7 5 6 7 6 0 5 5

4 93 3 70 4 32 3 22 6 17 7 14 6 12 5 10 9 9 7 B 7 7 9

5 65 4 67 7 34 2 25 0 20 1 16 9 14 6 12 9 11 6 10 5

6 95 6 80 6 65 8 35 6 26 9 22 0 18 8 16 5 14 6 13 2

7 09 5 77 4 64 4 36 6 28 3 23 6 20 4 16 0 16 1

8 96 8 B5 4 75 0 63 4 37 5 29 6 25 0 21 8 19 4

9 91 8 82 3 73 1 62 5 38 2 30 6 26 2 23 0

10 97 4 SB 2 79 9 71 7 61 8 38 B 31 5 27 2

11 93 3 65 4 7B 0 70 4 61 2 39 3 32 3

i 97 9 90 1 83 1 76 4 69 4 60 7 39 8

13 94 3 87 5 81 2 75 0 66 5 60 2

14 98 2 91 5 85 4 79 6 73 8 67 7

IS 95 1 89 1 83 5 7B 2 72 8

16 98 4 92 5 87 1 82 0 77 0

17 95 6 90 3 85 4 80 6

ie 98 6 93 3 86 4 83 9

i 96 1 91 3 86 8

20 98 7 94 0 89 5

1 96 5

98 9

92 1

94 5

96 8

21 98 9

UDCATION OF TRAVERSE POINTS IN RECTANGULAR STACKS

2 3 u 5 6 7 8 9 10 11 12

25 0 16 7 12 5 10 0 8 3 i 6 3 5 6 5 0 4 5

2 75 0 50 0 37 5 30 0 25 0 21 A 18 8 16 7 15 0 13 6 12 5

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 43 3 38 9 35 0 31 8 29 2

5 90 0 75 0 64 3 56 3 50 0 45 0 40 9 37 5

6 91 7 78 6 68 8 61 1 55 0 50 0 45 8

7 92 9 HCO 72 2 65 0 59 1 54 2

S 93 8 83 3 75 0 68 2 62 5

9 94 4 85 0 77 3 70 8

10 95 0 86 4 79 2

11 95 5 87 5

°5 5

DRAW HORIZONTAL LINE THROUGH DIAMETERS

If more than 8 and 2 diameters and if duct

dia IS less Chan 24 use 8 or 9 points

VELOCITY PARTICULATE

Uf»

8

DOWN

2 0

U2
S

7 _ _ 1 75

12

6 _ 1 5

16

20

5 __ 1 25

16 m

24 or 25

2 _ — 0 5

I

Point

of

DUCT

DEPTH

DISTANCE

FROM INSIDE

WALL

DISTANCE

FROM OUTSIDE

OF FORT

I

2 t 3 197 1
3 u

4 13 7 so3 £i
5 2 S~ D T fVf
6 35\ o OZ

7 pV tf
8 15 D 2 5 M
9 €1 3 1
10 e i 25ry e

II ZSol \

12 z t

13
i

i

14
i

j

15 i

16 i

17
i
i

IS I | I

19 | i

20 j
21 j

22

23

24 j 1

e
NTROPY
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NVIRONMENTALISTS INC



PARTICULATE FIELD DATA

COMPANY NAME £

address r}Ay~f~ LtSA J T

SAMPL I NC LOCAT \Oh 1£ £ AJ b Jf CSl t A
TEAM LEADER

_ PfrDATE

BAROMETRIC PRESSURE IN HG 31 3y

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPL1NG TRAIN LEAK RATE CU FT MIN ODD

RUN NUMBER M A I

TIME STARTj^^ 5 g

TIME FINISH 7 0O

TECHNICIANS ^ 3

STATIC PRESSURE

S 10
IN H 0

OOl

EQUIPMENT CHECKS

PITOTS PRE TEST

_Z PI TOTS POST TEST

ORSAT SAMPL1NG SYSTEM
~~

TEDLAR BAG

THERMOCOUPLE @
C

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX

UMBILICAL

SAMPLE BOX_

PROBE

ft r
ZZLE DIAMETER

SO

T C READOUT

T C PROBE _

ORSAT PUMP

TEDLAR BAG _

FILTER r TARE NOMOGRAPH SET UP NOMOGRAPH —

Ah a Jill
METER TEMP

k MOISTURE 3 —

C FACTOR

STACK TEMP

REF AP

DRY GAS ORIF ICE GAS PUMP FILTER IMP

CLOCK METER Pitot SLTTIN i AH METER VACUUM BOX EXIT STACK LK CHECK

SAMPLE TIME READING Readina IN H »0 TEMP IN HG TEMP TEMP TEMP READINGS

POINT MIN CU FT mv Ap I DEAL 1 ACTUAL °F GAUGE °F °F °F

£ i
S~ WS no it® tf

^L
21

J7 \4 I S I 1 su

L SJ
2E

n
uc^ f

yo 15iS m

JexIts

7 1 f 1 l Z_
n i 37 I fr i x

_c££ ±l

JlZ ±J
3 11£ rr ^

is

lr73T| 5 f £ 1 ^ I f
•£ i «te I 49

P £J2^

£3 SA
V i 10

ASL

teri m
Isifi tz

f r I A g £ 2
ALL r £

1 bJ
£e 0
M

j 1 40

97t lA \idj \M\ it

it \

if i

1 11
2Z

b\ £ YiTl 4 o m 0^

\£Wo igTLso o vs r\ en^

JO JO I o± t a

io_ JO 1 17
£j

113 M
_£L

5 \97H7a Bfti ttl Sf \ St \ 6S

6 le \ 4

JL 1

n\ H YT75 1A0 Wt\ tW 9 \ 99 \

Af 75177 I ff 1 ^

3 I 4

1 6 3 1

a I \4X£ 4KO SoQlfL JO \ to 1 M

ZS JSbo \ 1L i JQ l P 1

^

^ 1

wn ta 5 o m\ i ^ 7

13^ ttfS ttea \5 0in\ J i
•

^ I

i

y 1 r£r E70 KSOl O^I 3 7 ^7 1 r 2

OQD^O Y2S0 0 z 7 1 1 7 l jf
^
7^

fiot MV \t W JO 10

5S Z50 ot\ o JO HE
74 4 2

no i 41

hDlorr \ 004 45 ^

6I S2S JS53 J 6 9 ler fx

M
Ap AH

M
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COMPANY NAME

ADDRESS

SAMPLING LOCAT

DATE 4 C

fcAYTftld
¦nri CCCH lijtr 7

TBX^
~

£ u Ct f\£LL A

barometric pressure in hc

TEAM LEADER

3 o i r

SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT MIN

J^L

RUN NUMBER

TIME START Z 3Q

TIME FINISH

TECHNIC IANS
_

aa

^STATIC PRESSURE IN HjO

JL
boo

EQUIPMENT CHECKS

PI TOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

~

THERMOCOUPLE 0

REAGENT BOX

METER BOX

UMB 1 L I CAL _

SAMPLE BOX

PROBE

IDENTIFICATION NUMBERS

DIAMETER
•

NOZZLE noo

N iy T C READOUT

T C PROBE _

ORSAT PUMP
_

TEDLAR BAG _

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

aAh

METER TEMP

MOISTURE

¦7^ C FACTOR

STACK TEMP

REF AP

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readina

ORIFICE

SETT 1NG AH

IN H 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEWP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap 1 DEAL|ACTUAL

Z 0 ryy ^l \Vo l4 \ \ Aa y 4 T

s no\M ^3 i r ^ 1 ^ ~7

0 too 1 1 IM L10 1 13 1 f si
tZ \OfJ Z tO Ktolzl t tv u t I i~ — £

0\^o 10 h l^C 5 ri 2£ Jo 1 LtQ I £ 5 1 i v

1 z5 hlto cfo Q ttDVIX l tS L7sC\ nt 1 JT
—

Si
4 1 30 Ot3 ^ te 7 l 1 Lib 1 HZ 1 r 1

13r 0io \ jd l u Ut» 1 IU 1 Htf sr

1 40 1 oy ^U \yHo\jO\ Mb \ MS I «f 1 2 1 — ^ 2

14sr i m 77 ter t 8 i w 1 6Z

1 1 \OWXT t |m oz JjT j r i i z i
~

1 SS 102 jov \ so\ 03 T iT 3 1 i 1

1fo o IA57 4 0 Lot f o f i^i

jr ow izto f otf o4 no £~ 1 ^1 9
t id \ow m l o L^i \ 1 i m I nn ^ 7

1 A2 1£ 7 C lA Kttllrl I ¦ i \ in I 1 M 9

3 Z \osli 2o frolw 7^ 1 „ VI

ZS 6SSYOO 57o\ yt\ tri si } z~ n
^ 1 i 11 ^r 3 1 ^ 7c

i 10L2 HK Woo ¦ift \ 7 ¦ 14 l V 1 V —

no

S\ 40 vt uxs MI fL JU \ L t G6 9fS~

1 46 Sl O Y2ar • tl rt i nt i^l G
6 I ^ OM oim \loo\o4\ V 1 z 1 7 1 ¦£

1 l fl Z 1
•

I«
fwkff I \ I 1

i y is 3l 82
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PARTICULATE FIELD DATA

COMPANY NAME

R4rt u Jaddress —wrrT^uJ r
—^

SAMPLING I nrannul OOLffilCj 7bld£ 94 d£CL

^AT TT 5 S XJs team leader 222
BAROMETRIC PRESSURE in HG _2 J2S
SAMPLING TRAIN LEAK TEST VACUUM

SAMPLING TRAIN LEAK RATE CU FT

TZ X bS

RUN NUMBER GWbLI
TIME START S0

TIME finish 11 O0

_ SJATI c pre

IN HG £ T

T MIN » w I

TECHNICIANS

ISSURE IN

M
H 0

000

EQUIPMENT CHECKS

PI TOTS PRE•TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE I
C

I DENT IFICAT ION NUMBERS

REAGENT BOX

METER BOX

UMBILICAL
~

SAMPLE BOX

~~

PROBE
~

NOZZLE 2^7 DIAMETER 307
T C READOUT

T C PROBE _

ORSAT PUMP _

TEDLAR BAG _

F 1 LTER TARE NOMOGRAPH SET UP NOMOGRAPH

raAh

METER TEMP

MOISTURE

t 1t C FACTOR

STACK TEMP

REF AP

SAMPLE

p irr

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Reading

OR IF ICE

SETT 1NG AH

IN H70

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READ INGT

mv j Ap 1 DEAL j ACTUAL

2 0 MfiMll UtoWt tp t 1 01 ^ I ft jTT

tOW S D \ vf 7 C7 2 C7 4 — £~fo 9

It IO OZZltb r 1 2 7 4t t
— S2 M

ts \ 3jio Jm 2b 1 Z Z7 t 7 7 4 ft
0\ tc \ 1 5^74 WDM \t 11 7 zn 7 I — I ^ d

\ Hjr \ ol 01sO l540\
y

o V C7 z c 7 1 1 ^ ^

4 lO \ o£ fr Q [Hi 2 to^ J 1
S 1 4Y tod l £7l D f 3 — 74

y© L 3 bSDUZMr t tt Of — bO tz

4r 9 7tt KriJl Ml of —

n So 22 4 0 ^nn\jtn 1 01 101 1 •

hf
I SS MIS no \1lQ\ r7 bl 0 1 1 fa \ — 6^

j£ o tZ7 7tO UOO\ l^\tM Ob 1 — b 7 o

S \ 3 s~r» L\ fM AW 1 tnL 1 ^ — b
t to Kov\ tz\ii y l « Z 1

ts l Jf S i5~0D ^3 ^1 Z — I ft

3 \ v¥S2 lr 7 3 v \ trt
1 tt \ttc \ Vi 5 \ tS 3

4 1 1 tSV VSo WSo 2 \ 1 1 —

hi
i 3S s2 710 tyKO I JP I — bf

rS\ 4d \ 6 3 nro \U0 kori 41 YMl \ tf I 70 7
i hs \ 6 t o6q \z n •OS I I JT r5~ 11 1

s SO \ l 3 6 I 75I 041 2 f l A 1 V —

70
1 ss \ M no \ins\ os\ vt \ io \ 4 1 70
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COMPANY NAME
j ^

ADDRESS hM TW^s 1FXAADDRESS f wJO I Y y tr t\ y r a

SAMPLING LOCATION^
n TT

~ ¥ TEAM LEADER t£

RUN NUMBER

TIME START

BAROMETRIC pressure IN HG 30\
SAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPLING TRAIN LEAK RATE CU FT MIN O

TIME F 1 N 1 SH

TECHNICIANS A
STAT IC PRESSURE IN H 0

£
MP

EQUIPMENT CHECKS

PI TOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE 3

REAGENT BOX

METER BOX _

UMBILICAL _

SAMPLE BOX

PROBE

IDENTIFICATION NUMBERS

_ NOZZLE
^^ 7

TTrtf
DIAMETER 3 5

T C READOUT 1_

T C PROBE 1_

ORSAT PUMP

TEDLAR BAG

FILTER H TARE NOMOGRAPH SET UP NOMOGRAPH ff

A 7^

METER TEMP

MOISTURE

C FACTOR

STACK TEMP

REF AP

SAMPLE

PO 1 NT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Reading

ORIFICE

SETT ING AH

IN H 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ad IDEAL ACTUAL

1 1 0 Wfo \k Wis MV 1 M s~ qo
1 ^ ni ro Wo m t si sn i iM 4o

2l 10 |fto SZ \ 7A 7J\ 7S ZS\ i nn 1 — sU f
T 1 fcT 35~D 15 1ft £ Z 2 1 ^ 1 9

3 2c \ 4 tZO \5301 7A Z LS Z 3 1 Lf n i r 1\

7S \ fS itn 530111 T fn b 1 L n l — ss 9
so j It o L11 Mt \ t s t I sx 1 ^

2S 1 lx4 Sfo o Wl5[ 7J2 1 7 01 1 01 S t
— foo

S 90 \7 7 7
~

btoUb I S bo f3

4± 211 MO I f\Jf t 5 zr\ 4 I r 9
b\ SO 17JC 76D \ 10M in Z7 1 3 1 ^ 1 I als \

\ss \K8 ino \nao Z9 7 f \ HI 1 ^ \ 4 4

FLtoolO iZOslST 2o\ l \ 6 r £«TI ID 6 90
sr \ ZZ4 2£V \4fiO\ \L i w M \ LV r 10

1 o | B3 lr IZf Zr I no p — £ Qt

1 Mtz vw no 2 4 2 1 }0 7 — fob 9
to \ in I fbg^4t 5 z t z 61 I 94

1 2 12 5 7jT JSfcTL«l« Zrf I 3 if — 70 \ ft
1 0 ZMS Iw 2S \tS¥ 3 17 I ID

3T i Z l bOC J520 7S4 i ZSH Ht n ¦— m i

2 1 4C \2Sls lo \vfn tl\ trt M r 17 \ o

1 4T Zb ZIO \W€ JV 04 1 01 I f I
_ 71 1 40

n 1 \ ILS tcr \Z D or1\ Hi- L 2

1 5X 2bl 9S7 \U0 A i r 37 i n nt \ t \ I if 90
\1fi\0fF\ 169 515 1 1 1 I 1

|

7 cT g g \jq IIJ_ \j

VM ^
2

ah tm ts
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PARTICULATE FIELD DATA

COMPANY NAME

ADDRESS Aa ^4t^ o TV

SAMPLING i nrAT I on O i{ CftO 16 11

n TT °\ q ~5 £~ TEAM LEADER ff^
BAROMETRIC pressure IN HG 3D 3S~

RUN NUMBER CTKtf C ~1

TIME START ^3

TIME FINISH li O

TECHNICIANS ~T~

STAT IC PRESSURE

SAMPLING TRAIN LEAK TEST VACUUM IN HG |S~ ID

SAMPLING TRAIN LEAK RATE CU FT MIN D OQ\ 6 OQl C OCi

IN HzO l_

EQUIPMENT CHECKS

PI TOTS PRE TEST

PI TOTS POST TEST

r ORSAT SAMPLING SYSTEM

JEDLAR BAG

THERMOCOUPLE

IDENTIFICATION NUMBERS

REAGENT BOX r _ NOZZLE 3 6 n

METER BOX AJ O

UMBILICAL iJP
SAMPLE BOX_li__

PROBE 0—

DIAMETER

T C READOUT no f 7

T C PROBE

ORSAT PUMP

TEDLAR BAG

g to

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

AHg £
METER TEMP

MOISTURE

y
x

C FACTOR

STACK TEMP

REF AP

S^x

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Reading

ORIFICE

SETT1NG AH

IN H »0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

CXI T

TEMP

°F

STACK

TEMP

°F

LK CHECK

READ1NGT

mv Ap 1 DEAL IACTUAL

1 \o o It £ W Wp1 0 J 6 ajIa rc 11
\

r k 3 c 8 o 1 \ £ 40

X o 3 fa 33 I IX 1 • x r 14 s I

\ V J» 6 ~

o p o 33 •XV f• is ha yU

1 AO y
~ r Tf\C o JU 1 1 i^J m v y Hr ff

1 £l t~ •^a • 3 U Lv o 33 I • 2 J X 7 s lv I S~

U I 0 K^aJe ir o i V o r ^ r 1 s y 1
\ 1

1 s~ 3 4o f \ kfil \o iL O 1 O • U V fT r^ f
1 £ 3 43 d lT U 0 e 3 a a_ rt t 1 2

1 r 3 9 3 6 lt rVlo G «• £ 1 10 1 oa

p
1 S £ i 3 f ^ \ o •t \ to o D too 2 Ln ml

r 3 o3 0¦ 63 n O 3 I tOO 1 c 1 In U

JJL c 3 7 3 SrlU is o fl S

6 r\ O rv 1 tr 1 5~~ f

n T O ^OG^y iiJ o 2 l o V o S 7 1 ^ r Sr

I CO U O¦ 1 t o 9 106 | ^ rl
Iti vo U 0 o e 2 \u Mt 0 1 1 t1 il 1 X

s H tiaf W TO l oO OD 10 I UD

I bniD arri o 96 o 96 1 •

l G

I II n S o k L 1 l£ f Ll 1

I too \u\ ^ ¦ s~ X lia lo aa l o o X a • o \o a I i rvd

I tor ui°i ¦ U \xoQ\e OUi a i~h 3 • ^5 1 1 0 3 \ fi

I 7 i 1 1© • 1111 lo otin o V 1 £ 1 \ 1 AO 1 fa

1 Its UiAllo otin o tr ^ • 0 r 110 ¦ 1 1 1 I 42

iMfjj
uitL UKd
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M
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r \r\ i i L u Lai l i i x

COMPANY NAME

address rtA sfQ s j Ty
SAMPL1NG

DATE IH I to
LOCAT1 ON ] 4^ ±11 f

RUN NUMBER C~TkU ~ L X _

T I ME START I a~3 Xf

BAROMETRIC PRESSURE IN HG

TEAM LEADER TWO

3d 3 V

TIME FINISH JJ4 4
TECHNICIANS T Vt

STATIC PRESSURE IN H 0 _l
jSLSAMPLING TRAIN LEAK TEST VACUUM IN HG

SAMPL I NG TRA IN LEAK RATE CU FT M I N O ID O Chl

EQUIPMENT CHECKS

PI TOTS PRE TEST

•

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

~

TEDLAR BAG

^^THERMOCOUPLE @ 10 c

I DENTIF1CAT ION NUMBERS

X

yJ 0
REAGENT BOX

METER BOX

UMB I L I CAL L J

SAMPLE BOX

PROBE 2
~~

NOZZLE

1^

DIAMETER

T C READOUT Oae 9

T C PROBE

ORSAT PUMP

TEDLAR BAG

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

1 ¦

C FACTOR
~

METER TEMP _2»S STACK TEMP

¦ MO ISTURE REF AP

ah a

1£l

SAMPLE

POINT

CT OCK

TIME

MIN

DRY GAS

METER

READING

CU FT

PioOt

Readina

mv Ad

ORIFICE

SETTING AH J
IN H Q

IDEAL ACTUAL

GAS

MEIER

TEMP

o_

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

o_

STACK

TEMP

o_

LK CHECK

READINGS

J JL 1 o o 1 L 12 C 1 d 0 1 ^ 6~ t 1 3 1 5 3 1 73
1 1 S~JT \ fjL

iii 1 w S^S Q Th 1 3 JK ^ II 1 9J2

I 1 f l O D— iffrl Italic 0 If^ 3 1 \ 1 95L

3 i n is o is °i o a si s n 0
•

¦ 3 I \ \cr 1

1 is urtfj I W0^ i O oti 1 Oh ^ 1 \ 19

¥ 1 3o 2 S U I f^ 3 1 Ic If

JT U13 i°i 0 v £ 5 ^ i tV
\ o e» \ I i ^ O i

1 1 ^61 IT i o r 1 Ifc 1 16 1 3

4 XI A olj U y a S ljSiio fii l0 bi \d 01 ^ 1

c \ 0 1 1 0 1 y

loC l £3 o c^l 6 ro o 1 f 4

1 ^ r TO tf \\lp o 1 9 1 0 3 • O U i 1 l

f 5 te I vr n ^ 1 1 W 1 9 3

T \ US rs^ 1 U 0 C o» 12 o ii 1 lf^

^ V 1 SrtD ^rv 2 1 I40 A 6 n fcl ^ 1 1 ^ 1 fV
I s r cyc

~

rsK O O o s 1 J 1 « 1 1 19^

463 ifS f f T l l 2 Id || ^ if

i r t£ »U I riro D 3l 1 li M \ 9X 1 Cn II ^ in

f i 1 tcrz Lit J 7 0 1M\ • 2«r »• ir 73L_ 1 A I m 1

1 «r 4^ Ik l rf i xrl 9J \ 6 11 d~f ifi

i £ Z 7i I ktf 3 1 15 0 • I 3 | 5 1 I if
n ^ Of lib • iM tr 5K io W 1 4 5 1 r~ 1 i\ p r 19^

I 1 1 VI 1 1

53 IXC m } £ Ho2 75 n
Ap AH

M
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PARTICULATE FIELD DATA

COMPANY NAME £l faAJ jv\
AODRC5S ftTU ^ A I r
AOUKLdS f V M rW

^ jr ¦

SAMPLING I nrAT I ON CTXif phd f v ~7y
n n ^ ~ C~ £ £ TEAM LEAFIER

RUN NUMBER

TIME START gff J5

DATE

TIME FINISH I O il

TEAM LEADER TECHNICIANS 7~ 1

BAROMETRIC PRESSURE IN HG 2 N~ STATIC PRESSURE IN

SAMPLING TRAIN LEAK TEST VACUUM IN HG l T~ 2
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1
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i s i i 1
103 i 0 C1

11 1 1 \1 Z1 I T3 i C zJ It
I I I I I

1 11 | I I
1 l
1 1 | I i j

I I |
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1
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COMPANY NAME 6 £Lfel

ADDRESS Pfi j70 ^ ^

RUN NUMBER OTo 6 • AJ ~Z ^

TIME START

sampling location

pn rr S

SVj
i Q

f
n

g
CtauaCTL k C £M S£~ time FINISH SffC

TEAM LEADER fi N^cCt^CS TECHNICIANS

BAROMETRIC PRESSURE IN HG 2lOl

SAMPLING TRAIN LEAK TEST VACUUM

SAMPL J NG TRA 1 N LEAK RATE CU FT M I N A Q^Z— O 0O4^
IN HG

STATIC PRESSURE

]£1

IN H 0

EQUIPMENT CHECKS

PI TOTS PRE TEST

P1 TOTS POST TEST

~

ORSAT SAMPLING SYSTEM

TEDLAR BAG

THERMOCOUPLE @ ^ °F

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX

UMB I L I CAL

SAMPLE BOX_

PROBE

NOZZLE •7 q a
M

U Oh

_u

DIAMETER Z 2

T C READOUT CXgOH

T C PROBE _

ORSAT PUMP _

TEDLAR BAG _

F 1 LITER TARE NOMOGRAPH SET UP NOMOGRAPH

AH
@

\ 1

METER TEMP

MOISTURE

C FACTOR

STACK TEMP

REF AP

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readina

ORIFICE

SETTING AH

IN H70

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

i

LK CHECK

READINGS

mv Ap IDEAL ACTUAL

A 4 h c c6 31 h s4 t4 I £8 I i r I — I I

^i W7 WI 1 j V
~

\ s 4

1 1 1 13 r 1 99 1 S
¦

I it Sol 7 4 VK| ^ 1 ^ It cVI £ 1

| f o oi o L I R rVI JiO I r 1

1 1 rv IO I 1 IS 1 {p 2

I 3j I s a 3 i d \ I Y W I £ J IT 1 a

I 4 Xio Uc 1 1 1 7 5VI I D lb 1 CoD

l ZD o i Jm97 0 0 i 1 1 T¥ \ d 2 i rn e v

J\ e6Q lD I 1 t£ I r 1 v

30 2^5 1 i w a i k 1 ^u

1 \x c^ D 1 9

\r^o lob I 13 W IOQ 1 T

i 1 « JD3 1 S i i

3dregUs^ 1 i 3 5 V 031 S 1 1 a V Sj
JL ^CaQ iAfeO | SV- 1 1 i 43

I2va o^ 7 5W£ I I I I I

1 I 1 1 i 1

II III 1

1 1 1 1 1 1 1 1 1
1 1 1 I I l

1 | | I i

1 1 I | 1

| | I I I 1

1 1 I I I I I

I

rZfJ tsj 37 3 W loo _21

VM ^AP
2

AH tm Ts
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PARTICULATE FIELD DATA

3

COMPANY NAME RUN NUMBER cTfi d 4
address Rt±\rt rsAji\^

}
I K time start _i£i£

SAMPLING 1 nrtT I ON VL Oi fO^ ThO^ ^ friU Caul TIME FINISH 4lg
na TT P^f TEAM LEADER S RutP TECHNICIANS

BAROMETRIC PRESSURE IN HG 3^ ^ _STAT1C PRESSURE IN H20 C 0

SAMPLING TRAIN LEAK TEST VACUUM IN HG L5 LSI
SAMPLING TRAIN LEAK RATE CU FT MIN £ P

EQUIPMENT CHECKS

— PI TOTS PRE TEST

—
PI TOTS POST TEST

ORSAT SAMPL ING SYSTEM

TFDLAR BAG

THERMOCOUPLE @ °F

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH £

AH a
i 1 1 C FACTOR II

~~~~~~

METER TEMP STACK TEMP HZ

MOISTURE ^ REF AP

REAGENT BOX

METER BOX

UMB1LICAL _

SAMPLE BOX

PROBE

I DENTIFI CAT 1 ON NUMBERS

NOZZLE U l DIAMETER
—S l

M I1 T C READOUT ^
J • ^ T C PROBE 5

ORSAT PUMP

fa TEDLAR BAG ¦

SAMPLE

POINT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Pitot

Readincr

ORIF ICE

SETTING AH

IN Hr 0

GAS

METER

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK 1

READINGS 1

IIIV Ap IDEAL ACTUAL

A 1 o o 3f» 3 3 U 12
— 1 txl SS 1

1 15 2Z 7 V 1 5 ^1 1 a 1 1 6 Y I 19

1 3o mi 2 1 1 J 3 6 1 Y Z 1 6Y\ rf

11 yc 7 7 ZZ M V 3 fc 1 — 1 C^ 1

i 772 7V i 1 • 1 1 1 v
t

l 1 C 1 2 J U I
r

l~K \ Li \

3r t liL let \ S 1 1 Cl i « 1
1 4 S 1 2 1 n ^ 1 1 1 3 3C |D^ 3 1 1 C srl ^

I 2 C 0 1 1 1 1 i iQ lc^l n \ 1 Ck 1

1 i«d ill 1 i bO irfel 1 1 ^l
1 § 4 1 i 1 Z lQ o 1 1^ 1 L4I S L

1 4ft bi I £ 1 1 3 3^ oft 1 ^ 1 CX 1

fc o 1 1 1 1 3 56 oi 1 n 1 1 9

1 1 4 1 l~V\ I 1 1 0 1 1 1 f

I 3r\l 1 1 1 1 ^ 1 1 \ LG \ 5

1 1 1
¦

3C 1 1 ts 1 1 c6 i r

Vf B 76 2 1 1 1 I I I 1

1 1 i 1 1 1 1 1

1 1 1 1 1 1
1
1

1
1 1 1 1 1 1

1 1 1 1 1 1 I

I Ill 1 1 1 1

i 1 1

| | 1 1 1 1

II 1 1 1 1 1 1 1 1 1

24S V 3£ 3 3£ } Q3 7

vM Ap^2 ah tm ts
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COMPANY NAME ^70^ f

ADDRESS
r yrcxo o t

TX

SAMPLING nriTinN CTCXSU T Sul rX tf f^A U Cgu 4

i «tt Oct Q^ ^

RUN NUMBER ^T ~ hT2~

TIME START

TIME FINISH Azz^
TEAM LEADER

HG 3 ^

S gOkpt

BAROMETRIC PRESSURE IN

SAMPLING TRAIN LEAK TEST VACUUM

SAMPLING TRAIN LEAK RATE CU FT

TECHNICIANS_

STAT IC PRESSURE IN H 0

IN HG_LSZ_
MIN £ £Ofy

~3

EQUIPMENT CHECKS

¦

PITOTS PRE TEST

PI TOTS POST TEST

ORSAT SAMPLING SYSTEM

TCOLAR BAG

THERMOCOUPLE @ °F

IDENTIFICATION NUMBERS

REAGENT BOX

METER BOX _

NOZZLE DIAMETER ^ 31 2

UMB I L 1 CAL ^•O l

SAMPLE BOX ^

PROBE ^

T C READOUT

T C PROBE _

ORSAT PUMP _

TEDLAR BAG _

FILTER TARE NOMOGRAPH SET UP NOMOGRAPH

Ah a IO-
METER TEMP

MOISTURE

C FACTOR

STACK TEMP

REF AP

SAMPLE

PO INT

CLOCK

TIME

MIN

DRY GAS

METER

READING

CU FT

Picot

Readina

OR IF ICE

SETTING AH

IN Ht 0

GAS

ML I LK

TEMP

°F

PUMP

VACUUM

IN HG

GAUGE

FILTER

BOX

TEMP

°F

IMP

EXIT

TEMP

°F

STACK

TEMP

°F

LK CHECK

READINGS

mv Ap | ideal ACTUAL

A ¦ ^ o o 3Wst 1 — 1 1 8 b

si IB8C is 1 I W rl ^ 1 14 U 1 fit

| 3aI £S0Z I«r 1 l ST i 8 1 s~ 1 81

fsi i 4M VI 9S1 65 1 1 s g I e

Koo o 1 2Z S~h III I IOQ 1S | I C « 1

SI 41 1 1 1 CM « I i

}£} C S t 1 i Z 4r\ l csb r 1 1 Gi e3

1 v ^1 «r l 1 i e

fr Jo 1 i j rl i s i

r1 o b 2 0 I 4srT £ i fs ~l 1 c rs 1 g^

1 30 HC ^3 1 2 «r1 c 1 S 1 1 ^ I I S1

1 7 2 I s sH ^5~l l T I I I «€

ko 1 1 T 4Xt Vt 1 15H C 5~ 6R

1 s iSto ^ z 1 i I i T tcl t ki I ¦fsA

i q£ i i^o d I I b 1 1 SI 1

B3 Cr 1 I I S f [5l 1 cTl 1 ^ 1

1 1 1

1 I 1

1 1 I j I |
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1 i
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1 1 1 1 | i 1

I 1 I 1 1
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EXXON COMPANY U S A BAYTOWN REFINERY BAYTOWN TX

FIELD SAMPLE INVENTORY COOLING TOWERS 68 AND 84

Page 1 of 4

Sample Date

ID Sampled Description Analysis

EUarik 1 —W 08 29 86 F re Br Cooli ng Water 68 RTI Cr 6 Zn Res Mi nerals

Blank 2 W 09 01 86 Pretest Cooli ng Water 68 RTI Cr 6 Zn Res Mi nerals

1 — 1 —W 09 01 86 Tower 68 Coo l ng Water RTI Cr 6 Zn Res

2 1 W 09 01 86 Tower 68 Coo i ng Water RTI Cr 6 Zn Res

3 1 W 09 02 86 Tower 68 Coo i ng Water RTI Cr 6 Zn Files

4 1 W 09 02 86 Tower 68 Coo i ng Water RTI Cr 6 Zn Res

5 1 W 09 01 86 T ower 6B Coo i ng Water RTI Cr 6 Zn Res

5 2 W 09 01 86 Tower 68 Coo i ng Water RTI Cr 6 Zn Res

5 3 W 09 02 86 Tower 68 Coo i ng Water RTI Cr 6 Zri Res

Blank 3 W 09 03 86 Pretest Coolin Water 84 RTI Cr 6 Zn Res Mi nerals

A l W 09 04 86 1 ower 84 Coo i ng Water RTI Cr 6 Zn Res

A 2 W 09 04 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

B l W 09 05 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

B 2 W 09 05 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

C l W 09 04 86 Tower 84 Coo ing Water RTI Cr 6 Zn Res

C 2 W 09 04 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

D—1 —W 09 05 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

D 2 W 09 05 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res

PS 3 W 09 03 86 Tower 68 Coo i ng Water RTI Cr 6 Zn Res Mi nerals

PS 4 W 09 04 86 Tower 84 Coo i ng Water RTI Cr L
LJ Zn Res

PS 5 W 09 05 86 Tower 84 Coo i ng Water RTI Cr 6 Zn Res Mi nerals

1 1 abc 09 01 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

2 1 a 09 01 86 Tower 68 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

2 1 b 09 01 86 Tower 68 Samp ing Train RTI Cr Zn NAA Cr Br Na Zn

2 1 c 09 01 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

3 1 abc 09 02 86 Tower 68 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

4 1 abc 09 02 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

5 1 abc 09 01 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

5 2 a 09 01 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

5 2 b 09 01 86 Tower 68 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

5 2 c 09 01 86 Tower 68 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

5 3 abc 09 02 86 Tower 68 Samp ing Trai n RTI Cr Zn NAA Cr Br Na Zn

A 1 a 09 04 86 Tower 84 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

A l b 09 04 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

A l c 09 04 86 Tower 84 Samp i ng Tr ai n RTI Cr Zn NAA Cr Br Na Zn

A 2 abc 09 04 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

B l abc 09 05 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

B 2 abc 09 05 86 Tower 84 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

C l a 09 04 86 Tower 84 Samp i ng Tr ai n RTI Cr Zn NAA Cr Br Na Zn

C l b 09 04 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

C l c 09 04 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

C 2 abc 09 04 86 Tower 84 Samp i ng Train RTI Cr Zn NAA Cr Br Na Zn

D l abc 09 05 86 T ower 84 Samp ing Tr ai n RTI Cr Zn NAA Cr Br Na Zn

D 2 abc 09 05 86 Tower 84 Samp i ng Trai n RTI Cr Zn NAA Cr Br Na Zn

Blank 1 09 09 86 Sample Tra n Blank RTI Cr Zn NAA Cr Br Na Zn

Blank 2 09 09 86 RTI Water Blank RTI Cr Zn NAA Cr Br Na Zn

Analysis Code B 32
NAA Nuclear Activation Analysis at N C S LI for elements listed

RTI Cr Zn Total Chromium and Zinc by Atomic Absorption at RTI

RTI Cr 6 Hexavalent Chromium by Col or i metric Determination at RTI

RTI Res Total Chromium of residue after filtration of ^molp



EXXON COMPANY U S A BAYTOWN REFINERY BAYTOWN TX

FIELD SAMPLE INVENTORY COOLING TOWERS 68 AND 84

Page 2 of 4

Samp1e Date

ID Samp 1ed Descr i pt i on Analysis

Blank 1 F 09 OB 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

Blank 2 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

1 1 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Ma Zri

2 1 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Ma Zn

3 1 F 09 08 B6 Cooli ng Water Fi]trate NAA Cr Br Na Zn

4 1 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

5 1 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

5 2—F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

5 3 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

Blank 3 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

A l F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

A 2 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

B l F 09 08 B6 Cooli ng Water Filtrate NAA Cr Br Na Zn

B 2 F 09 08 86 Coollng Water Filtrate NAA Cr Br Na Zn

C l F 09 0B 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

C 2 F 09 08 86 Coollng Water Filtrate NAA Cr Br Na Zn

D l F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

D 2 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

PS 3 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

PS 4 F 09 08 86 Cooli ng Water Fi1trate NAA Cr Br Na Zn

PS 5 F 09 08 86 Cooli ng Water Filtrate NAA Cr Br Na Zn

Blanks F 09 08 86 D I Water Filtrate NAA Cr Br Na Zn

Blank 1 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

Blank 2 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

1 1 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

2 1 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

3 1—R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

4 1 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

5 1 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

5 2 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

5 3—R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

Blank 3 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

A l R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

A 2 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

B l R 09 OB 86 Cooli ng Water Residue NAA Cr Br Na Zn

B 2 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

C l R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

C 2 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

D l R 09 08 B6 Cooli ng Water Residue NAA Cr Br Na Zn

D 2 R 09 08 86 Coollng Water Residue NAA Cr Br Na Zn

PS 3 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

PS 4 R 09 08 86 Cooli ng Water Residue NAA Cr Br Na Zn

PS 5 R 09 0B B6 Cooli ng Water Residue NAA Cr Br Na Zn

B1 ank 4 R 09 08 86 D I Water Residue NAA Cr 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 He avalent Chromium by Colorimetric Determination at RTI

RTIjRes Total Chromium of residue after filtration of sample

B 33



EXXON COMPANY U S A BAYTOWN REFINERY BAYTOWN TX

FIELD SAMPLE INVENTORY COOLING TOWERS 68 AND 84

Page 3 o f 4

Sample Date

ID Sampled

1 1 I 09 01 86

2 1 1 09 01 86

3 1 1 09 02 86

4 1 1 09 02 86

A l I 09 04 86

B l I 09 05 86

C 2 I 09 04 86

PS DI l p 09 01 86

PS DI 1 09 01 86

F S DI 2 p 09 02 86

PS DI 2 09 02 86

PS DI 3 p 09 03 86

PS DI 3 09 03 86

PS DI 4 p 09 04 86

PS DI 4 09 04 B6

PS DI 5 p 09 05 86

PS DI 5 09 05 86

F S NZ 1 09 01 86

PS NZ 2 09 02 86

PS NZ 3 09 03 86

PS NZ 4 09 04 86

PS NZ 5 09 05 86

QA 1 09 09 86

QA 2 09 09 86

QA 3 09 09 86

QA 4 09 09 86

QA 5 09 09 86

QA 6 09 09 86

Descri ption Analysi s

Stati an

Stati on

Stat i on

Station

Stati on

Stat i on

Stat i on

Midget
Mi dget
Mi dget
Mi dget
Mi dget
Mi dget
Mi dget

Impi

Impi
I mp i

Impi

Impi
I mp i

Impi

nger

nger

nger

nger

nger

nger

nger

Di sc

Di sc

Disc

Di sc

Di sc

Di sc

Di sc

Di sc

Di sc

Disc

Nozz

Noz z

Nan z

IMozs

Nasz

Part i c1

Parti c1

Parti cl

Parti cl

Part i c1

Parti cl

Part i c1

Parti cl

Parti cl

Particl

le Part

Part

Part

Part

Part

1 e

1 e

1 e

1 e

Si

Si

Si

Si

Si

Si

Si

Si

Si

Si

Sis

Si z

Si z

Siz

Siz

z l ng

z i ng

zing

zing
z i ng

zing

zing
z i ng

z i ng

zing
i ng

i ng

i ng

i ng

i ng

AP

XP

DA

QA

DA

QA

QA Sample
QA Sample

Sample 3

Sample 4

Sample 5

Sample 6

NAA Cr

NAA Cr

NAA Cr

NAA Cr

NAA Cr

NAA Cr

NAA Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

RTI Cr

NAA Cr

NAA Cr

RTI Cr

NAA Cr

RTI Cr

NAA Cr

Br Na Zn

Br Na Zn

Br Na Zn

Br Na Zn

Br Na Zn

Br Na Zn

Br Na Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

Zn

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

NAA

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Cr Br

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Na Zri

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Na Zn

Br Zn

Br Zn

Zn

Br Zn

Zn

Br Zn

Analysis Code

NAA Nuclear Activation Analysis at N C S U for elements listed

RTI Cr Total Chromium by Atomic Absorption at RTI

RTI Cr 6 He avalent Chromium by Colorimetric Determination at RTI

RTI Residue Total Chromium o f residue after filtration of sample

B 34



EXXON COMPANY U S A BAYTOWN REFINERY BAYTOWN TX

FIELD SAMPLE INVENTORY COOLING TOWERS 68 AND 84

Page 4 of 4

Sample Date

ID Samp1ed

1 1 AP 09 01 86

1 1—EW 09 01 86

1 — 1 —NS 09 01 86

2 1 AP 09 01 86

2 1 SEX 09 01 86

2 1 NEX 09 01 86

3 5 AP 09 02 86

3 1 EW 09 02 86

3—1 —NS 09 02 86

4 1 —AP 09 02 86

4— 1 — X 10 09 02 86

4 1 X20 09 02 86

4 1 X30 09 02 86

4 1 X60 09 02 86

4 1 XP 09 02 86

5 1 AP 09 01 86

5 2 AP 09 01 86

5 3 X l 09 02 86

5 3 X2 09 02 86

A 1 AP 09 04 86

A l X 09 04 86

A 2 X 09 04 86

B l AP 09 05 86

B 2 XP 09 05 86

C l AP 09 04 86

C 2 XP 09 04 86

C l X 09 04 86

C 2 X 09 04 86

D—1 —AP 09 05 86

D 2 XP 09 05 86

D l X 09 05 86

PS 3 X1 09 03 86

PS 3 X2 09 03 86

Blank AP 09 09 86

Blank XP 09 09 86

Descri pti on Analysi s

Traversi ng

Stationary
Stati onary

Traversing

Stationary
Stat i onary

T raversing
Stat i onary

Stati onary

Traversinq

Stati onary

Stati onary

Stati onary

Stat i onary

Stati onary

Traversi ng

Tr aversi ng

Traversi ng

Traversing
Traversi ng

Stat i onary

Stati onary

Traversi ng

Traversing
Traversi ng

Traversi ng

Stati onary

Stati onary

T raversing

Traversing
Stati onary

Stat i onary

Stati onary

Adsorbent

Ion Exch

Absorb Paper
Absorb Paper
Absorb Paper
Absorb Paper
Ion Exch Paper
Ion Exch

Absorb

Absorb

Absorb

Absorb

Ion E ch

Ion Exch

Ion Exch

Ion Exch

Ion Exch

Absorb

Absorb ~

Ion Exch Paper
Ion Exch Paper
Absorb Paper

Ion Exch Paper
Ion Exch Paper

er

er

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Paper

Ion Exch

Absorb Paper
Ion Exch Pape
Absorb Paper
Ion Exch

Ion Exch

I on Ex c h

Absorb Paper
Ion Exch Paper
Ion Exch

Ion Exch

Ion Exch

Paper Blank

Paper Blank

Paper

Paper

Paper

Paper

Paper

Paper

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

NAA Cr Br Na Zn

Analysis Code

NAA Nuclear Activation Analysis at N C S U for elements listed

RTI Cr Total Chromium by Atomic Absorption at RTI

RTI Cr 6 Hexavalent Chromium by Colorimetric Determination at RTI

RTI Residue Total Chromium of residue after filtration of sample
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E X X 0 N E F I N t F \ ~ E A V T j w TX

or l\j n t 5 a Ti p e ID Run N g

~

Y V J a b c I it p 1 r Fi i t rr C T16 J j

_ 7
K I i nd i n i R i r C Ci CT 6 S 2 1

T r
E X X —

_j h I r n i n j CTtF 2 1

• O t r A 1 i c I n p i n 3 V F i 1 ter CT65 2 1

1 7 E X 3 i ebc 1 irpi n I Fi 1 tpr rja 5 3 i

q E X X 4 i sbr J tn]n Fi 1 ter C T 6B 4 1

Q E X X 5 j £ b c 1 Ti p i n i F1 i ter CT E 5 1

a r» EXa 5 ~ 2 i I 7 p 1 R 1 I R i n c o ClfcE 5 2

41 E X X 5 2 1 I m c i p 2 CT65 5 2

4 2 E X X 5 2 c I m p i n 3 t F11 ter C T 63 5 2

4 3 E X X 5 3 e b c I T p i n I F i 1 t er CT6B 5 3

»4 E X X A i a 11 p l n 1 R l p a C T 6 4 A 1

4 5 EXX A j b I a p i n 2 CTS4 p l

4 c E X X A 1 c I m c n 3 ¦ Fi 1 t er 3T84 A 1

47 P V Y A 2 a b c lmpin c Fi i t af- LT8 A 2

48 EX 1 a b c 1 m p i n i F i 1 ter r t g 4 p _ [

4 E X X t 2 s b c I fr p i n
¦ Fi 1 ter CT84 t 2

50 EXX C 1 —

a I m p i n 1 h 1 P C p 2T34 C l

5 i E X X C 1 b 1 m p l n 2 r j s 4 r i

J ^ EXX C 1 — c I m p l n 3 ¦ Fi 1 ter CTS4 C i

r »

E X X C 2 a b c I m p l n t F i 1 ter CT94 C 2

54 EXX D 1 a h c I m p i n V Fi 1 ter CT34 D l

ET [T

E X L 2 r D C I fTJ p 1 Pi i F i 1 ter CTB4 D 2
Er

o £ EXX Blanl 1 Sae pl e Trai n

57 r y y E1 a r 1 2 Water B 1 a ri 1

9 2 E X X Di H Disc Fart Si mg CT to D I 1

93 E X X Dl lp Disc Fart Si zing D T 6 0 D 1 1

94 E X X D I 21 Disc Part 51 i ng l T o 3 D1 2

95 EXX DI 2 p Disc Part • w 1 i no CT 6B DI 2

9 6 E X X D I 3 t Disc Fart Si i ng CT 53 DI 3

5 7 L M

r t 3 n c ¦•inn lT oE l 1 3

9E EXX D I 4{ Disc Part Si i nq L i
—

ij^f
—

L I — 4

99 E X X DI 4 p Disc Fart 51 l ng CT 34 DI 4

1 0 0 EXX D I 5 f Disc Part Si i ng CT 34 DI 5

101 E X X DI 5p Disc Fart si zing [T fiii n ] 5
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WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED 7 ^ DATE ANALYZED 7 h

ANALYST A ^ CLIENT „

ft
ANAIYTE 7^4 f c

RTI CLIENT f Cfrl PrsAMPLE CONCENTRATION

ToeaJ i»g ^ ug X

3 z Ho r6

3 V H 4 t g

2 j f O o

3^ 7 r i

^tZ itsL
y i oa

f
_____

3 pfr
_____

o —o g

4 ^ 7

t 1

r7 23r

y C A5~3

r vi 2 3

c r 77

^ 7 5 k ^

tfr iH

o7 ^

£ £ ^22
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WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED 7 £
DATE ANALYZED f J7 h

ANALYST CLIENT £ 1

ANALYTE ^

RTI CLIENT G fWr CONCENTRATION
•• 1 ug L ug 1

_£L 7A ^

SV r 77

° V

£ ^0

LH10 f3 o

3 32

^7 1 0

1M fbQ

S
_

3 1 Z 7o

______

5 irro ^ 31

4 I f rg

^ 2
_____

0 ° 3 oo

y1 0 b 3o

B 38



QUALITY CONTROL REPORT FORM

EL EMENT C r PA A

Date 7 if

Analyst £ V uj s

SRM or CHECK STD

Certified or Prepared cone

Averace Recorted Cone I

1 X o

Difference 6 3

DUPLICATES AmP G

Concentration A V

Concentration 5 J o j

A 3 x 10 0

A 3 2

RECOVERY fjt h A Bpltc U £u

C soiked C unsoiked x 100

C True Spiked

Method of Standard Additions Emoloved ves no X

Highest Scd run 5~Q

Lowest Sta run

Detection Limit

•2
j p

b

t

Blank levels j

COMMENTS

Flame Flame less

N20 C2H2_

Air C2H2_

3KG Ccrr ves i rnc

2 «

B 39
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ATOMIC SPECTROSCOPY ANALYSIS SHEETS

DATE RECEIVED 7 DATE ANALYZED u n

ANALYST l CLIENT En^ y

ANALYTE CLrr ~ ¦
~ T ^p Ffi fi

MATRIX dciuU^

ATOMIZATION EXCITATION

MODE FLAME a Conventional FLAMELESS d Furnace X

check one b Hydride e Hg Cold

c ICAP Vapor

Wavelength 3^7

Slit 7

LIGHT SOURCE TYPE Hollow Cathode

check one Electrodeless Discharge^
Other

ATOMI2ATION EXCITATION CONDITIONS

a Flame Fuel flow cc min_
convention Oxidant flow cc min

Burner type

b Flame Fuel flow cc min

hydride Oxidant flow cc min_

Purge Gas flow cc min_

Sample Vol ml

B 40



c Reducing Agent

ATOMIZATION CONDITIONS Continued

NaBH

d ICAP

Zinc

Nebulization Rate

Torch Height

Other

cc min

inn

e Furnaces Dry 3o s @ I C

Char i o s @ C

Atomize glW s @ C

Purge Gas s @ 3 Q cc min

Flow Mode Interrupt ^ Normal

Cuvette type p U

Matrix Modification A t ^0

f Hg Cold Vapor Sweep Gas

Sample Vol

Sample Pretreatment

Reducing Agent NaBH^_
check one SnCl4_

ml

cc min

Standardization Mode

check one a

b

c

direct calibration

spike

standard additions

X

Standard Analysis Concentration

C~D py e

Absorbance Mean

o z p

o olL

0 L

Regression Constants m b

Correlation Coefficient R~ f Q V

£LJo C4rrr

B 41



WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED 1 ~2^ DAT£ ANALYZED A ~^ ^Cr^AA

ANALYST V_rVs— CLIENT ^ ^

ANALYTE 7^ Cr

RTI CLIENT GftU SAMPLE CONCENTRATION Ic
X«ts\ q u ug L

Z 3^

tfZ s~p

Qtf 12 9oo lo 2 QQ

9C if I to 7i o

97 ^73

9 z ^
uz

37

do 5 V _LL

_Zi2Z —11

{£ T~~ tj2 f

Lr £ 0 v £¦£ •

O

fo^ ^ 3 go h rti

v T z 7 z

C £ 2 3 Z~2 7

Z£_L_
ofr t Z l o 7 o

f jl^1£
o r rn

3 w

2^ g e £

3 4 1 y 31 Z

B 42



WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED J
~ IH~ DATE ANALYZED

^

ANALYST h rf^ CLIENT 7^ u

^
ANALYTE A ^

RTI CLIENT f G PM SAMPLE CONCENTRATIOH

« u if L ug L

K V 0 1

_ll£ ¦ L£Z_

JJL V ££_

7 o r z z

IY q 0

I }ci zoho jrfrsJL ^°

to 1 wq poo ro

B 43



QUALITY CONTROL REPORT FORM

SL SMSNT

Date

Analyst A Uj^lir ~

¦

»s
fc°

• SRM or CHECK STD

Certified or Preoared conc £ d

Average Reported Cone £ T ¦

Difference ^

• DUPLICATES

Concentration A ^ ^ A 5 x 100 if 7

Concentration E 2_5 A rB 2]

RECOVERY o i \s ° ^
C so iked C ur spiked

_

x 100

C True Soixsc

Method of Standard Additions Snraloved v es no

Highest Stc run Flame Flame less

Lowest Stc run N2O C2H2

Detection Limit Air C2H2

Blank levels BKG Corr ves no

COMMENTS

B 44



ATOMIC SPECTROSCOPY ANALYSIS SHEETS

2
~ ^^

DATE RECEIVED £ 2V ^ { DATE ANALYZED
•

MATRIX

ATOMIZATION EXCITATION

MODE FLAME a Conventional

check one b Hydride

c ICAP

Wavelength S 3 ^

Slit 0 7 m

LIGHT SOURCE TYPE Hollow Cathode A
check one Electrode ess Discharge

Other

FLAMELE5S d Furnace X

e Hg Cold

Vapor

ATOMIZATION EXCITATION CONDITIONS

a Flame Fuel flow cc min

convention Oxidant flow cc min

Burner type

b Flame Fuel flow cc min

hydride Oxidant flow cc min

Purge Gas flow cc min

Sample Vol ml



Date

QUALITY CONTROL REPORT FORM

EL EMENT

4 1W6

An a 1 v s t

3RM

efA
ts

or CHECK STD

Certified or Preoared cone
^

^
£

Averace Resorted Cone
¦

Difference

DUPLICATES

Concentration A 7 T3

Concentration 3 o ¥b

7 5

A 3 x 10 0 5s

A 3 2

• RECOVERY

C soiked C unsoixec

C True S c i e c

x 100

Method of Standard Additions Ems loved ves no X

o o

Hignest Std run oo

Lowest Std run

Detection Li T it

3lank levels

C
v » w r

¦ji ii iw ^ i b

Flame r T_ ana 19 s S

N 2 0 C 2 S 2

Air C2 2

«•» r •

2^^ w » c

Z C c 1 « ~ U
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QUALITY CONTROL REPORT FORM

ELEMENT

Date

Analyst

• SRM or CHECK 5TD

Certified or Prepared conc

Averace Resorted Conc

DUPLICATES p
t

Concen~ration A 0 1 O

Concentration B g 73

f f

Difference zZ 5
~

A B x 10 0 ^ 2

A 5 2

• RECOVERY

C soiked C unsoiked x 100

C ^ T S S C 1 6 Q

noMethod of Standard Additions Employed yes
_

Hicnes See run • _0_ Flame X rlaraeiess_

M2O C2S2Lew esc ate run 0 2

Detection Limit

Blank levels

Q P7^ Air C^H X

SXG Co rr ves nc ^

COMMENTS

B 49



WET CHEMICAL ANALYSIS SHEETS

DATE RECEIVED O
_ 9^ £ DATE ANALYZED 10 2 84

ANALYST Cv ^ CLI£NT

{JO

ANALYTE Okfrr 1

RTI 4

0 A 3

IK I u

CLIENT t

QA 3

Blk i ^

SAMPLE CONCENTRATION
Total ug uy g ug nL

7 b~o

3o

I 7 0

Rik 1 ^ b 11

_ uj 7 2

Z l uJ n n

3 uJ 1 10

4r 0Su
5 h 1 7 7

2 ^ 7 n

II 7 1

A I OJ \ 7 7

1 £
1

1

7 0

l£~ u 7 ffV

A i ^ 7 £7

c 1 u 7 W

C 1 ^ \ 1 ^

1 uJ 7 7

Z uj 7 7

7 rv

pS 4 ^ 7 « Z

£ S~ c u 4 0 4
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QUALITY CONTROL REPORT FORM

i £
ELEMENT Ch

Date ft g SG

Analyst L A

• SR M or CHECK 3TD

Certified or Prepared conc

Averacs Recorted Cone

DUPLICATES 3

Concentration A 7 S ^

Concentration 3 n•

Difference

A 3 x 10 0

A rB 2

• RECOVERY

C so iked C unseized x 100

C True Scixsd

Method of Standard Additions Emclove i ves no 2sl

Hignest ate run

Lowest 5 Id run

Detection Li ti
_

3
« ¦«

iarx levels

o Lf
j±n

6 fo rr
~

1 3 n a r 1 f

O I

0 o

ri ame

N2O C2H2

A i r C 2 H 2

r 1 af\ol occ

ves r c

COMMENTS

~

~D
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Recovery Tes¦fs

6_ 4

e

£pA X US 37

C 7 fpO

g pA i wmt

7 1 rpO

UL
m

P 01 aZ

£ oo o

vp tM re CoveredL

tfzozjetijfc l4Kk

BeaJter 3 9

c 0 04 7 2 2

Id

P 2

^7 r

3 32 0 D
2 5

3p7 9 35 9 ©

3^3 £ 4J2 7 0 z

3 £ 7 011 Z» ^ s

7 3 £ 3 6 09C 7
ZL t

3 1 I Y 7

4 37 i o ^ 62

573 0 C7 5

SP 3 7 V G 0 76 A 7

37S~ O f£6O ^ s~

ffi zzz t 0 IVo f ^ 5 £

0 2 60 £ D
A

3P 3Zo D 5 7 2 sv

a t°7
0 sv

7

fi 0 0^7^
7 0 0 333 0

3tC 0• £ 110
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6 ^c pi ^

2ozO

9£

13

f 6

£ 7f

374

377

ZooST

t 9 2

379

f eb

~1 i 0

3 of

2 33

T 3 S

£ zT £

£7

5

£ r r

A 33

2 3 ^

L i ^

^A
i z t

_

L

s~y ^Tp^ou^^eoL

0 02 3

O DfZf

0 O^L

0 6 z

° ozsy

° z 7r

6481

o ovit

0 2 55

£W

O 427

a o ¥79

t 06fy

£ 0 9 y

^ 5 Vf

7rr

« 5T32 5

6 • v zz

33f

5

£ 3 33

0 0 £ 5jT

2 f

vi
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s

2ooy

2 0 o y

I £ 2

p t ^

p 3t

L11

£Y3

007

A3

\ t4

f 6

5 t~ \

14 o

l^ e a

y~~Jr Cb IK_

_ ^2i

bV

~ oq

6 o 3 i y

0 O 2 y

HZ

0 OSS I

0 0^1

0 0 3 r

0 0 13

0 0 n f

0 0 3 ^

0 Z 3

0 02 3

~ a 5 5 7

O 01 0 2

0 61 S 2

O 2 r

CJ OO ^

l f

0 VTtf f

T ^
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NUCLEAR ENERGY SERVICES
ACTIVATION ANALYSIS REPORT

CLIENT Dr William G DeWees

Entropy Environmentalists Inc

Box 12291

Research Triangle Park N C 27709

P 0 No

Report No

Date of Report

Phone

68 02 4336

348783

10 06 86

781 3550

EXPERIMENTAL PARAMETERS

18 Hr Irradiation 1 5 x 101^n cm2 sec

Monitored Decay

600 And 1000 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

^ack N Weaver

Head Nuclear Services
B 55

LOCATED AT

NUCLEAR ENGINEERING DEPARTMENT N C STATE UNIVERSITY RALEIGH N C 27695 PHONE 919 737 3347



TABLE 1 Continued

NAA Of Trace Elements In Filters And Solutions

ugrams element sample

I

Ul

Sample Description

D l R

D 2 R

PS 3 R

PS 4 R

PS 5 R

Blank 4 R

QA 1

QA 2

QA 4

1 1 AP

1 1 EW

1 1 NS

2 1 AP

2 1 SEX

2 1 NEX

3 1 AP

3 1 EW

3 1 NS

4 1 AP

Br

1 734

2 052

0 263

1 358 ±

2 027 ±

0 141

0 319 ±

0 447

0 479

15 549 ±

19 228 ±

27 201 ±

36 805 ±

87 435 ±

62 773

18 099 ±

46 011 ±

32 278 ±

26 902 ±

2 1

1 9

6 3

2 2

1 7

14 3

8 4

6 6

5 3

0 6

0 5

0 7

0 7

0 5

0 6

0 9

0 7

0 6

0 6

Na

6 938 ± 14 3

6 580 13 2

5 438 ± 14 2

3 781 ± 16 1

4 781 ± 17 1

5 776 ± 12 3

4 943 ± 10 2

6 569 ± 9 1

2 131 ± 17 0

49 339 3 5

57 156 ± 3 0

79 448 ± 3 9

118 42 ± 4 6

235 36 ± 4 2

135 29 ± 4 0

90 833 3 3

176 48 4 4

138 56 ± 3 4

110 81 2 4

Cr

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 ±

1 5

1 4

1 6

1 5

1 5

2 3

1 2

1 0

1 1

0 5

0 8

0 9

0 5

0 3

0 3

0 8

0 8

0 7

0 7

Zn

93 464 ±

212 47 ±

37 187 ±

26 988 ±

35 187 ±

151 64 ±

114 98 ±

96 408 ±

117 66 ±

166 12 ±

148 28 ±

136 71 ±

206 48 ±

48 841 ±

68 981 ±

151 21 ±

106 09 ±

96 759 ±

111 32 ±

0 7

0 4

1 1

1 3

1 1

0 5

0 7

0 8

0 8

0 5

0 6

0 6

0 5

1 1

0 8

0 5

0 7

0 7

0 8
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TABLE 1 Continued

NAA Of Trace Elements In Filters And Solutions

ugrams element sample

Sample Description Br Na Cr Zn

4 1 X10 14 288 ± 0 8 69 121 ± 3 0 3 579 ± 1 3 116 66 ± 0 8

4 1 X20 12 955 ± 1 0 56 564 ± 4 0 3 205 ± 1 2 115 71 ± 0 7

4 1 X30 35 749 ± 0 6 135 63 ± 2 2 8 096 ± 1 0 127 731 ± 0 7

4 1 X60 67 724 0 5 125 95 ± 3 9 21 105 ± 0 5 126 94 ± 0 7

4 1 XP 76 480 ± 0 6 151 46 ± 3 5 29 070 ± 0 5 18 683 2 5

5 1 AP 30 183 0 6 87 448 ± 2 9 8 454 ± 0 9 110 77 ± 0 8

5 2 AP 20 001 0 7 84 268 ± 2 8 7 042 ± 1 0 109 72 ± 0 8

5 3 X l 116 18 0 5 94 400 ± 7 5 31 832 ± 0 4 27 691 ± 1 9

5 3 X 2 67 867 0 5 117 50 4 7 19 341 ± 0 5 146 59 ± 0 6

A l AP 48 078 0 5 108 79 ± 2 7 4 451 ± 1 4 19 491 ± 2 3

A l X 117 95 ± 0 5 190 65 ± 3 1 9 375 ± 1 1 98 401 ± 0 9

A 2 X 94 476 ± 0 5 157 61 3 6 9 741 ± 1 0 32 437 1 8

B l AP 34 401 ± 0 7 92 500 ± 4 6 8 106 ± 0 8 57 865 ± 0 9

B 2 XP 73 227 0 6 173 97 3 7 8 728 ± 0 9 41 373 ± 1 1

C l AP 23 455 0 7 49 387 ± 6 0 3 414 ± 1 4 182 78 ± 0 5

C 2 XP 43 552 ± 0 5 65 506 ± 3 7 3 419 ± 1 7 100 56 ± 0 8

C l X 87 851 ± 0 6 163 20 3 3 7 624 ± 1 1 127 26 ± 0 8

C 2 X 19 738 ± 0 7 28 704 ± 5 8 4 144 ± 1 3 114 36 ± 0 7

D l AP 33 447 ± 0 5 125 02 ± 2 3 3 061 ± 1 6 168 74 ± 0 6



TABLE 1 Continued

NAA Of Trace Elements In Filters And

ugrams element sample

Sample Description Br Na

D 2 XP 25 021 0 5 32 950 4 8

D l X 32 857 ± 0 5 52 759 3 5

PS 3 X1 28 683 0 6 68 704 3 4

PS 3 X2 37 060 0 5 98 745 2 9

Blank AP 0 272 10 8 7 791 10 0

Blank XP 0 145 18 5 4 100 11 9

to
I

Ln

Solutions

Cr

3 668 ± 1 2

13 937 ± 0 8

60 999 ± 0 3

55 810 ± 0 3

0 075 ± 2 4

0 304 ± 2 4

Zn

29 400 ± 1 4

150 50 ± 0 7

112 53 ± 0 8

30 120 ± 1 7

99 070 ± 0 7

106 467 ± 0 8



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 0 300

NBS SRM 1566 56 179 55 0 6 0 5057 77 5100 0 300

NBS SRM 1566 55 782 55 0 6 0 5047 40 5100 0 300

NBS SRM 1566 56 169 55 0 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 ± 300

NBS SRM 1566 56 616 55 0 6 0 5048 41 5100 0 ± 300

NBS SRM 1566 56 455 55 0 6 0 5201 38 5100 0 ± 300

NBS SRM 1566 54 139 55 0 6 0 5200 69 5100 0 ± 300

NBS SRM 1566 53 962 55 0 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

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



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 o•I—1

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

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



NUCLEAR ENERGY SERVICES
ACTIVATION ANALYSIS REPORT

CLIENT Dr William G DeWees

Entropy Environmentalists Inc

Box 12291

Research Triangle Park N C 27709

P O No

Report No

Date of Report

Phone

68 02 4336

348762

10 20 86

781 3550

1 5 x lO^n cm^ sec

EXPERIMENTAL PARAMETERS

18 Hr Irradiation

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 f

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



TABLE 1 Continued

NAA Of Trace Elements In Solutions And Filters

ugrams element sample

Sample
Description Br Na

NZ 4 PF 2 7 152 0 8 5 250

NZ 5 PF 240 60 0 5 241 29

1 1 1 5 302 2 8 32 468

2 1 1 10 889 1 5 55 227

3 1 1 2 745 4 0 16 045

4 1 1 3 788 3 2 90 453

A l I 9 097 2 1 237 78

B l I 12 356 1 8 46 283

C 2 I 8 869 2 0 24 603

QA 6 0 800 6 9 1 742

Cr Zn

2 0 782 4 9 0 535 ± 11 6

3 1 855 2 2 10 259 ± 10 9

7 0 289 ± 14 3 2 362 ± 17 1

9 0 793 16 0 4 491 ± 14 2

2 0 05 0 20

4 0 155 ± 15 5 1 638 ± 15 0

0 13 669 ± 2 3 2 700 ± 17 2

5 0 05 0 20

4 0 05 3 886 ± 15 9

5 0 05 1 595 ± 19 3

7

2

6

3

9

3

2

5

8

15



TABLE 2

QA NBS SRM Analyses

ugraras element gram sample

Sample Description Br Na

NBS SRM 1566 54 790 55 0 6 0 5112 11 5100 0 300 0

NBS SRM 1566 55 426 55 0 6 0 5130 56 5100 0 300 0

NBS SRM 1566 54 303 55 0 6 0 5049 29 5100 0 300 0

NBS SRM 1566 53 424 55 0 6 0 5199 83 5100 0 300 0

NBS SRM 1566 53 718 55 0 6 0 5116 12 5100 0 300 0

NBS SRM 1566 54 587 55 0 6 0 5074 01 5100 0 300 0

NBS SRM 1566 56 777 55 0 6 0 5025 03 5100 0 300 0

NBS SRM 1577 A 10 102 9 0 2 0 2405 03 2430 0 130 0

NBS SRM RM50 1296 92 1100 0 50 0

NBS SRM 1632 A 38 035 41 0 4 0 817 11 840 0 40 0



TABLE 2 Continued

QA NBS SRM Analyses

ugrams element gram sample

Sample Description Cr sn

OT
1

CT

U1

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 A 121 61 123 0 8 0

NBS SRM RM50 12 612 13 6 1 0

NBS SRM 1632 A 33 235 34 4 1 5

NBS SRM 1084 99 248 100 0 3 0

NBS SRM 1084 102 08 100 0 3 0

QA 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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DRAFT METHOD 6 19 86 ^ C^iiJ
1^e Acf CfUO k or Olfe—

METHOD^ direct measurement of gas velocity and volumetric flowrate

UNDER CYCLONIC FLOW CONDITIONS PROPELLER ANEMOMETER

1 Applicability 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 50°C e g cooling tower exhausts

1 2 Principle A propeller anemometer is used to measure gas velocity

directly Tne area of the stack cross section at the sampling location is used

to 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 recommended

range all angle shall be sufficient for the expected minimum flow rates at

the sampling conditions Temperature pressure moisture corrosive

characteristics and sampling location are factors necessary to consider in

choosing a suitable propeller anemometer

2 2 Data Output Device A digital voltmeter analog voltmeter stripchart

recorder data logger or computer capable of displaying 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

Z b Barometer Same as Method 2 Section 2 5 for volume correction to

standard conditions

2 5 Calibration Equipment

2 5 1 Synchronous Motor A variable speed synchronous motor capable of

providing a known constant rotational speed to the input shaft of the propeller

anemometer for purposes of comparing and adjusting the output signal to known

values

2 5 2 Bearing Torque Disc A variable torque applicator capable of

applying a range of torques to the input shaft of the propeller anemometer from

0 to the manufacturer s recommended poor performance criterion
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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 turbulent flow in the axial direction only Means shall be available

to quantify ambient temperature and pressure for correction to standard

conditions Means shall also be available to rotate the propeller anemometer

within the wind tunnel through 180° 90° of the centerline and note the

_ _o

angle of rotation m 10 increments

2 5 4 Calibration Pitot Tube Same as Method 2 Section 2 7 for

determination of wind tunnel velocities to within 1 percent

2 5 5 Differential Pressure Gauge for Calibration Pitot Tube Same as

Method 2 Section 2 8 for use with the standard pitot tube during wind tunnel

velocity determinations

3 Procedure

3 1 Proper Mounting of Propeller Anemometer Attach the propeller

anemometer to e suitable device probe rail roc etc to facililtate

traversing the stack duct cross section Ensure that all flow obstructions

created by 1 the sampling support equipment rail etc are a minimum of 2

propeller diameters downstream of the propeller and 2 the sampling equipment

nozzles are a minimum of 2 inches upscream of the propeller and have a

maximum obstructive aree projected area 1C« the size of the propeller s area

of rotation Ensure that the propeller anemometer is properly aligned with the

centerline of the stack duct and stably mounted vibration and subsequent

misalignment will create serious errors in the velocity and volumetric flow

rate results Connect electrical connections for velocity data recording as

shown in Figure fjy 1

3 2 Cross Sectional Area Determine the stack duct dimensions at the

sampling location Include the total area at the sampling location without

regard to the velocity in the stack

3 3 Zero Output System Zero all recording devices by carefully bringing

the propeller anemometer to a stand still Record ambient temperature and

pressure data and note time and date as shown in the example data sheet

Figure ^ 2

3 4 Determination of Gas Velocity Measure the gas velocity and

temperature at the traverse points specified by Method 2^ or other applicable

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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X 2 Minimum Dimension

Y 2 Propeller Diameters Minimum Dimension

Figured 1 Propeller Anemometer Positioning and Mounting in Cooling Tower Fon Stack



FIGURETI 2 EXAMPLE VELOCITY AND VOLUMETRIC FLOWRA7E DATA SHEET

Plant Location

Date Run

Operators Time start finish

Stack duct dimensions m in ]
2 2

Cross sectional area m in ]

Anemometer ID no Calibration Date

Anemometer electromechanical ratio

Anemometer axial rotational velocity ratio

Ambient Temperature °C °F Barometric Pressure mm Hg in hg

Traverse

point no

Stack Duct Temp Anemometer Output Gas Velocity

vg
m s A s

v
°c °F T °K °R

s

V mV
a

rpm
A
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measured at a single point if the gas temperatures at all points were within

5°F of the average temperature

k Calibration

k l Propeller Anemometer The propeller anemometer shall be calibrated

before its initial use in the field Both electro mechanical and performance

parameters shall be checked during calibration according to the procedures

supplied by the manufacturer Calibration procedures in 1 1 1 1 2 and { 1 3

shall be conducted before the initial field use Calibration procedures in

4 1 3 shall be conducted for each propeller m use and whenever the structural

integrity of a propeller or shaft generator housing is in question

1 1 1 Generator Output Test To assess the integrity of the electrical

output a variable speed synchronous motor to rotate the propeller anemometer

input shaft at known rotational velocities will be required 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 output

device to the anemometer electrical outputs and start motor Obtain the first

rotational test speed and record the anemometer output in either mV DC 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

ana compare these results with the manufacturer s specifications e g linear

rpm mV ratio Results should compare with specifications to within 2 percent

j l 2 Bearing Torque Test To assess the integrity of the mechanical

bearings supporting the input shaft a bearing torque test snail be conducted

Attach to the anemometer input shaft a torque applicator e g bearing torque

disc which will apply a range of known repeatable torques beyond the

manufacturer s poor performance criterion Starting with a 0 1 gm cm torque

continually increase the applied torque in 0 1 gm cm increments until the shaft

begins to turn Record the applied torque required to create shaft rotation

and repeat two times Results from all three tests should be below the

manufacturer s specification for poor performance Conduct this check after

the non axial flow calibration to document the torque required during the

calibration
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1 1 3 Non Axial Flow Test Assess the representativeness of

manufacturer s angular flow calibration curve by conducting a wind tunnel test

on each propeller in use and generating a percent response vs wind angle curve

for comparison Attach the propeller anemometer to the wind tunnel to allow a

full 180° rotation { 90° 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 0° rotate ana record the output readings

at 10° increments from 0° to f 90° and 0° to 90° Plot these results on a

percent response vs wind angle graph and compare to the manufacturer s

specifications Differences should be within 3 percent at each point for the

1002 axial flow response Using the 100 axial flow response compute a

velocity result and compare it to the velocity results measured using the

standard pitot probe This difference should be within 3 percent of the pitot

probe 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 equipment m question

should be considered unsatisfactory and replaced

4 1 ^ Field Use and Recalibration

1 1 ^ 1 Field Use When the propeller anemometer is used in the field

the manufacturer s electromechanical ratio and axial rotational velocity ratio

shall be used to perform the velocity calculations

k l k 2 Recalibration After each test run both a bearing torque check

and a generator output test shall be conducted If the bearing torque check is

more than twice the torque recorded after calibration or is m the range of

poor performance as described 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 additional 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

4 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 equivalent as a

reference If the gauge being checked does not agree within 2 percent

absolute temperature of the reference the temperature data collected in the

field shall be considered invalid or adjustments of the test results shall be

made subject to the approval of the Administrator

4 3 Barometer Calibrate the barometer used against a mercury barometer

prior to the field test as described in Method 2

5 Calculations

Carry out the calculations retaining at least one extra decimal figure

beyond that of the acquired data Round off figures after the final

calculation

5 1 Nomenclature

2
A Stack cross sectional area m

s

C Constant anemometer manufacturer s electromechanical ratio
e

rpm mV

C Constant anemometer manufacturer s axial rotational veiocitv
r

ratio cm rev

P Barometric pressure mm Hg
oar

P Average static pressure mm Hg
^

o

Q Volumetric flow rate at standard conditions 20 C and

¦3

76O mm Hg m min

T Absolute stack temperature °K
s

s

0

Stack temperature C

Anemometer voltage output mV

v^
Rotational velocity anemometer output rpm

v Stack gas velocity m sec

5 2 Velocity

v C V Eq 1
r e a —

v^ C_ v_ 100 Eq r^ 2

C C V 100
r e a

r o



5 3 Volumetric Flow Rate

Q A v Eq £ ^—3
s s s

—

60 A C C V 100
s r e a

Bibliography
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C 10



DRAFT METHOD 1 23 87

METHOD tT 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
^

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

cooling 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

analysis for a tower containing 4 ppm of Cr
^

4 ug ml in the cooling water

and emitting 1 ug mg Cr
^

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
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interval A higher chromium content and or a 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 C T l 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
HNO^ and rinsed thoroughly before field

use After each sample is taken in the field rinse with 0 1 N
HNO^

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 30° 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
_

l4°C 248 25°F or such other temperature as specified by

an applicable subpart of the standards or approved by the Administrator for
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Temperature
Indicator

Voltage Meter

Propeller
Anemometer 1 9 25 cm

G a Probe

Thermocouple

T—2 A
Heated Probe

Nozzle

Thermocouple behind

Filter Holder

With Teflon

Filter

~~i
fr^ 1

Thermometer

©

100 ml each of Distilled Water

Calibrated Orifice—7
Thermometers

© T

s —\

\

Dry Gas

Meter

Inclined Manometer

Figure Cj_ 1 Sampling Train for Measuring Cooling Tower Emissions
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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 O58I 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 equivalent 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 TA 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 electromechanical and axial rotational velocity ratios which have

been verified during calibration see Section 4 of Method \

3 1 ^1 Data Output Device A digital or analog millivolt meter stripchart

recorder data logger or computer as described in Section 2 2 of Method 7A

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 CT 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°C 2°F at the outlet of the fourth impinger

for monitoring purposes
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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 3°C 5 ^°F dry Sas meter capable cf

measuring volume to within 2 percent and related equipment as shown in

Figure CT 1 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 approval 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 O58I 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 PA if all points are within 5°F of the average stack temperature

the temperature 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
HNO^ and rinse thoroughly before use

3 1 12 Equipment for Sampling in Potentially Explosive Areas Class I

Division 1 Locations Currently available equipment cannot be readily modified

for use in Class I Division 1 locations

C 15



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 alarm 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
HNO^ 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 lieast 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 7o 2

3 2 6 Plastic Storage Containers Air tight containers to store silica

gel

3 2 7 Funnel ar i Rubber Policeman To aid in transfer of silica gel to

container not necessary if silica gel is weighed in the field

3 2 8 Funnel Glass or polyethylene to aid in sample recovery
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3 3 Sample Preparation for Analysis Clean all items for sample handling or

storage with 1 1 HNO^
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

4 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
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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 0 5~niicron 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

4 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

HNO^
to water in a 1 liter flask dilute to the mark

4 3 Sample Preparaton and Analysis As previously noted in Section 3 ^

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

4 3 2 Nitric Acid Concentrated

4 3 3 Nitric Acid 1 1 v v Slowly add an equal volume of concentrated

nitric acid HNO^ 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 request 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 21111

C 18



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
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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 approach 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

Traverse

Runs TR

1 2 3

Prevailing wind

direction is not

used to select the

traverse direction

tester may select

the most convenient

directions at 90° aoart

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

TR 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
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• For Runs 1 and 2 each cell is traversed twice for Run 3 both cells

are traversed once

• The Mass Emission Rate would be the average of the three runs

multiplied by two

EXAMPLE 3

Prevailing
Wind

© Cells 1 and 3 will be tested based on the prevailing winds

• A coin toss selects Cell 4

• Each cell is traversed twice

e The Mass Emission Rate is the average of the three runs calculated

using the combined area of all four cells

EXAMPLE k

TR 1 TR 1 TR 2 TR 2

TR 4 4 TR 3 TR 3

© © ©D0 0 ©~©

Prevailing
Wind
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• 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

• Run 1 is a traverse of Cells 12 and 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

• 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
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• The Mass Emission Rate is the average of Runs 1 2 and 3 calculated

using the area of Cells 2 3 ^ and 5 plus the average of Runs 4

and 5 using the area of Cell 1

EXAMPLE 6

• Cells 1 10 and 5 6 were selected based on the prevailing winds

® Cells 2 3 3 7 8 and 8 9 are available for selection

o Cells 8 and 9 were selected by random drawing

e 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

• 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
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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 5
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 11 1 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 isokinetic 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
HNO^

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 CT~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

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 O58I 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

vacuum 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 completed 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
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leak check shall be done according to the procedure outlined in Section

5 ^ 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 m min 0 02 cfm or 4 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 ^ l»l above shall

be used

5 ^ 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 ^ k 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 m 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 requirements 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 500A

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 h0 of the lower explosive limit LEL is

obtained in either area
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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 switch 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 ^ 3 Cooling Tower Operation and Ambient Conditions Based on

communications 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 5°F per hour

5 Water Flow The measurements should be taken at normal operating

waterflow conditions i e design flow 10
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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 CT 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 cf 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 4l are available from EPA

Citation 6 of Bibliography Traverse the cell as required by Method

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 torque must not exceed

twice the torque when calibrated If the torque check does not meet the

requirements clean and or replace the propeller anemometer and repeat the

run Alternatively the torque check may be conducted after the last run If
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FIGURE Cf 2 CHROMIUM FIELD DATA FORM

Plant

City

Location

Operator

Date

Run number

Sample box number

Meter box number

Meter AH@

Remarks

Meter calibration Y

Probe liner material

Probe heater setting
Ambient temperature

Barometric pressure P^
Assumed moisture

Static pressure P
Q _

Anem electromechanical ratio

Anem axial rotational velocity ratio

mm in 1^0

Nozzle identification number

Nozzle diameter mm

Thermometer number

Final leak rate

in

2

m min cfm

mm in Hg Vacuum during leak check

mm in Hg

Bearing torque check

Constant rpm check

Filter number

Traverse

point

number

Sampling
time

0 min

Clock

time

24 h

Vacuum

mm

in Hg

Stack

tempera-

ture

^CS 6F

Anemometer

output
millivolt

or rpm

Velocity
m s

ft sec

Pressure

differ-

ential

orifice

meter AH

mm

in H20

Gas sample

volume V

m ft y

Gas sample

temp at dry

gas meter

Temp

of gas

leaving
condenser

or last

Inlet

°C °F
Outlet

°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
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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 HNO^ Use less than 500 ml for the entire wash

Add the washings to the sample container Perform the 0 1N HNO^ rinses as

follows

Carefully remove the probe nozzle and rinse the inside surface with 0 1 N

HNO^
from a 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
HNO^ in a similar way

Rinse the probe liner with 0 1 N
HNO^

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
HNO^

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 0 1 N
HNO^

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
HNO^ 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 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 HNO^ rinsings have been collected in the sample container

tighten the lid so that the liquid will not leak out when it is shipped to the

laboratory Mark tne 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 a volume of water and 0 1 N

HNO^ equal to the total volume in Container No 1 Process the 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 a

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 a 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 data form FigurecT~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 including the Teflon

filter in a beaker add approximately 10 mis of concentrated HNO^ cover with

a watch glass and heat to 105°C in a hood After the liquid contents are

removed from the container rinse the sample container with 0 1 N
HNO^ 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
HNO^

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 cooling 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 impinger train samples and cooling water residue samples to
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FIGURE C£ 3 SAMPLE PREPARATION AND ANALYTICAL DATA FORM

Plant Name

Sampling Location Sampling Date

Total Chromium Analyst Date NAA [] GFAA [] ICAP []
Hexavalent Chromium Analyst Date

Run 1 Run 2 Run 3
Run ID Nos

Silica Gel

Final wt g

Initial wt g minus

Wt gained g

Cooling Water Samples

Sample ID Nos

Volume filtered V ml
w

GFAA or ICAP results G ug Cr ml

NAA results N ug Cr
w

Cr in residue G x V or N ug Cr
r w w w

°

Cr results for filtrate H^ ug Cr

Impinger Train Samples

Sample ID Nos

Liquid level checked

Volume of condensed sample V ml g

GFAA or ICAP results G ug Cr ml

NAA results N ug Cr

Cr in sample G x Vg or N ug Cr

Performance Audit Sample

Sample ID No s

Cr
^

results ug Cr
^

GFAA or ICAP results ug ml

NA results ug Cr

Values 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
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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 corroded

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 PA_
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 diaphragm 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

3
calibration run at 0 00057 m 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 n1 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
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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 series 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 O58I 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 gas meter and condenser outlet shall be calibrated against

mercury in glass thermometers

6 6 Leak Check of Metering System Shown in Figure Cf 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 pft

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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2 2
Cross sectional area of nozzle m ft

2 2
Cross sectional area of cell s m ft

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 leakage rate for either a pretest leak

check or for a leak check following a component change

equal to 0 00057 m^ min 0 02 cfm or k percent of the

average sampling rate whichever is less

Individual leakage rate oberved during the leak check

conducted prior to the i
1

component change i 1 2

3 n m^ min cfm

Leakage rate observed during the post test leak check m min

cfm

Mass of hexavalent chromium in cooling water sample ug

Total amount of chromium matter collected ug

Mass of chromium residue in cooling water sample ug

Molecular weight of water 18 0 g g mole 18 0 lb 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 m^ °K g mole

[21 85 in Hg ft^ °R lb mole ]

Absolute average dry gas meter temperature

see FigureCf 2 °K °R

Absolute average stack gas temperature see Figure CT~ 2

°K °R

Standard absolute temperature 293°K 528°R
Total volume liquid collected in impingers and silica gel

see Figure£1~ 3 ml

Volume of gas sample as measured by dry gas meter

dm^ dcf

Volume of gas sample measured by the dry gas meter

corrected to standard conditions dsm dscf
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V Volume of water vapor in the gas sample corrected to
w s td

^

standard conditions sm scf

V „
Volume of cooling water sent for NAA or Cr

^
ml

cwl

V Volume of cooling water which represents residue sent for NAA
cw2

ml

vg
Stack gas velocity calculated by Method Pfl Equation 2 9

using data obtained from Method Pt m sec ft sec

V Dry gas meter calibration factor

AH Average pressure differential across the orifice meter see

Figure CT 2 mm ^0 in H^O
0 Total sampling time min

9j Sampling time interval from the beginning of a run until the

first component change min

0 Sampling time interval between two successive component
i

changes beginning with the interval between the first and

second changes min

0 Sampling time interval from the final n
1

component change
P

until the end of the sampling run min

13 6 Specific gravity of mercury

60 Sec min

100 Conversion to percent

7 2 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop

See data sheet Figurect 2

7 3 Dry Gas Volume Correct the sample volume measured by the dry gas

2r to stani

Equation CT 1

meter to standard conditions 20°C 760 mm Hg or 68°F 29 92 in Hg by using

V V Y Tstd bar
AH 13 6

m std m I

Tm \ Pstd

K1 Vm Y Pbar H 13 6»

T Equation Cf 1
m —

Where O 3858 °K mm Hg for metric units

17 64 °R in Hg for English units
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Note EquationcT 1 can be used as written unless leakage rate observed

during any of the mandatory leak checks i e the post test leak check or

leak checks conducted prior to component changes exceeds L If L or L
fi p X

exceeds L EquationDf 1 must be modified as follows
fi

a Case I No component changes made during sampling run In this

case replace V in Equationrf l with the expression
m

—

[V L L 6]L
m p a

b Case II One or more component changes made during the sampling

run In this case replace V in EquationCT 1 bv the expression
m —

n

[V L L 9 Y L L fl L L 9 ]L
m 1 a 1 a 0 1 p a

0
p

i 2

and substitute only for those leakage rates L^ or L^ which exceed L

7 4 Volume of Water Vapor

P R T
^

V V
W

K V
w std lc —r—5 2 lc „ _

w std
Equation C[_~2

Where K_ 0 001333 m^ ml for metric units

0 94707 ft ml for English units

V

B
ws

w std

V V EquationCf 3
m std w std —

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 EquationCT 3 and a second from the assumption of saturated

conditions The lower of the two values of B shall be considered correct
ws

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

Cf 2 may be used to make this determination provided that the accuracy of

the in stack temperature sensor is 1°C 2°F

7 6 Total Chromium Weight Determine the total chromium catch from the

sum of the weights obtained from Containers 1 and 2 less the blank see
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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 ft3 gr ft3 15 ^3

g ft3 lb ft3 2 205 x 10
3

g ft3 g m3 35 31

7 8 Isokinetic Variation

7 8 1 Calculation From Raw Data

100 T [K_ V V Y T PU 4 AH 13 6 ]
I_

sL3 1c m m bar
J J

60 0v P A Equation CT 4
s s n

Where K_ 0 003454 mm Hg m3 ml °K for metric units

0 002669 in Hg ft ml R for English unit

7 8 2 Calculation From Intermediate Values

T V P 100

j
s m std std

T v 0 A P 60 1 B T
std s n s ws

T v
A\

v
s m std

—

P v A e l B Equation X 5
s s n ws —

Where Kj 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
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7 10 Concentration of Chromium in Cooling Water

EquationoT 6

Equation

to be in the

7 11 Pollutant Mass Rate

Equation CT 8

n

K_ M A Cr
6

5ns

6 A Cr
n

Where K 0 1322 x 10
^

both units
0
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ESC MEASUREMENTS

Instrumentation ESC used the following instruments to collect data during

test

Sensitive Paper System

Manufacturer Environmental Systems Corporation

Description A special filter medium is chemically treated to produce a

distinct color change when wetted Droplets impinging on

the papers produce blue stains which 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

2 Air Speed Upcraft at Exit Plane

Manufacturer R K ioung Company

Model 27106 Gill Propeller Anemometer

Description A generator type anemometer with excellent linearity and

off axis response Used to measure fan upcraft velocity to

establish Isokinetic sampling air flow rate Readout is by

digital voltmeter In conjunction with this sensor the

operator measures the air flow direction with a vane type

sensor to make a correction for off axis flow If necessary
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3 Digital Voltmeter

Manufacturer John Fluke Manufacturing Company

Moael 8022B

Serial Nos 2520260 2920262

Description Tnree 3 1 2 digit DVM used to measure output signals

corresponding to fan updraft velocity and velocity vector
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PITOT TUBE MEASUREMENT DROCEDURE

1 Remove tube and inspect remove tip protection cap

2 With appropriate couplings connected typically 2 NPT male pull rein-

forcing sleeve and stinger fully inside coupling and screw coupling snugly
into gate valve tighten with pipe wrench

3 Open valve fully after making sure once again the stinger is fully
retracted Witn vaive fully open pusn pitot tuDe 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 tube in pipe

4 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

deflection 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

5 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 eyeDall average

at a single point snould be conducted

6 Other perpendicular traverses should be conducted similarly with center point

readings compared from each traverse for consistency

7 Ambient temperature and water temperature should be measured during traverse

to correct manometer balancing fluid and water density respectively

8 Pitot tube tip should De inspected for blockage damage before and after each

traverse

9 Any anomalies or problems such as vibration apparent backflow etc should

be noted
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IK
these instructions the various operations are

stated in their natural order oi progression and

each subject is completely treated in its paragraph
tor easy reference

Pip Caliper—See Fig 1

This instrument consists oi a brass rod which passes

through an eccentric stuihng box The lower end is

hook shaped and to the other end is attached an

index collar and handle

To attach the caliper pull the rod all the way up

and screw the stuffang box on the corporation cock

making a water tight joint with the leather washer

Open the corporation cock and push the rod in

until it touches the pipe See Fig 1 Turn rod 1 SOc

Measure the distance between index collar and stufi

ing box Pull rod up until hook just touches the pipe

Again measure trom stufiing box to index collar Tne

inside diameter ol pipe is equal to the diiierence be-

tween these two measurements plus one inch the

one inch being added tor the length oi the hook

Caution should be taken to push the rod against

the walls of the pipe slowly and gently since the

pipe may be coated with tubercles and incrustations

or there may be sand or sediment on the bottom

Should the rod be pushed too iorceiuliy against the

Dipe these interior conditions would not be detected

Remember that it is the actual working diameter oi

pipe as near as can be determined that should be

used in How calculations

SIMPLEX PHOT ROD

Description

The Simplex PFA Pilot Rod illustrated in Fig 2 is a

pair of tubes in a casing One tube transmits the Rei

erence pressure received at the side orifaces and the

other tube transmits the impact pressure received at

the Impact orihee which taces the flow

The Simplex Rod is provided with a split clamp
which holds the tube in position and prevents it be-

ing pushed out by the water pressure a stuihng box

which can easily be packed with any suitable pack-
ing and a stop collar near the orihee end oi the rod

to limit the withdrawal oi the rod through the stuihng

box

Rod Corporation Connection

Tne threads of the connection nut of the Simplex
rod end of tne pipe caliper fats c 1 Mueller Corpora-
tion Cock The requirements of the corporation cocr

are ior a male thread 1 V O D—tweive threads per

inch and a 1 ciear opening Where other makes o

corporation cocks are employed an adapter should

be provided having male threads to fat the Simniex

item and iemaie threads to fit the corporation cock
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INSTRUCTIONS

AGI 3

Attaching Pitot Red

Before attaching Pitot Rod to corporation cock be

sure to remove the protecting cap from the oribce

nd then see that the tube is fuliy drawn up so that it

vill escape corporation plug Screw connection nut

m corporation cock making a warier tight joint by
the leather washer

Have all cocks on Pitot Rod closed and then open

he corporation Open the air cocks at top of Pitot

Rod to blow the air out oi tube and aiso out of top of

pipe should any be lodged there

Push the Rod in until it touches the pipe and meas-

ure the distance irom maex collar to traverse scale

flange Pull the Rod out a distance equal to the radius

of the pipe minus Vi inch and secure the Rod in this

position by tightening the clamp collar and at the

same time being sure that the arrow on the crown

casting of Rod points in the direction of the flow

If the direction of the flow is unknown this can be

determined by the use oi the manometer connected

to the Pitot Rod Observe the deflection in manometer

when arrow on crown casting points along the pipe

in one direction Then revolve the Pitot Tube 18D° so

that the arrow points along the pipe in the opposite
direction The water will be flowing in the direction

that produces the greater deflection of the liquid in

manometer

CROWN CASTING

CARRYING r
CASE

—

t

fi9 3 Uamemttrr

ROD CLAMP

COLLAR

STUFFING BOX

CONNECTION NUT

TRAVERSE SCALE FLANGE

STOP COLLAR —

t

Fi9 2—Phot kod

AIR COCKS

STOP COCKS

INDEX COLLAR

TRAVERSE SCALE

HOLDER

PROTECTING
CAP
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Tne top assembly is provided with fittings which

connect to each side and m rum to each other through
valve e Plug cocks i and r and air cocrs iai
and ar are also provided at this point on the

manometer See Fig 4

Tne top assembly is easily removable tor pour-

ing liquid into manometer or ior the insertion of the

cleaning brush Tne glass should always be clean
bo that the liquid will not cling to the suriace but

will form a clear and even meniscus in each side
Tnis is especially important when the deflection of

the liquid is small

A manometer connected to c Simpler Pitot Rod

constitutes one oi the simplest lonns oi a meter ior

indicating the rate of flow

Connecting Manometer to Pitot Rod

Tne manometer may be connected with two lengths
of hose either directly to the Pitot Rod at CD and R

as shown in Fig A or it may be connected at D
and CD at the Recorder rig 10 when the latter is

connected to the Pilot nod Whiie using the mano-

meter thus connected shut oft the Recorder by closing
cocks I and R on Recorder Whenever the mono

meter is being filled with liquid or is blown off ior

expelling possible collections oi ar ircm it always
iirst close cocks CD and R ct Recorder Likewise

whenever air is being blown irom Recorder always
hrst close cocks CD and R thus shutting erf the mano-

meter to prevent the danger of blowing the liquid ircm

same See Fig 10

Toe Pitot Rod located as described above has its

orihees at the center of the pipe This it the usual

location ior How determination when connected to

recorder or manometer

MANOMETER—S« Rgi 3 4

Description

in principle this insaument is c U tube

FILLING MANOMETER WITH LIQUID AND

BLOWING OUT AIR

Remove wmg nut on top of manometer Lift off top

assembly exposing holes to glass Pour liquid previ-

ously mixed as explained en Page 6 through a

iunnel into either hole

It is usually desirable to £11 the sonometer half

hill of liquid since the maximum deflection equal to

the length of a giass tube will be obtainable by this

amount of liquid
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Havmg poured hquid into manometer Teplace the

op assembly and tighten wing nut Fill manometer

¦with water and expel all air irom hose connections

md manometer Care must be exercised not to blow

iut the liquid To guard against this keep one side of

jie manometer closed while blowing out air from the

other side For example to blow air through the

mpcxct line have all cocks at manometer closed

axcept open aj and open i Opening and closing

j several times dunna the proceaure will facilitate

filling the gauge giass with water since this will give

more opportunity tor the air irom the glass to escape

throuyn ai Ciose i and ai Likewise fill the other

side with water and expel air by opening ar and r

Having thus blown till no crir appears close r

and imally to insure that no air is trapped m the by-

pass connection open cock e and having a

open slightly open r Ciose r before the hquid
reaches the top ol the glass Close la and e and

open i and r when the manometer will be in

service and the deflection of the liquid is a measure

oi the velocity ol the water flowing by the orihces

of Pito Tube

Cock e is an equalizing cock and when open the

pressures m the two glasses tend to equalize When

e is open the hquid in each giass should come to

the same level provided either i or r or both are

closed It is necessary that at least one be ciosed

This enables the operator to prove that no air is

in the manometer

When the deflections of the hquid aTe to be ob-

served for velocity indications cocks e I ai and

la are closed and cocks i and r are open

LIQUID FOR MANOMETER

When measuring low velocities use a low specific
uruviry and for high velocities use a heavier mixture

of hquid If the velocity being measured is so high
that it will deDect the hquid in the manometer more

than the length of the giass then it will be necessary

to use a heavier hquid

ATMOSPHERE

WATER

¦ r

O
X

LIQUID

0 b

Fig 6—Tmtf tor Sp»ertc Grrwrfty

The Hquid usually used in the manometer is a mix-

ture ol carbon terra chloride ana benzine or benzol

colored with a small quantity oi red coloring powder
Tne liquids are mixed in such proportions thai the

resultant mixture will have any desired specific

gravity between the limits of 2 10 and l BD Specific
gravities of 1 25 and 1 50 are most commonly used

paper before using in manometer Do not inhale

its himes

For differential pressures too grecrt ior the above

named hauias use mercury whose roecinc gravity
is 12 58

The kpccliic gravity a carbon terra chloride is

about 1 60 end il this hquid is too light then ior a

heavier hquid use bromoiorm whose specific gravity
is about 2 9B This likewise can be mixed with carbon

tetra chloride to obtan gravities between 1 B0 and

2 96 Bromoiorm in its commercial state usually con-

tains some alcohol For this reason it should be

washed with water and then filtered through Elter

Specific Gravity Determination

The specific giaviry of the hquid or mixture can be

determined by pouring Eame in a giass cylinder and

floating a hydrometer m the hquid The lighter the

hquid the deeper will the hydrometer be submerged
Read the specific gravity on the hydrometer scale

at the suriace of the hquid
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I[ a hydrometer is nol available or other range o

liquid gravity is employed the specific gravity can

easily be determined in tne following manner

Pour the liquid to be checked into the manometer

and tnen pour some water into one side of the

manometer which will deflect the liquid Tnere may

be water in one side only or in both sides of the

manometer and it is only necessary to have more

water in one side than in the other so as to produce
a aeflecuon of the liquid In the interest of ciose

accuracy it js advisable to have as large a deflection

as oossible It will oe understood that for the deter-

mination of the SDeciiic gravity both legs of the

manometer are open to atmosphere that is cocks

a and cr are open and cocks Ci and r are closed

if the manometer is connected to the Pilot Rod Do

this at least twice in order to cross check the result

The specific gravity of the liquid then is

a — b

S when there is water in both sides

and S — when water is in one side only in

d which case b equals zero

where S speciiic gravity of liquid
a larger water column on liquid
b smalier water column on iiquid
d deflection of liquid

Temperature afiects the specihc gravity There-

fore a detennmciic^ of speciiic gravity as detailed

above will give the proper vaiue only if made di-

rectly before and or aiter the test

Mixing Liquids

Having decided on the speciiic gravity of the

liauid mixture to be used the iormula below will be

found helpful end time saving

S — S

B

where S

S

s

T

B

S — S

specihc gravity of mixture

speciiic gravity of carbon tetra-

chloride

specihc gravity of benzol

volume oi carbon tetra chloriae

volume of benzol

1 S0 — 1 245

T 1 057 B

355

c
I £7

SIMPLEX CONTROLS
^

1

Stciion No JZ Dole

•\otruno Dit _LVi_ Cclip«red D c lAJti Jri SQFi

moicaie m circie position of top used tor tins Troverse

1 657

1 840
v y TT vV

iTv

loomng up »tfeom

v s r
Notei For Simpiei Round Rod Use I 66

riot rtoS 0se 1 640

s Sp G of Manometer Liauic £ £

G FVC wnce r jrciton fccior 646 300 AC

~rov coet t y tms troverst C —•

—

Average o oil troverses C C__J
Time o1 troverst frorr»__££_ £ M tc ii _ AM

By ft 0 rr _zr

Also soe sneet 3 N ____ana sncets A Nos 5

Loco i on _HL LA

1 n Q i
~ l

i V VC | o uc c v 1
k pnv

^

i ts
~ 5o l n so i 0 2 5 AO 5 CoO

i 5 1 1 oo 1 i7 se 1 ¦ 1 S A o c 52

1 4 1 8 ^° 1 19 oo | 3 1U 5 C»i c~IO j

1 B 1 IO OO 1 n oo i A ol 5 5 1 OfcS 1

2 \boo \ n oo i A S 5 51 1 575

1 1 1 £ 5o 2o oo 1 £ o 4 S 7T I 576 |

1 1 i 2l 00\ 2° °°\ s o9 5 77 ll 02 5i

1 2 1 Z I S© It a o S 9 R 5 95 1 hoes

1 2 11 oc 2 I o o i t e i t £¦ 1 i o

i 4 1 I 7 oc\ 1
~

5o • 5 5 4 e I 963

i 5 [5 oo 1 It °°\ 5 o o 5 15 1 970

i fc 1 I 1 75 i \ O oi \T 4 S2 1 B°S

i i
i i 15 e 75 1^5 84 1

t i A V 6 413 5 4 9 1

i i 1

i i 1

I i I 1 l

fi9 Typical Doro A

For example iJ S 1 60 S 87 and it as de-

sired to have S 1 245 ol the mixture then

1 24S — 87 375

T XB B

For high velocities where c smaller deflection is

desired use Bromoiom Sp Cx — S — 2 9E

70°F This liquid may be mixed with carbon te

chloride to give ~ mixture fighter than 2 9

desired the Sp G of mixture being aeterm

by manometer balancing or by ionnulas in

latter case

5 S

7 x B

S — 5

lt must be borne m mind however that the speciiic

gravity determined under actual test conditions is

the value used xn Cow calculations
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TRAVERSE STATIONS—See Pig 4

Wherever o mam is lapped ior the purpose of

measuring the Sow of water let it be called a station

and named or designated by an assigned number

When selecting a location ior a station always if

possible select a point m the pipe line where there

is a considerable length oi straight pipe iine where

the flow will be undisturbed by valves tees or bends

Tap the pipe at the selected location ior a one inch

corporation cock Tne tap is usually made on the top

of the pipe It may however be made at the side oi

the pipe or at any other point on the circumference

It is desirable that the pipe be not tapped so deep
that the corporation cock will extend through pipes

and project beyond the inside suriace of the wall oi

the pipe

When it is impossible to make tap in a long straight

length of pipe say where the nearest up stream

valve tee or bend is less than 20 or 3D diameters

from the station then two taps about 90° apart with

one about 4 to 6 ahead oi the other should be

tapped in the pipe

For steel pipes first attach a strep service clamp
to pipe

An accurate record should always be made and

kept on file giving the location of all stations and the

distance of same from at least two fixed landmarks

PIPE TRAVERSE—Sue Rgi 4 6 7

Tne object of making the pipe traverse by the use

of the Pitot Rod and the manometer is to ascertain

the relation between the mean velocity and the cen-

ter velocity in the pipe The Pitot Tube measures

velocity only at the point m the pipe where the ori

iices are located Ii the oribces of the Pitot Tube be

moved along the diameter oi the pipe it will be

noticed that the velocities are diiierent ior different

locations of the oriiices and that they gradually in-

crease as we approach the center of the pipe Tnere

iore to accurately determine the quantity of water

flowing it is necessary to know the traverse coeffi-

cient C V« V« that is the relation of the mean

velocity to the center velocity

Tne method to be employed in making the traverse

is that of dividing the pipe into imaginary rings or

annuli having equal areas and then taring readings
oi the defections oi the liquid in the manometer when

the oriiices of the Pitot Tube are placed at a point i

each nng such that a circle through that point wi

divide the nng into two equal areas

This is illustrated in Fig 4 Refer to the right har

lower corner where circular cross section of c pi
is shown Here the pipe is divided into five rings

equal area R is the radius to the orifice locatic

ior the hrst nng Ry is the radius to the oniice locatit

ior the second ring Rt is the radius to the circw

ierence oi nng a Tne area of nng a equals the

area oi nng bl Tne rings a b c d e

f g hi i and j have equal areas and the

area of any one of these is equal to half the area of

any one oi rings 1 2 3 4 or i

Tne orifice locations ior any size pipe may be cal-

culated by ioimula CIS page 13 or they may be

•elected irom the table oi orihee locations on pege IS
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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 trains that we recommended one train being a conventional isokineti

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 Aerosol Sampling
Inlets and Inhalable Particles Atmospheric Environment J_5 589 600 1981

According to Zebel s paper the collection efficiency of drops by tne disk

train should be given by the equation below

pff
1 1 09 STK

where

STK V PCD2 9ud

and V gas stream velocity cm sec

P droplet density 1 gm cir
3 in this case

C Cunningham correction factor 1 for this size

D droplet diameter cm

p gas viscosity about 180 x 10~° poise
d sampling cube 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 D^g values

1

2
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Southern Research Institute

Mr Bill DeWees

August 13 1986

Page 2

for the four 90° train runs Note that while the calculated D5Q is on the

order of 13 16 urn tne efficiency curves are broad and significant

collection occurs at higner 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 oy 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 technique 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 oody impactor such

as those used for our study I have enclosed a copy of their results their

Figure 7 which illustrates it In their plot the parameter P \ Z is given

by half the value of STK in equation 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 Djq 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° tram will be approximately the same as the

isokinetic nozzle train for all sizes with the greatest error of

approximation occurring for particles about 20 ura The efficiency curves

for a disk impactor and those of the 90° sampling tram 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 is that the sensitive paper results

are subject to some question below about 25 50 ym While presumably ESC can

distinguish spots corresponding to 10 20 um 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 Figure 7

of May and Clifford
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Southern Research Institute

Mr Bill DeWees

August 13 1986

Page 3

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 if I can be of further help

Sincerely yours

Head Aerosol Science Division

ADW fea

cc Dan Bivms

Project 6112

SoRI EAS 86 755
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Table I Calculated D5Q Values

Duct Velocity
Run Number ft sec

1 30 97

3 22 25

4 21 06

5 33 67

Calculated „
values um

Right Angle
Train Paper Disc

13 3 25 S

15 7 30 1

16 1 30 9

12 7 24 4
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FIGURE 1 ZEBEL S THEORY AND LIU S DATA
2 diameters are assumed for Liu s inlet
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FIGURE 2 ZEBEL S THEORY
Velocities 31 34 22 4 21 ft sec
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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 TRAIN

DIA

urn

5

1 5

25

35

45

55

65

80

1 00

1 20

1 40

165

1 95

225

255

285

325

375

425

475

550

650

750

850

950

1 1 00

1 300

V V V v

31 0 33 7 22 3 21 1

88 87 91 91

44 42 52 54

22 21 28 30

1 3 1 2 1 7 1 8

8 7 1 1 1 1

6 5 8 8

4 4 6 6

3 2 4 4

2 2 2 3

1 1 2 2

1 1 1 1

1 1 1 1

0 0 1 1

0 0 0 1

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

ASSUMED v v v v

SIZE DIST 31 0 33 7 2 2 3 21 1

800 701 6 694 1 726 8 730 4

955 422 2 402 4 500 9 514 0

573 1 27 2 119 0 162 9 169 3

1 480 1 88 0 174 6 249 3 260 9

2490 201 5 186 4 271 8 285 4

4650 258 8 238 9 352 6 370 9

6840 277 0 255 4 379 5 399 7

1 670 45 3 4 1 7 62 3 65 7

1 830 32 1 29 5 44 3 46 8

1 600 19 6 1 8 0 27 1 28 6

1 640 14 8 13 6 20 5 21 6

2080 13 5 12 4 18 8 19 8

1 690 7 9 7 3 11 0 11 6

1 790 6 3 5 8 8 7 9 2

907 2 5 2 3 3 4 3 6

1 530 3 4 3 1 4 7 4 9

1890 3 2 2 9 4 4 4 7

1290 1 6 1 5 2 3 2 4

937 0 9 0 8 1 3 1 4

1 540 1 2 1 1 1 7 1 8

484 0 3 0 3 0 4 0 4

1 3B0 0 6 0 5 0 8 0 9

894 0 3 0 3 0 4 0 4

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

5240 0 6 0 5 0 8 0 8

TOTAL PARTICLE FLUX 46180 2330 2 2212 4 2856 7 2955 3

FRACTION OF PARTICLE

MASS COLLECTED 0 0504 0 0479 0 0618 0 0639
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Fig 6 Experimental and theoretical impaction efficiency of long ribbons

and Herrmann 1949 also found that their experimental E was substantially lower

than the theoretical prediction

Discs

Figure 7 rhows^ja«CrPths same picture as Fig 6 in mediation between theory
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Accuracy
Scatter of values from the replicate determinations at each point was very small

at the lower end of the curves large objects small particles low wind speed but

ir i rh Inrcrer m the upper end of the curve the spread sometimes



APPENDIX D

CALIBRATION AND QUALITY ASSURANCE DATA

D l



D 2



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 90 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 057 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
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Magnehelic Gauges After each field use each Magnehelic

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
_

52 from the manometer readings the

Magnehelics are recalibrated

Barometer After each field use each barometer is checked

against a mercury barometer

D 4



UNITED SENSOR TYTE DAT 3 DIMENS IONAL PTOS

company NAME
^ 1 t £

PROBE \ D S »3Z LENGTH 21 serial £ 1
DATE OF CAL1 BRAT 1ON 1 1 Pf TESTER

rOR STD P T TOT OlIO IN H O C_ 0

o o IN •

2 r

HO P P X C
2 O

1 5 IN H O

T

BARD PRESSURE 2 ¦

2 T S P

7 9 °

1 N Hr TEMP
1

F VELOCT TV

2

rr sec
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PERCENT OF TOTAL PROBE LENGTH 20 40 | 60 80 1 00
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P [ TCH

ANCLE•
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p p

1 2
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i

p p

4 5
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P
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PROBE ID D1323 7 Date 070385

Anslc PJ P2 P4 P5 PI PT Pt Ps fl f 2 f3

60 0 3 300 0 6100 0 4 400 0 7 1 50 0 74 00 1 8485 2 1667 0 44 76

j 0 1600 0 64 00 0 59O0 0 7 1 50 0 74 00 1 3°13 1 554 3 0 2 378

50 0 5 300 0 5200 0 7 200 0 7 1 50 0 74 00 0 3 1 1 1 31 1 0 0559

4 5 0 5900 o 4200 0 7 4 00 0 7 1 50 0 74 00 0 711 1 21 1 r 0 0 2 0
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e
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—s 0 6 4 i 0 0 04 00 0 74 00 0 7 150 0 74 00 0 04 06 1 033 3 0 00 iO
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20 0 661 0 0 1200 0 74 00 0 7 1 50 0 74 00 0 1810 1 083 3 0 001 iO
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0 5 1 0 O 6100 0 154 00 0 7 150 0 74 00 1 196l 1 4020 0 30 77

60 0 4600 0 6 00 0 34 00 0 7 150 0 7600 1 5000 1 5543 0 55 A



NOZZLE NUMBER

Date Initials Dia 1 Dia 2 Dia 3 Dia 4 Dia 5 Averag e
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Date Initials Dia 1 Dia 2 Dia 3 Dia 4 Dia 5 Average
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NOZZLE NUMBER
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TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA
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TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA
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TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA

BAROMETRIC PRESSURE o

°
¦ S 0 DATE £ CALIBRATED BY 77~~

MERCURY IN GLASS REFERENCE NUMBER 3 5 AMBIENT TEMP s
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Calibration bv a n\ err

Standard Merer Number l0i T0 7 Standard Meter Gamma rs Z

Data L 11
~~

C Baromerric Pressure ^•g • 5 £ in Hg

Data Baroraetric Pressure in Hg

PTZTEST CXLT3 RATION

Standard Meter Merer Box Metering Sysrem

Gas

Volume

vds

— W

Temo

ds

°

F

Time

e

min

Qrr rice

Serting
AH

in H70

Gas

Volume

V
• ft3

Temo

a

p

Coeff

v in H 0
2

4 100 11 \o q 0 o a T 3 1 0^2 1 a I

U l^ 1~L lo o 7C I

C ZOLr n L LO^O 7 Z 3IL Co ^ 1 1 14

ISO n Lr 10 0 3^ L C l3o 1 73

\i ao tl 0 o i r 1 Z Wi ^ s 1 oO£^ l i°l

113 ii 1 o o f e 2 S33 3s S 1 ODl I n°\

Average
1 O 113 I 7 1

Y V t 460 P
ds ds __d b

Vd tds 460
b

H 13 6

0 0317 Ah
Aho

0
Pb td 460

t 460 0
__ds

Y VJ
ds ds
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Meter Box Number N 1 0 Calibration by I |\A

Standard Meter Number lp 3S 321 Standard Meter Gainma OD 4 7—

Date ^— T^ Barometric Pressure P^
^

• 2 Q in Hg

Date 3arometric Pressure P^ in Hg

Standard Meter Meter Box Merering System

Gas

Volume

Vds

ft3

Temp

^ uas ^

° T

Time

9

min

Or rice

Serting
AH

in H^O

Gas

Volume

V

ft3

Temtj

td
o

Coeff

V

A»e
in HO

2

V ILM 12 10 0 O Sti U 3 3O 7 •^ 77^ 1 LA

V 1\X IO O V Zv in i 77^ L c\

ID 0 V I S SSl n AY\o 1 1 1

7 4 10 0 1 T ^ 7 4 °\ 30 \ n2

YL 5^0 | 73 10 O \T °\V\ r ^jo LTD

7Z ID O X 1^ 9 Lb P lci2Z 70

Average sWl 1 {

Vd tds 460 Pb H 13 6

0 0317 Ah
Ahb

@
Pb td 460

tds 460} 9

Y V
ds ds
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Calibration by T Tc^L
lT~

Standard Meter Number 7 ^ Standard Meter Gamma OD 2

Date S 3 — Barometric Pressure P^
1

in Hg

Date ^Barometric Pressure P
~

PPZTEST CALiBHATrON

in Hg

Standard Merer Merer Box Metering System

jas

Volume

vds

ft3

Temo

tds}
°

p

Time

9

min

Orifice

Setting
AH

in H 0

Gas

Volume

vd
2

Temp

d

• t7

Coeff

V

Ah@
in HO

2

10 iO Q ^O H OVn 9 S 1 •Sr

no 10 o ¦ So f OH^ T7 ^ss

f c 4s lO O O 1 H Uft ¦00 l 7 7

7lA iV ID 0 1 1 1 DO

ii Mod ID 0 0 HX iZ ZH 72 6 Obl 72

3^ 7D D o 7~ 3 V | 77 5 | £ 33 7D

Average D ¦ 7^

d

Vd tds 460 Pb H 13 6

0 0317 ¦Ah

P t 460
b a

tds 460 ©

v V
ds ds
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Calibration by I \ c ^urt

Standard Meter Number 10L ID^l Standard Meter Gamma 1 POT

Date jj Barometric Pressure P^
Z ^ •

Hg

Date Barometric Pressure P^
PPZTEST CALIBRATION

in Hg

Standard Meter Meter Box Metering System

Gas

Volume

Vds

ft3

TemD

°F

Time

9

min

Orifice

Setting
AH

in H20

Gas

Volume

vd

ft3

Temt

V
°

F

Coeff

Yd in H 0
2

4 0^4 ID D 4 i^ 33 S t 11

73 ID D 0 D K 3 1 ^3 I 7Z

^3 ID o
o I t 7^1 5T 1 oo ill

i3t n3 to O s Z3 1 PDZ I lift

\Z Vb 73 S Lo^O 4 r i^ion { ooozz 1 6^

[I 51°\ W 10 o YU frlD te 5 1 DO 12 1 ut

Average D6 S

Y V t 460 P

Y
ds ds __d b

d

Vd tds 460 Pb H 13 6

0 0317 Ah
Ah„

0
Pb td 460

tdg 460 e

y vJ
ds ds

ENTROPY



Dry fin a Meter Monti icatlon ID I Calibration by

Do to — | ^ Cc

¦Dn te

IJ irnmetr ic I rcnnurc P|j I i • V in Ilg

Tlnrometric Pressure Pb in Ilg
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Dry Gas Motor Identl flcation Id 170S \

f lDa le

Da tc

Barometric Pressure Pb

Barometric Treasure

Calibratlon by

In Ilg

in Ilg
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Dry Gas Meter ]dent IfI cation b fr 3 £ 3 z 3 Calibration by Aid
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Dry Gas Meter I Jenti flcation

Date

Date I TSl jb

Calibration by
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Barometric Pressure P^ ~Lfi 8 C in Ilg

Jp«NTROPY
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Date Q ^4 Time S ^ ~~h

Client ^VY K ¦ GLYRftY7tv j Auditor

Pbar
~

Z i in Hg Meter Box No J\[~ f

AH@ t Pretest Y J 0 2 3

Orifice Dry gas Meter EXirarion

gauge meter Temoeratures of

reading reading run

A H@ vi vf Ti Tf
Q

in f^O ft3 min

• 8 10

Dry Gas

meter

volume

Vm
ft3

Meter

temperature

average

°F

Pretest

Y

0 97Y

1 03Y

Calculated

Yc

Audit

0 97Y Yc 1 03Y

Acceptable

7 ^3 8 \
0 SB IS

I Oj2
j 4 Z

Calculated Yc

To 0 03 19 tm 460 ~\ 1 2 10 0 0319 \ 460 \ 1 2

vm I pbar ¦ »» I

Figure 5 2 Meter box audit
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Date 7 cr Time LS Q O

Client £ h Auditor T

3 f 7 in Hg Meter Box No aJ lO

l £ V Pretest Y fr ff I £

Orifice

gauge
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in H^O

Dry gas

meter
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V V
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Meter
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V
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t
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Figure 4 Meter box audit
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Date • Q A ^ ^ Time [ ^ z

Client — lLxX Cs n Auditcr T rfc

P bC 5 ST m Hg Meter Box No jJ CL_
bar

AH@ Pretest Y ¦ ¦£ \

Orifice ury gas Meter Duration
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reading

AH®
zsl r ~0
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run

0

mm

I ^Co
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Dry Gas

meter
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v
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Figure 5 2 Meter box audix
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Date 9 Time

Client S M ^ j± yr x J J Auditor l\r£

pbar h XST in Hg Meter Box No
_

A 4

AH@ I Pretest Y j •

Orifice

gauge

reading
A H@

in H2O

Dry gas

meter
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Vi Vf
ft3

Meter

Tenroeratures
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of

run

Q

min
Ti Tf

1 1 2
]vOO 10

0 35^ 03

Dry Gas

meter

volume

Vm
ft3

Meter

temperature

average

m

°F

Pretest

Y

0 97Y

1 03Y

Calculated

Yc

Audit

0 97Y Yc 1 03Y

Acceptable

I ^ I on

Calculated Yc

1_0_ 0 0319 tm 460 \ 1 2 10 0 0319 UM S~ 460 \ 1 2

Vm \ Pbar j \ V 3 5

Figure 5 2 Meter box audit
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Calibration cf PXbPELLBAMEMQrtETBRS__L is u
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rjNEHUriETER CflLIB DF ESC 4 FORt RRD RS LEFT 1 7 86

VEL FPM 3445 2 V0LTS 20 2

VOLTS v mps VCFPM VPRED FPtt errc CLCFPK CLC

0 1 07 2 00 394 369 1 230 5 205 1 338

Q S21 3 98 784 762 0 238 4 330 0 554

C 338 6 00 1 181 11 £5 0 3 02 3 557 0 300

0 452 7 99 1573 1577 0 291 3 019 0 191

0 5c 6 10 01 1971 1970 0 017 2 818 C 143

a 680 11 99 £360 2363 0 112 3 023 0 128

0 755 m 02 2760 2759 0 029 3 570 C 129

a 9oe 15 98 3146 3149 0 085 4 318 0 137

1 021 IB 00 543 3536 0 160 5 183 C 147
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rf\ ¦

Cali br at 1 on

Df

Two Standard Simplex Pitot Tubes WF h PFA 233B and WF6A

f or

Environm»nta1 Syittmc Corporation
Knoxville Ttnntitai

wo 6 ft long standard Bimplix tubas WF 6 and WF 6A Mara

al 1 brated at two iptadi between 7 and 10 fps in a 24 in

jpirtl rivtted pip lina tuba lengths ara tpproximata The

in has a 30 foot test taction of 24 inch seamless steal pipe
¦4hose thickness is 3 B inches and whose internal diameter at the

raverse location is 1 937B ft based Dn 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

zentrifugal pump driven by a 200 HP synchronous motor running at

^00 rpm

he actual flow rate was obtained volumetrical1y by timing the

iai of a float gage in a tank which had a uniform area of 199 7

q f t The el apsed time was Indicated by means Df a digital
top watch reading to 0 01 sec Rise distances of B to 9 ft were

employed Horizontal and vertical traverses were taken at a test

•tation some 97 ft downstream from a long radius bend with rough
urning vanes and some 14 ft upstream from another bend Two

i«ts of traverse ports are available for normal length tubes

ruely vertical and horizontal traverses can be made for tubes

if extended length the vertical port is 20 degrees off from

rue vertical ~ as to allow the tube to extend into a 5—ft deep
rhannel while the horizontal port is 100 degrees from true

vertical so as to allow the tube to clear other laboratory
jipes The former ports were used in these calibrations Each

irivirie consisted of velocity readings at 17 points The Pitot

ube positions tabulated and used in plotting the accompanying
iraphs are based on the distance of the impact hole Df the Pitot

rom the pipe wall on the far side of the pipe from the

attachment device Pressure differentials were obtained with a

iifferenti l pot—type manometer using carbon tetrachloride as

he gage fluid these observations were read in feet tenths

nd hundreths In obtaining manometer differentials it was

leceisary to average the fluctuations over a period of time

usually a minute or so

The calibration coefficients have been evaluated both in terms

3f a pipe velocity based on the actual pipe area and on an area

srr ctEil fur the blockage effects of the Pitot tube The area

3f the pipe at the test section was evaluated to be 2 9493

jq ft The area of the Pitot tube exposed to the flow when

nserted to each reference position was calculated see attached

blockage calculation sheet The average of these areas 0 0301

q ft for PFA 233B has been taken as the blockage area The

et area of the pipe for this Simplex was therefore Anet ¦

2 9493 — 0 0301 ¦ 2 9192 sq ft The net pipe velocity would be

he total flow rate as measured volumetrical1y divided by this

D 34



reaj « g » Vnet Q Anet ¦ 30 2027 2 9192 » 10 3461 fps {or the

trtvvriai at the largest ¦flow rata The nomintl velocity for

hi flow rats mas Vnom 30 2027 2 9493 ¦ 10 2406 fps

The g«9» rtiding th« vtlocititi calculated therefrom and

ther ptrtintnt information from the test run art tabulated on

ha accompanying data sheets and computar printouts Th avcragi

indicated velocity from the Pitot tube was calculated by

Iveraging
the fourteen velocities determined at the mid—areas of

qual area annuli values at traverse locations 1 9 and 17

ot at mid areas were excluded These experimental points were

plotted 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 smooth 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 at equal area

nnuli is in accord with an accepted procedure cf the ABME

report o f Fluid Meters The procedure for substituting curve

alues for indicated values is based on the following line of

•asoningt Manometer readings at locations where tube vibration

or other flow abnormalities occur can and do vary considerably
2rom normal values When the tube is vibrating the manometer

ladings usually increase Inclusion of these higher values in

_ tb coefficient calculations reduces the tube coefficient below

that which would obtain without the vibration Since vibration

f the tube depends on many factors tube extension flow

¦locity packing stiffness mass and elastic characteristics of

the rod flow fluctuation severity etc and since in field use

lese factors could well come together differently than in the

ilibration runs it is felt that such readings should be

replaced with values taken from the smooth curve through the

oints free Df vibration or other abnormalities From many

any previous calibration runs using this test station the

eneral shapes of the velocity profiles modified by Pitot tube

blockage are well known Accordingly the smooth curves drawn

tnoring
contaminated values can be produced with quite a

gh degree of confidence At the same time it must be stated

that not all velocity determinations suspected on the basis of

tactile and or audible signals of being influenced by vibration

Mirn out to deviate significantly from the smooth curve drawn

xnrough the mean Df the points Contrariwise when there is no

tactile or audible evidence it is not assured that the tube is

¦bration free and the velocity points might register higher
wan normal on the velDcity 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

« plp e5 In fact for Tube 6A when the tube was extended

towards the opposite wall the vibrations became quite violent

I net adjusted coefficient has been calculated using the

Justed traverse velocities and the average pipe velocity based
on the pipe area corrected for Pitot tube blockage This

tlibration coefficient is calculated by dividing the net pipe
l°city determined volumetrical1y 10 3461 fps for the example

shown above by the average adjusted Pitot tube velocity as

rllows
C ¦ 10 3461 12 4165 ¦ 0 B333 horizontal high velocity



cvrrt •for PFA 233B WF6 In the writtr « view a cotffici»nt

«sed on adjusted Pltot valocitiif and a pip velocity corr«cttd

jr blockage must be used for interpreting natsuriniinti made in

i pes of other ilz t The following tabic »umm riztt the

alculation of the cotfficiantt

••cond method of interpreting the data which accounts for

itot tub blockage in each individual velocity determination ii

evented in Appendix A This method al1dwi the velocity profile
o be plotted free id to apeak Df blockage effects The

~Dfil» shown on the accompanying graph s are skewed because

r the presence of the rod and concomitant flow blockage With

nis second interpretation this skewedness can be effectively
amoved As can be seen in the summary tables the coefficients

re little affected

ased on the traverses at velocities between 7 and 10 fps the

aefficient recommended for use with standard Simplex tube PFA

33B WF6 is 0 B4fafc for PFA WF6A it is O B32k In using

neie values 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 BA5IC

onputrr program for blockage calculations If either the

ominal or corrected average coefficients are used the

ppropriate methods must be used to determine the average

ndicated or corrected velocity as well as the nominal pipe
eloci ty

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 test The reason why some tubes

alibrate high some 1 dm some average is not known Quite

lOssibly slight differences in geometric con figuration are

esponsible There is also the possibility that there is a

efinitive var iation of coefficient with pipe velocity In

leneral the coefficient of a wel1 designed Pitot tube is

elocity invariant unless wide ranges in velocity 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

jIus or minus one percent contains most of the data points In

ihese present calibrations there was a consistent trend in this

ame direction The direction Df traverse whether vertical or

horizontal did not seem to be a crucial factor in the

ali brati ons

Recently a calibration test of a reinforced Simplex gave a

rather clear indication as to a possible reason why some tubes

give higher coefficients At the request Df a client who was

suaei vir»y tint calibrations and to eliminate the necessity of

aoving the Simplex rod inside the reinforcing tube a long IB to

20 in nipple was put between the valve and the Pitot This

nipple was some ordinary schedule pipe found in the laboratory

During the course of 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 quite bent and showed it When the results were

analyzed it was found that the coefficient increased gradually
and consistently as time Df day progressed or as the pipe was



becoming mori and mori distorted Whin we rattitid the umi tube

i ing h«»vy achidulc nipple of the umi length thi

iibr«tlon Hit right at the ivirtgi of many taiti To be aura

same situation did not obtain in these prvitnt calibrations

with ragard to a long nippla However the lami type of result

i uld be obtained with a standard unrei nf Dreed Simplex if its

id was bent so that it did not traverse directly across the

pipe on a diameter but went off on some chord o f the

Table Calculation of PitDt Coefficients

Standard Simplex PFA 233Q WF 6 6 ft long

Nom Velocity
B Apipe fps

Ave Ind Vel

Nom Ind C

Ave Nom Ind C

Net Velocity
Q Anet fps

Ave Adj Vel

Net Adj C

Ave Net Adj C

Ave Corr Vel

Corr Adj C

Ave Corr Adj C

Apipe 2

Hori x Vert

7 273 7 273

B 773 B 602

0 B291 0 84 56

Hor i z Vert

10 241 10 241

12 627 12 427

0 B110 0 B240

0 B274

10 346 10 346

12 416 12 346

0 B333 0 B3B0

0 B466

12 2B6 12 216

0 B335 0 B3B3

0 B46B

9493 sq ft Anet 2 9192 sq ft

7 34B 7 34B

B 657 B AB3

0 B4BB 0 B662

B S66 B 394

0 B491 0 B66S

n 37



labia Calculation o f Pitot Coe i i c i «nt»

Standard Simplex PFA

Horiz Vert

Nom Velocity

Q Apipe fps

Ave Ind Vel

Nom Ind C

Ave Nom Ind C

Net Veloci ty
Q Anet p

Ave Adj Vel

Net Adj C

Ave Net Adj C

Ave Corr Vel

Corr Adj C

Ave Corr Adj C

Apipe « 2

7 273

6 656

0 7966

7 273

B 731

0 B159

7 350

B 703

0 B445

B 610

0 B447

7 350

B 673

0 B474

B SB 1

0 B477

9493 q ft

WF 6 A 6 ft long

Horlz Vert

10 34B 10 34B

12 B55 12 352

0 B213 0 B331

0 B167

10 34B 10 34B

12 749 12 51B

0 B117 0 B267

0 B326

12 611 12 3B4

0 B120 0 B269

0 B32B

Anet ¦ 2 9192 »q ft

P 38



CUSTODY SHEET FOR REAGENT BOX Z 5

Date of Makeup 5 BC

Individual Tare of Reagent

Individual Tare of Reagent

Initials

Zoo O

Locked

mis of

mis of

Individual Silica Gel Tare Weight 2oo gms

PLANT NAME fJ7n JO ouJ aJ

SAMPLING LOCATION I fluJ ^ ^ ^rC^f T

Run

Number

OTy ry

Date

Used

Ini tials

Ml
I 2D

Locked

~zy

Date

Cleanup

±X
c ^

5 S Gel

St en t

^0
° 0

^0

Initials

4 i

J L

Locked

u^

Date

Received in Lab Mft
Initials Locked

Sampling Method ffitcnJ 7 fa

kq ifrp_ jh

Zero Span Balance

Initials J

Filter Tare Used

Weight on

mgms Test

Remarks

NTROPY

D 39

NVIRONMENTAU5TS irMC



CUSTODY SHEET FOR REAGENT BOX OZJ^

Date of Makeup ££ Initials Locked

Individual Tare of Reagent ° mis of 1 i SH igO f Q

Individual Tare of Reagent mis of

Individual Silica Gel Tare Weight ^oo ¦ o gms

PLANT NAME PmblJ f »A

SAMPLING LOCATION WV
J

1 ^

Run

Number

Date

Used

Initials Locked Date

Cleanup

S Gel

SDen t

Initials Lockec

1 1 UP 7 1
°
0 Ms

X

c \ ap
°
0 m

4a
°
a

° 5 KhP
y

Date Initials Locked Zero Span Balance

Received in Lab gwfl ^Initials J r Q

Filter Tare Used

Sampling Method r v C ul 1 ~TcP a j iA ~ aJo Weight on

^ mgms Test

J uft

Remarks

NTBDPY D 40

NVIRONMENTAUSTB INC



CUSTODY SHEET FOR REAGENT BOX CjZL|B

Date of Makeup j
~2Jo j S^o Initials Mjfi Locked

Individual Tare of Reagent 2~eo o mis of

Individual Tare of Reagent mis of

Individual Silica Gel Tare Weight 2oo e gms

PLANT NAME CK1o~ J 3rt yfou 0 £ H ft

SAMPLING LOCATION C7 CI C7 f

Run

Number

Date

Used

Ini tials Locked Date

Cleanup

S Gel

Spent

Initials Locked

mfrA3 1
° \ tfp aterib c\0 U4 £

OTp TT N f
1 K i y 5

y s e 1 °
0 i 4V

17 City w l^y

rf f 2

I

4 7^ t

^f^N Crl Y mo U J h

Received in Lab

Date Initials Locked

if \x \

Zero Span Balance

Initials

Sampling Method

so in

Filter Tare Used

t Weight on

mgms Test

Remarks

£
NTROPY D 41

NVfRONMENTAUSTB INC



CUSTODY SHEET FOR REAGENT BOX ZZ

Date of Makeup j3 2Jg j
£¦ Initials P Locked

Individual Tare of Reagent ZSO • ° mis of T iSriLLgiD lr\z^

Individual Tare of Reagent mis of

Individual Silica Gel Tare Weight Z O© o gms

PLANT NAME

SAMPLING LOCATION fj 4P

Run

Number

Date

Used

Initials Locked Date

CleanuD

S Gel

Soen t

Initials Locate

V l£ b y °}D
Ci ~

o^ 0a 3 ® 3 q J o
y

CT CO
C \ WJ dAtb

Or 34 c 1
•

4 s W s

ty 4 il £ y °
0 i4 fl

3 V Hi b
0

Received in Lab

Date Initials Locked

Y« A v

Zero £

Initials

Span Balance

r \

Sampling Method 0tf 0

Remarks

Filter Tare Used

3 Weight on

moms Test

ipjtropy
D ^

INVIBOIMMEIMTAUSTS IMC



CUSTODY SHEET FOR REAGENT BOX OZ t l

Date of Makeup § ^1 31 Initials iM^rD Locked

Individual Tare of Reagent ZjQO Q mis of i\sr I llE~D ~H

Individual Tare of Reagent mis of

Individual Silica Gel Tare Weight Zoo o gms

PLANT NAME

SAMPLING LOCATION 7

Run

Number

Date

Used

Initials Locked Date

Cleanuo

S Gel

Spent

Initials Locked

1 i UfD 9 f 9c W
w

C7 rt tw MO
f

iUsD

a tVf1 2 c { 1 r to m

CT fYfy •

lOtf
X

d6f

1 ~r LHf
y

w
¦

P d f r jr

Received in Lab

Date

y
Initials Locked Zero Span Balance

Initials ^ f 3

Sampling Method
Filter Tare Used

Weight on

moms Test

Remarks

e
D 43

IMTHOPY

NVIHDNMEI\rTAUSTS INC



APPENDIX E

MRI PROCESS DATA

E l



E 2



APPENDIX F

TEST PARTICIPANTS AND OBSERVERS

F l



F 2



SAMPLING PROGRAM PARTICIPANTS AND OBSERVERS

Name Organization Responsibility

Dan Bivins EPA Emission Measurement Branch EPA Task Manager

Barry F Rudd Entropy Environmentalists Inc Project Coordinator

Tom McDonald Entropy Environmentalists Inc Sampling Team Leader

Doug Biggerstaff Entropy Environmentalists Inc Sampling Technician

Scott Steinsberger Entropy Environmentalists Inc Sampling Technician

Kent Daeke Entropy Environmentalists Inc Sampling Technician

Robert W Bridges Entropy Environmentalists Inc Sampling Technician

Tony Mastrianni Entropy Environmentalists Inc Sampling Technician

John Lewis Environmental Systems Corporation Field Engineer

David Randall Midwest Research Institute Process Monitoring

E W Biggers Exxon Company Facility Contact

F 3
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United Siafes

Dni ironmental P»otcction

Agency

Office of Ait and R Jidtion

Office of Air Quality Planning an J Standards

Hoscarch Inanylt Paik NC 27711

Ofncial Business

Penally for Private Use

3 X

If your address is incorrect please change on the above label

tear off end return m m ebove ndefress

If you ilo not rtesKe to continue receiving this lechmcdl rouorl
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