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1.0 INTRODUCTION

During the week of August 18, 1986, Entropy Environmentalists, Inc.
conducted an emissions measurement program at Piedmont Industrial Plating
Company located in Statesville, North Carolina. The purpose of this program
was to evaluate the effect of scrubber water chromic acid concentration on
scrubber performance. The data may also be used to support a possible standard
for chromium emissions under the National Emissions Standards for Hazardous Air
Pollutants (NESHAPS).

The hard plating process at Piedmont Industrial Plating involves two hard
chromium plating tanks that share the use of one emissions control scrubber.
Comprehensive testing was conducted at the inlet and the outlet of this control

device. This source was selected for source sampling for the following
reasons:

® The plant is representative of a small-sized job shop that
performs hard chromium electroplating. Hard chromium plating is
applied to textile machine parts, industrial rolls, and tubing.
Based on operating parameters such as current, voltage, plating
time, and chromic acid concentration, the plating tanks selected
for testing appear to be typical of other hard chromium plating
tanks in the electroplating industry.

® The combined surface area of the two tanks in operation during
testing is large. They have equal width and depth dimensions of
0.9 meters [m] [3 feet (ft)] wide, and 1.2 m [4 ft] deep. The
larger tank is 7.0 m [23 ft] long, and the smaller is 3 m [10 ft]
long. A substantial amount of chromic acid mist is evident
across the entire surface of the plating baths when they are
operated at full capacity. Neither chemical fume suppressants
nor plastic balls are used in the plating bath to control
misting. These factors will ensure an adequate emission sample
to characterize uncontrolled emissions and the performance of the
scrubber.

® Both tanks are equipped with double-sided draft hoods that appear
to be very effective in directing fumes from the plating tanks to
the control device. No visible emissions or fumes were observed
escaping the capture systems of either tank during operation.
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Hexavalent chromium and total chromium concentrations were measured at the
scrubber inlet and outlet. The concentrations of the scrubber recirculation
water and of the plating tank solutions were also measured. The chromium
concentration of the scrubber recirculation water was increased over the test
program to determine the effect that the scrubber water chromium concentration
has on the performance capability of packed-bed scrubbers to control chromium
emissions. The data will be used as part of the technical basis for developing
a regulatory alternative based on the use of packed-bed scrubbers for removing
hexavalent chromium from ventilation air at hard chromium plating facilities.
Additional testing was conducted concurrent with Method 13-type impinger train
testing to determine the applicability of available detector tubes and personnel
monitoring equipment as a screening method for chromium emissions.

The emissions testing was performed using U. S. Environmental Protection
Agency (EPA) Reference Method 5 procedures and a Method 13-type impinger train*,
and the alternative sample preparation and analytical procedureg described in
Appendix C. Flue gas flow rates, temperature, and moisture content were also
measured in conjunction with the chromium testing.

Mr. Randy Strait [Midwest Research Institute (MRI)] monitored process
operations throughout the test period. Mr. Dennig Holzschuh (EPA Task Manager
of the Emissions Measurement Branch (EMB) and Mr. Al Vervaert of the Industrial
Studies Branch (ISB) observed the test program. Mr. Robert Miller (Manager)
served as the contact for Piedmont Industrial Plating Company.

This report is organized into several sections addressing various aspects of
the testing program. Immediately following this introduction is the "Process
Operation" section which includes a description of the process and control
device tested. Following this is the "Summary of Results" section which
presents table summaries of the test data and discusses these results. The next
section, "Sampling Locations and Test Methods" describes and illustrates the
sampling locations used for emissions testing and then explains the sampling
strategies used. The final section, "Quality Assurance," notes the procedures
used to ensure the integrity of the sampling program. The Appendices present
the Test Results and Example Calculations (Appendix A); Field and Analytical

*43 Federal Register 11984, 3/23/78 (Method 5) and 43 Federal Register 41852,
6/20/80 (Method 13). T
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Data (Appendix B); Sampling and Analytical Procedures (Appendix C); Calibration
and Quality Assurance Data (Appendix D); MRI Process Data (Appendix E); and Test
Participants and Observers (Appendix F).




2.0 PROCESS OPERATION

2.1 PROCESS DESCRIPTION

The Piedmont Industrial Plating plant in Statesville, North Carolina,
is a job shop that performs hard chromium electroplating of industrial
machine parts, industrial rolls, and steel tubing. The plating facility
is operated 15 hours per day, 5 days per week, and 50 weeks per year. The
facility consists of three plating tanks arranged as shown in
Figure 2-1.

A1l three tanks are typical of other hard chromium plating tanks used
in the electroplating industry with regard to size; operating parameters
such as current, voltage, and plating time; and chromic acid concentration
of the plating bath. During the source test program, only the 23-foot and
10-foot tanks were operated. The chromic acid consumption for the two
tanks is about 136 kilograms (300 pounds) per month. The dimensions and
operating parameters for these two tanks are presented in Table 2-1.

The 23-foot tank is used to plate long industrial rolls and tubing as
well as smaller parts. The tank is equipped with one 6,000~ and three
1,000-ampere rectifiers. When industrial rolls or tubing are plated, the
6,000-ampere rectifier is used, and when smaller and different kinds of
parts are plated, up to four work stations can be set up in the tank.
Three of the work stations are charged with the 1,000-ampere rectifiers,
and one work station is charged with the 6,000-ampere rectifier. The
10-foot tank contains up to five work stations, each of which is charged
with a separate 1,000-ampere rectifier. During this source test program,
the 23-foot and 10-foot tanks were divided into two and five work
stations, respectively.

The plating solution used in the tanks is a conventional hard
chromium plating solution containing about 240 grams per liter (g/1)

(32 ounces per gallon [0z/gal]) of chromic acid and about 2.40 g/t
(0.32 oz/gal) of sulfuric acid.

One porous pot made of ceramic was used at work station 7 in the
23-foot tank during six test runs and at work station 1 in the 10-foot
tank during four test runs to reduce trivalent chromium contamination of
the plating solution. The concentration of trivalent chromium ions
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increases to levels that contaminate the plating baths when the surface
area of the cathodes plated is substantially larger than the surface area
of the anodes. The pots are made of ceramic that contains pores ranging
from 0.5 to 1.0 micrometer (0.002 to 0.004 mils) in diameter. Several
anodes are placed around the outside and a cathode is placed inside each
pot. The anodes and cathode are both formed from lead-antimony alloy.
About 9 volts and 300 amperes of direct current are applied to the anodes
surrounding each pot. Trivalent chromium ions present in the bath migrate
to the anodes where they react with oxygen to form chromic acid. The
ceramic material acts as a selective membrane that prevents the hexavalent
chromium anions in the bath from fiowing to the cathode where they would
be reduced and deposited.
2,2 AIR POLLUTION CONTROL

A1l three tanks are equipped with double-sided draft hoods that are
instalied along the length of each tank. Each hood contains one
continuous slot that is equal to the tank length and 5.08 centimeters (cm)
(2.0 inches [in.]) wide. Each slot is reinforced with inserts spaced
approximately 30.5 c¢m (12.0 in.) apart. |

A1l three tanks are ducted together and vented to a fume scrubber
located outside of the plant building. The scrubber is a horizontal-flow
single packed-bed unit that is equipped with a self-contained
recirculation system. The fume scrubber was manufactured by Duall
Industries, Inc. (Model No. F-101). Figure 2-2 presents a diagram of the
scrubber provided by Duall. The scrubber was purchased as used equipment
and was installed at the plant in 1984. Duall personnel inspected the
scrubber in July 1986 and made the following recommendations to ensure
normal scrubber operating conditions: (1) the angle of the ductwork entry
at the inlet transition of the scrubber should be repositioned to direct
the gas flow toward the center of the packed bed and to prevent scrubber
water from entering the ductwork, (2) the spray nozzles should be cleaned
and the nozzle velocity should be upgraded to design specifications, and
(3) minor cracks in the scrubber housing should be sealed. The plant
corrected these problems before emission testing was performed.

The gas flow rate to the scrubber is 297 acutal cubic meters per
minute (10,500 actual cubic feet per minute), and the water flow rate is
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about 130.5 liters per minute (34.5 gallons per minute). The pressure
drop across the scrubber is 0.5 kilopascals (2 inches of water column).

Removal of chromic acid mist from the inlet gas stream is
accomplished by reducing the velocity of the entering gas stream to Tess
than 152 meters per minute (500 feet per minute) and spraying it witiesmemes
water. The water is sprayed countercurrent to the flow of the gas stream
through six nozzles. The saturated gas stream then passes through a
packed bed of polypropylene, spherical-type mass packing that is
continuously washed with water. The packed bed is 142.2 cm (56 in.) in
height and width and 30.5 cm (12 in.) in depth. The entrained mist and
water droplets impinge on the packing and are carried away in the
washwater. Behind the packed bed is a two-stage mist elimination section
that eliminates any entrained water droplets. The first stage allows
larger droplets to settle by gravity to the bottom of the scrubber. The
second stage contains a series of vertically-mounted chevron blades made
of polyvinyl chloride that change the direction of the gas flow four times
at 30° angles, which forces chromium droplets to impinge on the blades.
The mist eliminator is not washed down but is inspected frequently. If
wetting appears in the mist eliminator section, the packed bed is
reconditioned to prevent the breakthrough of droplets.

The scrubber water drains into a sump in the bottom of the scrubber
and is recirculated by a 0.75-horsepower pump. A sensor is used to
monitor the water level in the sump which contains about 378 liters (1)
(100 gallons [gal]) of water. About four times per day, 95 & (25 gal) of
clean water are automatically added over the packed bed when the sensor
indicates that water is needed to make up for evaporation losses. The
scrubber water is drained to the plating tanks approximately once per day
to make up for plating solution evaporation losses. The scrubber is then
recharged with clean water. Grab samples of the scrubber water that were
taken one month before emission testing was conducted showed that the
chromic acid concentration of the scrubber water under normal conditions
is about 1.5 g/2 (0.2 oz/gal).
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2.3 PROCESS CONDITIONS DURING TESTING

Many hard chromium plating facilities that use scrubbers recirculate
the scrubber watér continuously from several hours to several weeks to
reduce water consumption and wastewater treatment costs and to recover
chromic acid for use as plating solution makeup. Therefore, the purpose
of this emissions test was to assess the effect of increasing chromic acid
concentrations in the scrubber water on scrubber performance.

The target level scrubber water chromic acid concentrations selected
for testing were 0.0, 30, 60, and 120 g/2 (0.0, 4, 8, and 16 oz/gal). The
target levels of 0.0, 30, and 60 g/¢ (0.0, 4, and 8 0z/gal) were selected
to represent the range of concentrations that would occur under normal
operating conditions. The target level of 120 g/s (16 oz/gal) was
selected to represent worst case conditions.

Three mass emission test runs were conducted at the inlet and outlet
of the scrubber for each of the four target level concentrations. Each
test run was conducted for 2 hours. The plant manager spiked the scrubber
water with platihg solution taken from the 23-foot plating tank at
concentrations near the target levels. Grab samples of the scrubber water
were taken from the scrubber recirculation sump at the beginning, middle,
and end of each test run and analyzed by spectrophotometer at the test
site to monitor chromic acid concentrations. The target and actual
scrubber water concentrations observed during testing are presented in
Table 2-2. The scrubber operated normally throughout the test runs.

The process was operating normally during the tests. Process
operating parameters such as the voltage, current, and plating solution
temperature were monitored and recorded during each mass emission test
run. Also recorded were the current and plating time for each individual
Job or item being plating during each test run. Data sheets documenting
the process parameters that were recorded during each mass emission test
run (Nos. I-1 through I-12 and 0-1 through 0-12) are presented in

Appendix E. Data on the average operating parameters recorded are
presented in Table 2-3. Because the third tank was not in operation
during the test, the ventilation hood for the tank was dampered off to
increase the ventilation rate for the 23-foot and 10-foot tanks.
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The total amount of current supplied to the work stations during each
test run is calculated in terms of ampere-hours and included in
Appendix E. A summary of the total current values is presented in
Table 2-4. As shown in Table 2-4, the total amount of current supplied to
the tanks during emission test runs 1 through 3 ranged from 12,000 to
13,000 ampere-hours. For test runs 4 through 6, the total current values
were 30 to 40 percent lower (8,000 to 9,000 ampere-hours) and for test
runs 7 through 12 the total current values were 50 to 60 percent lower
(5,500 to 6,500 ampere-hours) than the total current values for test
runs 1 through 3. The plant manager stated that a typical work load for
the two tanks is about 6,000 ampere-hours.

The amount and type of work plated during the emission test runs
varied depending on the plant's scheduled work load. For the 23-foot
tank, work stations 7 and 10 were operated simultaneously during test
runs 1 through 6. For test run 1 at work station 7, one porous pot was
used during the first hour of the test run, and one cast iron part was
plated during the second hour of the test run. For test runs 2 through 6
at work station 7, one porous pot was used for all five test runs. For
test runs 1 through 6 at work station 10, dummy parts were plated because
the plant did not have work to plate at this work station. Lease bars for
warp knitting machines were used as dummy parts for test runs 1 through 3,
and both lease bars and angle iron were used as dummy parts for test
runs 4 through 6. Only work station 10 was operated during test runs 7
through 12, One steel tube (about 6.0 m [19.75 ft] in length) was plated
during each of these six test runs. Plating was stopped for about
5 minutes in the middle of each test run to rotate the tube.

For the 10-foot tank, five work stations were operated for part or
all of the test runs except for test runs 6 and 9. Work station 1 was not
operated during test run 6, and work stations 3 and 4 were not operated
during test run 9. The work plated during emission testing included steel
shafts and gears for engine components and steel pins and latches for
packaging machines. Two to four shafts or gears were plated at each work
station from 30 minutes to 4 hours. Pins and latches were mounted on
plating racks and plated from 15 to 40 minutes. One porous pot was used
at work station 1 during test runs 1, 7, 8, and 9.
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Grab samples were taken from both plating tanks during each mass
emission test run to monitor the chromic acid concentration of the plating
solution. The chromic acid concentration of the grab samples is reported
in Section 3.3 (Table 3-5). The plating solution in the 23-foot tank was
air agitated for test runs 3 through 12 to maintain a uniform chromic acid
concentration throughout the plating solution. The plant manager
considered air agitation of the plating solution to be normal operating
procedure., The tank freeboard space was maintained at about 15 cm
(6 in.), which prevented plating solution from splashing into the
ventilation hoods.

Sampling at the inlet and outlet was interrupted only once to change
test ports except for test run 11, which was interrupted four times. Test
run 11 was first interrupted after 3 minutes of testing for 38 minutes to
increase the chromic acid concentration of the scrubber water, a second
and third time for a total of 12 minutes at the inlet and 8 minutes at the
outlet during the first hour of testing, and a fourth time to change test
ports between the first and second hour of testing. Test run 11 was not
interrupted during the second hour of testing. Port changes at the inlet
took from 3 to 8 minutes except for those during test runs 2 and 3, which
took 17 and 39 minutes, respectively. Port changes at the outlet took

from 2 to 8 minutes.
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TABLE 2-2. AVERAGE SCRUBBER WATER CHROMIC ACID
CONCENTRATIONS FOR EACH TEST RUN

Target Actual

Run No. concentration, concentration,
Inlet/outlet g/s (0z/gal) g/ (oz/gal)
I-1/0-1 0.0 : 1.38 (0.185)
1-2/0-2 0.0 1.73 (0.231)
[-3/0-3 0.0 1.75 (0.234)
1-4/0-4 30.0 (4.0) 25,24 (3.37)
1-5/0-5 30.0 (4.0) 25.54 (3.41)
1-6/0-6 30.0 (4.0) 24.64 (3.29)
1-7/0-7 60.0 (8.0) 50.56 (6.75)
1-8/0-8 60.0 (8.0) 45.24 (6.04)
1-9/0-9 60.0 (8.0) 41.94 (5.60)

1-10/0-10 120.0 (16.0) 78.94 (10.54)2
I-11/0-11 120.0 (16.0) 115.19 (15.38)
1-12/0-12 120.0 (16.0) 105.68 (14.11)

inadvertantly drained the scrubber water into the 23-foot
plating tank to makeup for plating solution evaporation
losses.
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TABLE 2-4.

TOTAL CURRENT SUPPLIED TO THE TANKS
DURING EACH MASS EMISSION TEST RUN

Test run No. Ampere-hours
Inlet/Outlet Tank Inlet Outlet
[-1/0-1 23-tt 6,213 6,213
10-ft 6,005 6,005
Total 12,218 12,218
I-2/0-2 23-ft 6,492 6,492
10-ft 6,731 6,731
Total 13,223 13,223
I-3/0-3 23-ft 6,524 6,546
10-ft 6,484 6,501
Total 13,008 13,047
I-4/0-4 23-ft 7,039 7,115
10-ft 1,470 1,489
Total 8,509 8,604
I-5/0-5 23-ft 7,154 7,262
10-ft 2,253 2,308
Total 9,407 9,570
1-6/0-6 23-ft 7,312 7,372
10-ft 1,129 1,119
Total 8,441 8,491
1-7/0-7 23-ft 3,998 3,996
10-ft 2,473 2,491
Total 6,471 6,487
I-8/0-8 23-ft 3,326 3,325
10-ft 3,106 3,041
Total 6,432 6,366
1-9/0-9 23-ft 3,996 4,029
10-ft 1,465 1,445
Total 5,461 5,474
(continued)
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I TABLE 2-4. (continued)
l Test run No. Ampere-hours
Inlet/Outlet Tank Inlet Outlet
' 1-10/0-10 23-ft 3,897 3,864
10-ft 2,439 2,444
I Total 6,336 6,308
I-11/0-11 23-ft 3,997 4,030
l 10-f¢ 2,227 2,245
Total 6,224 6,275
l I-12/0-12 23-ft 3,831 3,830
10-ft 2,827 2,847
l Total 6,658 6,677
I 2-14



3.0 SUMMARY OF RESULTS

Chromium (hexavalent and total) testing using Method 5 procedures and
Method 13-type impinger trains was conducted at the inlet and outlet of the
packed~bed scrubber controlling the 23-foot and 10-foot plating tanks. This
was done at four different scrubber water chromic acid concentrations ranging
from 0.22 to 13.3 oz of chromic acid per gallon of water. Table 3.1 summarizes
the testing schedule for these tests. In addition, a series of tests were also
conducted at the scrubber inlet and outlet to evaluate three alternative
screening methods for estimating emissions of chromium from chromium plating
operations (see Section 3.5).

In brief, from the results of the impinger train testing, the uncontrolled
emissions from the tanks with the scrubber liquor at 0.22 oz/gal averaged 0.23
pounds per hour of hexavalent chromium and 0.26 pounds per hour of total
chromium. The controlled emissions with the scrubber water at 0.22 oz/gal
averaged 0.00096 pounds per hour of hexavalent chromium and 0.0014 pounds per
hour of total chromium. The resulting collection efficiency on a mass emission
rate basis was 99.54% for hexavalent chromium and 99.38% for total chromium.
The collection efficiency ranged from 99.22% to 99.54% for hexavalent chromium
and from 99.16% to 99.38% for total chromium. One of the three potential
screening methods evaluated for estimating emissions of chromium from chromium
plating operations appears to be promising. This method involves collecting
the chromium emissions on a 37-mm Teflon filter using a disposable plastic
filter cassette and a portable personnel sampling pump. Further evaluation is
recommended in conjunction with impinger train testing to obtain a better
estimate of the screening method precision and accuracy.

Discussions detailing all the results obtained are presented in the
following sections. Computer printouts of the emission calculations are

presented in Appendix A. Original field data sheets and the analytical data are
located in Appendix B.
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TABLE 3.1. TESTING SCHEDULE FOR PIEDMONT INDUSTRIAL PLATING
Date Sample Type Scrubber Inlet Scrubber Outlet
(1986)
Run Test Time Run Test Time
No. 24 h clock No. 24 h clock
8/19 Crzg, Total Cr I-1 0847-1100 0-1 0847-1055
Cr+6, Total Cr I-2 1131-1342 0-2 1132-1339
Cr ~, Total Cr I-3 1423-1640 0-3 1423-1627
8/20 | crl®, Total cr | I-4 1046-1325 0-4 1046-1255
Cr, ¢, Total Cr I-5 1347-1600 0-5 1348-1553
Cr ~, Total Cr I-6 1624-1832 0-6 1626-1830
8/21 Crig, Total Cr I-7 1051-1258 0-7 1050-1253
Cr+6, Total Cr I-8 1350-1556 0-8 1352-1555
Cr -, Total Cr I-9 1639-1846 0-9 1639-1843
8/22 Cr:g, Total Cr I-10 0831-1036 0-10 0830-1033
Cr+6, Total Cr I-11 1113-1403 0-11 1114-1400
Cr ~, Total Cr I-12 1428-1632 0-12 1428-1631
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3.1 HEXAVALENT CHROMIUM AND TOTAL CHROMIUM

The chromium emissions tests, along with the determination of the
associated flue gas flow rates were conducted at both the scrubber inlet and
outlet at four scrubber liquor chromic acid concentrations. The samples were
collected using a Method 13-type impinger train with no backup filter. For
analysis, a measured portion of each impinger sample was initially filtered for
insoluble chromium. It was assumed that all insoluble chromium was in the
trivalent state and all soluble chromium was in the hexavalent state. The
trivalent chromium was measured using inductively coupled argon plasmography
(ICAP). The soluble (hexavalent) chromium in each sample was measured using
the diphenylcarbazide colorimetric method as described in the tentative EPA
method for hexavalent chromium. Total chromium concentrations for each sample
were calculated as the sum of the hexavalent chromium concentration and the
trivalent chromium concentration. A complete description of each sampling

location and the sampling and analytical procedures are given in Chapter 4 and
Appendix C.

3.1.1 Scrubber Inlet

The scrubber inlet results represent the uncontrolled emissions from the
32-foot and 10-foot tanks at Piedmont Industrial Plating Company. Prior to
testing, a pitot tube traverse was conducted to determine the amount of flow
misalignment. The results demonstrated that the flow was parallel with the
duct (with an average flow misalignment angle of 5.5°) in spite of the
relatively short, straight runs of duct before and after the sampling
location. Since the gas conditions and chromium concentrations at the scrubber
inlet should not have been affected by the changing scrubber liquor concen-
trations (which is confirmed by the data), the discussion of the results will
simultaneously address the values for all twelve inlet runs.

Flue Gas Conditions and Isokinetic Sampling Rate - A summary of the flue

gas conditions at the scrubber inlet is presented in Table 3.2. The volumetric
flow rates were consistent at the inlet and averaged 17,400 actual cubic meters
per hour (614,000 actual cubic feet per hour). The flow rate at the inlet was
approximately 5% less than the outlet flow rate which is within reasonable
measurement error. The flue gas temperature averaged 26%¢ (78°F). with a

moisture content of 2.7 percent. The oxygen, carbon dioxide, and carbon
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TABLE 3.2. SUMMARY OF FLUE GAS CONDITIONS
Run Date Volumetric Flow Rate Stack Moisture 02 CO2 Isokinetic
No. (1986) b Temperature % & % %
Actual® Standard o °
acmh acfh dscmh dscfh [} F
3 3 3 3
x 10 x 10 % 10 x 10
Scrubber Inlet, 0.22 oz/gal CrO3
I-1 8/19 17.6 622 16.5 583 25 77 2.5 20.9 0.0 98.7
I-2 8/19 17.8 629 16.5 584 26 79 3.0 20.9( 0.0 99.0
I1-3 8/19 18.0 637 16.7 589 26 79 3.4 20,9 0.0 99.5
Average 17.8 629 16.6 585 26 78 3.0 20.9( 0.0
Scrubber Inlet, 3.36 oz/gal CrO3
I-4 8/20 17.1 603 16.0 566 26 78 2.9 20.9] 0.0 100.2
I-5 8/20 17.0 600 15.9 563 25 77 2.9 20.9( 0.0 97.7
I-6 8/20 17.1 604 16.1 567 25 77 3.0 20.9( 0.0 97.7
Average 17.1 602 16.0 565 25 77 2.9 20.9] 0.0
Scrubber Inlet, 6.13 oz/gal Cr03
I-7 8/21 17.2 608 16.2 574 26 78 2.6 20.9] 0.0 98.0
I-8 8/21 17.6 621 16.5 582 28 82 2.5 20.91 0.0 98.3
I-9 8/21 17.5 618 16.4 578 28 83 2.5 20.9( 0.0 98.1
Average 17.4 616 16.4 578 27 81 2.5 20.9( 0.0
Scrubber Inlet, 13.3 oz/gal Cro3
I-10 8/22 17.3 612 16.5 583 24 75 2.1 20.9] 0.0 97.2
I-11 8/22 17.2 608 16.3 574 26 78 2.5 20.9( 0.0 97.1
I-12 8/22 17.1 604 16.1 569 26 79 2.5 20.91 0.0 97.0
Average 17.2 608 16.3 575 25 77 2.4 20.9| 0.0
Scrubber Qutlet, 0.22 oz/gal CrO3
0-1 8/19 18.7 | 660 17.6 621 25 77 2.5 | 20.9| 0.0 100.6
0-2 8/19 18.9 668 17.9 631 26 78 2.0 20.9] 0.0 103.6
0-3% 8/19 18.7 662 17.5 617 27 80 2.8 20.9) 0.0 102.7
Average 18.8 664 17.8 626 26 78 2.2 20.9] 0.0
Scrubber Outlet, 3.36 oz/gal CrO3
0-4 8/20 18.1 638 17.1 605 26 78 2.0 20.91 0.0 102.1
0-5 8§/20 18.5 652 17.5 619 26 78 2.2 20.9| 0.0 103.0
0-6 8/20 18.0 634 17.0 601 26 79 2.1 20.9( 0.0 103.3
Average 18.2 641 17.2 608 26 78 2.1 20.9] 0.0
Scrubber Qutlet, 6.13 oz/gal Cr03
0-7 8/21 18.4| 650 17.4 616 26 78 2.7 20.9| 0.0 100.0
0-8 8/21 18.3 648 17.4 613 27 81 2.3 20.9( 0.0 100.8
0-9 8/21 18.1 639 17.1 605 27 80 2.4 20.91 0.0 101.5
Average 18.3 646 17.3 611 27 80 2.5 20.9) 0.0
Scrubber Outlet, 13.3 oz/gal CrO3
0=-10 8§/22 18.0| 637 17.2 607 26 78 2.2 20.9| 0.0 101.1
0-11 8/22 18.1 639 17.1 603 27 80 2.7 20.9] 0.0 101.4
0-12 8/22 17.9 632 17.1 605 26 79 1.5 20.9] 0.0 101.3
Average 18.0 636 17.1 605 26 79 2.1 20.9] 0.0

aVolumetric flow rate in

at stack conditions.

actual cubic meters per hour (acmh) and actual cubic feet per

hour (acfh)

Volumetric flow rate in dry standard cubic meters per hour (dscmh) and dry standard cubic feet

gper hour (dscfh).

Results for this run not included in average because heavy rain during run entered stack and

may have biased results.
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monoxide content was that of ambient air at 20.9, 0.0, and 0.0 percent, respec-
tively. The volumetric flow rate at standard conditions averaged 16,300 dry
standard cubic meters per hour (576,000 dry standard cubic feet per hour).
Standard conditions are 20°C (68°), 760 mm Hg (29.92 in. Hg), and dry basis.
The isokinetic sampling rates were well within the allowable for all twelve

sample runs.

Hexavalent Chromium Emissions - The hexavalent chromium emissions for each

test run (see Table 3.3) were fairly consistent for eleven out of the twelve
runs; however, the results indicate some variation in emissions based on
process operation. The results for run I-4 were about 3 times higher than for
the other runs, and it is suspected that the nozzle may have contacted the duct
wall at some time during the run. Therefore, the results for this run have not
been included in any of the averages. The uncontrolled hexavalent chromium
emissions averaged 5.5 milligrams per dry standard cubic meter (0.0024 graing

per dry standard cubic foot) and 0.091 kilograms per hour (0.199 pounds per
hour).

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

also were fairly consistent for eleven of the twelve test runs and averaged
about 11% higher than the hexavalent chromium emissions. The uncontrolled
emissions averaged 6.16 milligrams per dry standard cubic meter (0.0027 grains

per dry standard cubic foot) and 0.100 kilograms per hour (0.221 pounds per
hour).

3.1.2 Scrubber OQutlet

The scrubber outlet represents the controlled emissions from the 23-foot
and 10-foot plating tanks. Since the flue gas conditions did not vary with the
changing scrubber water concentrations, the results for all twelve outlet runs
are discussed in the following subsection. The chromium emission results at

each scrubber water chromic acid concentration are addressed in separate
subsections.
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TABLE 3.3. SUMMARY OF HEXAVALENT CHROMIUM AND TOTAL CHROMIUM EMISSIONS
Run Date Hexavalent Chromium Total Chromium
No. (1986) concentration mass emissions concentration mass emissions
mg/dscm | gr/dsct kg/h 1b/h mg/dscm gr/dsct kg/h 1b/h
x 1073 x 1073 x 1073 x 1073 | x 1073 x 1073
Scrubber Inlet, 0.22 oz/gal CrO3
I-1 8/19 4.499 1.966 74.2 163.7 5.156 2.253 85.1 187.6
1-2 8/19 7.065 3.087 116.9 257.6 7.978 3.486 132.0 290.9
I-3 8/19 7.035 3.074 117.4 258.7 8.057 3.521 134.4 296.3
Average 6.20 2.71 103 227 7.07 3.09 117 258
Scrubber Inlet, 3.36 oz/gal Cro3
I-4% 8/20 15.941 F 6.966 255.4 563.1 18.021 7.875 288.7 636.6
I-5 8/20 5.481 2.395 87.4 192.7 5.992 2.619 95.6 210.7
I-6 8/20 6.421 2.806 103.1 227.2 7.010 3.063 112.5 248.1
Average 5.95 2.60 95.2 210 6.50 2.84 104 229
Scrubber Inlet, 6.13 oz/gal CrO3
I-7 8/21 4.905 2.143 79.7 175.7 5.616 2.454 91.2 201.2
I-8 8/21 4,586 2.004 75.6 166.6 5.000 2.185 82.4 181.7
I-9 8/21 4,379 1.914 71.7 158.1 4.802 2.098 78.6 173.3
Average 4.62 2.02 76.3 167 5.14 2.25 84.1 185
Serubber Inlet, 13,3 oz/gal CrO3
I-10 8/22 6.065 2.650 (- 100.1 { 220.8 6.571 2.872 108.5 239.2
I-11 8/22 5.495 2.401 89.4 197.0 6.086 2.660 99.0 218.2
I-12 8/22 4.618 2.018 74.4 164.1 5.118 2.236 82.5 181.9
Average 5.39 2.36 88.0 194 5.93 2.59 96.7 213
Scrubber Qutlet, 0.22 oz/gal Cro3
0-1 8/19 0.0217 0.0095 0.381 3.840 0.037 0.016 0.644 1.420
0-2 8/19 0.0275 0.0120 0.491 1.083 0.036 0.016 0.648 1.428
Q=3%% 8/19 0.1463 0.0639 2.557 5.637 0.158 0.069 2.767 6.101
Average 0.024¢ 0.0108 0.436 0.962 0.036 0.016 0.646 1.42
Scrubber Qutlet, 3.36 oz/gal CrO3
0-4 8/20 0.0233 0.0102 0.400 0.883 0.040 0.017 0.678 1.494
0-5 8/20 0.0276 0.0121 0.484 1.067 0.047 0.021 0.829 1.828
0-6 8/20 0.0253 0.0111 0.431 0.950 0.045 0.020 0.774 1.707
Average 0.0254 0.0111 0.438 0.967 0.044 0.019 0.760 1.68
Scrubber OQutlet., 6.13 oz/gal CrO3
0-7 8/21 0.0301 0.0132 0.517 1.139 0.035 0.015 0.594 1.309
0-8 8/21 0.0392 0.0171 0.680 1.500 0.044 0.019 0.769 1.696
0=-9 8/21 0.0338 0.0147 0.578 1.274 0.039 0.017 0.672 1.481
Average 0.0344 0.0150 0.592 1.30 0.039 0.017 0.678 1.50
Scrubber Qutlet. 13.3 oz/gal CrO3
0-10 8/22 0.0319 0.0140 0.549 1220 1731 0.042 0.018 0.713 1.573
0-11 8/22 0.0321 0.0140 0.548 1.208 0.044 0.019 0,755 1.664
0-12 8/22 0.0395 0.0172 0.676 1.490 0.053 0.023 0.905 1.996
Average 0.0345 [ 0.0151 [ 0.591 291,30 0.046 0.020 | 0.791 1.74

* Results for this run not included in avera

wall during testing.

*#*Results for this rum not inclpded in average: heavy

biased results.
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Figure 3-1 presents the ranges for the hexavalent chromium emission
measurements made at four levels of scrubber water chromic acid concentrations.
[EPA to add explanatory paragraph. ]

The average total chromium emissions measured at the outlet were 15% to
74% higher than the average hexavalent chromium emissions measured at the
corregponding scrubber water chromic acid concentration. This was in contrast
to the total chromium emissions measured at the inlet which averaged about 11%
higher than the hexavalent chromium emissions, at all four scrubber water
concentrations. [EPA to add explanatory paragraph. ]
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Flue Gas Conditions and Isokinetic Sampling Rate - A summary of the flue

gas conditions at thé scrubber outlet is presented in Table 3.2. The results
from run 0-3 are not included in any of the averages because heavy rain during
that run entered the stack and may have biased the results. For subsequent
rung, a rain cap was constructed and installed on the stack.

The volumetric flow rate averaged 18,300 actual cubic meters per hour
(647,000 actual cubic feet per hour) with a flue gas temperature average of
26°¢ (78°F) and a moisture content of 2.2 percent. The oxygen, carbon dioxide,
and carbon monoxide content was that of ambient air at 20.9, 0.0, and 0.0
percent, respectively. The volumetric flow rate at standard conditions
averaged 17,400 dry standard cubic meters per hour (613,000 dry standard cubic
feet per hour). Standard conditions are 20°C (68°), 760 mm Hg (29.92 in. Hg),
and dry basis. The isokinetic sampling rates were well within the allowable

for all twelve sample runs.

Hexavalent and Total Chromium Emissions (Scrubber Liquor at 0.22 oz/gal) -

The controlled hexavalent chromium emissions for test runs 0-1 and O-2 were
fairly consistent when compared to the simultaneous inlet runs. The results
for run 0-3 were approximately 6 times greater than the other two runs. It is
believed that the heavy rains entering the stack during this run may have
solubilized chromium on the stack walls, which became re-entrained and biased
the results high., Therefore, the results of this run are not included in the
averages, Hexavalent chromium emissions for runs 0-1 and 0-2 averaged 0.025
milligrams per dry standard cubic meter (0.00001 grains per dry standard cubic
foot) and 0.00044 kilograms per hour (0.00096 pounds per hour).

Controlled total chromium emissions for test runs O-1 and 0-2 averaged
about 48% higher than the hexavalent chromium emissions., The total chromium
emissions averaged 0.036 milligrams per dry standard cubic meter (0.000016
grains per dry standard cubic foot) and 0.00065 kilograms per hour (0.0014
pounds per hour).

Hexavalent and Total Chromium Emissions (Scrubber Liquor at 3.36 oz/gal) -

The hexavalent chromium emissions were fairly consistent for each of the three
test runs (see Table 3.3). They were not significantly different from the
hexavalent chromium results with the scrubber liquor chromic¢ acid concentration

at 0.22 oz/gal. The controlled hexavalent chromium emissions averaged 0.025
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milligrams per dry standard cubic meter (0.00001 grains per dry standard cubic
foot) and 0.00044 kilograms per hour (0.00097 pounds per hour) .

The total chromium emissions were consistent for each test run and aver-
aged about 74% higher than the hexavalent chromium emissions. The controlled
emissions averaged 0.044 milligrams per dry standard cubic meter (0.00019
grains per dry standard cubic foot) and 0.00076 kilograms per hour (0.0017
pounds per hour).

Hexavalent and Total Chromium Emissions (Scrubber Liquor at 6.13 oz/gal) -

The controlled hexavalent chromium emissions for the test runs were fairly
consistent from run to run. They averaged about 40% higher than the values
measured when the scrubber liquor chromic acid concentration was at 0.22
oz/gal, and averaged 0.034 milligrams per dry standard cubic meter (0.000015
grains per dry standard cubic foot) and 0.00059 kilograms per hour (0.0013
pounds per hour).

The controlled total chromium emissions for each test run were very
consistent and averaged about 15% higher than the hexavalent chromium
emissions. The total chromium emissions averaged 0.039 milligrams per dry
standard cubic meter (0.000017 grains per dry standard cubic foot) and
0.00068 kilograms per hour (0.0015 pounds per hour).

Hexavalent and Total Chromium Emissions (Scrubber Liquor at 13.3 oz/gal) -

The controlled hexavalent chromium emissions for the test runs were fairly
consistent from run to-run. Overall, they averaged about 40% higher than those
measured when the scrubber liquor chromic acid concentration was at 0.22
oz/gal. For the three runs, the hexavalent chromium emission averages were
0.035 milligrams per dry standard cubic meter (0.000015 grains per dry standard
cubic foot) and 0.00059 kilograms per hour (O. 0013 pounds per hour).

The controlled total chromium emissions for each test run were very
consistent and averaged about 37% higher than the hexavalent chromium
emissions. The controlled total chromium emissions averaged 0.046 milligranms
per dry standard cubic meter (0.000020 grains per dry standard foot) and
0.00079 kilograms per hour (0.0017 pounds per hour).
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3.2 EMISSIONS IN UNITS OF PROCESS RATE AND CONTROL EQUIPMENT COLLECTION
EFFICIENCY
The emission rates in units of process rate are presented in terms of
grams of emissions per hour per square foot of tank surface area and in units
of milligrams emissions per amperage input to the plating operation expressed
in ampere-hours. To determine the collection efficiency of the scrubber, the
mass emission rates in milligrams per hour (uncontrolled emissions and

controlled emissions) were used for the calculations.

3.2.1 Emissions in Units of Process Rate

The emissions in terms of units of process rate are expressed in relation
to two process parameters, as shown in Table 3.4. The first is milligrams of
emissions per hour per amperage input per hour into the plating operation. The
second is grams of emissions per hour per square foot of tank surface area.

The surface area of the two tanks combined was 99 ft2 for all tests.

3.2.2 Scrubber Collection Efficiency

The collection efficiency of the packed-bed scrubber is presented in Table
3.4. It was measured with the scrubber recirculating water or scrubber water
at four different chromic acid concentrations to evaluate the effect of
increasing the concentration on scrubber efficiency. As is shown in Table 3.4,
the collection efficiency did not decrease significantly with scrubber liquor
chromic acid concentrations around 10 times the normal concentration at this
plant. At a scrubber water concentration of 0.22 oz/gal, the scrubber
collection efficiency averaged 99.54 percent by weight for hexavalent chromium
and 99.38 percent by weight for total chromium, At a scrubber water concen-
tration of 13.3 oz/gal, the scrubber collection efficiency averaged 99.32
percent by weight for hexavalent chromium and 99.16 percent by weight for total

chromium. The collection efficiencies for both hexavalent and total chromium
were fairly congistent.

3.3 ANALYSIS OF CHROME PLATING SOLUTIONS AND SCRUBBER LIQUOR

Grab samples of the chrome plating solution were taken from the plating
tanks at the middle of each run. Grab samples of the scrubber recirculating
water were taken from the scrubber reservoir at the beginning, middle, and end

of each test run. A summary of the results for these samples is shown in
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TABLE 3.4. SUMMARY OF EMISSION RATES IN UNITS OF PROCESS RATE AND EFFICIENCY

)

Uncontrolled Emissions (Inlet) Controlled Emissjions (Outlet) Collection Efficiency**
Run Process hexavalent total hexavalent total hexavalent total
Nos. Rate . chromium chromium chromium ‘ chromium chromium |chromium
amp-hr mg g/h mg g/h mg g/h mg g/h % %
2 2 2 2
amp-hr | ft # amp-hr | ft * amp-hr| ft * amp-hr | ft #

Scrubber Liquor, 0.22 oz/gal

I,0-1 12.218 | 12.15 0.75 13.93 ] 0.86 0.0624 |0.00384 0.105 0.0065 99.49 99.25
1.0-2 13.223( 17.68 1.18 19.97 | 1.33 0.0743 |0.00496 0.098 0.0065 99.58 99.51
1.0-3%**% 13,028 18.02 1.19 20.63 | 1.36 0.393 0.0258 0.425 0.0279 97.82 97.94
Avg. 12,720 14.9 0.96 17.0 1.10 0.068 0.0044 0.102 | 0.0065 99.54 99.38

Scrubber Liguor. 3.36 oz/gal

1.0-4%%% 8,556 59.70 2.58 67.48 | 2.92 0.0935 [0.00404 0.158 0.00685 99.84 99.76
I.0-5 9.488 | 18.42 0.883 20.15 | 0,97 0.102 0.00489 0.175 0.00837 99.45 99.13
I.0-6 8,466 | 24.36 1.041 26.58 1 1.14 0.102 0.00435 0.183 0.00782 99.58 99.31
Avg. 8,980 21.4 0.962 23.4 1.05 0.102 0.00462 0.179 0.00810 99.52 99.22
Scrubber Liguor. 6.13 oz/gal
I1.0-7 6,479 | 24.60 0.805 28.15 | 0,921 0.159 0.,00522 0.183 0.00600 99.35 99.35
I,0-8 6,399 23.63 0.764 25.75 ] 0.832 0,213 0.00687 0,240 0.00777 99.10 99.07
1,0-9 5.468 | 26,23 0.724 28.75 | 0.794 0.211 0.,00584 0.246 0.00679 99.19 99.14
Avg. 6.120| 24.8 0.764 27.6 0.849 0.194 0.00598 0.223 0.00685 99.22 99.19
Scrubber Liquor, 13.3 oz/gal
1.0-10 6,322( 31.67 1.011 34.32 | 1.096 0.174 0.00554 0.226 0.00720 99.49 99,34
I,0-11 6,250 28.61 0.903 31.68) 1.00 0.175 0.00554 0.242 0.00763| 99.39 99.24
I.0-12 6,668 22.32 0.752 24.75( 0,833 0.203 0.00683 0,271 0.00914 99.09 98.91
Avyg. 6,410 27.5 0.889 30.2 0.976 0.184 0.00597 0,246 0.00799 99.32 99.16

k&

"R

2
Emission rate in_units of grams per hour per square foot of tank surface (gr/hr/ft ) using

surface of 99 ft
Collection efficiency of control equipment is based on the uncontrolled and controlled emission

rate in units of emissions per hour.
Results for this run not included in average.
Average of the inlet and outlet values from Table 2-4.
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RUBBER RECIRCULATING WATER
CHROMIC ACID CONCENTRATIONS

Chromic Acid Concentrati

on of Solution (oz/gal)
10~Foot Tank Scrubber Watep

30.30 30.22 0.185

30.12 30.54 0.231

29.89 30.94 0.234

30.60 30.34

3?.86 30.86 3317

31,76 30.47 3.2

31.07
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Table 3.5. There were no significant differences between any of the tank
solutions with respect to chromic acid concentration. The table shows the
average chromic acid concentration for the scrubber recirculating water for
each day of testing. These average values have been used in the discussions of
the effect of varying the scrubber water concentration on chromium emissions.
Detailed analytical results for all the individual grab samples are presented
in Tables 3.6 and 3.7.

3.4  ANALYSIS FOR CHROMIUM IN IMPINGER SAMPLES

The summary of the analytical results for hexavalent and total chromium
obtained for each impinger train sample is presented in Table 3.8. The summary
of the analytical results for the plating tank and scrubber water grab samples
are, as previously stated, presented in Tables 3.6 and 3.7. The results shown
in these tables for hexavalent chromium (assumed to be all the soluble
chromium) are those obtained by analyzing a measured portion of each sample
using the EPA tentative method for hexavalent chromium "Determination of
Hexavalent Chromium Emissions from Stationary Sources" (see Appendix C). The
results shown for trivalent chromium (assumed to be all the insoluble chromium)
were obtained by taking another measured representative portion of the sample,
filtering it to catch the insoluble chromium, and analyzing the filter for
chromium using inductively-coupled argon plasmography (ICAP). Total catches
for hexavalent, trivalent, and total chromium were calculated using the sample
volume and concentrations(s) of hexavalent and/or trivalent chromium.

Quality assurance audit samples were analyzed using both the chromium
methods; the results are shown in the Quality Assurance Section (5.0). As can
be seen in Table 5.2, no bias was present using either of the methods and,
thus, the results are considered acceptable.

3.5 SUMMARY OF EVALUATIONS AND RESULTS FOR SCREENING METHOD TESTING

The alternative screening methods evaluated included trains using a
personnel sampling pump with either a midget impinger or a 37-mm Teflon filter
and gas detector tubes.

The screening method testing using a personnel sampling pump with a midget
impinger or 37-mm Teflon filter and cassette was conducted for nominal
30-minute sampling runs concurrent with both the inlet and outlet Method

13-type impinger train runs. The personnel sampling pump runs (using either
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TABLE 3.5. SUMMARY OF PLATING SOLUTION AND SCRUBBER RECIRCULATING WATER
CHROMIC ACID CONCENTRATIONS

Run Date Chromic Acid Concentration of Solution (oz/gal)
10-Foot Tank | 23-Foot Tank | Scrubber Water
I,0-1 8/19 30.30 30.22 0.185
I,0-2 8/19 30.12 30.54 0.231
I1,0-3 8/19 29.89 30.94 0.234
Average 30.10 30.57 0.217
I,0-4 8/20 30.60 30.34 3.37
1,0-5 8/20 30.86 30.86 3.41
I,0-6 8/20 31.76 30.47 3.29
Average 31.07 30.56 3.36
I1,0-7 8/21 30.70 30.54 6.75
I,0-8 8/21 29.89 30.38 6.04
I1,0-9 8/21 26.84 30.22 5.60
29.14 30.38 ° 6.13
I1,0-10 8/22 29.32 28.28 10.54*
I,0-11 8/22 30.60 28.54 15.38
I,0-12 8/22 30.60 28.80 14,11
Average 30.17 28.54 13.34

»*
Scrubber water drained into plating tank toward end of this run.

z
o
]
&
[0]
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TABLE 3.6. ANALYTICAL RESULTS FOR CHROMIUM CONCENTRATION
IN 23-FOOT AND 10-FOQT PLATING TANK GRAB SAMPLES

Chromium Concentration

Run Date Cr+6 Cr+3 Total Cr
No. (1986) g/L g/L g/L
10~Foot Plating Tank
1 8/19 118.0 0.003 118.00
2 8/19 117.4 0.001 117.40
3 8/19 116.4 0.011 116.41
4 8/20 119.2 0.007 119.21
5 8/20 120.2 0.002 120.20
6 8/20 123.7 0.006 123.71
7 | 821 119.6 | 0.001 119.60
8 8/21 116.6 0.001 116.60
9 8/21 104.6 0.002 104.60
10 8/22 114.2 0.002 114,20
11 8/22 119.2 0.007 119.21
12 8/22 119.2 0.001 119.20
23~Foot Plating Tank
1 8/19 117.7 0.003 | 117.70
2 8/19 118.9 0.005 118.90
3 8/19 120.5 0.011 120.51
4 8/20 118.2 0.007 118.21
5 8/20 120.2 0.001 120.20
6 8/20 118.7 0.000 118.70
7 8/21 119.0 0.002 119.00
8 8/21 118.3 0.001 118.30
9 8/21 117.7 0.002 117.70
10 8/21 110.2 0.001 110.20
11 8/22 111,2 0.002 111.20
12 8/22 112.2 0.001 112.20
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TABLE 3.7. ANALYTICAL RESULTS FOR CHROMIUM CONCENTRATION
IN SCRUBBER RECIRCULATING WATER GRAB SAMPLES

ol ood omd oo mm o omd

. i s s

. 1 J
s s

Chromjium Concentration
Run #/| Date Cr+6 Cr+3 Total Cr
Sample #| (1986) g/L g/L g/L
1-1 8/19 0.65 0.005 0.66
1=-2 8/19 0.68 0.002 0.68
1-3 8/19 0.82 0.002 0.82
2-1 8/19 0.84 0.001 0.84
2-2 8/19 0.89 '0.002 0.89
2-3 8/19 0.98 0.003 0.98
3-1 8/19 0.77 0.004 0.77
3-2 8/19 1.03 0.001 1.03
3=3 8/19 0.94 0.001 0.94
4-1 8/20 13.45 0.001 13.45
4-2 8/20 12.78 0.001 12.78
43 8/20 13.09 0.004 13.09
5-1 8/20 14,22 0.002 14.22
5-2 8/20 12.47 0.001 12.47
5-3 8/20 13.15 0.002 13.15
6-1 8/20 13.45 0.001 13.45
6-2 8/20 12.14 0.001 12,14
6-3 8/20 12.77 0.001 12.77
7-1 8/21 26.45 0.003 26.46
7-2 8/21 27.82 0.003 27.82
7-3 8/21 24.54 0.003 24 .54
8-1 8/21 23.17 0.005 23.17
8-2 8/21 24.33 0.005 24,34
8-3 8/21 23.04 0.005 23.04
9-1 8/21 23.72 0.005 23.72
9-2 8/21 21.67 0.004 21.67
9-3 8/21 19.96 0.007 19,97
10-1 8/22 52.27 0.010 52.28
10-2 8/22 62.38 0.006 62.39
10-3* 8/22 8.34 0.002 8.34
11-1 8/22 57.18 0.005 57.19
11-2 8/22 60.36 0.005 60.37
11-3 8/22 61.95 0.003 61.95
12-1 8/22 53.39 0.006 53.39
12-2 8/22 58.56 0.000 58.56
12-3 8/22 52.78 0.006 52.78
*Scrubber water drained into plating tank prior to

time this sample was taken.
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TABLE 3.8. ANALYTICAL RESULTS FOR HEXAVALENT AND TRIVALENT CHROMIUM
IN IMPINGER TRAINS

Total Catch | Total Catch | Total Catch
Run Date Cr +6 Cr +3 Total Cr
No. (1986) | Sample Type (mg) (mg) (ng)
Scrubber Inlet
I-1 8/19 Impinger 11.40 1.66 13.06
I-2 8/19 Impinger 17.99 2.32 20.31
I-3 8/19 Impinger 18.15 2.64 20.79
I-4 8/20 Impinger 39.81 5.20 45.00
I-5 8/20 Impinger 13.28 1.24 14.52
I-6 8/20 Impinger 15.65 1.43 17.09
I-7 8/21 Impinger 12.14 1.77 13.90
I-8 8/21 Impinger 11.56 1.04 12,60
I-9 8/21 Impinger 10.93 1.05 11.99
I-10 8/22 Impinger 15.13 1.26 16.39
I-11 8/22 Impinger 13.49 1.45 14 .94
I-12 8/22 | Impinger 11.22 1,22 12.44
Scrubber Outlet

0-1 8/19 Impinger 0.083 0.058 0.141
0=-2 8/19 Impinger 0.111 0.035 0.146
0-3 8/19 Impinger 0.571 0.047 0.618
0-4 8/20 Impinger 0.091 0.050 0.141
0-5 8/20 Inpinger 0.102 0.072 0.174
0-6 8/20 Impinger 0.091 0.072 0.163
0-7 8/21 Impinger 0.105 0.016 0.121
0-8 8/21 | Impinger 0.140 0.018 0.158
0-9 8/21 Impinger 0.120 0.019 0.139
0-10 8/22 Impinger 0.113 0.034 0.147
0-11 8/22 Impinger 0.113 0.043 0.156
0-12 8/22 Impinger 0.140 0.047 0.187
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the impinger or filter) were conducted through whichever port at each location
was not occupied by the impinger train. Since the Method 13-type impinger
train runs were two hours in duration, it was possible to conduct a personnel
sampling pump run first with the impinger for 30 minutes and then with the
filter for 30 minutes, without interferring with the impinger train run.

Detector tube measurements were made'towards the end or directly following
each Method 13-type impinger train run, as time allowed. Both the detector
tube sample pump and an extra personnel sampling pump were used to draw samples
through the detector tubes.

Table 3.9 summarizes the analytical results for hexavalent and trivalent
chromium for the samples collected for the screening method tests using a
personnel sampling pump. The results for hexavalent chromium (assumed to be
all the soluble chromium) were obtained by the EPA draft method for hexavalent
chromium. The results for trivalent chromium (assumed to be all the insoluble
chromium) were obtained using ICAP to measure the chromium caught in a filtered
representative portion of the sample. Trivalent chromium was not analyzed for
the filter samples. Total chromium catches were calculated as discussed for
Table 3.8.

Table 3.10 presents a summary of the sampling parameters and chromium
emission results for each screening method run. Each of the sampling pumps
used was calibrated prior to the testing and the calibration values used to
calculate the actual flow rate during testing. All filter and impinger runs
were approximately 30 minutes in duration; exact sampling times are listed in
Table 3.10. The total volume of gas sampled was calculated by multiplying the
actual flow rate by the sampling time and correcting to standard conditions
(68°F and 29.92 in. Hg) using the barometric pressure and stack gas temperature
measured for the corresponding impinger train run. The catch weights of
chromium from Table 3.9 were then used to calculate the mass emission values
shown in Table 3.10. The following sections discuss the results for each

screening method in more detail, Comparative results are presented in Table
3.11.,

3.5.1 Detector Tubes

The results for the detector tubes shown in Table 3.11 indicate that they
are totally unacceptable as a screening method.

Detector tubes specific for a particular compound or element are used in
combination with a hand pump. The pump is designed to pull a precise volume
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TABLE 3.9. ANALYTICAL RESULTS FOR HEXAVALENT AND TRIVALENT CHROMIUM
IN SCREENING METHOD SAMPLES
Total+gatch Total+§atch Total Catch
Run Date Sample Cr Cr Total Cr
No. (1986) Type ug ug** ug
Scrubber Inlet
I-1 8/19 Impinger 398.14 29.075 427.22
I-2 8§/19 Impinger 245.39 17.050 262.44
I-3 8/19 | Impinger 598.46 42.275 640.74
I-4% 8/20 Impinger 410.66 24.075 434.74
I-5 8/20 Impinger 26.29 2.450 28.74
I-6%* 8/20 Impinger 10.02 £0.25 10.02
I-7 8/21 Impinger 570.91 36.125 607.04
I-8 8/21 | Impinger 355.57 23.850 379.42
I-9 8/21 Impinger 127.70 6.900 134.60
I-10 8/22 Impinger 175.28 7.850 183.13
I-11 8/22 Impinger 300.48 19.125 319.61
I-12 8/22 Impinger 518.33 32.475 550.81
I-1 8/19 Filter 305.5
I-2 8/19 | Filter 702.9
I-3 8/19 Filter 653.4
I-4 8/20 Filter 1,230.3
I-5% 8/20 Filter -
I-6 8/20 Filter 33.3
I-7 8/21 Filter 282.1
I-.8 8/21 Filter 326.0
I-9 8/21 Filter 295.1
I-10 8/22 Filter 571.7
I-11 8/22 Filter 504.6
I-12 8/22 Filter 175.0
Scrubber Outlet
0-1 8/19 Impinger 0.7 <0.25 0.7
0=-2 8/19 Impinger 0.7 0.350 1.05
0-3 8/19 Impinger 11.0 £0.25 11.0
0-4 8/20 Impinger 0.2 0.275 Q.48
0-5* 8/20 Impinger 0.3 <0.25 0.3
0-6 8/20 Impinger 1.2 £0.25 1.2
0-7 8/21 Impinger 1.2 <0.25 1.2
0-8 8/21 Impinger 2.5 <0.25 2.5
0-9 8/21 Impinger 3.0 <0.25 3.0
0-10 8/22 Impinger 0.7 <0.25 0.7
0-11 8/22 | Impinger 5.8 £0.25 5.8
0-12 8/22 Impinger 1.3 <0.25 1.3
0-1 8/19 | Filter 1.66
0=-2 8/19 Filter 3.04
0-3 8/19 | Filter 9.45
0-4 8/20 | Filter 2.26
0-5 8/20 Filter 1.81
0-6 8/20 Filter 5.83
0=-7 8/21 Filter 3.81
0-8 8/21 Filter 4.51
0-9 8/21 Filter 5.45
0-10 8/22 Filter 1.68
0=11 8/22 Filter 2.93
0-12 8/22 Filter 1.65

*®
¢y RuUns aborted or not conducted for technical reasons.
Due to dilution factors, 0.25 ug is the lower detection limit for this

analytical metheod.
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TABLE 3.10. SUMMARY OF SAMPLING PARAMETERS AND CHROMIUM EMISSION RESULTS
FOR SCREENING METHODS USING PERSONNEL SAMPLING PUMP

Flow Sampling | Total Vol. Mass Emissions
Run Date Sample Rate Time Sampled Cr+6 Total Cr
No. (1986) Type L/min min L. std mg/dsem | mg/dscm

Scrubber Inlet
I-1 8/19 Impinger 0.924 30.0 26.66 14.93 16.02
I-2 8/19 Impinger 0.924 30.0 26.67 9.20 9.84
I-3 8/19 Impinger 0.924 29.5 26.23 22.82 24.43
I-4% 8/20 Impinger - - - - -
I-5 8/20 Impinger 0.935 32.0 29.09 0.90 0.99
1-6% 8/20 Impinger - - -- -~ -
I~-7 8/21 Impinger 0.924 31.0 27.89 20.47 21.77
I-8 8/21 Impinger 0.924 34.0 30.37 11.71 12.49
I-9 8/21 Impinger 0.924 29.5 26.30 4.86 5.12
I-10 B8/22 Impinger 0.930 30.0 27.32 6.42 6.70
I-11| 8/22 Impinger 0.911 60.6 53.71 5.59 5.95
I-12 8/22 Impinger 0.911 40.0 35.44 14.63 15.54
I-1 8/19 Filter 3.646 30.0 105.68 2.89
I-2 8/19 Filter 3.325 30.0 96.02 7.32
I-3 8/19 Filter 3.417 27.0 88.82 7.36
I-4 8/20 Filter 3.458 30.0 100.72 12.22
1-5% 8/20 Filter - - -- -
I-6 8/20 Filter 3.602 40.0 140.15 0.24
I-7 8/21 Filter 3.602 32.0 112.29 2.51
I-8 8/21 Filter 3.602 35.0 121.91 2.67
I-9 8/21 Filter 3.602 37.5 128.71 2.29
I-10 8/22 Filter 2.617 30.0 76.91 7.43
I-11 8/22 Filter 2.617 35.0 89.23 5.66
1-12 8/22 Filter 2.477 32.0 77.06 2.27
Scrubber Outlet

0=-1 8/19 Impinger 0.930 20.0 18.06 0.04 0.04
0-2 8/19 Impinger 0.935 30.0 27.04 0.03 0.04
0-23% 8/19 Impinger - -- - -— -
0-4 8/20 Impinger 0.930 30.0 26.80 0.01 0.02
Q-5% 8/20 Impinger -— - - -- -
0-6 8/20 Impinger 0.93% 30.0 27.17 0.04 0.04
0-7 8/21 Impinger 0.925 61.0 54.98 0.02 0.02
0-8 8/21 Impinger 0.930 34.0 30.62 0.08 0.08
0=-9 8/21 Impinger 0.930 33.0 29.78 0.10 0.10
0-10 8/22 Impinger 0.924 30.0 26.99 0.03 0.03
0-11 8/22 Impingex 0.924 30.0 26.89 0.22 0.22
0-12 8/22 Impinger 0.924 38.5 34.58 0.04 0.04
0-1 8/19 Filter 3.670 30.0 106.35 0.02
0-2 8/19 Filter 3.460 28.0 93.37 0.03
0-3 8/19 Filter 3.037 33.0 96.30 0.10
0=-4 8/20 Filter 3.347 30.0 97.13 0.02
0=-5 8/20 Filter 3.271 31.0 98.45 0.02
0-6 8/20 Filter 2.710 40.0 105.05 0.06
0-7 8/21 Filter 2.929 32.0 91.30 0.04
0-8 8/21 Filter 2.650 35.0 89,84 0.05
0-9 8/21 Filter 2.719 36.0 95.02 0.06
0-10 8/22 Filter 3.602 30.0 105.27 0.02
0-11 8/22 Filter 3.602 34.5 120.62 0.02
0-12 8/22 Filter 3.602 32.0 112.08 0.01

*
Runs aborted or not conducted for technical reasons.

3-20



TABLE 3,11, COMPARISON OF IMPINGER TRAIN AND SCREENING METHOD RESULTS
Concentration of Hexavalent Chromium
and Relative Percent Difference from
Inpinger Train Value
Impinger Screening Method
Run Train Impinger Filter Detector Tube
No. mg/dscm mg/dscm| % ng/dscm| % mg/m3 %
Scubber Inlet
I-1 4,50 14,93 232 2.89 - 36 1.0 - 78
I-2 7.07 9.20 30 7.32 4 1.0 >-86
I-3 7.04 22.82 224 7.36 5 * *
I-4 15.94 * * 12,22 - 23 1.0 - 94
I-5 5.48 0.90 |- 84 * * * *
I-6 6.42 * * 0.24 - 96 2.0 - 69
I-7 4,90 20.47 317 2.51 - 49 * *
I-8 4 .59 11.71 155 2.67 - 42 0.4 - 91
1-9 4,38 4.86 11 2.29 - 48 0.5 - 89
I-10 6.06 6.42 6 7.43 27 1.0 - 84
I-11 5.50 5.59 2 5.66 3 1.65 - 70
I-12 4.62 14.63 217 2.27 - 51 2.0 - 57
Scrubber Qutlet

0-1 0.022 0.039 79 0.016 - 28 0.1 362
0-2 0.028 0.026 -6 0.033 18 0.15 45
0-3 0.146 * * 0.098 - 33 0.1 - 32
0-4 0.023 0.007 - 68 0.023 0 0.1 >328
0-5 0.028 * * 0.018 ~ 33 0.1 >262
0-6 0.025 0.044 75 0.055 120 0.1 2295
0-7 0.030 0.022 - 28 0.042 38 0.017 - 44
0-8 0.039 0.082 108 0.050 28 * *
0-9 0.034 0.101 199 0.057 70 * *
0-10 0.032 0.026 - 19 0.016 - 50 0.02 - 37
0-11 0.032 0.216 572 0.024 ~ 24 0.02 - 38
0-12 0.039 0.038 -5 0.015 - 63 0.03 - 24

*Runs not conducted, aborted,

or data not
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of gas sample through a detector tube. The compound of interest in the air
reacts with the reagent(s) in the tube which affects a color change indicating
the concentration of the compound by stain length or depth of coloration. The
number of pump strokes is specified for the tube to read in the range of
concentrations for which a tube is designed. In some cases, as was done for
this testing, the number of stokes may be increased or decreased to test
concentrations outside this range.

In general, detector tubes are designed to measure low concentrations of a
compound in ambient air. In the case of chromic acid testing, when the sample
concentrations drawn through the tubes were in excess of the indicating
capacity of the tubes, they often gave an indication representative of a lesser
concentration. Determining the exact color of a tube was also a problem. Many
times the color was between or lighter than the colors of the color comparison
tube. In addition, the color indication band on the chromic acid tubes begins
to fade within 15 to 30 minutes of sampling. Therefore, they could not be
submitted to a responsible party for confirmation of the results.

To use detector tubes as a screening method, it would be necessary to know
the approximate concentration of the gas being measured to be able to gauge the
number of pump strokes required to obtain a reading. In many cases, this
information would not be readily available. Therefore, numerous tubes would
have to be run to bracket the number of pump strokes required. Based on the
lack of reproducibility and accuracy shown in this test series, this procedure
would be difficult at best. Any variations in process rate during the
bracketing would cause additional difficulty.

As the chromic acid concentration of the gas being measured decreases, the
number of pump strokes required for an indication increases. Some of the tube
readings taken on this test required more than 100 pump strokes. Because of
the rate of sample passage through the packing in the tube, the time required
for one pump stroke is approximately 10 seconds. This means that 100 pump
strokes require about an hour to accomplish. This would easily cause operator
fatigue, particularly since it is highly likely that more than one tube reading
would be necessary.

Based on the results and experience from this test and additional work by
both EPA and EPA contractor personnel (see the EPA memo in Appendix C), the
detector tubes are not considered a viable screening technique for this
application,
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3.5.2 Filter and Personnel Pump Train

The results of sampling with the filter and personnel pump presented in
Table 3.11 suggests that this method may be acceptable. Most of the measured
values from the filter screening method were within 50% of the impinger train
value,

As demonstrated by the data in Table 3.12, almost all of the sample was
collected in the nozzle and probe portions of the train. The precision of this
screening method would probably improve and be within an acceptable range if
one of two modifications was made. The first would involve using the existing
train and improving the probe cleaning (sample recovery) technique. The second
(and probably better) modification would involve eliminating the probe and
using the filter cassette in-gtack with only a nozzle in front of it. This
method would result in a greater proportion of the catch on the filter and
would yield less surface area from which to recover the sample.

This screening method could be used as is, but the precision would
probably improve with the addition of one of the above mentioned modifi-
cations. In addition, the method can be readily performed by any individual
skilled in plant maintenance or laboratory operations.

3.5.3 Impinger and Personnel Pump Train

The results shown in Table 3.11 for the single impinger and the personnel
pump train would generally be considered too imprecise to be used as a
screening method. The precision of the method could probably be improved by
modifying the sampling procedures to include better probe ¢leaning techniques.

The main reason for the imprecision is probably the same as for the filter
train, that most of the sample is collected in the nozzle and probe. Due to
the size of the impinger and the fact that it must be maintained in an upright
position, it would not be advantageous to remove the probe from the train and
sample with the impinger in the stack.

The impinger and personnel pump train as a screening method did not demon-
strate any advantage over the filter train. In fact, it would require greater

skill to operate and should therefore only be considered a weak alternative to
the filter train system.
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l TABLE 3.12. COMPARISON OF CHROMIUM CATCH ON FILTER VS, IN PROBE RINSE
l Run Percentage of Total Hexavalent Chromium Catch
Filter Probe
I-1-F 0.16% 99.84%
l I-2-F 0.56% 99.44%
I-3-F 0.06% 99,944
I-4-F 0.03% 99.97%
I I-5-F — —
I-6-F 0.30% 99.70%
I-7-F 0.04% 99.96%
1-8-F 0.03% 99.97%
I I-9-F 0.04% 99,96Y%
I-10-F 0.13% 99.87%
I-11-F 0.32% 99,68%
I I-12-F 2.85% 97.15%
Average 0.41% 99.59%
I 0-1-F 8.76% 91.24%
0-2-F 29.63% 70.37%
0-3-F 9.90% 90.10%
I 0-4-F 26.17% 73.83%
0-5-F 13.72% 86.28%
0-6-F 7.20% 92.80%
I 0-~7-F 14.63% 85.37%
0-8-F 28.38% 71.62%
0-9-F 11.49% 88.51%
0-10-F 5.62% 94.38%
I 0-11-F 3.30% 96.70%
0-12-F 5.71% 94 .29%
l Average 13.71% 86.29%
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4.0 SAMPLING LOCATIONS AND TEST METHODS

This section describes the sampling locations and test methods used to
characterize emissions from the hard chromium plating tanks at Piedmont
Industrial Plating Company in Statesville, North Carolina. Five sampling
locations were used in the emissions testing program. At two sampling
locations (one at the scrubber inlet and one at the scrubber outlet), emissions
testing was conducted for hexavalent and total chromium using a Method-13 type
impinger train. Total chromium content was calculated as the sum of the
hexavalent and trivalent chromium. At the large and small plating tank
locations, grab samples were taken at the middle of each sampling run. Three
grab samples per sampling run were collected from the fifth location, the
scrubber recirculating water reservoir. All grab samples were analyzed for
hexavalent and trivalent chromium concentrations. The relative positions and
the type of testing conducted at each location are shown in the simplified
process flow diagram (see Figure 4.1) and accompanying Table 4.1. The

subsections that follow further describe each sampling location and applicable
test methods.

4.1 SCRUBBER INLET (SAMPLING LOCATION A)

Hexavalent chromium and total chromium emissions were measured at the inlet
to the scrubber, as shown in Figure 4.2. Two sampling ports were installed
90o apart in the horizontal circular duct (27 inches in diameter). These ports
were located 8.8 inches (0.33 duct diameters) upstream of a bend in the duct to
the scrubber and 55.2 inches (2.04 duct diameters) downstream from another
bend.

For the Method 13-type impinger train testing (refer to Appendix C for
further discussion of sampling train and sample analysis procedures), a total
of 24 points as per Method 1, were sampled. Each of the 24 points was sampled
for 5 minutes for a total of 120 minutes of sampling per run. Each run was

performed concurrently with sampling at the scrubber outlet location.



"SNOILYI0T ONITdWYS GNY MOV 40 JILVWEHIS 'L’y NOIJ

/vw,/m/////ﬁﬂ///r/ﬂ/.vvmf/,/é ,“W///NA////AVWW////éwO////Nﬂ/ /A
3 N N d M
SNVL 1004-01 W // NNV 1004-€7 //,///
,,//,, W \
o y
ooy SGOOH v/,/A,,//,/,w// N e 500 S
L
X J 3
\ [
VM Tivm
. v T h ,
Q Ty
—_— L IGAMIIS
MOTRHY / — 38-0IVd NV
I10NIS ‘al

:gN3931 f TIvng




TABLE 4.1. SAMPLING PLAN FOR PIEDMONT INDUSTRIAL PLATING COMPANY
Sampling Number
Sample Type Locations of Samples Methods*
Standards Setting

Hexavalent Cr A&B 12 each Method 13-Type Impinger
Train §6Tentative Method
for Cr

Total Cr A&B 12 each Method 13-Type Impinger
Tra%n & ICP Analysis for

+

Cr

Hexavalent & C 12 sets of 3 grab Tentatige EPA Method +3

Total Cr D 12 grab for Cr ~ & ICP for Cr

E 12 grab

Screening Methods Developmen

s

Hexavalent &
Total Cr

Hexavalent &
Total Chromium

Chromic Acid

A&B

AgLB

AgLB

12 each

12 each

Personnel Monitoring Pump
with Midget Impinger and
Teggative EPA Methog3for
Cr ~ and ICP for Cr

Personnel Monitoring Pump
with Teflon Filter and
Tentative EPA+gethod for
Hexavalent Cr

Detector Tubes

* ICP: Inductively-Coupled Argon Plasmography
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FIGURE 4.2. PIEDMONT INDUSTRIAL PLATING COMPANY: SCRUBBER INLET.
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4.2 SCRUBBER QUTLET (SAMPLING LOCATION B)

Hexavalent chromium and total chromium emissions were measured at the
scrubber outlet as shown in Figure 4.3. Two sampling ports were installed 90°
apart in the vertical circular stack (24 inches in diameter). These ports
were located 14 inches (0.58 duct diameters) upstream from the stack exit and
56 inches (2.33 duct diameters) downstream from the fan.

For the Method 13-type impinger train testing (refer to Appendix C for
further discussion of sampling train and sample analysis procedures), a total
of 24 points as per Method 1, were sampled. Each of the 24 points was sampled
for 5 minutes for a total of 120 minutes of sampling per run. Each run was

performed concurrently with sampling at the scrubber inlet location.

4.3 SCRUBBER RECIRCULATION WATER RESERVOIR (SAMPLING LOCATION C)

During each sampling run, three grab samples of the scrubber recirculation
water were taken from the scrubber reservoir (Sampling Location C). The
samples were analyzed for hexavalent and trivalent chromium concentrations.

The chromium concentration of the scrubber recirculation water was varied prior
to each day's testing by transferring a pre-determined volume of plating .
solution from the plating tanks into the scrubber reservoir, Three

simultaneous inlet and outlet emission sampling runs were performed at each of
the four scrubber water chromium concentrations.

4.4 PLATING TANK SOLUTIONS (SAMPLING LOCATIONS D AND E)
At the middle of each sampling test run, grab samples of the plating tank
solution of both the 23-foot (Sampling Location D) and 10-foot (Sampling

Location E) tanks were collected. The samples were analyzed for hexavalent and
trivalent chromium concentrations.

4.5 VELOCITY AND TEMPERATURE

A type S pitot tube and magnehelic gauges were used to measure the gas
velocity pressure (delta P). Velocity pressures were measured at each sampling
point across the duct or stack to determine an average value according to the
procedures outlined in Method 2. The temperature at each sampling point was

measured using a thermocouple and digital readout.
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4.6 MOLECULAR WEIGHT

The flue gas composition and molecular weight were assumed to be those of

ambient air.

4.7 SAMPLING TRAINS

Hexavalent Chromium and Total Chromium - A Method 13-type impinger train

was used to capture chromium emissions at Sampling Locations A and B. All
tests were conducted iscokinetically by traversing the cross-sectional area of
the duct or stack and regulating the sample flow rate relative to the flue gas
flow rate as measured by the pitot tube attached to the sample probe. The
sampling train consisted of a heated, glass-lined probe, a filter bypass, four
impingers (the first two containing 100 ml of 0.1N NaOH each and the fourth
cohtaining silica gel).  Previous test programs using Method 13-type trains
have shown greater than 99% hexavalent and total chromium collection prior to a
back half filter. As a result, this test program opted to omit the use of a
filter in the sampling train. A deionized water rinse of the nozzle, probe,

and first three impingers was made at the end of each test.

Personnel Monitoring_Pump - Personnel monitoring pump sampling was

performed twice per run concurrent with the impinger train runs. During each
120-minute impinger train sampling run, two 30 to 45 minute personnel
monitoring pump sampling runs were performed, one using a midget impinger
containing 15 ml of 0.1N NaOH and one using a 37-mm Teflon filter for
collecting the chromium emissions. Sampling was conducted at both the inlet
(Sampling Location A) and the outlet (Sampling Location B) of the packed-bed
scrubber. The sampling trains consisted of a 2-1/2 foot Teflon tube-lined
probe, the midget impinger or filter cassette with a Teflon filter, and the
personnel sampling pump. The pump was set to sample at 1.0 liter per minute
for the impinger runs and 3.5 to 4.0 liters per minute for the filter runs.
All samples were analyzed for hexavalent chromium content; midget impinger

samples were also analyzed for trivalent chromium content.

Detector Tube Sampling - Detector tube sampling was performed during or
immediately following each impinger train run. Samples were collected at both
Sampling Locations A and B using a Draeger™ pump and Draeger chromic acid

detector tubes following the manufacturer's instructions. In cases where
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greater than 200 pump strokes were required to elicit an indication on the

detector tube, a personnel sampling pump was used to draw the stack gas through
the tube.

4.8 HEXAVALENT CHROMIUM CONTENT

Hexavalent chromium content was determined utilizing procedures described
in the tentative EPA Method "Determination of Hexavalent Chromium Emissions
from Stationary Sources" (see Appendix C); the assumption was made that all
soluble chromium was in the hexavalent state. At the end of each Method
13-type impinger train run, the impinger reagent and train rinsings were
combined into one sample which was analyzed for hexavalent chromium content
using this method. This method was also used to determine the hexavalent
chromium content in the process grab samples and in the personnel monitoring
pump samples (impinger and filter samples) that were collected.

4.9 TRIVALENT CHROMIUM CONTENT

Trivalent chromium content was determined using Inductively Coupled Argon
Plasmography (ICP) (see Appendix C); the assumption was made that all insoluble
chromium was in the trivalent state. Portions of each impinger and each
Process sample were initially filtered. Then the filters were nitric acid-
digested and the digestate was analyzed for chromium by RTI using ICAP. Total
chromium contents of the impinger samples, process samples, and midget impinger

samples were calculated using the analytical results for hexavalent chromium
and trivalent chromium,
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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 used to ensure

that the testing and analytical procedures produced quality data.

® Calibration of field sampling equipment. (Appendix D describes
calibration guidelines in more detail.)

® Checks of train configuration and on calculations.

® On-site quality assurance checks such as sampling train, pitot tube,
and quality assurance checks of all test equipment prior to use.

® VUse of designated analytical equipment and sampling reagents.

Table 5.1 summarizes the on-site audit data sheets for the sampling
equipment used for the testing at each sampling location, including deviation
limits. In addition to the pre- and post-test calibration auditsg, a field
audit was performed on the meter boxes used for sampling. Entropy used the
procedures described in the December 14, 1983 Federal Register (48FR55670).

Appendix D includes the audit run data sheets for each dry gas meter used for
the testing and audit data sheets for the other sampling equipment.

Audit samples prepared by Entropy were used to check the analytical
procedures of the laboratory conducting the hexavalent and trivalent chromium
analyses. One of these samples was a hexavalent chromium solution (QA-2).
the other sample was prepared by passing a hexavalent chromium solution
through the same type of filter used to collect trivalent chromium. This was

done to confirm that only trivalent chromium would be collected. Table 5.2
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TABLE 5.1. FIELD EQUIPMENT CALIBRATION

Within
Allowable | Actual Allowable
Equipment Reference Error Error Limits

Scrubber Inlet

Meter box (N-6) Wet test meter Y + 0.03Y | 0.0115 v’

Meter box thermometer | ASTM-3F at ambient 5 op 1 °F 4///
temparture

Impinger thermometer ASTM-3F at ambient 2 % 0 °F 1///
temperature

Stack thermometer ASTM-3F at ambient 7 Op 0 °r 1”7
temperature

Scubber Qutlet

Meter box (N-8) Wet test meter Y + 0103Y | 0.0137 v’

Meter box thermometer | ASTM-3F at ambient 5 Op 0 °F 1//
temperature

Impinger thermometer ASTM-3F at ambient 2 %F 2 %F 1///
temperature

Stack thermometer ASTM-3F at ambient 7 Op 3 %p L///
temperature
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presents the results of these analyticé.l audits; they indicate that the
analytical techniques were accurate,

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 IIT of the Quality Assurance Handbook.
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TABLE

5.2.

AUDIT REPORT CHROMIUM ANALYSIS

plant: Aedwont Tndusinisl f%?‘?;"j Task No.: 3508~

Date Semples Received: _ 5/ BG Date Analyzed: 7 / 86

Samples Analyzed By: A7 L |

Reviewed By: Frter lwh se Date of Review:  7/8(
Sample ug/mL Source of Analytical Audit | Relative
Number er*® or Cr Sample Technique Value | Error, %
Gh-l |G < ™|oAD/EBLL  ICP 0.0 | 0.0
GA-Z | fug/ml Crt¥| QAD Zcf .03 | +3.6
QA-2. |/ug/mb Crte| GAD Cr e /.0/ +{.0
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Nomenclature and Dimensions
As cross-sectional area of stack, ft2
An area of sampling nozzle, ft2
Bws proportiona] by volume of water vapor in the gas stream, dimen-
sionless
Cp pitot tube coefficient, dimensionless
C's = concentration of particulate matter in stack gas, g/scf, dry
basis
4 CO = percent of carbon monoxide by volume, dry basis
% CO2 percent of carbon dioxide by volume, dry basis
AH = average pressure drop across the orifice meter, in. of HZO
1 = percent of isokinetic sampling
La maximum acceptable ]eakage rate for either a pretest leak or for
a leak check following a component chance; equal to 0.00057
m3/min (0.02 ¢fm) or 4 percent of the average sampling rate,
whichever is less
Md dry molecular weight, 1b/1b-mole.
Mn total amount of particulate matter collected, mg
MS molecular weight of stack gas (wet basis), 1b/1b-mole
% N2 percent of nitrogen by volume, dry basis
% O2 percent of oxygen by volume, dry basis
AP = velocity head of stack gas, in. of HZO
Pbar barometric pressure, in.Hg
PS absolute stack gas pressure, in.Hg
pmr = particulate matter emission rate, 1b/h
Qs volumetric flow rate, wet basis, stack conditions
sttd volumetric flow rate, dry basis, standard conditions
(continued)
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| .

Nomenclature and Dimensions (continued)

T = average temperature of dry gas meter, °R

m
TS = agverage temperature of stack gas, °R
V1 = total volume of ligquid collected in impingers and silica gel, ml
C
Vm = volume of sample through the dry gas meter at meter conditions,
fts
v = volume of gas sample through the dry gas meter at standard

std conditions, fts
y_ = stack gas velocity at stack conditions, fps

v = yolume of water vapor collected in impingers and silica gel cor-
ctd rected to standard conditions, scf

Y = dry as meter calibration factor

0 = total sampling time, minutes

Note: Standard conditions = 68°F and 29.92 in.Hg.
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Example Calculations for Particulate Emissions

1. Volume of dry gas samples corrected to standard conditions. Note:
Vm must be corrected for leakage if any leakage rates exceed La'

p
V= 17.65 x ¥ x ¥ bar + 13.6
std m

2. Volume of water vapor at standard conditions, ft3.

) = 0.04707v, =
wstd 1c

3. Moisture content in stack gas.

4. Dry molecular weight of stack gas.

Mg = 0.440 (% C0,) + 0.320 (% 0,) + 0.280 (% N, + % C0) =

5. Molecular weight of stack gas.

Ms = Md (l-Bws) + 18 Bws =

6. Stack velocity at stack conditions, fps.

T
VS = 85.49 Cp <1‘AP-> avg. _TTE%T' =
J s s

7. Stack gas volumetric flow rate at stack conditions, cfm.

Qs = 60 x VS X AS

(continued)
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Example Calculations for Particulate Emissions (continued)

g. Dry stack gas volumetric flow rate at standard conditions, cfm.

p
Q. = 17.650Q = (1-3 > -
sStd S TS WS

9. Concentration in gr/dscf.

M

C's = (0.01543) v

mstd

10. Particulate mass emission rate, 1bs/h.

CS

pmr = =m=w Q x 60
7000 Sctd

11. Isokinetic variation.

v
V LU AH
. 100 T \:0.002669 e 4 Ty (Pbar+ 13.6 } -
60 8 V, Pe A,
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823,39 iny MEG wn H2G pes B Inied Ouiled Je5 ¥
443, 40 =X L) 7t al 5 71
65878 - 1.3 EN 114 3 71
Bl 7l 124 197 7
155 Tie, 202 =% 71 13 1 71
i ik EEE LT 2 S Vi 71
! 742, 7% ek I P TS At 7
Z 745,86 R 73 FRC I i
z 7EL. B2 T3 1,70 13 o B
oo 185,507 2 L T 28 2 7.
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f
{Fage FE:

TT... hEY time 0+ test.min SIBLUG
Nf... Nef sampiilng points 8
Y..,. Meter calibration factor 785

Dh,.. OSampling nozzie Jiameter,:n W80

CF... Fitct tupe coefticient .B4

PK... Avg. crifice pressure,in HiD 1L
... Voiume of ory cag samoied

3T METEr COnIITILRE,IU-fT 139.95% ‘

s

T% .. Av3. 3&s metes tems.. g8t F ISEIRE] _
VMSTD... vaiume o7 ory 9ac samrleq l

at gtandard conditions. £o¢ 132,01
SWl... Percent moisturs Dy voiune 5 I
o, Mmie eraction oe gry gas 574 zl
FCCZ...Fercent COZ by volume, dry ' 0 L

PCZ... rercent OF by volume, dry 0.9

E.‘_.« |

FRZ... Fercent NO by volume, ary

Mo... Dry molecular weight 28,84

PPTTS
i-

MS... Gtack ges moiecular weight 28,50 '
PE... bavometric presssure, in Hg 2504
8r,.. ETebic sreszurs. an HED -5 l
FS... Gtach pressure, in H 29.38
TS..., #va. stack temeerature.deq © YRS I
Ti... Avg. imeactcr tems..deg f 71,00
VH.., Avg, f3rt of velozity nses JEE
¥5... &va. $Tacy veiziily, TP 36,37
180... Fercent ig2einet:s 100,22
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MICRON: .14 MG/DNMT

H ; [
j= DM

r’[:.
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Fei é:BSI 'é"'E'. I"JC.

Fiant:  Steel meadie Rur ne: S0FS-3
Samrling Date: &/25/86
Locavion: Ggtiet  Ltarv-stop, 24m:]207-143%
Sampie tvee: Farticie size  Barometric
bperator: JriD5 pressure,in.Hg: 29,44
Filter ID: : stafic
Meter oox It FE-5  pressure, in,H20: - 26
Y Factor: 986 Stack area,Sq in: 02,2
Moisture, % .59 Na:*le diameter.in: 197
Number of samrle Fitot tupe.ip: .04
points: 7 CO: perzent: 0
Sampie time, min: 240,10 0z percent: 20.9
Volume cor- l
rection, tu=fo: ¢
bamrling time, oas meter Velozity  Orifice  Stack Meter teme, Imcacsor I
minutes reagind,ifm  head,  PrESSUrE, TEMR, deg F temr. :
0,00 in, H2J  in, H2 oes F inlet Dutlet ges F
30,00 T b 1% s e | I
O i 1,45 72 138 i3 iI -
E¢, O 71 1,45 72 178 1ia 7
12v, 00 71 1.4 72 138 13 7z
150,00 B4 1.48 VR 134 7i \I
180,00 B4 1,46 75 1% 12 7z
182 B4 1.4 [ - S R 7z .
21000 B4 1.45 =T Ve I D 7Z I
240,10 Tod4, B3 .84 1.45 PR VAR O | 7e Mo
24¢.1 182,358 .78 1,48 74 ik TZ

Ty
£

TN

E

g

,..4,;“
mm
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RESDIIATEZ. KL,

{Fage & FE

ST e T
iUl smo RErond

Fiarntioveel neddie Fur ng. 2 506F-2
TT... Hel time o+ fest.min L
NF... NEU Sameling PGIRTS 5

Y... Meter caiibration tacsor . 7Bt

: Dk,.. Samplinc noczie gdiameter.:in 5T
1 CF... Fitct tupe coedizient .34
l
PM,.. @ve. orifice eressure.in HIG S1 48
VM,,. Voiume of gby 93z zafFiss
at merer CONZiTiOnE.Cu-Ty 168,733

Moo AVGL Gas RETEr tems,.0e3 F 1de. 5

-

UMZTL, .. vaolume o6 oev QAT TEMDIES
E
£

BWC... Fercent moistire Dy ovolums =
MFU... Moie #racticn ov orv Qat 374l

Fuwde s e PEIMCENT A

-

Fel... Fercent U2 Dy volume. ory g
PNZ... Fercent KX ov voiume, ory 75,1

MGv.. Dry moleculsr wEisns Ze.e4

¥5... ©Etack gas moleuiat welsmy ZE.5e
EI... Deromelric mresssure. in AT Iy,

=C ju g e : -t 3
5F,.. 5iatir progsors, in HID -.26
Foess CSTali BPETEUPE. 1T MG EEI
Toae.  BVE, ZTaTL tEREIvaTurs.zen F R
; 1 fapm e pEmm F = -
i, AvE, 1TREIUOC TEMD, IEC G Yy
VM., Ave, 3wt oof valnoim neds =
¥Z,.. AVI. ZTECH VELDIITY, TR 6. oo
ISDue. FEUIETT LESLINEILI I
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APPENDIX B
FIELD DATA SHEETS
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ONSITE EQUIPMENT AUDITS AND
PRELIMINARY DATA

+
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SR it ¢ WY Ty

Plant —'—ST;L‘;? ﬁLe_a/cL/_d;
pate ©6/23/Ké
sampling location Scenlbben Tifer”

inside of far wall to outgide
of nipple

Inside of near wall to outsi}?e”?fw‘AL 5"\5‘77 O
A[J

nipple (nipple Jength) Tare KN —

stack 1.D. o

Nearest upstream disturbance .53 dd 0" y
|

Calculated by \1L,

“

N st downstream disturpance A dd —— !

SCHEMATIC OF SA_IPLIKG LOCATION
TRAVERSE PRODUCY OF YRAYERSE POWCT LOCATION ‘
POINT FRACTION COLMKS 2 AND 3 NIPPLE FROR OUTSIOE OF WIPPLE
NUMBER OF STACK 1.D. STACK 1D, (TO KEAREST 173 INCH) LENGTH (SUM OF COLUMNS 4 & %)
{ o2/ 24 Ve 252
. .0¢7 2%
fi LLE _ 4
t77 5.4
Vi 250 8' Frs
- L & ‘3{é_ S/ LY
Z oY 20 8L
j 75 53 "/,—L =
g 323 2 S5
2 , 3Y— o K S
o 23 <DL
B-3




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

_ —’L-.E{\—%
Plant STl Ko dilh ”L"%_

Date /53 /86 © ©

I

7
Sampling location Scaichérr Cter e
Inside of far wall t}ca/‘,zoutside | }%n

of nipple 32
Inside of near wall to outside" of ZL

nipple (nipple length) _ Y4

Stack 1.D. __52~ -
Nearest upstream disturbance __ 45 dd _ o _— ‘Sﬂ-u..‘é_.\'

Nearest downstream d;‘iturbance [5 dd

Calculated by

SCHEMATIC OF SAMPLING LOCATION

TRAVERSE PRODUCT OF - TRAVERSE POIKT LOCATION
POIKT FRACTION COLLINS 2 AND 3 NIPPLE FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK LD, {TO MEAREST 178 INCH) LENGTH (SUM OF COLUMNS ¢ & &
i 32 - y 4 e
oA [ Al l
3 | l
+ \
g |
[ : |
7 5 i
% ‘x
7 - i‘
/0 i/ i
7 N A
[ \ \
B-4



GAS VELOCITY AND VOLUMETRIC FLOW RATE

< T e Der

plant and City

/’,/’17/ il

0 T L im T

sampling Location

Run NO. Cﬂ‘/hé‘{'—i’-‘. eren C'J‘/{‘;)’

Operator

Date
Clock Time /-~
JE /g

parometric Pressure, in.Hg Static Pressure, in.H,0
Moisture, % Molecular wt., Dry Pitot Tube, Cp
stack Dimension, in. Diameter or Side 1 Side 2
FIELD DATE CALCULATIONS
TRAVEPS! nRL.‘#?’?-W' woe o (1~ Hyl'" - ‘H;' i,
POIN . ’ - STACY s ™ TOC
WUMETF sy, AeFgiean-tl TEWr,, °f
w ~ o o yr - T et o™ )
e s
2 71" "
-y + rd
i ;! T E . "R [°F + 460)
4 2 2 5.p.
7/ —_/ Ps'Pb‘ml( ).ﬂ.:,-
Ja -/
27 — P‘ - in.HQ
Ly e =
I ..,./’fl Vt—p .
12 /3 —
= -/ P ars VS-BS.CBICQI‘{A—P)\‘V_E%—
Z =/ s ¥
< —+ /3 /————
o/ "R v, * B5.49 x )& ( ya ) ———
Y [)
£ -5 LA s
7 -
'.‘,( ‘—/c’) ‘S L] "7
< - %
2L —-C] Qs'vslks'ﬂ_:\
Y, —
I ~ /5 ¢, x x 60
B, * cfm
2 4| : . P r
T - ' M
I & iz'%m -G x 17.887 s .rf x 0 - = )
ﬁ £ - -
7 74,%&2: Qsm x 17.687 & () - &
. ’ : 4
'f' = e alad e . . asctn
£t
B-5
——



GAS VELOCITY AND VOLUMETRIC FLOW RATE

23
pilant and City _¢7=s¢ At AE D Date n’/w’{/fé
sampling Location ___ s~ /= 7 Clock Time /3 v¢—
Run No. _S/-¢ Operator __.Jf /DS

Barometric Pressure, in.Hg 29,45

Moisture, %

O

/
Static Pressure, in.Ho0 -23.

Molecular wt., Dry _Z7 pitot Tube, Cp ng

stack Dimension, in. Diameter or Side 1 3 Side 2
77C— 72 AnC T e e e
FaTo I = Jorik. € Wk e
e
FIELD DATE CALCULATIONS
" u7° “70 .
_ tLot] . . .
o i STACK (U RNGRS | ARRLE S -2t
WMET (AP‘). 1n.H?c ™™, , *F
-/ JA 77 [£517) " brld- pes beasd TO )
o o X3 R .
3 ¢ g2 en /¢ !_'/\ ;
ol ¢ BK g2 LLS . N ‘
‘i Lo, B e D 7EREG A Fe " e [*F + 460}
£ 0., 5L g0 JELT b oep e S0
Py E " AT p*TTE " ¢ )y
5 [N 1 /Ls
4 2 [‘3 & P‘ . n. g
2 YA 92 =
I l‘ gl .7L.‘ 7.,7 ﬁl
/D AL & 7 e
L o= Ul, e 4 Vs-BS.QBICpI{A—P;‘V_FLI—;-
= o, &5 5 Z T
w o 53 & [/ ——
= Y. v/ Vs-SS.IBI( R ) s 1-——-————-‘
I 2.7 )
L o, ¥e v LA /s
2 A 6, 2 [aka)
£ / 0. 75 22 A e 2y
9 o, 27 r v
Le c. 0~ e 0 Q‘-VslAs:L;
1 4,723 [~
Lo L. 2% ) g * : x 60
R - actm
—— . 7y . i'i?rla'
T ] Gwe BTN )
7 #O7. T,
Q‘ltﬂ . x 17.647 2 x (1 - o
ot GAD 776"' comm £ LIV = et Achadd = q - arctr
std
B-6
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l GAS VELOCITY AND VOLUMETRIC FLOW RATE
pjant and City CTTfL e OD sk Date __1/1‘3/5’-
I sampling Location _ oA 7o.£7 Clock Time /2457
Run No. __Sez-V Operator \jf’ /DS
garometric Pressure, in.Hg _29.45 static Pressure, in. HZO - 0,27
l Moisture, # = A Molecular wt., Dry 2 pitot Tube, Cp ﬁi"/
Stack Dimension, in. Diameter or Side 1 __ 37 y Side 2
l FILLD DATA CALCULATIONS
TRAVFRL! vELOCI MY "?0\ “?O 1,
l N WEAD STAL J LR A 18
WUMEER (P}, n.H,0 TH™E,, °f
5 o2 Fe | "7 R A
g l /e 'Z‘H _| .
l 2 | [l 5T | < | ¢
Lt . — ——
. \| = 4?2" ‘I -f")'a :]J T - *R o (°F o 460)
A | P2 | e 5.0,
. | o, 2 § oL | AL x Al ) s —TT
£ \ 0 G v |
7 1 s - B -
l‘_’l’ | /L { % Sk | =
u l| Lt 2 % z'?J: F;ﬁ .
T | “/5\{ | J":;h #v-usnannp-ﬁ?w_;hﬁ-
I =y i foo L 03 | PRV N s
3 1 > L | -7 —
v { S ¢ | s < 1 v, e 85492 ( Y Yo ) ———
| l A \ g —
I / | . o7 1 = L 1, s
! \ - oz | L
. Y l A ‘ 5. AS ) "®?
g | 2 5t i -y
I L \ £_“¢ 5;1- ~ Q'V a A .505
- /1 \. 0, 9L | < 3
‘ N A i) ¢ 1 »
C \ 1 ; g0
l “ |‘ Qs actr
| | MO ¢
| - Q,‘“'C 117“'hr1(1-T)
' Y rEis rEXENA
: __!l' \l Q‘g‘ﬂ x 17.647 » x {1 - T
i Aoared T ol [T veFcRE € f SR IT
I §ifT. L Q‘“d - wscte
' B-7




GAS VELOCITY AND VOLUMETRIC FLOW RATE

P]ant ’and C1ty T e L Awa : Date _/{E-- T

e

Clock Time /o

sampling Location _ s, pz 7 '
Operator  {F/r ¢

Run No. £ ng Lo g e o e

Static Pressd}e, 1n.H20

Barometric Pressure, in.Hg
Moisture, % Molecular wt., Dry Pitot Tube, Cp

Stack Dimension, in. Diameter or Side 1 _ Side 2

° 2o aX B
L Bgp O

ML
FIELD DATL CALCWL ATIONS
R0 w0
TRAVFPS( | oo VRN n o .?\-8 z3
R P STACH LS A et
NUMET R (ARs it THRE,, °F
pH = -/ "o yr - T AR ToT
2 I .
7 4] '
L/ 7 .
5 0 Y - *F - *R = (°F ¢ 4BD)
/ 4 Y
. L O 1t S L k1
! =5
7 . 3 . L n.ng
/0 el -
ij C? vt_ﬂ "
B /'/ /_’_._
N By bl 1
] Qe Y, " B5.49 x Lp s 'qu A‘y —%"_F_s
et Y, e B5.49 x ( ) ox ( )} a 1...—._.._
$” .
7" LA /s
£F A = "2
7 s
- ED s
'Z: L e
s ¢ . x %60
G - acn
0 17.6¢5 Ps H?(‘ L
‘nd__c‘l ’“"‘T:'“‘"l‘b‘:f’
. 647 .
Q‘nd x 17.647 1 x (1 o
— /)—A"' o oD = an o R T’b‘:‘-r) MO ’\k
~ - N - A" o LRt T — -
W DT /’H VeiErTese [ ~ Q‘nu dictn
PEEPLE RuBS si08 oF ZACE
B-8




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: ég l@;é{é CLIENT: __ &SEPA—EME
BAROMETRIC PRESSURE/(P, . }: @9.457in.Hg METER BOX NO. F -3

ORIFICE NO. __ & PRETEST Y: ©.977  AHe /.86 in.H;0
ORIFICE K FACTOR: _ #.72¢xze~" AUDITOR:
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average inlet Outlet Average run

oM, | VilVs Too | /Mg | Toi/Tosr | T 2
in.H,0 ft? °F of of oF oF
| 7.20 | 120 /19 7% .

19 75 "s N |8 22.07

ogr70 109 |0 | g | ya | [af3es

Dry gas Vm Vm Y Audit
meter std’ act’ Audit, devia- AHGB, AHG Devia-
Vm’ ft3 fis3 ft? Y tion, % in.H,0 tion, in.H,0
7 i
[Ao{ /I!A?? /0'30 _7ﬁ fz’oﬁ 'gﬁ/ —:0/

__—_.—__________——__—__—____

17.647(Vm)(Pbar + DH/13.6)

v = -
Metg = [T+ 460) fi?
1203 K )(P
. (20 K )Py,.) ] .
act 1/2
(T. + 460)
a
Vl'l'l .
Audit Y = “V;EEE' = Y deviation = —Pudit Y ;uzgi'seSt Y X100 =
std
Audit oHE = (0.0317)(&H) (P, (T 460) P : Ho0
udit = . P + = in. 2
bar’''m Y (Vm)(Pbar + AH/13.6)

Audit Y must be in the range, pre-test Y £0.05 Y.
Audit AH® must be in the range pre-test AHE =0.15 inches HZO'



FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: &/23/56 CLIENT: __ K3s9A— Mg
BARONETRIC PRESSURE (P, ):27.4#$™in.Hg METER BOX NO. _ S/
ORIFICE NO. _ & PRETEST Y: _.978  AH® /.7 in.H,0
ORIFICE K FACTOR: &< 377x /0 - AITOR: (@8
Oorifice Dry gas Temperatures ‘ Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inilet Outlet Average run
AH’ V-i/vf! a’ Ti-i/T.if’ T '/T » T ) E
15740 oi’ "of m min,
'in.HzO t'sé °F °F °F °F °of
‘5 . | /23 /e s | 29 H% e
, O
L Tst10 Ty |7 [ jas Tyzel |77 |Gsn™
Dry gas Vm Vm Y Audit '
meter std? act’ Audit, devia- AHE, AHG Devia-
Vm’ ft3 _ fts3 fts Y tion, % in.H,0 tion, in.K,0
v
R N R T I RO R I IPT S Y,
Vm _ 17.647(Vm)(Pbar + AH/13.6) i s
std (Tm + 460) .
1203( @ )( K )(P, . )
v _ bar _
mact - 1/2 - ‘ ftB
(Ta + 460)
vrn
. _ act _ . _ Audit Y - Pre-test Y _
Audit Y = Vm , Y deviation = AIaTiY x 100 =
std

a4

2 : _
Audit &HE = (0'0317)(AH)(Pbar)(Tm + 460) {ﬁ v )(Pb e T3 6;] = /.217[1n.H20
m ar *

Audit Y must be in the range, pre-test Y 20.05 Y.

Audit AHG@ must be in the range pre-test AHG £0.15 inches H20.



THERMOCOUPLE DIGITAL INDICATOR:
AUDIT DATA SHEET

Date &/23/ & Indicator No. ’:F'”/ Operator @

Equivalent Digital indicator
Test Point Millivolt temperature, | temperature reading, | Difference,

No. signal® il °F %

1 o -2 -

2 Aev /99 -1

-

3 yld) 379 3

4 ben £%9 09
: [
s

percent difference must be less than or equal to 0.5%Z.

pPercent difference:

(Equivaient temperature °p - Digital indicator temperature reading °R)(100%)
Equivalent temperature "R

Where °R = °F + 460°F

* -
These values are to be obtained from the calibration data sheet for the
calibration device.




THERMOCOUPLE DIGITAL INDICATOR

AUDIT DATA SHEET

Date 6%4&%/Qﬂ5 Indicator No. A/ 7 Operator (Ezé)
Equivalent Digit51 indicator
Test Point Millivolt temperature, | temperature reading, | Difference,
No. signal* CF* °F %
1 4 X 0 -/ —
2 Ao /%9 e
3 48 277 .23
4 600 Y444 19

Percent difference must be less than or equal to 0.5%Z.

Percent difference:

(Equivaient temperature °R - Digital indicator temperature reading °R)(100%)

Where °R = °F + 460°F

(Eguivalent temperature °R)
q

* -
These values are to be obtained from the calibration data sheet for the
calibration device.



FIELD AUDIT REPORT: DRY GAS METER
gY CRITICAL ORIFICE

DATE: é/.,zs/a_’(f CLIENT: _ &SEPA-EMf

BARONETRIC PRESSUKE (Py_.):22-#&Tn.Hg METER BOX NO. £/
PRETEST Y: .98/ AHe £ €2 in.K,0

ORIFICE NO.
ORIFICE K FACTOR: _ .75 0~ 4 AUDITOR:
prifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading ai/Taf’ Average inlet Outlet Average run
in.H,0 ft3 °F °F °F °F °F

o12.5 | MY 122 | 17 /505 49

[.XC> l [ /%0
L b | e /22 11y e 29/5)

[,

Dry gas Vm Vm Y - Audit

meter std’ act’® AHER, AH@ Devia-

Vi ft? ft3 ft2 tion, % tion, in.H,0
e /6,842 10.472 | 466 f/.S{'/ /.50 |0:©> v

17.647(Vm)(Pbar + AH/13.6)

v _ _ .
Metd T+ 450) = f? ‘
v _ 1203( B )( K )NPy,p) i 13
act 1/2 "
(Ta + 460)
Vrn
Audit ¥ = =7 act - Y deviation = Audit ¥ ;uzqi'$85t Y x 100 =
Metd

' ya
. . \ 0 ’ . .
Audit &HE (0'0317)(AH)(Pbar)(Tm + 460) Y_(Vm)(Pbar VSR 1n.H20

Audit Y must be in the range, pre-test Y +0.05 V.
Audit AH@ must be in the range pre-test AHG +0.15 inches HZO'




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: G [fe23 ﬁ'é  CLIENT: &SEPE- EMA
BAROMETRIC ‘PRESSURE (P, ): 27.#8 in.Hg METER BOX NO. _F£~9

ORIFICE NO. ___ 3 PRETEST Y: _, 97 AR Z.°7 in.H,0
ORIFICE K FACTOR: 8. 377 x)6—* AUDITOR: T2
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average inlet Outiet Average run

B, | Vil Ve Tar | Tii/Tier | ToifTorr | Tme 2
in.H,0 fi3 °F °F °F °F °F

2.0 ‘4540 | [1% 109 /126 //L 1515 /S20,59
1 4edse | 4P (26 | L&  \lrsa3)
—_—
Dry gas Vo Vi Y Audit -

meter std® act’ Audit, devia- AHE, AHB Devia-
Voo 3 ft3 ft3 \ tion, % in.H,0 tion, in.H,0

v’

Voo 17.647(Vy) (P, + AH/13.6) fis
std (T, + 460)
¥

1§33 ,55"7‘/0-
1203( 8 ) K )Py, )

v _ _
Mact = 172 g ft2
(T. + 460)
a
v .
hudit Y = —2E <o fLL Y deviation = Audit Y _ Fre-test ! 100 -
m y : udit Y
S

| 2
Audit cHE = (0.0317)(8H)(P,, )(T, + 460) [Y VTP P AH/13_6] = Z.6D in.H0
m ar

Audit Y must be in the range, pre-test Y 20.05 Y.
Audit AH@ must be in the range pre-test AHG =0.15 inches HZO'



ON-SITE AUDIT DATA SHEET

pudit Name: L SEAA -Emb Date: C@Zfé Auditor: @

Reference Value Max. Allowable

Equipment Reference Value Determined | Deviation Deviation

-3 te! [ -X0F
Meter box -2 ASTM-3F at - w0y /o0 _5-: -~ 5°F
inlet therlpo'.’ ambient temp. | s¢% 1% e F 7 :

7'-'3[ J_‘l__?' Aol O z
Meter boﬁa '-_-9, ASTM-3F at ;f f:, ,-goﬁ g 5°F
outiet the;@é. ambient temp. e 0! rror

- ! yy.¥i /qoé’ d;'F/ "
Impinger J-l | psTM-3F at 9 : 2°F
thermomete&_,; ambient temp. 97 9L -1%F 'k
stack  #/0/ |ASTM-3F at 79 73 SR
thermomese#i e |ambient temp. | 49 98 -2F
or
Thermocouplie |ASTM-3F at ' See table

“ stack temp.
Orsat % 0o in 20.8% 0.7%
analyzer ambient air
Trip I0LM std. A/)Q 0.5 grams
balance weight
Barometer Corrected* /Vﬂ? 0.20 in. Hg
NWS value

———————————

Reference temp. °F | 32-140 ‘ 141-273 | 274-406 | 407-540 541-673 ‘ 674-760

15 | 17

Max. deviation °F 7 ‘ 9 N 13

* Correction factor:

NWS value (in. Hg) - [Altitude (ft)/1000(ft/in. Hg)] + 0.74 in. Hg**

** (.74 in. Hg is the nominal correction factor for the reference barometer
against which the field barometer was calibrated.

If it is not feasible to perform the audit on any piece of equipment, record
"N/A" in the space provided for the data.
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant STeel éﬁ/ﬂ Sample date 4’/31:4‘3‘_

Sample location _Seemdbok I leT Recovery da

Run number __ SZE - / Recovered by
Filter number(s) /\/4

MOISTURE

Impingers #! Hr #3 Silica gel

Final volume (wt)b//'o L3823, 591w (g) Final wt 7";}‘.3-
initial volume (w{?zj ng.f <95 mi(g) Initial wt 750.1

Net volume (wt) %.b) 24. £.3 mi(g) Net wt Y. A

pescription of impinger water 70D % spent
Total moistur{ /6t . © g
RECOVERED SAMPLE
Filter container number(s) /‘/ﬂ' Sealed

NA

pescription of particulate on filter

Liquid level

Probe rinse
A/A marked "'/A"

container no.

biank ,/A/ ;;31;;3 level /‘/f

o ——————
container no.

Impinger contents Liquid level
ye¢75=A v’

container no. marked
Npofl blank Liquid level ,
container no. Y676 - A marked \/

Samples stored and locked

Remarks AN LEL . re-0 [y
- : ; .\ pes
-——Wifw—é > <

LABORATORY CUSTODY

m%uw M Date 74 /’:’/

Received by

Remarks

Particulate sample recovery and integrity data sheet.
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Fr+6/T0TAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant __ Sleel Heddle sample date __&/25/té
sample location Scenbbed A leT Recovery date LA

Run number ot A el Recovered by
Filter number(s) )4‘

MOISTURE

Impingers *! 3 IR % ) silica gel zry
579 raml(g)  Final wt 797. 3 g
Initial volume BT £a2,7 {£3aymi(g)  Initial wt 16< ¢ g

Net volume (wt) 7,4/ IS o c.$Smi(g)  Net wt .9 g
Description of impinger water Qﬂé#gﬁ /00 ¢ spent
//' : '7

Total moisture ¢/ ¢ g

RECOVERED SAMPLE
Sealed

Filter container number(s) A/A

NA-

Description of particulate on filter

Probe rinse Liquid level
MA' marked

container no.
Liguid level

blank
container no. ”A" marked
Impinger contents Liquid level
container no. Yerr-A marked ”/
We 0K blank Liguid level L/

YL77-A marked /

container no.

Sampies stored and locked

Remarks

et
pror

, LABORATORY CUSTODY

iy s,
/" {1—5 5// / &, Date 7/)7//3'/

Received by /Tl

-

Remarks

Particulate sample recovery and integrity data sheet.
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Cr+6/TOTAL Cr SAMPLE

Plant

RECOVERY AND INTEGRITY DATA SHEET

Sample date [A
(

sample location _._SMJ

Run number STITZ -2

—=F

Filter number(s)

Description of impinger Gaker ~
Yoo %

Toyiﬁ moisture

WY Recovery date
Recovered by
e ——
MOISTURE
Silica gel #¢
o mi(g) Final wt 5277
Smi(g) Initial wt 753.(6
mi(g) Net wt 4.3
% spent
SCZL
[ q
RECOVERED SAMPLE
"’

Sealed

A4

Filter container number(s)

pescription of particulate on filter

pei—

Probe rinse

Liquid level

7

container no. /064’ marked
biank Liquid level
container No. V4 marked WA
impinger contents Liquid level
container no. #8606 -A marked
AA&&%? blank Liguid level
| Tontainer no. #L75 R marked v
samples stored and locked
Remarks
xf: ,LABORATQBY CUSTODY
; YA g
Received by _ /7 Lliins [f// o/ . pate /L

Remarks

Particulate sample recovery and integrity data sheet.
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant Jeel dd/; ‘Sample date &/d /0
Sample location Deuubbes M;‘T Recovery date (.[a.ﬂg;

Run number Soc -/ Recovered by
Filter number(s) A/A
MOISTURE
Impingers */ Silica gel
*fre
Final volume (wt)&32. m(g) Final wt A g
Initial volume (wWE¥¥2)eed.| [5€ .Cmi(g) Initial wt 13729 g
Net volume (wt) EM 4.9 “I( mi(g) Net wt 4¢7 g
Description of impinger water"‘&{ 7’00 % spent
Tota)l moisture Nf.‘{ g

RECOVERED SAMPLE

Filter container number(s) A/#' Sealed
Description of particulate on filter 444

Probe rinse Liquid level |
container no. MA marked /{//4'

blank Liquid level

container no. "/A marked /‘/A'
Impinger contents Liquid level /
container no. 4477"'/4'. marked [
NMaOH _ blank Liquid level

container no. "/576"A marked ~/
Samples stored and locked

Remarks N /A

LABORATORY CUSTODY

/7 .
""/'7&/ ’/ / / Date 7é /2:5/

Received by 24k ’(.( s

Remarks

Particulate sample recovery and integrity data sheet.
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l Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET
Plant _M. ' Sample date ____,QC e
l sample location Mﬂu}&f' Recovery date __Mg_é_
Run number Sef-%* Recovered by
l Filter number(s) A
MOISTURE
I Impingers * Silica gel #Af
Final volume (wt) & b1 7ml(g) Final wt 7
I initial volume (wt 2723 Sa¢.9] 53.5mi(g)  Initial wt 718.% g
Net volume (wt) 274 }/‘7,7 1.2 mi(g) Netwt ¥7 3 g
l Description of impinger water it JoO % spent
l Total moisture /02.9 g
I RECOVERED SAMPLE
Filter container number(s) MR Sealed
I Description of particulate on filter N4
Probe rinse Liquid level
l container no. A/ﬂ’ marked
biank Liquid level
I container no. _ Y is marked
Impinger contents Liquid level
' container no. #6350 -A marked /
| NMeoff_ blank Liquid tevel 7
l container no. Y79 A marked
Samples stored and locked
I Remarks
I \[”; ~ LABORATORY CUSTODY
4 ! /' / / ,"’. / "/_ ,/
l Received by /N s 1T L Ly Date — 0 S
- Remarks l |
' particulate sampie recovery and integrity data sheet.
I B-27
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant M “sample date _ &/
_Mw——— C

sample location Recovery date

Run number Sec-3 Recovered by
Filter number(s) /9??

MOISTURE
Silica gel #4

Impingers S
Final volume (wt) /8.6 G281\ £956m (9) Final wt 832 2~ g
Initial volume (mﬁéﬂ.lj é-oﬁ);!?o.’ﬁm(g) Inftial wt 7¢277 g

Net volume (wt) _22.0 22.24) &3 mi(g) Net wt 47,3 9
Description of impinger water__éﬁé&g:f Fo % spent
Total moisture %< )

RECOVERED SAMPLE

a—

Sealed

Filter container number(s) /A’

—

pescription of particulate on filter

Liquid level

Probe rinse
container no. MA marked

biank Liquid level —
container no. //A' marked

Impinger contents Liquid level
‘7'{07" A marked

container mno.

blank Liquid level
‘)‘6 79-# marked l/

container no.

samples stored and locked

Remarks

/éj: LABORATORY CUSTODY

. ..'/) /: . - '7 7
Received by - sl Z,/ ’_'//,//(_, Date 76/[/5—’
Remarks

Particulate sample recovery and integrity data sheet.
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el

4

PARTICLE SIZE DISTRIBUTION
(Gravimetric)
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

v

Plant D7 EL M EDDLE Sample date //7-‘//[%
Sample location (N ET Recovery date &/ 6
Run number S /) PS -/ Recovered by

RECOVERY SAMPLE

Cyclone particulate Liquid level
container number A marked
Cyclone and nozzle rinse Liquid level
container number MA marked
< . . ’
Nozzle (er inlet chamber) Liquid level /
rinse container number ’fé g/ A marked
Acetone blank Liquid level -
container number Y )9y 4 marked L~
Filters

Stage Filter number Container number Container sealed Comments

0 Ao /1 9 Y¢ &/ 2 /&%
Aepn {2 r ~ A

1
2 Ao 27 f = A—%
3 Ar 76 / P et dole
4 Ao 49 / -~ ‘!
5 bt 47 / — "
6 ,4-#?-5“‘ ( "f’r ]
7 Apbb i -~ .@g:\ y
Backup r42\3"'/ _ \\f -~ MWM
Samples stored and locked ) /

Remarks LT T )Tl Beprit = e YL Dy

2 J.AB RATORY CUSTODY ‘
Received by nzi L ;(.//;\J/ Z""L Date - ' L
Remarks
B-32
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant Sfc,{ 7‘10:4{/6 Sample date é’/:‘”//_tft
Sample location _Seawbébex TS fe7 Recovery date 2y /5E
Run number Y Ps-2 Recovered by

RECOVERY SAMPLE

Cyclone particulate Liquid level
container number marked
Cyclone and nozzle rinse Liquid Tevel
container number marked

Nozzle (or inlet chamber) . / Liquid level l/"/
(77 A marked

_ rinse container number /

Acetone blank L e | Liquid level
1LY - A N '\/

container number marked
Filters
Stage Filter number Container number Container sealed Comments
0 A097 grse.- f d J@u&ﬁﬁgééj
1 A gBnr e " ”v v
2 by9s - v
3 _ppoy < Psst fopht
4 ARG f e éﬂiééi*
5 Ao 6 ~ A
, L4
6 Sl - et -
7 Ao+ /o Arphee/;dits
Backup A= 255 _ ,/ 74(4__’1_41&_['&
Samples stored and locked
Remarks
. ) LABORATORY CUSTODY o
Received by r//:;_ 4 f,tfi/;_ Date ?7/%04?/
Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant Sheck 76{&!@’/;, Sample date 5/2?‘/94
sample location SCeschdlen Yoeley” Recovery date
Run number SI/r-3 Recovered by

RECOVERY SAMPLE

Cyclone particulate 4 Liquid level ca—
container number / marked

Cyclone and nozzle rinse /VA Liquid level ="
container number marked

Nozzle (or inlet chamber) % Liguid level —
g0 §-A

rinse container number marked

Acetone blank '1“ 7‘1""4' Liquid level /

container number marked
Filters
Stage Filter number Container number Container se Comments
0 - pm-il Y Fps-4 / My porabile bl
] Am Sl / - * !
2 Amer ol | / e Mal- A
3 AN- (D | - Dtraddle
s Am-pf / - _ - doaydot
5 AO"J—’ / // H A ’H
6 Aa/ 6( / // I Y

7 A 6D [/ o sesy Koy
Backup _ A48 V_ -7 - @M
Samples stored and locked /

Remarks /‘/M ﬁ/)" -4""’ M?e/g,....p, 4L--v .

/ LABORATORY CUSTODY .
i AR e/,
Received by N AL Date WA
Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant _JS rese HEDDLE Sample date é/?-'///,f'z

Sample location _ 0w 7oz — Recovery date é@%é
Run number So PSS~/ Recovered by _@

RECOVERY SAMPLE

- Cyclone particulate ,J Liquid level
container number A marked
Cyclone and nozzle rinse Liquid level
container number AN A marked

Nozzle (ér’ inlet chamber) Liquid level
rinse container number “ ég?-ﬁr marked

Acetone blank Liquid level
container number Y4 94 A marked "
Filters

Stage Filter number Container number Container sealed Comments

0 L0 O3 _YE2 v Ao thrable (A

1 Aecyd el o~ o’

2 St 29 - oo

3 fe P 5~ e ‘

: LFf23 el i.u...s t A

5 Am QL e v T ¥

6 Ao ¢4~ i // A%?lﬁ o

7 At Y l - wo Se 4
Backup Aot v Pl Ale 44«4‘&4.(

------

/ LABORATORY. CUSTODY .
Received by "/ ¢. e D Date ~ 7
Remarks
B-38
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant 5&—/ M Sample date 6/025724
Sample location _M Recovery date %‘/ﬂ

Run number Sops -2 Recovered by ’
RECOVERY SAMPLE

e aTner nomber 7R A

Cyclone and nozzle rinse A’/A/ Liquid level —

container number marked

Nozzle (or inlet chamber) Liquid level
rinse container number v 260-MA  narked /

Acetone blank Liquid level
container number __ ’/‘7‘/"ﬂ marked v’

Filters

Stage Filter number Container number Container sealed Comments

0 Ao¥s $H700-8 7 Hrme. Fthelile

1 A ~ / g

2 ’@S;z/ ) /,/’ ﬂ. 74 |

3 &nop / < Bluelle Aok ol Ly

s sy l YN GEI (P

s s | = SR

6 _ar#s I wy bl o7 ]

7 A 22 [ vl 4 -
Backup #2329 N/ . | a _tens il

Samples stored and locked W /

Remarks

- ) LABORATQRY_/CUSTODY |
Received by S A)c /—'fé (. Date e

Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant et M‘ Sample date ‘/?3%"_‘

Sample location _escfudban iy Recovery date '6[-i£7r4'

Run number el —3 Recovered by

RECOVERY SAMPLE

Cyclone particulate Liquid level —
container number marked

Cyclone and nozzle rinse amm——— Liquid level

container number marked

Nozzle (or inlet chamber)

Liquid level
rinse container number ”{05:'1 marked V’/
Acetone blank iquid
_ f""‘/-—/ Ligquid level oA 29 -4 /

container number marked

Filters

Stage Filter number Container number Container sealed Comnents

0 Ao/ Lot -8 el _ [J

1 N5 _/ - %
2 kol / ~ n %
3 BN ST ] :’, P
4 #o 99 f - -
5 A2 _ :,,/:; 2 #
7 . XY \ |/ ~ ol
Backup y.r- X9 \lf i
Samples stored and locked__ _ -
Remarks
e LABDRATORY USTODY L,
Received by _/‘ﬁik;i . ,_,///// . Date z<7»ﬁ?/@§(’
Remarks

b-42
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LABORATORY DATA SHEETS



PEI Associates, INC. | \goRATORY REPORT FORM

Sample type: Stack samples

Client: US EPA EMRE Project no: 34615-22

Requisition: 9494
Steel Heddie Company Received: 7/3/86

Sampled by: PEI
Reported: 8/20/84

attn:

Lab No. Run Number Fraction Chromium (V1),mg Total Chromium,mg

FT 338 SI1C~1 }iquid 13.3 12.6

FT 33% Sl1C-2 liquid 5.84 5.43

FT 340  5I1C-3 liquid 5.48% 5.28

FT 341 SOC-1 liquid 0.265 0.261

FT 342 50C-2 jiquid 0.274 0.263%

FT 343 S0C-3 lTiquid 0.293 0.299

FT 344 blank SIC-1,50C-! liquid {0.006%x {0,020 #*=x

FT 345 blank S5IC-2,3 liguid {0.006%x {0.020 *=

soc-2,3

#Spike recovery was 100.3% for chromium (VI) and 92,34 for total chromium

%% Based on largest volume used for the samples

Submitted by: ikﬁ : 'EE .

PEl Associates, Inc.
11499 Chester Road
Cincinnati, Ohio 45246
(513)-782-4700

C-2
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I PEI Associates. INC. | ABORATORY REPORT FORM
Sample type: Particle size samples
l Ciient: US EPA EMB Project no: 3615-22
Requisition: 9494
I Steel Heddle Company Received: 7/3/86
Sampled by: PE]
Reported: 8/20/86

l attn:

I Lab Number Run No, Stage No. Chromium (VI1),ug Total Chromium,ug
FT 248,278,288 SIPS 1-3 0 1.1 11.5
FT 269,279,289 1 1.5 13.8

I FT 270,280,290 2 4.4 19.2
FT 271,281,29) 3 13.7 29.5
FT 272,282,292 4 55.9 84.0

l FT 273,283,293 9 32.6 54.1
FT 274,284,294 é 1.2 12.5
FT 275,285,295 7 0.5 11.2
FT 276.284,2%96 back+-up 1.1 18.0%

l FT 277,287,297 acetones 840+ 1810
FT 298,308,318 S0PS 1-3 0 1.6 13.1

I FT 299,309,319 1 1.7 11.7
FT 300,310,320 2 7.0 1%9.8
FT 301,311,321 3 26,3 44.4

I FT 302,312,322 4 84,1 117 i
FT 303,313,323 5 25.3 51.1 I
FT 304,314,324 é 1.6 17.0
FT 305,315,325 7 1.0 12.1

I FT 306,316,326 back-up 1.7 12.3
FT 307,317,327 acetones 1.4 27 1%

I FT 308,318,328  Blank  0,2,4,6 0.9 1
FT 332,333,334 1,3,5,7 6.8 11,

FT 336%%x back-up 0.5 %= b.6%%

l FT 337 acetone 0.6 {2.0
Extraction _ - 0.4 {2.0
%¥Spike recovery 105.84 for chromium VI.and £85.5 and 89.4¥ for total chromium

l SAMPLES NOT BLANK CORRECTED

: #% Blank values must be multiplied by 3
Submitted by: ; ..E

I PE! Asscciates, Inc.

11499 Chester Road
Cincinnati, Ohio 45244
I (3513>-782-4700
I €-3



. ]

I
Q&) PEl associates. Inc. LagoraToRY REPORT FORM

Sample type: PRo cESSsamples I
Client: US EPA EMB Project no: 3613-22
Requisition: 7904 -
Steel Heddle Company Received: 7/3/86 I
Samplied by: PEI
Reported: 8/20/84 N
attm: l
Lab No. Run Number Fraction Chromium (VI)mg/1 Total Chromium,mg/1 I
FT 433 SIPS-1 tank | liquid 92000« 97200
FT 434  S5I1C-! tank | Tiquid 27400 98400 _
FT 435 SIC-2 tank | Tigquid 88900 926200 I
FT 436 SIC-3 tank 1 liquid 20300 98600
FT 437 8IPS-1 tank 2 tiguid 101900 104800
FT 438 SIC-1 tank 2 : liquid 25400 103400 l
FT 439 SIC-2 tank 2 liquid 97400 103400
FT 440 81C-3 tank 2 ligquid 22100 104400%
FT 441  SIPS-1 tank 4 liguid 83800 92900 I
FT 442 SIC-1 tank 4 liguid 82700 21100 .
FT 443 SIC-2 tank 4 liquid 78700 87300
FT 444  SIC-3 tank 4 iiquid 81700 20300
FT 445  SIPS-1 scrubber liquid 16.3, 11.9 11.1, 10.2 -}'I
FT 446  SIC-1 scrubber Tiquid 6.63, 8.48 7.9, 7.80
FT 447 S1C-2 scrubber liquid 5.33, 6.97 6.74, 4,38
FT 448 SI1C-3 scrubber liguid 7.45 7.93 "I

*¥Spike recovery was %6.24 for chromium (V1) and 92.8% for total chromium

vy
L

[ | x

AP

B - - - .

Submitted by: ?E M

PEI Associates, Inc,

11499 Chester Road

Cincinnati, Ohio 45244 r B
(513)-782-4700 4

C-4



Particle Size Distribution
(Gravimetric)

C-5




PETHOD 5 BLANY ANALYTICAL DATA

Plant \_6774’;[ 79/5444/5, !:.

Sample location

Relative humidity of laboratory A
Density of acetone (pa) O, 7P g - g/ml
Sample Liguid Yevel at mark
Blank type identifiable and/or container sealed
Acetone
Filter :
Acetone blank container No. Ly, 4L Lab No. —77-\_'5’.37
Acetone blank volume (Va) <D </ 4 mo_
Date and time of wt %/ F%"  Gross wt GL 784 p mg
Date and time of wt o s A "*"-,’%‘f Gross wt Ly R mg
' A(erage Gross wt GET8G o mg -
Tare wt 9L78, = mg -
Weight of blank (ma) 7 & mg -
Ca = {ma ) (75 ) O, O~r0  my/g
(va) (pa) L:ef;l-;-’_/) (ozp42)

'Note: In no case should a blank residue gréater than 0.01 mg/g or 0.001% of
the blank weight be subtracted form the sample weight.

Filter blank container No. Lab No.
Filter blank No.
Date and time of wt Bross ‘wt mg
Date-and time of wt Gross wt mg
Averagé gross wt my
Tare wt mg
Difference : mg
MNote: Difference must be less than +5 mg of 2% of total sample weight,
whichever is greater. '
e ~ ¢
Remarks 75' Yy, : LD T g sl A _42—.{4_&://. b/ T X in s

L g b ¢f.,. g S e Lt s L Z-\,,/L.,-’.S
Signature of analyst '-\-_ﬁ--/f,“_- . jl{\

Ll s

Signature of reviewer /(. ) b 4 : - S

C-6
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ANDERSEN IMPACTOR ANALYTICAL DATA

Plant ,ﬁ\_)%,:z ‘11,-:4[{////(_-7 [:. Run No._&d&ég
I Sample location
I Relative humidity S Y %
Density of acetone (pa) VAR /
l Sample Sample Liquid level at mark
type identifiable and/or container sealed
;I Acetone rinse e e
':' filter(s) v L~
I Acetone rinse container no. 47/( 7 7 Lab No. 77;:’37 e
Acetone rinse volume (Vaw) < "4 m .
I Acetone blank residue concentration (Ca) a8/ mg/q
I = Ca Vaw pa = (Cner) (%40 le7s9d = /g3 Mg - .
Date and time of wt 744/&, £ % Gross wt_g£r2e , mg- Y
. R 25 .
I Date and time of wt 7//@.,/_4”& ’/;p’ Gross wt 9£797 s mg -V
. T 7
Average Gross wt__ ££7%42.a mg -/
I Tare wt 9 7%.3mg - 7
l Less acetone blank wt (Wa) /9 mg -V
Weight of particulate in acetone rinse Copomg -
I Filters
Stage Fﬂtef No. Lab No. Gross, mg Tare, mg Net, mg
I 0 R i Z 7_".{:..2.? AN A A /S D g S A
1 YA Ka = 4 Tl o LM _ £l
l 2 0= /& 230 (o2 L v /6 /. 8 Vv 5 - v
3 25— +/ & 2.3/ (&30 - P Iy . ¥ -,
: 4 pAl- 30 3=l /451/ v pdd 7 S . % - v,
5 o= gf' .:3.3 . f ol S — Do -
I 6 42-9" i .....5‘ /;'/..2 2B ToL S Tedens e [ AN
b 7 Rl — Ll 225 /S E0F /< %3 g S
Backup P2 234 bl £oed ") 2/ G 7/ Lol v
I ‘Weight of particulate in acetone rinse L
I , Total _& | /) »
l\‘- /-" / ; )
B Signature of analyst Y AR D x...u-.KJ Aot i i
I Signature of reviewer A.: //;LL’,J,UL 7 .
I C-7



ANDERSEN IMPACTOR PNALYTICAL DATA
Plant /7‘715'5 g‘p/s«.//f / Run No. S7AP5_7

Sample location

Relative humidity Yo )
Density of acetone (pa) O, 7844 /

Sample Sample Liquid level at mark

type identifiable and/or container sealed
Acetone rinse - L
fFilter(s) v v
Acetone rinse container no. 2/ L 24 Lab No. 7077 .
Acetone rinse volume (Vaw) / ed {/ m . .
Acetone blank residue concentration (Ca) oo/ mglg o

= Ca Vaw pa = (c.0r ) (/=< ) (o.72£99 = 0. 80 mg
/ Des
Date and time of wt 7'// £l Al Gross wt spps3o, 5 Mg - 4
. 4

Date and time of wt 7//4/&.4 /[f—‘%'p Gross Wt sposl3e2, o Mg~ 7

Average Gross wt /oo, 20.20 Mg

Tare Wt /pps /4 o Mg < ¢

Less acetone blank wt (Wa) Lo Mg - ¥
Weight of particulate in acetone rinse /o<l Mg . .
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Ao -4 72245 /4,/@, / 1675 oY 0,2 -
1 “ar - 2 & 2 ey N Y Y A
2 s 7L [ 3 s i .
3 NES72 —=27/ s e/ el
4 il = A7 ~d T (5t - Sk G Lr
5 /7 — ¢ 2 7.3 R R AL - WA Y P
6 e pr— 25 Q7 oS * v A4 Lol .
7 P10 = ol ) 7S ond 5 S sl & AR
Backup 3 - b3 D 7L S S il gD
Weight of particulate in acetone rinse _,7 2 .- »
: i Total / 57 e
. 2t % /
Signature of analyst T a0 A
i o E 4 s
Signature of reviewer ¢, /) S '; i

- PR Lo | RPNy S PR P e P PR . X Lot e s . B

C-8




ANDERSEN IMPACTOR ANALYTICAL DATA

Plant 'L_C/7Z'K// ‘e{::_.:(/[/; 'L/[/', Run No. .-5'2_9..,2,
sample location
Relative humidity S %
Density of acetone (pa) o, 7KGY
Sample Sample Liguid level at mark ‘
type identifiable and/or container sealed
Acetone rinse g — \
fFilter(s) v e __J
Acetone rinse container no. AR 2 Lab No. F 5287
Acetone rinse volume (Vaw) e m -
pcetone blank residue concentration (Ca) c.os M3/Q L7
Wa = Ca Vaw pa = (@o/) (35 ) (o9 = o. 3¢ Mg -
Date and time of wt 7,’4'/ /-(_/ --3;';.3[‘ Gross wt G.C5¢., mg - .,
Date and time of wt Ll S /O :}Jg Gross wt 9o 49 £ mg, T

i

Average Gross wt S5 L5 0,0 Mg - ¥

Tare wt 59+, 2 mg- ,

]

Less acetone blank wt (Wa) p.2 Mg - -
Weight of particulate in acetone rinse L+ mg v
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 AL—97 =) 78 SETE - 2 AR o= 7
1 pre = AL 272 /Ao - /4G o 7 FA
2 20 P Ry sé S22 TV Sl Lo ' £
3 gr— 2% <25/ R 5. - c
4 AR = 9/ g S Rl A i PN A 4
5 BL - 1L E /g2 -7 LB £,/ 7
b LS5 -6/ LY /T8 7 ST e ¥ z, / :
7 Ry ey g5 JL TS 2
Backup L —ad G5 L& /G2 S G el L
Weight of particulate in acetone rinse £
l Total Z£3 = S
Signature of analyst \-"'; f £ - \‘,_fa.\uj: N
I Signature of reviewer VTR A R VRN e
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ANDERSEN IMPACTOR ANALYTICAL DATA l
Plant m_g) ;"_;.__/ “?L/:-,/// /7, ' Run No. /727 3
Sample location | l
Relative humidity S0 .
- /
Density of acetone (pa) &, 7888 ' v I
Sample Sampie Liguid level at mark
type identifiable and/or container sealed I
Acetone rinse P L .
filter(s) v v
Acetone rinse container no. L CLC L Lab No. ZBIGT - I
Acetone rinse volume (Vaw) Tl ml -,
Acetone blank residue concentration (Ca) - o/ Mmy/e . I
= Ca Vaw 02 = (zwes ) (L ) boweg) = o, .57 Mg oo I
Date and time of wt 'r//'//;?g. -3-}59 Gross wt /o2 /23, 5" Mg v
4
Date and time of wt o/ /L4 /,/7‘—'%0 Gross wt_/gw/p3. ¥ Mg - v I
Average Gross wt /o2/ 4.3 4/ Mg - /
Tare wt /oo 9=, </ ™y 7 I
Less acetone blank wt (Wa) L. ¢ mg . I
Weight of particulate in acetone rinse /04 mg -
Filters '
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 AL~ L/ T T2 85 /el f - 7 2o f 7V 0./ 7 I
1 A - . S {ﬁé f -~ / gl B 5 -5/ - /
2 ﬂ?ﬂ: -7 T /e )_'_: e . /'...1—” ~ ) Zlowld - .
3 Bl =60 =) 9/ Ll T - ./' 4L £ w./ LA l
4 é'f‘i,’- :p 2 : ) Lol ‘4- &, f ./ /u-/',_-‘-" - ) Py < . . e
5 Pl ) =9 72 (£ T -V 27 g/ -7,
7 e = O =) 2-.’.‘:- /za S sl o el - .
Backup fP e f XA /T -/ adl Sl G ey £/ .
Weight of particulate in acetone rinse /g < I
Total !/4 o /" l
Signature of analyst PRI h_./lh\ o e s
; A ] / o "I'l
Signature of reviewer (/. /. o 7l I
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ANDERSEN IMPACTOR ANALYTICAL DATA
Plant 4“}"5_ < /,/ < &. Run No. Lzps- 2

sample location

Relative humidity =y ‘;L‘/
Density of acetone (pa) O 7’;?.47.
Sample Sample Liguid level at mark
type identifiable and/or container sealed
Acetone rinse e "
filter(s) L ‘
Acetone rinse container no. L f KR Lab No. A 7307 ..
Acetone rinse volume (Vaw) 20 mo o
Acetone blank residue concentration (Ca) 2.0/ ™3/9 v’
Wa = Ca Vaw pa = (£os) (&€ ) lnfog) = ol M
Date and time of wt 7/, Loy _-3,% Gross wt fsus o £ _Mg- ¢
Date and time of wt 7//74/;% Y27 =2 Gross Wt ,// 2 g2, 8 MG - +

S

Average Gross Wt s//=Lge¢. 2 M3 ¢

Tare wt ///-d 5202 Mg - *

~,
.

Less acetone blank wt (Wa) 0.4 Mg — -
Weight of particulate in acetone rinse 75 mg -0 v
Filters
Staae Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 ope 03 T2 [l - I Lld o ¢
1 AL e S 299 [0, 4 s 50, L —o.
2 Ayt =) 7 20 o B fifomd oV AR
3 plop = Do 220 /43, S S <B4 s .
4 L=t 3al (5 G2 /5220 A -
5 A )= T 03 JLt LS Jl S 0. s 7
6 LL= L St oL o) v Dol
7 2 S 205 sl D T das P
Backup Ny e o) I2e2 wd/ 2 -/ £
Weight of particulate in acetone rinse e -
Total _ 2« /S
. . D m— / \,\
Signature of analyst - R A R e Y SR
i s
' f

—_

Signature of reviewer A /717,464\' T
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ANDERSEN IMPACTOR ANALYTICAL DATA

Plent Sl L un N a2l

Sample location

Relative humidity | s 7
Density of acetone (pa) &, 7089 .
Sample Sample Liquid Jevel at mark
type identifiable and/or container sealed
Acetone rinse g —
filter(s) - "
Acetone rinse container no. 2/ Lab No. -7,"'.:’/71 ,
Acetone rinse volume (.Vaw) oY mo- e
Acetone blank residue concentration (Ca) L, 0/  ma/g .
We = Ca Vaw pa = (2.e/) (¢ 9 ) lzrgy) = c. 55 mg- .
Date and time of wt -/, .£. 3/—%0 Gross Wt /o240, .0 Mg - 7
Date and time of Qt -7.-,’45,23.’- /5'723“0 Gross wt ,r3.00.5 mg-

Average Gross wt /»3.,.2.7 <€mg v

Tare wt /034 /2.20.m - v I

Less acetone blank wt (Wa) c. 2. Mg -
Weight of particulate in acetone rinse = ”mg -
Filters |
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Ao s #7308 Vlodotd ot _flli N S c_ 7
1 DHds- ~'L S04 _ 2. L o I, s - v -z./ ‘
2 S i/ 2/ (Ll D Lol & i £l !
3 L AA=0D S/ [ g o S, Kl o Livad- "
4 Ao~ &/ Dl /585 S 4Z 8t CeZ
5 LAy =D L ) /0. 7 [Ll =\ 7.2 7
6 FALT . atS Q4L ' Je S5 v L o
7 Ay —ei ol E/ R A4 P . 7/
Backup L —ado3 s 2/ e/ EL 2/ -
Weight of particulate in acetone rinse _& 7 .
/ ) Total _sL.2 -~ v/
. S // ,
Signature of analyst NI k..f[S St o
c ' /
Signature of reviewer A .- /7 // ) s




I ANDERSEN IMPACTOR ANALYTICAL DATA
Plant Q_#EL{ :;’Z,///_ L. Run No. S 0A8— 3
I Sample loca_tion
I Relative humidity Y %
Density of acetone (pa) O 7e 8¢ /
I Sample Sample Liguid level at mark
type jdentifiable and/or container sealed
I Acetone rinse v L
filter(s) e e
“l Acetone rinse container no. < K05 Lab No. Z 7327 +
Acetone rinse volume (Vaw) gy m -
l Acetone blank residue concentration (Ca) <, 07 mg/g -
l = CaVawpa = (en0/) (EQ) binrod) = o Y "y -
Date and time of wt /g0 /L 3:% Gross wt yos/ ey Mg~
I Date and time of wt XA /0'7.73\57 Gross Wt /osal 9.9 M3~ v/
Average Gross wt_ o/ 970 Mg -
l Tare wt 2o/ 9/ 9 mg 7 .
I Less acetone blank wt (Wa) o.5 Mg -
Weight of particulate in acetone rinse ' <L/ mg .
I Filters
'1 Stage Filter No. Lab No. Gross, mg > Tare, mg Net, mg
II 0 AL = L ;f’fjhé? /ﬁ?éﬁ.: =Y /of Ry ;-[u ;. 7
L == T e o =
1| =% =X el o =er
: 4 Lo = 25 S /e P S o fl oV s Y
5 Ll = 52 203 sl S ol o o, <
b R AT Yt s A SGy v Cirgal, - o
7 i3 s Y s~ ) _geda S _eede
Backup g2 &3 Tt - D IBE S LB R
Weight of particulate in acetone rinse <o <

Total SR/

Signature of analyst _ :-.'.c\ S s K Al

Signature of reviewer
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APPENDIX D
SAMPLE AND ANALYTICAL PROCEDURES
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DETERMINATION OF Cr+6 AND TOTAL Cr EMISSIONS

The following sample and analytical procedures were used during this
test program. Sampling procedures generally followed those described in EPA

*
Test Method 13B, The sample train used at both the scrubber inlet and

- -:‘ -I -.

outlet test locations was assembled by PEI personnel and consisted of the

following items:

Nozzle - Stainless steel (316) with sharp, tapered leading edge and
accurately measured round opening.

Probe - Borosilicate glass with a heating system capable of maintaining
a gas temperature of approximately 121°C (250°F) at the exit end during

sampling.

Pitot tube - Type-S pitot tube that meets all geometric standards. It
was attached to the probe to monitor stack gas velocity.

Thermocouple - Type-K thermocouple capable of measuring stack gas tempera-
tures within 2 percent. 1t was attached to the probe.

Draft gauge - An inclined manometer made by Dwyer with a range of 0 to

10 1n.H20.

Impingers - For impingers connected in series with giass ball joints.
The second impinger was of the Greenburg-Smith design. The first,
third, fourth, and fifth impingers were also of the Greenburg-Smith
design, but modified by replacing the tip with a %-in. i.d. glass tube
extending to 4 in, from the bottom of the flask.

Metering system - Vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 5°F, dry gas meter with 2 percent accuracy,
and related equipment to maintain an isokinetic sampling rate and to
determine sampiing volume. The dry gas meter is made by Rockwell and

the fiber vane pump is made by Gast.

Barometer - Aneroid type to measure atmospheric pressures to within z2.5
mmHg (x0.1 in.Hg).

* 40 CFR 60, Appendix A, Reference Method 138, July 1985.
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Sampling Procedures

Prior to departure, all g]assware used in this study was washed with
acid to minimize the potential for contamination. One hundred m1 of 0.1 N
NaOH was placed in each of the first three impingers; 300 g of silica gel was
added to the fourth impinger. The train was set up with the probe as shown
in Figure D-1. The sampling train was leak checked at the sampling site
prior to each test run by plugging the inlet to the nozzle and pulling a
15-in.Hg vacuum, and at the conclusion of the test by piugging the inlet to
the nozzle and pulling a vacuum equal to the highest vacuum reached during
the test run.

The pitot tube and lines were leak checked at the test site prior to and
at the conclusion of each tesi run. The check was made by blowing into the
jmpact opening of the pitot tube until 3 or more inches of water is recorded
on the manometer and then capping the jmpact opening and holding it for 15
seconds to assure it is leak free. The static pressure side of the pitot
tube was leak checked using the same procedure, except suction will be used
to obtajn the 3—in.H20 manometer reading. Crushed ice was placed around the
impingers to keep the temperature of the gases Jeaving the last impinger at
20°C (68°F) or less.

During sampling, stack gas and sampling train data were recorded at each
sampling point and when significant changes in stack flow conditions occur.
isokinetic sampling rates were set throughout the sampling period with the
aid of a programmable calculator.

Sampling Recovery Procedures

The sampling trains were moved carefully from the test sites 10 the

designated cleanup/recovery area Tocated in the wastewater treatment building.
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1.9-2.5 em
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L py —

. 100 m1 0.1 N NaOH
. 100 ml 0.1 N NaOH
. 100 m1 0.1 N NaOH
. 200 g SILICA GEL

Figure D-1. Cr ®/Total Cr sampling train.
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Each impinger was weighed after each test 1o determine the amount of moisture
present. Sample fractions were recovered as follows:
Container Nc. 1 - A1l sample exposed surfaces prior to the first impinger
(nozzle and probe) were rinsed with 0.1 N NaOH and brushed with a nylon
brush. After they are weighed, the contents of each impinger were
placed in this container and the impingers and connecting glassware
rinsed with 0.1 N NaOH. This rinse was also placed in the container.
The container was then sealed, labeled, and packed for shipment.

Container No. 2 - A minimum of 200 m1 of 0.1 N NaOR was taken during
each test for blank analysis.

The silica gel from the fourth impinger was weighed, and this value was
recorded with other pertinent data on the Sample Recovery and Integrity Data
Sheet.

Sample Analysis - Hexavalent Chromium

Each sampie (including blanks) was analyzed for Cr+6 using analytical
methodology recently developed by EPA. A copy of the draft method entitled
"Determination of Hexavalent Chromium Emissions From Statibnary Sources" is
contained in Appendix & of this report. Procedures generally follow those
described in EPA Method 3060.*

Prior to analysis, the volume of the impinger solutions was measured and
an aliquot from Container 1 was filtered through Teflon to remove any solids
present in the sample. The Teflon filter was cut into small pieces and
placed in a 250-m1 beaker. Twenty-five ml of NaOH/NA2C03 digestion solution
was added to the beaker. The beaker was covered with a watch glass and
heated to near boiling on a hot plate. The solution was stirred constantly

for 30 minutes, and was not allowed to evaporate to dryness.

*
Test Methods for Evaluating Solid Waste. U.S. EPA Sk-846, 2nd Edition.
July 1982, Method 3060.




The solution was cooied and filtered through a 47-mm Teflon filter. The
beaker was rinsed with deionized, distilled (DI) water, which was then fil-
tered. The filtrate was transferred quantitatively from the filter flask to
a 100-ml volumetric flask, and then brought to volume with DI water. Blank
filter samples were digested and prepared in a similar manner.

A 50-ml or smaller aliquot of the prepared sample was transferred to a
volumetric flask. A 2 percent volume-to-volume rafio of diphenylcarbazide
solution was added, The solution was allowed to stand for about 10 minutes
for color development. A portion of the sample was transferred to a l-cm
absorption cell, which was placed in the spectrophotometer. A Bausch and
Lomb 100 spectrophotometer was used for this analysis. The absorbance was
then measured at the optimum waveiength using the biank solution as a zero
reference.

Sample Analvsis-~Total Chromium

_The filtrates from the impinger contents (Container No. 1) were analyzed
*
for total Cr using preparation procedures described in EPA Method 3050.
Inductiveiy Coupled Argon Plasma (ICP) spectroscopy techniques were used for

sample analysis.

* Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd Edition,
July 1982, Method 3050..
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DETERMINATION OF PARTICLE SIZE DISTRIBUTION

The following procedures were used to determine particle size distribu-

tion of Cr+6 and total Cr. The sampiing train was assembled by PEI personnel

and consisted of the following items:

Nozzle - Stainless steel (316) with sharp, tapered leading edge and
accurately measured round opening.

Metering system - Vacuum gauge, Gast fiber-vane leak-free pump, thermo-
meters capable of measuring temperatures to within 5°F, Rockwell dry-gas
meter with 2 percent accuracy, and related equipment to maintain an-
jsokinetic sampling rate and to determine sampie volume.

Condenser - Moisture removal device capable of maintaining a temperature
less than 20°C (68°F); it will be immersed in an ice water bath.

Impactor - An Andersen Mark III impactor with eight stages and a backup
filter.

Barometer - Aneroid type to measure atmospheric pressures to 2 0.1
in.Hg.

Sampling Procedures--

Two points (one in each sample traverse) representing the average gas

velocity and temperature in each duct were selected as the sampling points.

The Andersen mark II1 impactor was assembled by alternating the stage

plates, collection media, flat crossbars, and Inconel spacer rings needed to
provide eight cut sizés. The collection substrates were Reeve Angel 934 AH
glass-fiber filters that were heated in a 204°C (400°F) oven for 1 or 2
hours, desiccated for 24 hours to a constant weight, and weighed to the

nearest 0.1 mg on an analytical balance.
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The samp]ihg train was assembled as shown in Figure D-2. It was leak

checked at the sampling site prior to each test run by plugging the iniet to

the impactor and pulling a 10-in.Hg vacuum. When the desired vacuum was
reached, the leakage rate was checked at the dry gas meter for 1 minute., If
the leak rate was 0,02 ft3/min, the sampling train was used to obtain the
samples. Excessive leaks were corrected prior to samb1ing. The impactor was
then placed at the selected sampling point(s). Sampling times ranged between
75 and 90 minutes at the inlet location and 240 minutes at the outlet. A
post-test leak check was performed to avoid the possibility of dislodging the
particles on individual stages.

During sampling, stack gas and sampling train data were recorded at
designated intervals depending on the length of the run. The isckinetic
sampling rate was set initially, and constant cut-point characteristics were

maintained throughout the sampling period.

Sampling Recovery Procedures--

After eacﬁ test was completed, the impactors were removed from the probe
and carefully moved to the designated cleanup area; the impactors were kept
in an upright position. _A11 pertinent data were recorded on the Impactor
Recovery and Integrity Data Sheets.

Mark 111:

Container No. 1 - The nozzle and inlet chamber were brushed and rinsed
with acetone to remove particulate into a polyethylene container. After
the container was sealed and labeled, the liguid level was marked.

Container Nos. 2 through 10 - Each filter was removed from its stage and
carefully placed in a petri dish. Loose particulate from the bottom
side of the previous stage plate, the Inconel spacer, flat crossbar, and
top side of the plate directly under the filter were brushed into the
same petri dish as the respective filter. Each petri dish was sealed
and labeled.

D-8
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PROBE TUBE

Figure D-2. Andersen Mark 111 inpaciorj sampling train.
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Gravimetric Analysis--
Filters - Each glass fiber filter was desiccated in its respective
sample container for 24 hours to a constant weight and weighed to the
nearest 0.1 mg on an analytical balance.

Acetone rinse - The volume of each acetone rinse was measured and trans-
ferred to a tared beaker. The sample was evaporated to dryness at
ambient temperature and pressure, desiccated for 24 hours to a constant
weight, and weighed to the nearest 0.1 mg.

The term “"constant weight" means a difference of no more than 0.2 mg or

1 percent of total weight less tare weight (whichever is greater) between two

consecutive weighings, with no less than 6 hours of desiccation between

weighings.

Data Reduction~--
For each test, size distribution curves were established representing
the total weight percent of particulate matter smaller than the indicated
aerodynamic particle diameter in micrometers (wm). Each data point was
plotted by computer and indicates both the 50 percent effective cut-size of
each 1mpactof stage and the cumulative weight percent of material collected
in subsequent_stages. Inhatable (<10 wm) and fine (<2.5 um) size fractions
are also reported.
Cut-points for the eight Mark III impactor stages were calculated by
computer programs contained in "A Computer-Based Cascade Impactor Date Reduction

*
System" (CIDRS) developed for EPA by Southern Research Institute (SRI). AN

. Southern Research Institute. A Computer-Based Cascade Impactor Data
Reduction System. Prepared for U.S. Environmental Protection Agency under
Contract No. 68-022-131, Revised March 1980.
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particle size results are based on a particle density of 1 g/cm?. Data
reduction and intermediate results calculations for the impactors were per-

formed by the CIDRS programs, with moisture contents obtained from the Method

13B tests.

Cr+6 and Total Cr Aralysis by Particle Size Fraction

Upon completion of the gravimetric analysis, samples from each location
were composited by stage cutpoint into a single 1n1ét and outlet sample. The
following procedures were used to determine Cr+6 and total Cr by size frac-
tion.

Hexavalent Cr

After the gravimetric analysis was completed, the Andersen run samples
were prepped for Cr+6 by use of the alkaline digestion method (No. 3060
SW846). The filters in the iniet runs were combined by stages and cut into
small pieces and p]aced-in beakers. The filters in the outlet runs were
treated in the same manner. The acetone rinses were combined by adding a
small amount of acetone to the beakers and scraping the residue with a Teflon
spatula and rinsing it into a beaker. The acetone evaporated off, leaving
the combined residues. The blank Andersen filters were combined by taking
three filters with small spacing between the filter rings and combining them
in a beaker, and combining three filters with large spacing between filter
rings in ancther beaker. The backup filer and blank acetone rinse were
analyzed individually and then prepped in the same manner as the other
Andersen samples. After the digestion was completed, the contents of the
beaker was filtered using a 47-mm, 3.0-um pore size Teflon filter. The
filtrate was quantitatively transferred to a 100-m1 volumetric flask and

diluted to the mark with Type 1 HZO‘ The Teflon filter and Andersen filters
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were saved for digestion for total Cr. The Cr+6 concent of the filtrate was
determined using the colorimetric method (Method 7196 SW846).

The volume of the impinger solutions was measured and then an aliquot
was filtered using a 47-mm, 3.0-um pore size Teflon filter. The filter and
solids were digested using the alkaline digestion method with the final
volume being 100 ml1. The filtrate and alkaline extracts were then analyzed

6 using the colorimetric method.

" for Cr'

The process samples were treated in the same manner as the impinger
solutions with the exception that the total volume was not measured.
Total Cr

The total Cr content of the Andersen filters was determined by means of
digesting the filters and residue from the alkaline digestion using the acid
digestion for siudges (Method 3050 SW846) and a final volume of 100 ml. The
filters and residue from the alkaline digestion of the impinger solution
solids and process sample solids were digested in the same manner. The
digestates were analyzed for Cr using a Perkin Elmer Model Plasma II Induc-
tively Coupled Plasma Emission Spectrometer. The instrument was calibrated
and the calibration was.checked using reference solution obtained from the
EPA (ICAP-19 Concentrate 1 WP1083). The samples were analyzed with spiked

samples, and 10 percent of the calibrations were checked. The filtrates from

the impinger contents and process samples were analyzed in the same manner,
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DETERMINATION OF Cr+6 AND TOTAL Cr CONTENT OF PROCESS SAMPLES

Process samples (scrubber water and plating tank solution) were
collected approximately 4 times during each Cr+6/tota1 Cr test. Scrubber
water was collected from the holding tank located in the plating operations
building. Plating tank solutions were collected individually from each
operational tank using a ladie. A1l semples were placed in polyethylene
containers. Analytical procedures for Cr’ and total Cr followed those

procedures previously described for the actual emission samples.
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CALIBRATION PROCEDURES AND RESULTS*

A1l of the equipment used for these tests was calibrated according to

the procedures outlined in Maintenance, Calibration, and Operation of

lsokinetic Source-Sampling Equipment.*

NOZZLE DIAMETER

The nozzles were calibrated by making three separate measurements with
different inside diameters and calculating the average. If a deviation of
more than 0.004 inch was found, the nbzz]e was either discarded or reamed out

and remeasured. A micrometer was used for measuring. These calibration data

are shown in Figure E-1.

PITOT TUBE CALIBRATION

The pitot tubes used in sampling were constructed by PEl Associates,
Inc., and met all requirements of EPA Method 2.** Therefore, a baseline
coefficient of (.84 was assigned to each pitot tube. Figures E-2 and E-3
present the alignment requirements of Method 2, and Figures E-4a thfough E-4c

present actual calibration and inspection data of the pitot tubes used during

the test program.

*
Office of Air Programs Publication No. APTD-0576.
e %
40 CFR 60, Appendix A, Reference Method 2, July 1985.
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Date é éz ZQ

Calibrated b@

Nozzle S
idegiigisation Dl' in. D2, in. D3, in. AD, in. Davg
iy #4-102 N Xy &S/ | oo |28/
OML #4_,,? '}‘-{{ .cl-g-"l ntz{/ .pﬁﬁl 'AQ
_ I [
Guley #3113 s 137 | 0497 | 0497 | 0.0 |0:197
ot 10y 0.85 | 0.9 | 0./95 | o) | O./95
where:
Dl 5 3 = nozzle diameter measured on a different diameter, in.
rers Tolerance = measure within 0.001 in. :

AD = maximum difference in any two measurements, in.

Tolerance = 0.004 in.

D = average of Dl’ Dz,

avg

Figure E-1.

and D3.
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TRANSYERSE
TUBE AXIS\\
FACE
- == OPENING —™
' PLANES !
(a) ENDVIEW
A-SIDE PLANE
LONGITUDINAL } - _;"r_l _ NOTE :
TUBE AXI_S_? Uy A / ! Pa 1.05 Dy < P<1.50 D
ot B —-:;\ ik b e p
N _ Y P8 AT

0.4B cm ¢ Dt < 0.95 cm
(3716 in.) (3/8 in.) B-SIDE PLANE

(b)

Figure E-2. Properly constructed Type S pitot tube, shown in: (a) end view;
face opening planes perpendicular to transverse axis; (b) top view; face open-
ing planes parallel to longitudinal axis; (¢) side view; both legs of equal
length and centerlines coincident, when viewed from both sides., Baseline

coefficient values of 0.84 may be assigned to pitot tubes constructed this way.
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T

Figure §-3. Types of face-opening misalignment that can result from field
use or improper construction of Type S pitot tubes. These will not affect
Cp so long as ay and ap <10°, By and By <5°, z <0.32 (1/8 in.) and w <0.08
cm (1/32 in.).
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Pitot Tube No. 242 Date £2- S0 - 35 Inspector _%_M
N {Il
o S, - B &,
Degrees Degrees Degrees Degrees l
/° /° £° 20 =
QA0° <10° <5° <5° '
— —= —
Dt P 1.05 Dt 1.50 Dt
Inches : Inches Inches  Inches
3706 G825 . 395 .S
0.185 < P, <0.380 - R ]

Y . ¢ Ps'in ('Y) PS"II'I (¢)
Degrees Degrees Inches Inches

oD OD

- - <0.125 - <0.03125

P P2 ]P] - P2| Meet
inches Inches Inches specifications
Y93 L 4AIBD 003 )//,//

1.05D, <P, <1.50 D, | 1.05 D, <P, <1.50 D, <0.010

Lower line in each table is 1imits for meeting specifications.

Figure E-4a. Pitot tube inspection data sheet.
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pPitot Tube No.

S04

Date /Z-30-£S5  Inspector _%M

1.05 Dt <P1 <1,80 Dt

1.05 D, <P, <1.50 D,

A ———
——

Lower line in each table is limits for meeting specifications.

Figure E-4b.

Pitot tube inspection data sheet.

3
——— . & | b
o i - B B2
Degrees Degrees Degrees Degrees
0° Qe /% e
<10° <10° <k® . «<b°
— __—_____________._——-——-————'———"—_—'
Dt P 1.05 Dt 1.50 Dt
Inches Inches Inches Inches
375 ). 000 394 L S63
0.185 < Pt <0.380 - - -
Y ¢ PS'in ('Y) Ps‘in (¢)
Degrees Degrees Inches Inches
o° o° O.000 o.a0
- - <0.125 <0.03125
P P2 1Py - Pl Meet
Inches Inches Inches specifications
SO/ L7 els X L/”’/,
<0.010
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Pitot Tube No. -

Iy

Date -7-. 7. 55 lInspector /§? k4é£ZZZLff/

’,7/1
—————_——-‘
® : - B B2
Degrees Degrees Degrees Degrees
/< 7¢ ci° £°
_ <10° <10° <k® <k®
____.._———'—"—"'__-———-
Dt P 1.05 Dt' 1.50 Dt
inches Inches Inches Inches
275 558
0.185 < Pt <0, 380 - - -
ﬁ_"‘_—.—_———-——'——
Y ¢ PS"II'\ ('\) Ps‘in (@)
Deorees Degrees Inches Inches
J e YANNLS e
- - <0,125 <0.03125
Inches Inches Inches specifications
P30 427 e ///
1.05 Dt <P‘ <1.50 Dt 1.05 Dt <P2 <1.50 Df <0.010 J

Lower line in each table is Yimits for meeting specificationms.

»*

Figure E-4c. Pitot tube inspection data sheet.
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DRY GAS METER AND ORIFICE METER

Figure E-5 was the setup used for the initial and post-test calibration.
A wet-test meter with a 2-cubic-feet-per-minute capacity and = 1 percent
accuracy was used. The pump was run for approximately 15 minutes at an
orifice manometer setting of 0.5 1n.H20 to heat up the pump and wet the
interior surface of the wet-test meter. The information in Figure E-6 (example
calculation sheet) was gathered for the initial calibration; the ratio of
accuracy of the wet-test meter to the dry-test meter and the AHG were then

calculated.

POST-TEST METER CALIBRATION CHECK

A post-test meter calibration check was made on the meter box used
during the test to check its accuracy against its last calibration check.
This post-test calibration must be within * 5 percent of the initial calibra-
tion. The initia)l calibration was performed as described in APTD-0576. The
same method was used for the post-test calibration as was used for the initial
calibration. Three calibration runs were made with the average orifice
setting obtained during the test series and with the vacuum set at the maximum
value obtained during the test series. After the post-test calibration check
was run, all three runs were within the = 5 percent range allowed according
to EPA Method 5.* The initial and post-test meter box calibration data are

presented in Figures E-7a through E-7h.

STACK THERMOCOUPLES
The thermocouples were calibrated by comparison against an ASTM-3F

thermometer at approximately 32°F, ambient temperature, 100°F, and 500°F.

o
40 CFR 60, Appendix A, Reference Method 2, July 1985.
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”
/' GLASS TUBE MANDMETER
i’ THERMOMETER
'Y \
) ‘h\ .
\
@) WMBILICAL] 6}
abee ‘
/

o ?’ -:;,’/’ _
. R
HETER BOX S PRESSURE WET TEST METE

CONTROL
VALVE

Figure E-5. Calibration setup.

PATL WETTR BOX WO,
AARDIETRIC PI.I:SSUI.E.Pb - in. Wg. PRY GAS WETER MO,
Gas velume Gas volume
Orifice wet Tent dary gas wet tekt Dry gas mater
BAROmETET meter mater mater Tniet | outiet | Averags Tima
u::mq A\ Vd' ty taye tan' tar s,
in. W0 "-3 h., ‘r .y .r bt 4 nin ¥ ane
e.% 5 ]
1.0 5
1.% 10
2.0 10
3.0 10
4.0 10
Avarags
Y ane
AN < v, r:“n.d * 400) 0.0317 R { L, » 40 9}2
Vg P * 7 Y 460) r, tr, < 460) v,
0.5 0.0368
1.0 0.0737
1.5 £.110
2.0 8.147
3.0 8.22)
4,0 C.2%

v » Ratic Of sccuracy of wet test Eecer to dry test mster. Tolerancw ® 3 0.0l
ARS = Drifice of pressure Gifferantisl that gives 0,75 ctm of air at 70°r and 29.92 inches of
mErCuUry, An It:). Yolerance » #0.15.

Figure E-6. Calibration data sheet.
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DATE: 2-2& - S METER BOX NO. A7 -/
CALIBRATOR: 2 iz i il BARDMTTRIC PRESSURE (P,) _ L 5, Py n. Wg
teak Checks:
Positive (minimur & in. H20): }/@ c? 3 ' H.‘? o
hegative {witeir 2 in. Ho of absolute): O (G crme 27,0 i, Ry
"\t 10 eaceed C.00L cfr.
——
prifice v lume yolume Temperatures Duration | Vatur
parometer | wet test |Ory Q8% Wet test Drv ga: meter of setting
setting meter meter | meter Thiet | outiel | Average, test in
i V_ Vd 1& 11 10 1 d n:n Hy AHE
in H20 f13 f13 °f *F *F °F Y rir, H?0
0.5 T G roal oSl g5 ¥e | 33
S0 g7 705 | ga | 74 P1.51/2 =] /0.0 |. 984 ) 172
19559 5. 5| 831 77 2 4 a0l ) 53
'O /2.0 (g3734 705 | £t 78 81.512/ 22 /0.0 |7 1823
Cs.563 75| & 77 29
1.5 * = - all k1
12.0 Vel i s e 26 18151/ 7 iz /0.0 | 9158/
gyssz 705 | 25| ?2F i
2.0 § 375 )7 42 9521} 1. 825
///'0/ oeodio| yp.5 192 | £ /7 % /0.0
7ol 106| 7.5 | 8¢ | 27 25 - .
3.0 g == 72
/0.0 Yoo S 931 &) gd75|/0= | /0.0 | 972%| ) ¥4z
9330/8 7o.e | 92 | &2 7
4.0 / - e arity 1.8
00 BT s T 8175  T e /98 TR 187
v must not deviate by more than +0,02 v. Aver W v
AHE must not deviate by more than 0.15\“\ HZD' verase -95’/ 1 3

i
4

Figure E-7a.

particulate sampling meter box initial ca

E-1

Yy AHE
o (v, ) P T 440 (0.om7)( a¢ )1, ¢+ 4s0)(E) ¢
vy JUNE BH/13.8) (7, + 480) ( Py T, 460) (v, )
& o )28 9¢ 3 .

T at
1o | L2 e 256.7T6 V(547 5) 0CBITy 1.0 2o s een |
(/2.9 7 29.034 ) S30 S\ 128906\ 54 S (2.0
Le | LL2-C V28 .G ¢ WS/ 5 o317 /.S [ 1830 792) :
(129N 25 C 20 ) S 3053 (LE‘?(-)(S"//.S_X'.( /2.6
20 | & o1 W28 .96 WEYES I8) (o637 z.o_)[(fsaswzm ¢
(1. SH YT ICT NESe S) 20 9L SY2. 25 )L 14.¢1
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(/0. %729 /&0 )S50.5 ) (2w qL)(S¥4Y- 75 VL /¢.¢C
eo | L7E-E 22 94 VY7 IS .oz “4e )| (s30e)(912) d
K ZEAY 2%, 2 5 T 2e o) L 1.":.:'_'_~‘rc v w27 ¢l &
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DATE:

BAROMETRIC PRESSURE (P, ): 29 (pdin. Hg

METER BOX NO. ¥ 1 -1

PRETEST v: . IS] ave: (93

PLANT: ¢ PROJECT NO. 3G1S -2
PROJECT MANAGER: (. CALIBRATOR: . . N\eo<w.
Orifice |Wet test|Dry gas Temperatures Yacuum (Duration
manometer| meter meter (Wet test Dry gas meter setting| of run
setting |volume |volume | meter [Jniet QutiefAverage
" oo | Y WoolTai [Tai [ Tg | ™ | ®
in W0 | £0 | 3 | ek Lep fop | er i g | min vy | oHe
' 3.40¢] r? , c‘é;~ e Y
0.0 2 Lis 0L |
3.9 33637 7( 9% 7._78 5 |0 RL AN
23.637 7 |92 |97 A2 |
3.0 g5 0. 42 .
0.0 g0 71 (03 73 O |19 g )17
r~
[ 193 |78 z
'3‘C7 ﬁ?&gﬁy?z / Sﬁés 6?.251
de-0 fypgasl 91193 (36 5 |26 995178
Post-test average*** g93117¢
Y ARE
(v, Prar L T4+ 460 ) | (0.0317)( AH )[(Tw +460)( p )| ©
(Vg )P+ MH/13.6)(T  + 460) (Ppap) (T4 + 460) | v, )|
([0 0 P67 Nedwas) | (oD 3.0 ) [(53 )(/0.35 )] ¢
(0332 )C 298¢ (531 ) | @5y 29 U [0 M
(/0 ) 2962 Neyo ) (p3'2(3.0 ) [53/)(/037 7] °
D201 I 22.9Y  )(83) ) | @Sy Yy jp
(e U 2802 Nsup ) | (ogPlgp ) [‘53/ .95 7
Pe335) 2294 831 ) | BeD(Sys ) L Qo J

*To be the average AH used during the test series.
**To be the highest vacuum used during the test series.
***post-test vy must be within the range, pre-test y +0.05y
Post-test Ad@ must be within the range, pre-test 2H@ +0.15

Figure E-7b.
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mre: |- S5 seter BOx 0. _F B |
cacterator: 3. WEESE BAROMCTRIC PRESSURE (P,) & . ] 6 in. g
Leak Checks:

Positive {minimum & in. H20): /
wegative (within 3 in. Hg of absolute): 5ZE et 1.0 n LT

"ol to exceed 0.000 ¢frm,

Orifice _Yolume Yolume Temperatures Duration | vacuu

manometer wet test |dry gas | Wet test Dry gas meter of setting

se::'mg -::er -ev:er n::er I?:et Du?oet lv;;age u;t :‘;

in K0 ft? £l | er i of i Y nnA:;o

e | O 'qé‘:gf%(og.‘%— o asliag] Lo 98511117

o |0 B3 @,a.gg ga{ % s |4 &2 1o |980)[.20
6q18163. 4 i

v | lo pelBlers B 7qa5 82 | Jo_|997|M3
7 ~ v

e |10 GRS R0 [[pia) jo (97| 1

| [0 7*'5"’ ep 1 T 5075822 [ 1o |975|1-16

v |lo ﬁfs o> 18 T8 (7L 1o lamlkle

v must not deviate by more than +0.02 v. Average q7g I lé
AHE wust not deviate by more than 0.15 in H,0. . .

Y ave
oy, N Py )(T, + 460) (.o317)( a (Y ¢ Aso)m
BTN, T, 7 S, + 460) (P, )T, < 460) TV
A\

_ LI AT 76 5% )

“* | G195 T 29.%0 568_75 "{3{22 ( ggg)[m%"u‘rg{
( ‘l ) ég %E i:SEiﬂ ) 237y 1.O (s;gs”lll'll_-,

- 1] 375)1 528.5 _12.?76”5%'75\[ 4)1

0 76 1€39-28) L3217 {g );53;;.{1;[[.:2)2
' ([0.4{-01)(3 L7 WEABS ) (2976)(53 35)[ J
o | L1021 27.76 NSYO ) (0517)(;7 0 [ 152251019

Jo.4m 2991 5289 76)(5‘1‘0 )L

1.0 @] . [ 0. [ \]
(lo.%lﬁ( lg.gi JLS%E ) 76)(540 )_1

_ (10 §§ %‘7-76 ?;545 ) %E%E i (528.S )ngzfzzl

0 Y037 0. WSS [

Figure E-7c. Particulate sampling meter box initial calibration.
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DATE: ] -4~ | METER BOX NO. £ [R- 1\

BAROMETRIC PRESSURE (P, ): .62 in. Hg  PRETEST Y: G7% ame: L1k
PLANT: Steel . PROJECT NO. 36(S - 22,
proJECT mManaGER: (. Rpuy eus CALIBRATOR: 3 Nogeo

‘- i i-l-

Orifice |Wet test)Dry gas Temperatures Vacuum |Duration

manometer{ meter meter (Wet test Dry gas meter setting| of run

setting |volume |volume | meter [lniet | QutiefyAverage
ek

3 of °of °F °F in. Hg | min Y AHE

wal 11194 |76

3CS | 8.5 D -
25 | ' hged 70 [ | b5 110% Lgm i

cunl 70 194 |79 ot
‘ 87 |85 |73
mszial 71| 9L | Y0

% |9 o |
s | o 3;:7‘3 1L 2 s 95 |48 999|111

W
M 3

in. HZO ft ft

25 | 19

1 |32

Post-test average*** 920 [

Y ARP
( V. ) ©P )( Ty + 480 ) (0.0317)( M )[(Tw +460)( B

W bar

( Vd )(Pbar-+ AH/]B.G)(Tw + 460) (Pbar)(Tg + 460) |( v
(12 )0 2962 EYES) | (BM2L ) L(SB) (077
\1sg ) 9% (531 ) | (BenEH.T ) (2
(18 2962 NEYT7 ) | DS ) Tiss 7.6 )]
(ooas ) A% (531 ) | BRep(E497 ) U 19 1
( 10 ) 2962 NSy s (3P a.5 ) [(531)09.9 )

(

)
(pag ) M 531 ) | @epsyrs) U 10

~
™

i

e | { it

|

*To be the average AH used during the test series.
**To be the highest vacuum used during the test series.
***ppgt-test y must be within the range, pre-test y +0.05y
Post-test AH@ must be within the range, pre-test AHE +0.15

Figure E-7d. Particulate sampling meter box post-test calibration.
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Figure E-7e. Particulate sampling meter box initial calibration.
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I DATE (2}_9\7 - 3G _ weren 80x 0. TR A
CALIBRATOR: ) NS BAROMETRIC PRESSURE (P,) 2L H L in. Wg
I Leak Checks:
. Positive (minimwm & in. H20): I/
Negative (within 3 in. Hg of absolute): Ne2Ji efet J7.0 n. Mg
l "not to exceed 0.00%L cfm,
'- orifice Yolume Volume Temperatures Duration | vacuwm
manometer | wet test |dry gas | Wet test Dry gas meter of setting
I setting meter meter | meter Thies | Dutiel | Average| test _1n
. AH V' Vd T' 11 TO T d .:n Hg me
in K0 £ g1 | o of o o v pan0
76 345 13 75 o, — 5 . 24 ]
l -3 5 (.sv‘!r gk '(775;“ %5132 9%417.07
19541 I3 & £ c 1y ~
I 1.0 { ' 1577 739 gé /2 ?0(].) 2! o Cfg‘} IO/
: 38031 1 £ 15 qcl 7o .
S LA VWL BT
Q4535 13 EEICEY; "16]
I 2o | |0 yides ’773 L‘}"’r §7 325113 2 RT .00
lif6 325 (3 G 147 . D€ :
| > 1[0 | E s %935 & 91200
) 152 10 G f
_ 4.0 , , : .
" |0 1336l A3 1lo0 |85 T &3 %711.0%
| i r n +0.02 v. )
ZH;H;:s?nzoge:;:::t:ybzbér:h:m% 0.%57‘011 HZO. Aversge ﬁ% ?‘ di
. Y AM@
’ 1 (v, ) By )1, a80) (0.0317)( &% ) [ (T, + 4608
I [V, (P, * BH/T3.6)(T, + 480) (TP, )1, + 460) v, )
0.5 | 2 Z747 550 370 0§ )TLEL 4oy
(G430 29~z )5647 ) 294/ TR < [%‘iégﬂjjiéf
| T L 259 550 (3172 1.0 gs'ssja/;jjl?
_ (11603y 2948 3533 | 1 294/ yecona b 1
‘ L | L0 0 @IH NEELIC) Loy ) 1E )[(5’53 )(/575'5))]2
I DYy 2959 1533 ) (29 )6 75 L 1D
) bo | L1 W T4/ )LS2.70) LS 2.0 )[(6'35 )(zs.vsjzz
‘ (04522756 N533 ) (279055 FHLL L0
I s | L IO 794 15525 (037 3.0 V| 1533 y(Jit3 ﬂz
1 Q03 23 S35 ) (GFEN = Ty J
I eo | IO 2 941 NS84 ) (OUN LD )L(5’53 Uq7 )
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DATE: 1 -9-34 METER BOX NO. T R-9
BAROMETRIC PRESSURE (P, .): g 33_ in. Hg  PRETEST Y: .33@ aHe: .04
PLANT: ol Re&ild%le Mach (p. PROJECT NO. 3G[C-022-
PROJECT MANAGER: [ Racffeu CALIBRATOR: -V Neose.
Orifice |Wet test|Dry gas Temperatures Va;uum Duration
manometer| meter meter [Wet test Dry gas meter setting| of run
setting |volume |volume | meter [lIniet | OutlefjAverage
ok
" Vu Vd Tw Tai |Tai | Td 9
in. H0 | ft° ft° of °F |°F °F |4n. Hg | min vy | ave
\ % 10.0 R1333 7199 (186 ‘32 ¢ q /&_&i
\ ] . \ w
cozy| 71 |99 |36 977|192

1495a 71199 |86

0
\% HO HY0 (33 '7[ ‘?9 i @[;25 L{ [ 555:.97’-, 193
w70 199 16 g, - 21
L3 |log hotaw| 77 199 3¢ 251 4 |lo-& 77|14
Post-test average™™* ‘?77 /93
B 4ne
(v, )0 P ) T +a60 ) | (0.0317)( a4 ) [(1, +a60)( p J]
( Vd )(Pba} + AH/13.6)(Tw + 460) (Pbar)(Td + 460) i Vw L
(10 ) 2635 852.<) | (oup 13 ) e )(es )] ©
(0.b1L I 9844 )53 ) | W83n(ss2.5) X |0 1
(g )0 2235 es2.5) | g3 1s ) Tiez) yyso8 7] ¢
(/6720 29.49 3531 ) | @ AEsa g ) L 1] )
(10 N 2936 esas) | w03 ) [iez)pys N
(0611 ) 2449 2531 ) | 439505 ) Ul ]

II

0
*Tp be the average AH used during the test series.
*+Tp be the highest vacuum used during the test series,

*+ipost-test y must be within the range, pre-test y +0.05y
Post-test AdR must be within the range, pre-test AHE +0.15

Figure E-7f. Particulate sampling meter box post-test calibration.
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pate: | )~ Yo 15 weTer B0 W0, T R—2
CALIBRATOR: 3. Neese maroMcTRIC PRESSURE (P,) 2930 in. Hg
Leak Checks:

Positive (minimum 5 in. K20): ./ .
Negative {(within 3 in. Hg of absolute): _ O0O2 cfer Jx © n. Hg

"not to exceed D.00% ¢ir.

orifice Yolume Yolume Temperatures Duration | Vacuum
manometer | wet test |dry gas | wel test Dry gas meter of setting
setting meter weter | meter Tnlel | Dutlel | Average, test in
v v 1 1 1 1 L ] Mg
in H,0 ft ft *F °F 3 ¥ hn HZD

s | © BB ggg gf Te7761% | 10 1378)119
o |0 BeaEETE §§ S |1g. | 10 1974|195
4L

S
023 706 145 -
1.5 (0 ‘i;‘% 770% 6;'7 % Xl o | 10 978 l%\
le| JC 7 .S3 -
=0 10 %4&3 xS 835 |22 10 1979196
4ol 105 18 ,
v | o & G0 T I #s 04! o 1%l
. no.s a9 .18
w | o BEREE e85 1925 1o 9131193
T T e emiete by more than 8,15 in Ho0. wersse 197711 96
—__Y——_—T aH@
(v, ) p, )T, + 460) (0.0317)( & . )[ (1, + 460)(B)]’
8| TV, (P, * BH/13.6)(1, + 460) ey )(1d4450)[ ) ]
T | S 30 J(537. ) 55)]
05 5480 )0 24-34  Mi30¢ \23,’37 ES’%:TT [( S 25
o | L0 HH30 15385 DI Ty (O (XS dE1) lz
oYy 23.37 _w5XF 9o 5HS VL [0
e | 10 (9730 54220 WY 7 LT )[(530.5')(!4@2
By A94! 8305 ) (293064215 L (1O
2o | LIO (D930 ) 5435 (0373(2.0 )Wi}gs)g[‘g\ggj
Jodene 948 1530 4) (2990)5¢3.£ )L [0
(10 29.30 (5945 (0371 3.0 [ 1530006
30 (lO.3‘75'3£ 8954, J)lﬁa’?a:'; (ZRIBO)(EVU.‘;’)Lt ) x]
230 nEYS & 2
wo | L IL(? ) 2 ”53‘2‘5_ ) (éégg)( t/.cs? )[gsw.>1g2.3 1!

Figure E-7g. Particulate sampling meter box initial calibration.
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DATE: _7-§-36 METER BOX NO. T @-73

BAROMETRIC PRESSURE (P,, ): 39 3%in. Hg  PRETEST Y: Q17 ave: | Rk

PLANT: Seteol Raldle | Able Madls Cr PROJECT NO. _3IC -2

PROJECT MANAGER: (. (2putley CALIBRATOR: J. Negce

Orifice |Wet test|Dry gas Temperatures vacuum |Duration

manometer| meter | meter |Wet test Dry_gas meter | setting| of run

setting |[volume |volume | meter |TJnlet | OutlefjAverage

M Vy Vg T Tai |Tai | Td i 0

in, H0 | ft° £t3 oF °F |°F °f  |in. Hg | min v | ane
509.913 71 g?é’ -7L+‘ Ky
conyr| 71 | 82 |16 C 0| 1551130

g2 1 16
9.0 gaciog 1 |89 177 4595t |

s3ioo| 71 189177 |or 5 - 4

5 |18.0 B> 5 g
seae 71 199 179 0 |95c |12

Post-test average**+ 9551191

3 BHE

(v, ) P ) T+ 460 ) | (0.0317)( M (1, +460)( @ ) ¢

(v, (P .+ MH/13.6)(T +460) | (P, )(Ty + 460 ( v,, )|

531)([463 )] °

)
)

( lo ) 2939 g4l ) |y 1.5 ) s

(0620 29,50 53] ) | U3 (S4 Yy U 0 L

(o W 2936 NG4S ) | oy Js ) T3 4730 ¢

(106e) 2950 szl ) | g¥ntsyas ) W (0 )

(g2 O 2924 &38| Loy (1S ) [lg3)0U767 )]
(279900 2950 g3l ) | @93ieys sy I /D

*7o be the average AH used during the test series.
*+To be the highest vacuum used during the test series.
***Ppst-test y must be within the range, pre-test y +0.05y
Post-test AH@ must be within the range, pre-test AHP +0.15

Figure E~7h. Particulate sampling meter box post-test calibration.
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The thermocouplies read within 1.5 percent of the reference thermometer value
throughout the entire range when expressed in degrees Rankine. The thermo-
couples were checked at ambient temperature at the test sites to verify the

calibration. Calibration data are presented in Figures E-8a through E-8c.

DIGITAL INDICATOR FOR THERMOCOUPLE READOUT

.Each digital indicator was calibrated by feeding a series of millivolt
signals to the input, and comparing the indicator reading with the reading
the signal should have generated. Error did not exceed 0.5 percent when the

temperatures were expressed in degrees Rankine. Calibration data are shown

in Figure E-9a and E-9b.

DRY GAS THERMOMETERS AND IMPINGER THEMOCOUPLES

The dry gas thermometers were calibrated by comparison against an ASTM-3F
thermometer at approximately 32°F, at ambient temperature, and at approximately
110°F. The thermometers agreed within 5°F of the reference thermometer. The
impinger thermocouplies were checked in similar manner at approximately 32°F
and at ambient temperature and agreed within 2°F. The thermometers and
thermocouples were checked at ambient temperature prior to the test series to

verify calibration. Calibration data are included in Figures E-10a through

E-10c and E-11a and E-11b.

BALANCE

The Mettler electronic balance was calibrated by comparison with Class-3
standard weights and agreed within 0.5 g. A calibration is also performed

yearly by the manufacturer. Calibration data are shown in Figures E-12 and

E-13.
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Date: 13/31/355 Thermocouple No.: 10 {
calibrator: (3 Theess Reference: ST = R E
Range: Sr D off s
Reference
Reference thermometer Thermocouple
point Source,™ temperature, temperature, Difference,
No. °F °F Akl
“ ‘ k! |39 o
: 1 35 33 Y
3 3 210 | a0 I
4 4 “YA 3 \ o454 \ "2 %
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) 011 Bath

r*parcent difference

Reference temp. °R - thermocouple temp. "R . 1004
(Reference temp. °R) §

where °R = °F + 460

Fach percent difference must be less than or egqual to 1.5%.

Figure E-8a. Thermocouple calibration data sheet.
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Date: 1i/30/84 Thermocouple No.: 4/
' /
Calibrator: (2 Thess Reference: ACTM-AE
Range: ol Y S AV &)
Reference
Reference thermometer - Thermocouple '
point Source,* temperature, temperature, Difference,
No. op °F g wx
! ¢ G 7 | ¢
2 1 | 3= i .2
; : 310 212 -
4 4 iR P, | .
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) 071 Bath
»*xparcent difference
Reference temp. °R - thermocouple temp. °R x 100%

(Reference temp. °R)

where °R = °F + 460

Each percent difference must be less than or equal to 1.5%.

Figure E-8b. Thermocouple calibration data sheet.
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Date: !_uxr/'m/%s Thermocouple No.: __HO04
calibrator: _GTh eegs Reference: A<t - 3F
Range: 33 540
Reference
Reference thermometer Thermocouple -
point Source,* temperature, temperature, Difference,
NO. QF OF o ¥ x
! 2 ol X/ G
2 1 33 32 C
3 3 A 15 Ll | Ve
4 4 490 7/ M
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) 011 Bath

*kpParcent difference

Reference temp. °R - thermocouple temp. °R x 1002
(Reference temp. °R) "

where °R = °F + 460

Each percent difference must be less than or equal to 1.5%.

Figure E-8¢c. Thermocouple calibration data sheet.
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DATE: ,'7; S IO K 71—

DP:RATDR& ‘/ SERIAL WO: S'TD_E

------ -

CALIBRATION DEVICE NO: MANUFACTURER:

-----------------------------------------------------------------------------

H ¢ EQUIVALENT ! DIGITAL IKDICATDR :_

fEST POIKT:  MILLIVQLY TEMFERATURE, © TEMFERATURE READING, ¢+ DIFFERENE
KCL . SIGNAL ! dej. F deg. F ' s
""" R T I Y )
e e ol s
R ol 0.5,

e g s
""" v Tw T Tame oz
e e 2 o0,
B e P T Y
) B 29.315- ;‘— ;;00- -/ ---------- .“5“(-:);;
""" e T s

-----------------------

pessent dlfferesse suct be iess than of equal to 0.51
Pescent difierence!
(Equivalen! tempsrature, deg. R - Digita) indicator tesperature, dej. E)(1001)

(Equivalent tesperature, dej. R)

Where, dej. R = deg. F ¢ AED

Figure E-9a. Thermocouple digital indicator calibration data sheet.
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DATLC : 0-\L{- c INDICATOR NOD: ]
S el b S =
OPCRATOR:  mem o i SCRIAL NO!  Qojrm -
______ M A e, - A

—— -

CALIDRATION DEVICE NO: %?\

______.__.-.._—————-——_——-._—-_.___-.._——_-.—...————————.-____-........-.-.————-...-——-—_—-.-.——————_——-

' ECUIVALENT DIGITAL INDICATOK

v MILLIVOLT o TOMPCRATURD, | TEMPCRATURC RCADING, |

MO# H SIghaL : deg. F ! deo. F !

I 1 -0.492 : 0 ! 0 :

2 1.520 ' 100 : aq !

3 ! 2.819 ! 200 : :
__________ g____*________;________-_____,;_____J%QJ_____________g
a | 6,092 : 300 : 30 | '

5 ! 8.214 : 400. : :
__________ ;___u_________;h-_-____-_____-;_____:3fta____--______g
é 4 10.540 : 500 : :
__________ ;--______-____;______-m_______;_____Jggﬂg___“_____,_,;
7 V22,25 : 100 ! :
__________ | e ————— ! ......____....O...._._........ H _____LQQ_E-___.._______.. '
B 1 29.315 ; 1300 ! i, :
__________ | — e ——————— e — - ————— H -_._—..Z_j-_;——-____..--__ H
® 1 36.166 : 1600 : XX ¢
---------- e e T G LT L NP
10 ' 42,732 : 1500 : /904 :

A e e ————— - ————— —— - ————— ke S ———— —— Tt i —————— i frw - —— R e A

Percent difference muest be less than of equal to 0.5/

f'ercent difference:

(Equivailent température, deg. R - Digital indicator temperature, deg. R)(!OOZI
(Equivalent temperature, deg. R)

Where, deg. R = deg., F + 440 _

Figure E-9b. Thermocouple digital indicator calibration data sheet.
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pate: g'IQ'%S;_

Meter Box No.: i i "l

Culibxntor:fyjhkgzya

Inlet
Referance Dry ¢gas

Reference: A’STM'”S -*:

Reference thermometer thermometer
point $ource * temperature, temperature, | Pifference,
NO. *F *F oyee
1 2 70 70 0
2 2 CPE 27 l
3 ) A0 148 ok
Outlet
Referance Dry gas
Reference thermometer thermometer
point source * temperature, temperature, | Difference,
No. L4 . oy epes
2 2 70 7L >
2 1 3oL 373 (

3

*gpurce:

1) Ice bath

2) Ambient

3) wWater bath

3 AOO 200

sspifference must be less than or egual to #5°F.

Figure E-10a.

E-25
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pate: \2"'"*'%_5_ H;ter Box NOo.: = - W\

Calibrator: D . Ne-os Reference: TSUM- 2F

Inlet .
Referance Pry gas
thermometer

Reference thermometer
point source * temperaturs, | temperature, pDifference,
.r..

1- 2 10 10 0
2 | LY 24 O
_ 3 T T

Outlet
Reference pry gas

Reference thermometer thermometer
point $ource * temperature, temperature, | Difference,
No. *F ® opee

2 2 70 J¥s oL
2 ) 3L 33 \

> s 186 134 r

*Spource: 1) Ice bath
2) Ambient
3) wWater bath

eepifference must be less than or egual to +5°F.

Figure E~10b. Dry gas thermometer calibration data sheet.
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pate: la -2 b -9 Meter Box NoO.: *F'Q—O\

canhut.or:'\T,\\')(apSQJ Reference: AS'T'M— 3F
Inlet
Reference Pry gas
Reference thermometer thermometer
peint $ource * temperature, | temperature, pifference,
NO. L ] .r .r..

F
1 2 7| 73 5
2 1 32 35 3

3 3 | 70 164 |

Outlet :
Reference Dry gas

Reference thermonmeter thermometer
point source * temperature, temperature, Difference,
No., 133 oF epee

1 2 7 b4 2
2 1 3 273 )

s | 2 ] 170 X 1

———————————————

*Source: 1) lce bath
2) Anbieant
3) Water bath

espifference must be less than or egual to +5°F.

Figure E-10c. Dry gas thermometer calibration data sheet.
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_Dat;c: ‘2' 26-85

Meter BOX No.:jFﬁES*:g

c.librntor:tsf &Qggﬁ?a

Reference: ASTM“ :)_’_F

inlet
Referance Dry gas
Referance thermometar thermometer
point Source * tempsrature, | temperature, | Pifference,
uo. .r .r .r..
2 2 T 70 A
2 1 3 3L O

Bk 3 | §3 | 89 0___

Outlet
Reference Dry gas
Reference thermometer thermometer )
point Source * tempsrature, temperature, | Pifference,
No. oF oy opey
3 2 Ny ol |
2 2 34 32 O

3

-4

{

3 [§8 149

*Source:

1) lce bath
2) Ambient

3) Water bath

espifference must be less than or egual to +5°F,

Figure E-10d.

© E-28

Dry gas thermometer calibration data sheet.
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/ -~
Date: _L’-' [+ S Thermocouple No: _ - [T
Calibrator: J Nggbg Reference: Jc7TAf- F
Reference Reference
point Source' therpometer Thermocouple
No. temperature temperature Difference
deg. F deg. F deg. F"'
1 x 74 72 /
35 /'

tSource: 1) Ambient
2) lece bath

t'Ditference must be less than 2 deg. F at both points

Figure E-1la. Impinger thermocoupie calibration data sheet.
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Thermocouple No.: .L - ]

Reference: P\STH* FSF

Date: q -.l 7’%5

Calibrator: Qﬁsﬁfw\

Range:
Reference
Reference thermometer Thermocouple _
point Source,* temperature, temperature, Difference,
No. °F e s
) i 7¢ 74 0.37
2 1 37 35 0.40
3 : 120 \97 015
: « | 38| 334 0.3 |
*Source: 1) Ilce Bath
2; mbient
3) Water Bath
4) 0i) Bath

*tpeprcent difference

Reference temp. °R - thermocouple temp.

‘R 1002

(Reference temp. °R)

where °R = °F + 460

Each percent difference must be less than or egual to 1.5%.

Figure E-11b. Thermocouple calibration data sheet.
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Mass determined for

Balance
No. Date Calibrator § g |trror| 50g | Error 100 g |Error

99 |3/t /%/M s lor|\weloz \#7|c7
196 5ol g thomin |52 |02 |00 |00 | 7770
1958 | 3SR //4 A%/mm/ s0 |00 |7 |02 |77 |e3
39 | s/e5he / W coloolsoe|oo (99767

Meltlor| 920k [S Newse |50 ][00 [500 |00 Jico©] 00

k

Error must not exceed 0.5 grams at each point.

Figure E-12. Trip balance calibration data sheet.
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WEIGHT TRACEABILITY
CERTIFICATE'

_QLL.AA_\_Q_:.JHA

1¢ 99 Clister R8
I c‘ﬂb QAIQ y!ly‘

The balances ksted below have been serviced by our represantaﬂve
on__/20"/72-¢& 5

-This Is o cerfify that the test weights used are traceable to the
Nahonal Bureau of Standards.

' AN
R TATAT IS DA Ats TS a A AT NCH

| Asen 7 brecion §§ i
Metiler Identification number of test weights used: [ 3 : L g_-sf tti
Mettier calibration date of test walghts used: Loy ;— / Ja7 'E.-.S’ gt : l
National Bureau. 6! Standards test number: 737 / PE70 - ¢S 737/ 0L20 - YL t& .
T S
A !
Model and serial number of bainnces l‘orvlccd; gt l l
CHisAR # (95028 PC o0 B7v35ps A
Hi 32 F 2seey | FE AD-2 #5920 . gi !'
H3 *LrY3e3 e ¢ i
HISAR # Lt Fo2o C ' ' :§§ l;J
£c oo+ ¢ 2L 3v0 | | ¥

ﬁ-ﬁﬁﬁma’éGWMM%#&%&MMMQMW%’!@QQ

Memer Sﬂ Representative | W E%:
BT 797 S ke
' /) Date of issue (609) 448-3000 t& .
i !
gwwmwuwwwamammwm Xy

| Figure E-13. Weight traceability certificate.
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BAROMETER
The field barometer was calibrated to within Q.1 in.Hg of an
NBES-traceable mercury-in-glass barometer before the test serijeg. It was
checked against the reference after the test series to determine if it read

within 0.2 in.Hg. The barometer read within the allowable 1imits each time,

Calibration data are included in Figure E-14,

ORSAT ANALYZER

The Orsat analyzer was calibrated before the test series by determining
the percentage of Oxygen, carbon monoxide, and carbon dioxide in a calibrated
gas containing known percentages of each. The analyzer read within 0.5
percent of the known value for the gas. Calibration data are shown in Fig-

ures E-15a through E-15¢.




T Tl e L |

'
73 e
PRETEST sHe? 545G

AROMETER | 4
READING 29.5% |22%% Ppoos 2997

F—ZFERENCE \ \ \ J
BAROMETER (2. 63
READING 2449 |30.0% 2494
\EIFFERENCE* \ .00 \wpi \ 00 | 002 \ \ J
\:TATE ' \(a/q/ié\g,//@ gféﬁig \éﬁ/ﬁ?\ | \ \ J

CALIBRATOR L.l

POST-TEST #06 |
: .

1997 \ 7791 \

REFEI;ENCE

BAROUETER 114,99 \20.0% aid

E:FFERENCE**\ 0o | 03 \ | .ol | | |

B’“E \6-20% \/ﬂ-ﬁ-ﬁb\ | 7/ \ \ I

|
|
iCALIBRATOR- !JNM% \Z*M @,\ | \ :__i

*Barometer is adjusted so that difference does not exceed 0.05 in. Ha.
=xparometer is not adjusted. if difference exceed 0.10 in. Hg, inform project

manager immediately.

Figure E-14. Barometer calibration i0g.

£-34




PEl ASSOCIATES, INC. Reference Gas: Matheson Gas Products, Inc.

11499 CHESTER ROAD - Cylinder No. 3828
CINCINNATI, OHIO 45246 ’ Control No. 108-45979
(813) 782-4700 Analysis: C02-10.03%
02‘9-83%
C0-2.04%
Orsat No.: —— 1942?£2L Gas: CZCi)
. = Z2.0 2.5

Value

Calibrator| Date PN determined

# y//'é;w /P

el AR 18 i

Aot/ 55, 1. € /

Figure E-15a. Orsat calibration data sheet
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PEI ASSOCIATES, INC. Reference Gas: Matheson Gas Products, Inc.

11499 CHESTER ROAD
CINCINNATI, OHIO 45246
(513) 782-4700

Cylinder No. 3828
Control No. 109-45979
Analysis: C02-10.03%

02-9.83%
rn-2.04%
Orsat No.: ‘f&izb' Gas: __422223f
23 10 0.5
calibrator| Date | PN des::;f;ed
4b W 7 e -
- spats- <
@MJ %ﬁé ¢ | [OD
|4

%[—%M@/% 7 &

|| l

Figure E-15b. Orsat calibration data sheet.
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PE|l ASSOCIATES, INC. Reference Gas: Matheson Gas Products, Inc.

11499 CHESTER ROAD Cylinder No. 3828
CINCINNATI, OHIO 45246 Control No. 108-45979
(C (513) 782-4700 Analysis: C0,-10.03%
02'9-83%
C0-2.04%
Orsat No.: 7/22— Gas: Ly
723 7& /0.2

Calibrator| Date | PN value

determined

//%é 5| 9 5

T gy

Y[ | G F ¢

| il L |

Figure E-15¢c. Orsat calibration data sheet.
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APPENDIX F
PROJECT PARTICIPANTS AND SAMPLE LOG
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TABLE F-1. PROJECT PARTICIPANTS

Name

Title

Responsibility

. Bruffey

. Prohaska

. Scheffel

. Clay

. Strait

. Banker

PEl Project Manager

PEI Test Engineer

Environmental Scientist

Task Manager
U.S. EPA-EMB

MRI-NSPS Contractor

MRI-NSPS Contractor

Coordinated test activity;
liaison with EPA, MRI, and
piant personnel; calculations;
Cr &/total Cr and particle
$ize recovery; process

sampie colliection,

Site leader for scrubber
inlet and outlet tests;
assisted with
cleanup/recovery of samples.

Assisted with all tests at
scrubber inlet and outlet.

Coordinated test activity.
Onsite data reduction and
calculations,

Monitored process operation
and coordinated test
activity.

Monitored process operation
and coordinated test
activity.
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TABLE F-2. SAMPLE LOG

Date
(1986)

Activity

Sunday 6/22
Monday 6/23

Tuesday 6/24

Wednesday 6/25

Test crew and equipment travel to Greenville, SC

Equipment and site setup; conducted all preliminary
measurements and equipment audits. Sample trains and
impactors setup.

Conducted one Method 13B test at each location.
Conducted one particle size run at outlet and three at
inlet. Collected process samples.

Conducted two Method 13B tests at each location.
Conductea two particle size tests at outlet location.
Collected process samples. A1l samples were recovered,
equipment packed, and test crew departs plant.
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APPENDIX G

DRAFT TEST METHOD FOR HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES

\I
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Method - Determination of Hexavalent Chromium

Emissions from Stationary Sources

1. Applicability and Principle.

1.1 Applicability. This method applies to the determination of

hexavalent chromium (Cr*6) emissions from specified stationary sources

only.

1.2 Principle. Particulate emissions are collected from the source

by use of Method 5 (Appendix A, 40 CFR Part 60). The collected samples are

digested in an alkaline solution and analyzed by the diphenylcarbazide

colorimetric method.

and Interferences.

2. Range, Sensitivity, Precision,

2.1 Range. A straight 1ine response curve was obtained in the range

5 vg Ccrt67100 m1 to 250 ug ¢cr+67100 ml1., For a minimum analytical accuracy

of +10 percent, the Jower 1imit of the range is 50 ug/100 mi. The upper

1imit can be extended by appropriate dilution.
2.2 Sensitivity. A minimum detection limit of 1 pg Crt6/100 m
has been observed.

2.3 Precision. The overall precision for sample collection and

analysis for crtb was tested at a ferrochrome smelter, a chemical piant,

and a refractory brick piant. Replicate Method 5 filters with both hign

and low particulate loadings were analyzed. The relative standard

deviation was 4.4, 8.3, and 13.3 percent, respectively.

2.4 1nterference. Very large quantities of iron, mo) ybdenum,

vanadium, and mercury can interfere with the analysis. No interference

was observed ai the sources listed in Section 2.3,

G-2
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3. Apparatus.
3.1 Sampling Train. Same as Method 5, Section 2.1.

3.2 Sample Recovery. Same as Method 5, Section Z2.Z.

3.3 Analysis. The following equipment is needed.

3.3.1 Beakers. Borosilicate, 250 ml, with watchglass covers.
3.3.2 Filtration Apparatus. Yacuum unit with 47 mm diameter,

3.0 u pore size Teflon filters.

3.3.3 Volumetric Flasks. 100 ml and other appropriate volumes.
3.3.4 Hot Plate.
3.3.5 Pipettes. Assorted sizes, as needed.

3.3.6 Spectrophotometer. To measure absorbance at 540 nm.

4. Reagents.
4.1 Sampling. Same as Method 5, Section 3.1l.

4.2 Sample Recovery. Same as Method 5, Section 3.2.

4.3 Analysis. Tnhe following reagents are required.

4.3.1 Sodium Carbonate. NazC03, anhydrous, analytical reagent
grade.

4.3.2 Sodium Hydroxide. NaOH, analytical reagent grade.

4.3.3 Potassium Dichromate. Kz2Crz07, analytical reagent grade.

4.3.4 Water. Deionized distilled, meeting American Society for
Testing and Materials (ASTM) specifications for type 3 reagent - ASTM
Test Method D 1193-77 {incorporated by reference - see § 61.18). If high
concentrations of organic matter are not expected to be present, the

analyst may eliminate the KMnQ4 test for oxidizable organic matter.



4.3.5 Digestion Solution. Dissolve 20.0.g NaOH and 30.0 g NapCO3
in deionized distilled water in a l-liter volumetric flask and dilute 10
the mark. Store the solution in a tightly capped polyethylene bottie and
prepare fresh monthly.

4.3.6 Potassium Dichromate Stock Solution. Dissolve 14l.4 mg of
dried KoCr07 in deionized distilled water and dilute to 1 liter
(1 m1 = 50 ng Cr6).

4.3.7 Potassium Dichromate Standard Solution. Dilute 10.00 ml
K,Crp0; stock solution to 100 m1 (1 ml = 5 39 cr*6) with deionized

distilied water.:
4.3.8 Sulfuric Acid, 10 Percent (v/v). Dilute 10 m) of reagent grade
H2S04 to 100 ml in deionized distilled water.
4.3.9 Diphenylcarbazide Solution. Dissolve 250 mg of
1, 5-diphenylcarbizide in 50 ml acetone. Store in a brown bottie. Discard
when the solution becomes discolored.
4.3.10 Acetone. Same as Method 5, Section 3.2.
5. Procedure. |
5.1 Sampling. Same as Method 5, Section 4.1.
5.2 Sample Recovery. Same as Method 5, Section 4.2.
5.3 Preservation. Tests with the source samples described in
Section 2.3 demonstrated that trt6 is stable in particulate form.
Nevertheless, all samples should be protected from extreme heat, and

should be analyzed within 1 month of collection.
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5.4 Sample Digestion and Preparation. Place the contents of
Container Number 1 (the filter) and Container Number 2 (the acetone probe
rinse) in a 250 ml beaker. Evaporate to dryness. Add 40 ml of digestion
solution {Section 4.2.5). Cover the beaker with the watchglass and heat to
near boiling on a hot plate with constant stirring for 30 minutes. Do not
allow the solution to evaporate to dryness.

Cool the solution and transfer it quantitatively to the filtration
apparatus with deionized distilied water., Filter the solution through
the 47 mm Teflon filter. Transfer the filtrate from the filter flask
quantitatively to a 100 ml volumetric flask. Fill to the mark with
deionized, distilled water.

5.5 Reagent Blank Preparation. Place a 47 mm diameter filter in a
100 m1 beaker. Proceed as in Section 5.4.

5.6 Silica Gel Weighing. Weigh the spent silica gel (Container
Number 3) or silica gel plus impinger to the nearest 0.5 g using a balance.
This step may be conducted in the field.

5.7 Analysis.

5.7.1 Color Development and Measurement. Transfer 50 ml aliquot of
the prepared sample to a 100 ml volumetric flask. Add 2.0 ml of
diphenylcarbazide solution. Adjust the pH to 2 + 0.5 with 10 percent Hz504
and dilute to volume with deionized distilled water. Allow the solution to

stand about 10 minutes for color development. Transfer a portion of the
sample 1o a 1-cm absorption cell and measure the absorbance at the optimum

wavelength (Section 6.2.1), using the blank solution as a zero reference.

G-5



Dilute the sample and the blank with equal volumes of deionized distilled
water if the absorbance exceeds Ay, the absorbance of the 250 wg Cr+6
standard as determined in section 6.2.2. Use deionized, distilled water to
zero the instrument.

5.7.2 Check for Matrix Effects on the Crté Results. Since the
analysis for Cr*6 by colorimetry is sensitive to the chemical composition
of the sample (matrix effects), the analyst shall check at Jeast one sample
from each source using the method of additions as follows:

Add or spike an equal volume of gtandard solution to an aliquot of the
sample solution, then measure the absorbance of the resulting solution and
the absorbance of an aliguot of unspiked sampie.

Next, calculate the crt® concentration Cey 1N ug/ml of the sample

solution by using the following equation:

A
Cg = Ca T\:_‘-*_._A_s Eq. G-l

C. -~ crt® concentration of the standard solution g/ml.

Absorbance of the sample solution.

>
w
]

Absorbance of the spiked sample solution.

AT.=

volume corrections will not be required if the solutions as analyzed have
| 6

been made to the same final volume.  Therefore, Cc and Ca represent crt

G-6




concentrations before dilutions. 1f the results of the method of additions

procedure used on the single source sample do not agree to within 5 percent
of the value obtained by the routine spectrophotometric analysis, then

reanalyze all samples from the source using this method of additions

‘procedure.

6. Calibration.

6.1 Sampling Train, Perform all of the calibrations described in

Method 5, Section 5.

6.2 Spectrophotometer Calibration.

6.2.1 Optimum Wavelength Determination. Calibrate the wavelength
scale of the spectrophotometer every 6 months. The calibration may be
accomplished by using an energy source with an intense line emission such
as a mercury lamp, or by using a series of glass filters spanning the
measuring range of the spectrophotometer. Calibration materials are
available commercially and from the National Bureau of Standards. Specific
details on the use of such materials should be supplied by the vendor;
general information about calibration techniques can be obtained from
general reference books on analytical chemistry. The wavelength scale
of the spectrophotometer must read correctly within +5 nm at all
calibration points; otherwise, the spectrophotometer shall be repaired
and recalibrated. Once the wavelength scale of the spectrophotometer is
in proper calibration, use 540 nm as the optimum wavelength for the

measurement of the absorbance of the standards and samples.



Alternatively, a scanning procedﬁre may be employed to determine the
proper measuring wavelength. 1f the instrument is a double-beam
spectrophotometer, scan the spectrum between 530 and 550 nm using a
250 wg Cr*6 standard solution in the sample cell and a blank solution in
thé reference cell. If a peak does not occur, the spectrophotometer is
malfunctioning and should be repaired. When a peak is obtained
within the 530 to 550 nm range, the wavelength at which this peak occurs
shall be the optimum wavelength for the measurement of absorbance of both
<he standards and the samples. For a single-beam spectrophotometer, follow
the scanning procedure described above, except that the blank and standard
solutions shall be scanned separately. The optimum wavelength shall be
the wavelength at which the maximum difference in absorbance between the
standard and the blank occurs.

6.2.2 Determination of Spectrophotometer Calibration Factor Kg. Add
0.0 m1, 10 ml, 20 m1, 30 ml, and 50 m! of the working standard solution

(1 m1 = 5 ug Cr*6) to a series of five 100-m} volumetric flasks. Analyze
these calibration standards as in Section 5.7.1. This calibration
procedure must be repeated on each day that samples are analyzed.

Calculate the spectrophotometer calibration factor as follows:

- 2h, 4 3A3 4 4A
Ay + 2 + A3 + M Eq. G-2

6-8
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Where:

l A1=

Ke = Calibration factor.

Absorbance of the 50 crtd standard.

= Absorbance of the 100 cr*t® standard.

3=
[
U

= Absorbance of the 150 Cr+6 standard.

>
w
!

Absorbance of the 250 crt® standard.

>
I
n

7. Emission Calculations.

Carry out the calculations, retaining at least one extra decimal

figure beyond that of the acquired data. Round off figures after final
calculations.
7.1 Tota) Cr*6 in Sample. Calculate m, the total 1g Cr*6 in each

sampie, as follows:
m = Ko 2AF Eg. G -3

Where:

2 = Factor to correct 50 ml aliquot analyzed to 100 ml total sample.

A = Absorbance of sample.

F = Dilution factor (required only if sample dilution was needed to
reduce the absorbance into the range of calibration).
7.2 Average Dry Gas Meter Temperature and Average Orifice
Pressure Drop. Same as Method 5, Section 6.2.

7.3 Dry Gas Yolume, Volume of Water Vapor, Moisture Content. Same

as Method 5, Sections 6.3, 6.4, and 6.5, respectively.
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7.4 ¢Cr*® Emission Concentration. Calculate Cg (g/dscm), the crtd
concentration in the stack gas, dry basis, corrected to standard
conditions, as follows:

cg = (0.001 g/mg) (m/Vip(std)) Eq. G-4

7.5 lsokinetic Variation, Acceptable Results. Same as Method 5,

sections 6.11 and 6.12, respectively.

8. Bibliography.

1. Test Methods for Evaluating Solid Waste. U.S. Environmental

Protection Agency. ~SW-846, 2nd Edition. July 1982.

2. Cox, X.B., R.W. Linton, F.E. Butler. Determination of Chromium

Speciation in_Environmenta1 particles - A Multitechnique Study of

Ferrochrome Smelter Dust. Accepted for publication in Environmental

Science and Technoloagy.

3. Same as Method 5, Citations 2 to 5 and 7 of Section 7.



METHOD 3050
ACID DIGESTION OF SLUDGES

1.0 Scope and Application

1.1 Method 3050 is an acid digestion procedure used to prepare sludge-
type and soil samples for analysis by flame or furnace atomic absorption
spectroscopy (AAS) or by inductively coupled argon plasma spectroscopy (ICP).
Samples prepared by Method 3050 may be analyzed by AAS or ICP for the
following metals:

Ant imony Lead ~
Arsenic Nickel
Barium Selenium,~
Beryllium Silver v~
Cadmium - Thallium
Chromium . Zinc:
Copper

1.2 Method 3050 may also be applicable to the analysis of other metals
in sludge-type samples, However, prior to using this method for other
metals, it must be evaluated using the specific metal and matrix.

2.0 Summary of Method

2.1 A dried and pulverized sample is digested in nitric acid and
nydrogen peroxide. Vhe digestate is then reiluxed with either nitric
acid or hydrochloric acid. Hydrochloric acid is used as the final reflux
acid for the furnace analysis of Sb or the flame analysis of Sb, Ba, Be, Cd,
tr, Cu, Pb, Ni, and Zn. Nitric acid is employed as the final reflux acid for
the furnace analysis of As, Ba, Be, Cd, Cr, Cu, Pb, Ni, 3e, Ag, T1, and Zn or
the flame analysis of Ag and Tl.

3.0 Interferences

3.1 Sludge samples can contain diverse matrix types, each of which may
present its own analytical challenge. Spiked samples and any relevant
standard reference material should be processed to aid in determining whether
Method 3050 is applicable to 2 given waste, Nondestructive techniques such as
neutron activation analysis may also be helpful in evaluating the applicabil-
ity of this digestion method.

4,0 Apparatus and Materials

4.1 125-m) conical Phillips' beakers.

4.2 Watch glasses.
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7.3 After the second reflux step has been completed and the sample
has cooled, add 2 m! of Type 11 water and 3 ml of 30% hydrogen peroxide (Hp05).
Return the beaker to the hot plate for warming to start the peroxide reaction.
Care must be taken to ensure that losses do not occur due to excessively
vigorous effervescence. Heat until effervescence subsides, and cool the
beaker.

7.4 Continue to add 30% Hy0, in 1-ml aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.
(NOTE: Do not add more than a total of 10 ml 30% Hy05.

7.5 1f the sample is being prepared for the furnace analysis of Ag and
sb or direct aspiration analysis of Ag, Sb, Ba, Be, Cd, Cr, Cu, Pb, Ni, T1, and
Zn, add 5 ml of 1:1 HCl and 10 ml of Type 11 water, return the covered beaker
to the hot plate, and heat for an additional 10 min. After cooling, filter
through Whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with
Type 11 water (or centrifuge the sample). The diluted sample has an approximate
acid concentration of 2.5% (v/v) HC1 and 0.5% (v/v) HNO3 and is now ready for
analysis.

7.6 If the sample is being prepared for the furnace analysis of As, Ba,
Be, Cd, Cr, Cu, Pb, Ni, Se, T1, and Zn, continue heating the acid-peroxide
digestate until the volume has been reduced to approximately 2 ml, add 10 ml
of Type 11 water, and warm the mixture. After cooling, filter through
whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with Type Il
water (or centrifuge the sample). Tne diluted digestate solution contains
approximately 2% (v/v) HNO3. For analysis, withdraw aliquots of appropriate
volume, add any required reagent or matrix modifier, and anaiyze by method of
standard additions,

8.0 Quality Control

8.1 For each group of samples processed, procedural blanks (Type Il
water and reagents) should be carried throughout the entire sample-preparation
and analytical process. These blanks will be useful in determining if
samples are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate

the freguency, but 10% is recommended.

8.3 Spiked samples or standard reference materials should be employed
to determine accuracy. A spiked sample should be included with each group of
samples processed and whenever 2 hew sample matrix is being analyzed. '

B.4 The concentration of all calibration standards should be verified
against a quality control check sampie obtained from an outside source.

8.5 The method of standard addition shall be used for the aha\ysis
of all EP extracts and whenever a new sample matrix is being analyzed.
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4,3 Drying ovens that can be maintained at 30° C.
4,4 Thermometer that covers range of 0° to 200° C.

4.5 Whatman No. 42 filter paper or equivalent,

5.0 Reagents

5.1 ASTM Type 11 water (ASTM D1193): wWater should be monitored
for impurities.

£.2 Concentrated nitric acid: Acid should be analyzed to determine
level of impurities. If impurities are detected, all analyses should be
blank corrected.

§.3 (Concentrated hydrochloric acid: Acid should be analyzed to deter-
mine level of impurities. If impurities are detected, all analyses should be
blank corrected,

5.4 Hydrogen peroxide (30%): Oxidant should be analyzed to determine
level of impurities. If impurities are detected, all analyses should be
blank corrected. .

6.0 Sample Collection, Preservation, and Handling

6.1 A1l samples must have been ccilected using a sampiing plan that
addresses the considerations discussed in Section One of this manual.

6.2 A1) sample containers must be prewashed with detergents, acids,
and distilled deionized water. Plastic and glass containers are both
suitable,

6.3 Nonaqueous samples shall be refrigerated when possible, and
analyzed as soon as possibie. ’
7.0 Procedure

7.1 Weigh and transfer to a 125-m! conical Phiilips' beaker a 1.0-g

portion of sample which has been dried at 60" C, pulverized, and thoroughly
mixed.

O PRI

7.2 Add 10 ml of 1:1 nitric acid (HNO3), mix the slurry, and cover
with a watch glass., Heat the sample at 95° C and reflux for 10 min. Allow
the sample to cool, add 5 m) of conc. HNO3, replace the watch glass, and -
reflux for 30 min. Do not allow the volume to be reduced to less than 5 ml
while maintaining a covering of solution over the bottom of the beaker.
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APPENDIX H
PROCESS DATA MONITORED DURING TESTS

H-1




AMPERE-HQUR CALCULATIONS
TEST RUN NO. l
INLET: SIC-1; OUTLET: SOC-1
TANK 1
Time ' Time '
(24-h clock) interval, min Current, Ampere-hours '
Inlet Qutlet Inlet Outiet amperes Iniet Outilet I
08:27 08:33
08:35 08:35 8 2 1,000 133 33
08:40 08:40 5 5 1,000 83 83 '
Subtotal 13 7 216 116
08:54 08:54 l
09:05 09:05 11 11 1,500 275 275
09:15 09:15 10 10 1,500 250 250 l
09:25 09:25 10 10 1,500 250 250
09:35 09:35 10 10 1,400 233 233
09:45 09:45 10 10 1,500 250 250
09:54 09:54 9 9 1,500 225 225 I
Subtotal 60 60 1,483 1,483
10:17 10:18 : I
10:25 10:25 8 7 3,000 400 350
10:35 10:35 10 10 2,750 458 458 l
10:45 10:45 10 10 3,000 500 500
10:55 10:55 10 10 2,900 483 483
11:05 11:05 10 10 2,900 - 483 483
11:14 11:14 9 9 2,900 435 435 I
Subtotal 57 56 2,759 2,709
11:25 11:25 ' l
11:35 11:35 10 10 2,900 - 483 483
11:45 11:45 10 10 2,800 467 467 I
11:48 0 3 2,800 _0 140
Subtotal ' 20 23 950 1,090 I
- TOTAL 150 146 ' 5,408 5,398
H-2 l




|

AMPERE -HOUR CALCULATIONS
I TEST RUN NO.:
INLET: SIC-1:; OUTLET: SOC-1
TANK NO, 2

I Time Time

(24-h clock) jnterval, min Current, Ampere-hours
I Iinlet = OQutlet Inlet Outiet amperes Inlet Qutlet

08:27
l 08:30 3 0 1,300 65 0

Subtotal 3 0 65 0
l 08:35 08:33

08:45 08:45 10 12 1,400 233 280

08:55 08:55 10 10 1,400 233 233

09:05 09:05 10 10 1,400 233 233

09:15 09:15 10 10 1,400 233 233

09:25 09:25 10 10 1,400 233 233

09:35 09:35 10 10 1,300 217 217
I 09:40 09:40 5 5 1,300 108 108

Subtotal 65 67 1,490 1,537
' 10:15 10:18

10:25 10:25 10 7 1,250 208 146

10:35 10:35 10 10 1,200 200 200

10:41 10:41 6 6 1,200 120 120
. Subtotal 26 23 528 466
- 10:45 10:45

10:55 10:55 10 10 1,400 233 233
. 11:05 11:05 10 10 1,350 225 225
_ 11:15 11:15 10 10 1,300 217 217

11:25 11:25 10 10 1,300 217 217

11:35 11:35 10 10 1,300 217 217
l 11:45 11:45 10 10 1,300 217 217
| 11:48 0 3 1,300 _0 _65
I Subtotal 60 63 1,326 1,391
l TOTAL 154 153 3,409 3,394
I H-3




AMPERE-HOUR CALCULATIONS
TEST RUN NO.: I
INLET: SIC-1; OUTLET: SOC-1
TANK NO. 4
Time Time l
(24-h_clock) interval, min_ Current, Ampere-hours
Inlet Qutiet Inlet Outlet amperes Inlet Qutiet l
08:27 08:33
08:35 08:35 8 2 900 120 30
08:45 08:45 10 10 900 150 150 l
08:55 08:55 10 10 850 142 142
09:05 09:05 10 10 900 150 150
09:15 09:15 10 10 900 150 150 I
09:25 09:25 10 10 900 150 150
09:35 09:35 10 10 900 150 150
09:45 09:45 10 10 900 150 150 '
09:55 09:55 10 10 900 150 150
09:57 10:03 2 8 900 30 120
Subtotal 90 90 1,342 1,342 l
10:15 10:18
10:25 10325 10 7 900 150 105 l
10235 10:35 10 10 900 150 150
10:45 10:45 10 10 900 150 150
10255 10:55 10 10 900 150 150 I
11:05 11:05 10 10 900 150 150
11:15 11:15 10 10 200 33 33
11:25 11:25 10 10 900 150 150
11:35 11:35 10 10 900 150 150 l
11:45 11:45 10 10 900 150 150
11:48 0 3 900 _0 45
Subtotal 90 90 1,233 1,233 l
TOTAL 180 180 2,575 2,575 l
H-4 l




AMPERE-HOUR CALCULATIONS
I TEST RUN NO.:
INLET: SIC-2:; OUTLET: SOC-2
TANK NO. 1
I Time Time
(24-h clock) . interval, min Current, Ampere-hours
l inlet Qutiet _ inlet Outlet amperes Inlet OQutlet
08:08 08:11
08:18 08:18 - 10 7 500 83 Y]
I 08:28 08:28 10 10 500 83 83
08:33 08:33 5 5 500 42 42
l Subtotal 25 22 208 183
08:40 08:40
l 08:48 08:48 8 B 400 53 53
08:58 08:58 10 10 400 67 67
09:08 09:08 10 10 400 67 67
09:18 09:18 10 10 400 67 67
l 09:28 09:28 10 10 300 50 50
09:34 09:34 6 6 300 30 30
l Subtotal 54 54 334 334
10:02 10:04
l 10:08 10:08 6 4 500 50 33
10:18 10:18 10 10 500 83 83
10:28 10:28 10 10 400 67 67
10:38 10:38 10 10 500 83 83
l 10:40 10:40 2 2 500 17 17
Subtotal 38 36 300, 283
l 10:48 10:48
10:58 10:58 10 10 250 42 42
l 11:08 11:08 10 10 250 42 4?2
11:18 11:18 10 10 250 42 42
s 11:28 11:28 10 10 200 33 33
I 11:32 11:34 A4 6 200 13 20
Subtotal 44 46 172 179
l TOTAL 161 158 1,014 979
l H-5



AMPERE-HQUR CALCULATIONS
TEST RUN NO.: I
INLET: SIC-2; OUTLET: sSOC-2
TANK NO. 2
Time Time : I
(24-h clock) interval, min Current, Ampere-hours
Inlet OQutlet Intet Qutlet amperes Inlet Qutlet l
08:08 08:11
08:18 08:18 10 7 1,100 183 128
08:28 08:28 10 10 1,100 183 183 l
08:38 08:38 10 10 1,100 183 183
08:45 08:45 7 7 1,100 128 128
Subtotal 37 34 677 622 l
08:50 08:50 l
08:58 08:58 8 8 1,400 187 187
09:08 09:08 10 10 1,400 233 233
09:18 09:18 10 10 1,400 233 233
09:28 09:28 10 10 1,400 233 233 I
09:38 09:40 10 12 1,400 233 280
Subtotal a8 50 1,119 1,166 I
10:02 10:04
10:08 10:08 6 4 1,100 110 73 l
10:18 10:18 10 10 1,200 200 200
10:28 10:28 10 10 1,200 200 200
10:38 10:38 10 10 1,200 200 200
10:46 10:46 8 8 1,200 160 160 l
Subtotal 44 42 870 833
10:50 10:50 I
10:58 10:58 8 8 1,100 147 147 ]
11:08 11;08 10 10 1,100 183 183 l
11:18 11:18 10 10 1,100 183 183
11:28 11:28 10 10 1,100 183 183
11:32 11:34 4 6 _ 1,100 73 110 l
Subtotal 42 44 769 806
TOTAL 171 170 3,436 3,427 l
H-6 l




AMPERE-HOUR CALCULATIONS
. TEST RUN NO.:
INLET: SIC-2: OUTLET: $OC-2
TANK NO. 4 '

I Time Time

(24-h clock) interval, min Current, Ampere-hours
l Inlet Outlet . Inlet OQutiet amperes Iinlet Outiet

08:08 08:11

08:18 08:18 10 7 675 112 79
I 08:28 08:28 10 10 600 100 100

08:38 08:38 10 10 600 100 100

08:48 08:48 10 10 600 100 100
l 08:58 08:58 10 10 600 100 100

09:08 09:08 10 10 625 104 104

09:18 09:18 10 10 600 100 100

09:28 09:28 10 10 625 104 104
l 09:38 09:41 10 13 600 100 130
' Subtotal 90 90 920 917

10:02 10:04

10:08 10:08 6 4 600 60 40
l 10:18 10:18 10 10 600 100 100

10:28 10:28 10 10 625 104 104

10:38 10:38 10 10 600 100 100

10:48 10:48 10 10 600 100 100
l 10:58 10:58 10 10 600 100 100

11:08 11:08 10 10 600 100 100

11:18 11:18. 10 10 600 100 100
I 11:28 11:28 10 10 600 100 100

11:32 11:34 4 6 600 40 _60
I Subtotal 90 90 904 904
l TOTAL 180 180 1,824 1,821
l H-7




AMPERE-HOUR CALCULATIONS
TEST RUN NO.: l
INLET: SIC-3; OUTLET: SOC-3
TANK NO. 1
Time _ Time l
(24-h clock) interval, min Current, Ampere-hours
Inlet Qutiet. Inlet Outilet amperes Inlet Qutiet l
12:45 12:47
12:50 12:50 : 5 3 ' 200 17 10
13:00 13:00 10 10 200 33 33 l
Subtotal 15 13 50 43
13:05 13:05 : I
13:10 13:10 5 5 1,000 83 83
13:20 13:20 10 10 1,000 167 167
13:30 13:30 10 10 1,000 . 167 167
13:40 13:40 10 10 1,000 167 167
13:50 13:50 10 10 1,000 167 167
14;00 14:00 10 10 1,000 167 167 l
14:10 14:10 10 10 1,000 167 167
14:14 14:14 4 4 1,000 67 _67
Subtotal 69 69 1,152 1,152 I
14:29 14:31
14:40 14:40 11 9 1,000 183 150
14:50 14:50 10 10 1,000 167 167
15:00 15:00 10 10 ; 1,000 167 - 167
15:10  15:10 10 10 1,000 167 167 |
15:20 15:20 10 10 1,000 167 167
15:27 15:27 7 7 1,000 ur 1w
Subtotal 58 56 968 935 l
16:02 16:02 | '
16:10 16:10 8 8 2,000 267 267 l
16:20 16:20 \ 10 - 10 2,000 333 333
16:30 16:30 __-'i= 10 10 - 2,000 333 0333
16:33  16:34 ¥ 3 3 2.000 100 100 i
Subtotal 31 31 1,033 1,033 I )
TOTAL 173 169 3,203 3,163
H-8 l




AMPERE-HOUR CALCULATIONS
I TEST RUN NO:
INLET: SIC-3; OUTLET: SOC-3
TANK NO. 2
l Time Time
(24-h clock) interval, min Current, Ampere-hours
l ' Inlet Outlet Inlet OQutiet amperes Inlet Outlet
12:45 12.47
l 12:50 12:50 5 3 1,000 83 50
12:55 12:55 5 5 1,000 83 83
I Subtotal 10 8 166 133
' 12:58 12:58
13:10 13:10 12 12 1,200 240 240
l 13:20  13:20 10 10 1.200 200 200
13:30 13:30 10 10 1,200 200 200
13:40 13:40 10 10 1,200 200 200
l 13:50 13:50 10 10 1,200 200 200
14:00 14:00 10 10 1,200 200 200
14:10 14:10 10 10 1,200 200 200
l 14:15 14:17 5 7 1,200 100 140
Subtotal 77 79 1,540 1,580
I 14:29  14:31
- 14:40 14:40 11 9 2,000 367 300
14:50 14:50 10 10 2,000 333 333
I 15:00 15:00 10 10 1,800 300 300
15:10 15:10 10 10 1,800 300 300
15:20 '15:20 10 10 1,800 300 300
' 15:28 15:28 8 8 1,800 240 240
Subtotal 59 57 1,840 1,773
l TOTAL 146 144 3,546 3,486
I H-9



AMPERE-HQUR CALCULATIONS .
TEST RUN NO: I
INLET: SIC-3; QUTLET: S0C-3
TANK NO: 4 l
Time Time
(24-h clock) interval, min Current, Ampere-hours
Inlet Outiet inlet Outlet amperes Inlet OQutlet I
12:45 12:47
12:50 12:50 5 3 600 50 30 l
13:00 13:00 10 10 650 108 108
13:10 13:10 10 10 650 108 108
13:20  13:20 10 10 650 108 108 |
13:30 13:30 10 10 650 108 108
13:40 13:40 10 10 650 108 108
13:50 13:50 10 10 650 108 108 .
14:00 14:00 10 10 650 108 108
14:10 14:10 10 10 650 108 108
14:15 14:17 _5 7 650 54 _76 .
Subtotal 90 90 968 970 |
14:29 14:31 l :
14:40 14:40 11 9 650 119 98 .
14:50 14:50 10 10 650 108 108 _
15:00 15:00 10 10 650 108 108 l
15:10 15:10 10 10 650 108 108 |
15:20 15:20 10 10 650 108 108
15:28 15:28 8 8 . 650 87 87 l .
Subtotal 59 57 638 617 ;_
16:02  16:02 l :
16:10 16:10 8 8 675 90 90 ‘
16:20 16:20 10 10 675 112 112 _
16:30 16:30 10 10 675 112 112 l '
16:33 16335 3 5 700 35 58
Subtotal 31 33 349 372 l :
TOTAL 180 180 1,955 1,959 '
H-10 l
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