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SECTION 1.0
INTRODUCTION

During the weeks of April 18 and 25, 1987, an emission measurement
program was conducted at the Automatic Die Casting facility located in
$t. Clair Shores, Michigan. The primary purposes of this program were to
collect data to support the development of regulations for hexavalent
chromium (Cr*®) emissions from chromium plating operations that use
chemical fume suppressants as a method of emission control and to verify the
efficiency of the chromium screening method that is currently being
developed by the EPA.

The principal reason for selecting Automatic Die Casting for source.
testing was that the plant was willing to operate the chromium plating tank
under three different conditions:

1. without fume suppressants;
2. with the addition of a foam blanket; and
3. with the addition of a foam blanket and wetting agent.

The plant is representative of'other plants in the industry that perform
decorative chromium electroplating with an automated plating line. Based on
the operating parameters such as current, voltage, chromic acid

" concentration and plating time, their chromium plating tank is typical of

those used in the industry.

Cr** emissions were measured prior to entering the inlet to the
scrubber serving the chromium plating 1ine and the chromium rework tank.
Figure 1-1 is a diagram showing the sampliing location (Segment Az).
Testing was performed using the EPA Modified Method 138 (MM13B) and the EPA
Screening Method. On-site analysis of the samples was performed using the
diphenylcarbazide colorimetric method which will be discussed in Section 4.0
of this report. PEER Consultants P.C., from Dayton, Ohio, and Pacific
Environmental Services, Inc., (PES) from Cincinnati, Ohio, conducted the
MM13B sampling and on-site analysis. Midwest Research Institute (MRI) from

1-1
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Raleigh, North Carolina, monitored the process conditions, and the U.S. EPA
Technical Support Division conducted the chromium screening method, set up
the on-site computer center and observed the test program.

This report is organized into several sections each addressing specific
aspects of the test program. Section 2.0 describes the process and its
operation. Section 3.0 presents a summary and discussion of results.
Section 4.0 describes the sampling location and test methods and
Section 5.0 presents the QA/QC measures. Appendix A presents process
monitoring data sheets; Appendix B, the field data sheets for each test,
Appendix C, calculation sheets for each test; Appendix D, the hexavalent
chromium analytical method; Appendix E, chain-of—custody data sheets;
Appendix F, equipment calibration sheets; and Appendix G, project
participants and activity log.







SECTION 2.0
PROCESS OPERATION

2.1 PROCESS DESCRIPTION

Automatic Die Casting Specialities, Inc., is a small job shop that
performs decorative chromium electroplating of automotive trim. The plating
facility consists of two decorative chromium plating lines: the main
plating line and a rework plating line.

The chromium plating tank in the main plating line was tested to
measure the performance of fume suppressants in reducing chromic acid mist.
The prdcess layout for the main plating line is shown in Figure 2.1. The
main plating 1ine consists of a series of tanks used for ¢leaning and
plating the parts. Parts are plated with layers of copper and nickel before
they are chromium plated. The chromium plating segment of the line consists
of a chromium predip, a plating tank, a chromium saver tank, and three
bisulfite rinse tanks. The plating line is serviced by an automatically
controlled overhead conveyor that transfers racks of parts to each tank in a
programmed sequence.

The chromium plating tank is 3.35 m (11.0 ft) long, 0.85 m (2.8 ft)
wide, and 1.5 m (5.0 ft) deep and is divided into six cells that are each
0.55 m (1.8 ft) long. The plating tank holds approximately 3,860 liters
(1,020 gallons) of plating solution, which contains chromic acid in a
concentration of 280 grams per liter (37 ounces per-galion) of water. The
plating ;olution contains both fluoride and sulfuric acid catalysts. The
temperature of the plating bath {s maintained between 43°C and 47°C (110°F
and 116°F). Based on size, operating parameters (such as current, voltage,
and plating time), and chromic acid concentration, the tank is typical of
other decorative chromium plating tanks used in the electroplating industry.

2-1
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The plating 1ine operates 20 hours per day, 4 days per week. Six
racks of parts are plated in the chromiym plating tank at a time with a
retention time of 3 minutes and 35 seconds for each rack. The tank is
equipped with three rectifiers. For the first 15 seconds of plating, the
parts are activated. During activation, the rectifier connected to Cell No.
1 is operated at 0 to 5 volts and 0 to 200 amperes. After activation, the
racks are automatically moved toward the center of the plating tank. During
plating, the rectifier connected to cells No. 2 through 5 is set at 5.2
volts and 3,000 amperes. The rectifier connected to cell No. 6 is set at
3.0 volts and minimal to no current.

2.2 AIR POLLUTION CONTROL

The chromium plating tank is equipped with a single-sided draft hood.
The exhaust gases captured by the hood are ducted to a vertical-flow single
Packed-bed scrubber. Two other tanks, the alkaline soak tank in the main
plating 1ine and the chromium plating tank in the rework plating 1ine, are
also vented to the scrubber through a common duct. Figure 2.2 presents a
diagram of the ventilation and control system. The total airflow rate to
the scrubber from the three hoods is 130 actual cubic meters per minute
(4,700 actual cubic feet per minute). The hood on the alkaline soak tank
was blocked off during testing to increase the airflow rate through the hood
on the chromium plating tank.

A fume Suppressant, Quin-Tec Cam Nos. 3 and 4, manufactured by
3M Corporation and sold by Quin-Tec, Inc., in Warren, Michigan, is normally
used to reduce chromic acid mist from the chromium plating tank. Ouring the
source test, the chromium plating tank was operated under three different
conditions: (1) without a fume suppressant, (2) with a foam blanket, and
(3) with a "combination" fume Suppressant consisting of a foam blanket and a
wetting agent. The foam blanket forms a layer of foam approximately 2.4
céntimeters (1.0 inch) thick over the plating solution when the plating tank
is charged. The foam blanket reduces chromic acid mist by entrapping the
mist in the foam layer. The “combination” fume suppressant forms a layer of
foam 2.5 ¢m (1.0 in.) thick over the surface of the plating solution and
lowers the surface tension of the plating solution from 70 dynes/centimeter

2-3
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to below 40 dynes/centimeter. Because the tension of the bath is lower, the
gases escape the surface with less of a “"bursting” effect and thus, less
mist is formed. The foam layer captures any mist which is formed.

The foam blanket and the "combination” fume suppressant used in the
plating tank during the source test were, Zero-Mist™ HT and -Zero-Mist™
HT-2, respectively. Both of these fume suppressants are manufactured and
sold by OMI/Udylitee International Corporation in Warren, Michigan. These
fume suppressants were selected for use during the source test because they
are representative of the types and brands of fume suppressants widely used
in the decorative chromium electroplating industry. The technical data
sheets for each fume suppressant are provided in Appendix A.

2.3 PROCESS CONDITIONS DURING TESTING

Nine test runs were conducted to characterize uncontrolled emissions
from a decorative chromium plating tank and to determine the performance of
fume suppressants for controlling chromic acid mist. Three test runs were
performed under each of the following conditions: (1) no chemical fume
suppressant in the plating bath (uncontrolled); (2) a foam blanket, '
Zero-Mist™ HT, maintained in the plating bath; and (3) 2 "combination”
fume suppressant, Zero-Mist™ HT-2, maintained in the plating bath.

The process was maintained within normal operating 1imits during each
test run. The operating voltage, operating current, and plating solution
temperature were monitored and recorded during each test run. The number of
racks processed and the type of parts plated also were recorded during each
test run. The operating conditions (average values) for each emission test
run are presented in Table 2-1. In addition, grab samples of the plating
solution were taken during each test run to determine the hexavalent
chromium concentration. The analytical results for each sample are
presented in Section 3. Data sheets documenting process operating
conditions and the workload during each test run are presented in Appendix A.




TABLE 2-1. AVERAGE OPERATING PARAMETERS FOR EACH TEST RUN

.. Operating Operating Operating

temperature, valtage, current,

Run Nos. °C (°F) volits amperes
1 43 (118) 5.2 2,680
: e ‘{HS}’ .0 2:770
Average 48 (1is 5.0 2,610
4 48 (118) 5.2 2,730
: 2
48 5.1 2,600
Average 48 (118 5.1 2,660
7 48 (119) 5.1 2,820
g 49 (%gg) g.% 2,880
49 . 2,800
Average 49 (120 5.1 2,830

2-6



During the test, the initial addition (makeup) and maintenance additions of
the fume suppressants were made according to vendor recommendations on the
use of each fume suppressant. The makeup addition of the foam blanket, Zero
Mist™ HT, was 910 g (2.0 1b), and the makeup addition of the "combination"
fume suppressant, Zero-Mist™ HT-2, was 1,800 g (4.0 1b). For both fume
suppressants a visual observation of the foam over the surface of the plating
solution was used to determine when a maintenance addition was required. A
foam blanket approximately 2.5 ¢m (1.0 in.) thick was maintained over the
entire surface of the bath. For the "combination® fume suppressant,
stalagmometer measurements to determine the surface tension plating bath were
used in conjunction with visual observations for determining depletion of the
fume suppressant. A surface tension measurement above 40 dynes/centimeter
was specified as an indication of the need for maintenance additions of the
fume suppressant. When signs of depletion were evident, a maintenance
addition of the fume suppressant was made to the plating tank. The normal
maintenance addition consisted of between 90 and 100 grams (0.2 and 0.3 1b)
for both types of fume suppressants. Visual observations were made at 10 to
15 minute intervals for each test run. Surface tension measurements were
performed on the platinq.solution composite samples at the end of test runs
No. 1 through 9 and at the beginning of test runs No. 7 through 9. The
measured surface tension (average) and the makeup and maintenance additions
of fume suppressant for each test run are presented in Table 2-2.

A1l test runs were completed without a process interruption except test
run No. 2, which was interrupted for 4 minutes because of downtime in the
process line. A1l test runs were stopped 15 to 20 minutes to change test
ports.

The total amount of current supplied to the tank during each test run

is calculated in terms of ampere-hours and is included in Appendix A. A
tabular summary of the total current values is presented in Table 2-3.

2-7



TABLE 2-2. AVERAGE PLATING SOLUTION AND FUME SUPPRESSANT PARAMETERS
FOR EACH TEST RUN

Surface Fume suppressant additions

~N o0 o, AW N -

Run tension, Makeup, Mainte-
No. Test condition dynes/cm g (1b) nance, g (1b)
Uncontralled 66 0 (0) 0 (0)
Uncontrolled 72 0 (0) 0 (0)
Uncontrolled 74 0 (0) 0 (0)
Foam blanket? 67 - 910 (2.0) 0 (0)
Foam blanket? 71 0 (0) 140 (0.3)
Foam blanket? 72 0 (0) 450 (1.1)
Foam b1anket/wetting 40 1,800 (4.0) 450 (1.0)
agent _
8 Foam blgnket/wetting 38 0 (0) 590 (1.3)
~agent
9 Foam blgnket/wetting 38 0 (0) 200 (0.5)
agent : .

gZero Mist™ HT.
Zero Mist™ HT-2.

2-8




' . " TABLE 2-3. TOTAL CURRENT SUPPLIED DURING EACH EMISSION
TEST RUN
' ) Test
"~ Run time, Total current,

' No. hours ampere-hours Ampere-hours/hd

1 3.20 8,700 _ 2,700
' 2 2.15 5,200 2,400
' 3 2.02 5,600 2,800
' 4 3.03 8,400 2,800

5 2.00 . 5.300 2,700

6 4.18 11,900 2,900
l 7 4.00 11,300 2,800

8 4.00 11,700 2,900
' 9 3.00 8,500 2,800
I 3Time-weighted average.
l 2=9







SECTION 3.0
SUMMARY OF RESULTS

3.1 INTRODUCTION

Modified Method 138 (MM13B) and the Sqreening Methods samples were
collected in triplicate under each of the three different operating
conditions of the plating tank. Ouring each MMI3B, a series of four
screening samples were collected simultaneously in a port which was located
172 stack-diameter downstream from the MM13B sample location. MM13B run

numbers 1, 2 and 3, and Screening Methods series 1A, 1B, 2A, 2B, 3A and 38
were conducted while the plating tank was operating without a foam blanket.
MM138 run numbers 4, 5 and 6, and screening methods series 4A, 48, 5U, 6U
and 6P were conducted while the plating tank was being operated with a
temporary-type fume suppressant. Run numbers 7, 8 and 9 of the MM13B and
the screening methods series 7, 8 and 9 were conducted while the plating
tank was being operated with the addition of a foam blanket combined with a
wetting agent. All of the emission samples were analyzed on site for

- ¢r*® concentrations using the procedures outlined in "Draft Method -

Determination of Hexavalent Chromium in Dry Particulate Emissions from
Stationary Sources." This analytical method is presented in Appendix D.

In addition to the emission samples, grab samples of the plating bath
were composited during each MMI3B run and analyzed using the same procedures
as for the emission samples. '

Table 3-1. presents a schedule of the activities during the test
program. The results from the amalysis of the MMI3B runs, the screening
method runs and the plating tank solutions are presented in the remainder of
this section. |



TABLE 3-1. SCHEDULE OF ACTIVITIES

Date Test Time Parameter
(1988) Sample Type ~Run No. 24 hr. clock) _Measured
Condition 1 - (no fume suppressant)

4/18 138, PS MM138-1 1408-1738 cr*é

4/18 SM 1A Series crte

4/18 SM 1B Series - Crté

4/19 138, PS MM138-2 0758-1026 Crté

4/19 SM 2A Series cr

4/19 SM 2B Series - (o

4/19 138, PS MM138-3 1157-1508 Ccrté

4/19 SM 3A Series Crté
Condition 2 - (addition of temporary-type fume suppressant)

4/20 138, PS MM138-4 0932-1311 crté

4/20 | SM 4A Series crté

4/20 SM 4B Series - crté

4/20 138, PS MM138-5 1415-1629 crté

4/20 SM 5U Series - cr¥é

4/21 138, PS MM138-6 1010-1513 crté

4/21 SM 6U Series crté

4/21 SM 6P Series crté
Condition 3 - (addition of permanent-type fume suppressant)

4/25 138, PS MM138-7 1458-1941 Crts

4/25 SM 7 Series —_— crté

4/26 138, PS MM138-8 0903-1330 crt

4/26 SM 8 Series - crté

4/26 138, PS MM138-9 142321752 crté

4/26 SM 9 Series crté
13B = Modified Method 13B
PS = Plating Solution
SM = Screening Methods

3-2
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3.2 HEXAVALENT CHROMIUM EMISSION RESULTS

Flue gas conditions were determined simyltaneously with the collection
of the Cr*® samples upstream from the scrubber inlet. The samples were
collected isokinetically using a Method 138 sample train that had been
modified by removing the glass fiber filter and placing 100 m of 0.1 N
NaOH in each of the first two impingers. The impinger solutions were
recovered into tared polyethylene sample bottles and the total volume of the
recovered impinger solution was determined gravimetrically. An aliquot of
the recovered solution was analyzed for Cr*®. The following subsections
present the flue gas data for each MM13B and the analytical results from the
MM13B and the screening method for each operating condition.

3.2.1 Condition 1

Condition 1 data represent the uncontrolled emissions from the chromium
plating tank. This condition was achieved by depleting the foam blanket,
which the plant normally uses in its daily operation, from the plating tank.

3.2.1.1 Modified Method 13B=--

A summary of the flue gas conditions at the sampling location while
operating under Condition 1 is presented in Table 3~-2. The volumetric flow
rates were consistent and averaged 66.8848 dry standard cubic meters per
minute (dscmm), (2362 dry standard cubic feet per minute (dscfm)). The flue
gas temperature averaged 21°C (70°F) and the moisture content averaged
1.4 percent. The flue gas was essentially ambient air and was assigned a
dry molecular weight of 29.0 1b/1b mole. The isokinetic sampling rates were
within the allowable limitations for these three sample runs.

A summary of the MM13B sample volumes, analytical results and emission
rates for Condition 1 are presented in Table 3-3. Prior to sampling, it was
decided that the first MM138 should be run at 8 min/point for a total sample
time of 192 minutes. This sample time would ensure collection of a
detectable concentration of Cr*®. Ffollowing the analysis of the sample,

3-3



TABLE 3-2. SUMMARY OF FLUE GAS CONDITIONS

Valumetric Flowrate Temparature
Ryn No, Date dsem/min  dscf/min - __°F % Moisture % Isokinetic

WM13B-1  4/18/88 66.69 2355 23 n 1.6 100.3
MMI3B-2  4/19/88 67.59 2387 20 68 1.3 99.1
MM138-3 4/19/88 66.40 2345 21 70 1.4 103.1
Candition 2

M138—4  4/20/88 66.80 2359 20 68 1.0 101.7
MM138-5  4/20/88 67.34 2378 18 65 1.0 102.6
W138-6  4/21/88 . 66.40 2345 21 10 1.2 101.7

ndition

WN138-7  4/25/88 66.12 2335 2 72 1.2 99.3
MM13B-8  4/26/88  64.31 221 24 75 1.6 98.8
MN138-9  4/26/38 63.54 2244 24 75 1.5 98.5

3=4




i
l TABLE 3-3. SUMMARY OF SAMPLE VOLUMES, ANALYTICAL RESULTS
AND EMISSION RATES FOR CONOITION 1
|
. Volume Meterad Total Mass Concentration Emission Rates

l Run No. dscm __dscf Lre6, mg . ma/dscm _qr/dscf kg/he _1b/hre
MM138-1 3.517  124.199 3.016 0.858  0.0004  0.004 0.008

' MA138-2 2,202 77.759 2.027 0.921  0.0004  0.004 0.008
MM138-3 2.250  79.461 2.236 0.994  0.0004  0.004 0.008
screening Methods Scregning Volupe Stack DSCM  Screening MoM® 138 Mg/M® Z_of 138

. 1-A-1 7.9833 2313 .5100 .846 60.3
1-A=2 7.7707 313 5626 .846 66.5

l 1-A-3 7.5304 2313 .5902 .846 69.8
1-Amd 7.8214 2313 5042 .846 70.2

I 1481 7.9833 213 .5874 .848 69.4
1-8-2 7.7707 213 .58 .846 63.6

I 1-8-3 7.5394 2313 .7012 .846 82.9
1-8-4 7.8214 2313 6732 .846 79.6
2-A-1 | 7.9493 2307 1915 .923 20.7

l 2-A<2 7.7376 207 5787 .923 62.7
2-A-3 7.5073 2307 6129 .923 66.4

. 2-Ad 7.7881 2307 7260 .923 78.7
2-8-1 8.027 2307 7387 .923 79.7

l 2-8-2 7.781 2307 - 5568 - .923 60.3
2-8-3 7.546 2307 8188 .923 88.7
2-8-1 7.86) 2307 8112 .923 87.9

l 3oA-] 7.97%4 2302 6559 99 66.1.
3-A-2 7.7669 2302 5793 .993 58.3

l 3-A-3 7.5357 2302 8285 .993 83.4
3-A-4 7.8176 2302 8104 .993 81.6

I 3-8-1 7.9794 2302 2465 .993 24.8
3-8-2 7.7669 2302 5101 .993 51.4

l 3-8-3 7.5357 . 2302 .7760 .993 78.1
3-8-4 7.8176 2302 7323 993 73.7

| e



it was determined that the sample time per point could be reduced to
5 minutes for a total sample time of 120 minutes.

The uncontrolled emissions for each MM13B were very consistent and
- averaged 0.924 milligrams per dry standard cubic meter (mg/dscm), or
.000404 grains per dry standard cubic feet (gr/dscf)).

3.2.1.2 Screening Method—

" A summary of the sample volumes, analytical results and emission rates
for the Screening Methods conducted under Condition 1 is presented in
Table 3-3. In an effort to determine if any Cr*® 1s lost in the sample
recovery of the Screening Method (1.e., adhere to side of tubing that is not
rinsed), it was decided to rinse the tygon tubing that connected the probe
to the pump into a separate sample bottle for analysis. The results from
the analysis proved that the tubing contained a significant concentration of
cr*®. Therefore, all subsequent sample recoveries of the Screening
Method trains included rinsing the tygon tubing into the same sample bottle
-as the probe. ' :

Screening method runs consisted of fixed flow rate single point
sampling. While the data generated during this test were fairly
encouraging, later tests showed that single point sampiing was not the best
approach for developing an alternate sampling method for chromium. The
results presented show the percent of sample collected when compared to the
MM13B train. The screening method was about 70% successful for this
particular test.

3.2.2 Condition 2

Condition 2 data represent emissions generated with the use of a foam
blanket in the chromium plating tank. This condition was achieved by adding
tablets to the plating tank to generate the foam blanket. -

3.2.2.1 Modified Method 13B--
A summary of the flue gas conditioned at the sampling location while
operating under Condition 2 is presented in Table 3-2. The volumetric flow
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rates were consistent and averaged 67 dscmm (2361 dscfm). The flue gas
temperature averaged 20°C (68°F) and the moisture content averaged

1.1 percent. The flue gas was essentially ambient air and was assigned a
dry molecular weight of 29.0 1b/1b mole. The isokinetic sampling rates were
within the allowable limitations for these sample runs.

A summary of the MM13B8 sample volumes, amalytical results and emission
rates for Condition 2 are presented in Table 3-4. Prior to sampling, it was
decided that run MM13B-4 should be made at 8 min/point for a total sample
time of 192 minutes. This sample time would ensure collection of a
detectable concentration of Cr*®. Following the analysis of the sample,
it was determined that the sample time per point for MM138-5 could be
reduced to 5 minutes for a total sample time of 120 minutes.

The sampling and sample recovery techniques were modified for MM13B-6.
The sampling time was increased to 10 min/point for a total sample time of
240 minutes. The increase in sample time was made at the request of the
Industrial Studies Branch. Their reasoning was that with the low
concentrations of Cr*® that were reported in MM13B-4 and 5, a larger
sample volume should produce more accurate results. The modification of the
sample recovery technique consisted of recovering the nozzle and probe rinse
in one sample bottle and recovering the impinger catch into a second sample
bottle. Each sample was analyzed separately, then the analytical results
were combined to determine the total mass of Cr*® collected. This
method was devised in an attempt to reduce the total volume of the recovered
solutions, concentrate Cr*® concentrations and increase the accuracy of
the analytical results. This technique was carried out through the
remainder of the MMI3B runs.

3.2.2.2 Screening Method—-

A summary of the sample volumes, amalytical resuits and emission rates
for the Screening Methods conducted under Condition 2 is presented in
Table 3-4.



l
TABLE 3-4. SUMMARY OF SAMPLE VOLUMES, ANALYTICAL RESULTS, AND EMISSION RATES FOR CONDITION 2 l
Volume Metered Total Mass Concentration Emission Rates l
Ryn_No, dsem ___dscf Cr*$. mg = _mg/dsem  gr/dscf kq/hr 1b/hr
M138—4 3.573  126.150 0.012 0.0034 1.43x10"°  1.314107% 2.89x10"° .
MM138-5 2.273  80.256 0.012 0.0083  2.30x10"°  2.13x10"%  4.60x10”°
MM138-6 8.204 289.681 0.031 0.0038  1.65x10°°  1.51x10"° 3.32x107° l
Screening Vol  Stagk DSCFM Screen Ma/M® 14 138 Mo/’ 2 of 4 138
dhel 7.9548 2316 _ '
4-A-2 7.7429 2316 A1l below detaction limit of Analytical Mathod
4-A=3 7.5124 2216
4-A-4 7.7934 2316 | '
4-B-1 7.9548 2316 .00306 .00339 30.4
4-8-2 7.7429 2316 .00369 .00339 105.0 I
4-8-3 7.5124 2316 .00564 .00339 166.5
4-84 7.7934 2316 .00589 00329 s '
sl 7.9221 2309 " .002377  .006805 349
52U 7.0 - 2309 .003816 .006805 . 56.07 '
5-3-U 7.4815 2309 .002517 .006805 37.0
§~4-U 7.7618 2309 ' .001972 006805 28.98
§=1-U 8.0013 2299 .002004 .003811 55.0 l
§-2-U 7.7882 2299 .003290 .003811 86.3
6-3-U 7.5564 2299 .002608 .003811 68.4 l
6-4-u 7.8390 2299  .002766 .003811 72.6
6=1-P 8.0013 2299 .001153 .003811 30.3 '
6-2-p 7.7882 2299 .002231 .003811 58.5
6-3-p 7.5564 2299 .002792 .003817 7.3 '
6=4-P 7.8390 2299 .002447 .003811 64.2
U = previously used tubing I
P = polyethylene tubing
i
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3.2.3 Condition 3

Condition 3 data represent emissions generated from the plating tank
while using a foam blanket combined with a wetting agent to control the
emissions. The wetting agent is added to reduce the surface tension of the
plating bath. The condition was achieved by adding tablets to the bath to
generate the blanket and granules to reduce the surface tension.

3.2.3.1 Modified Method 138—

A summary of the flue gas conditions at the sampling location while
operating under Condition 3 is presented in Table 3-2. The volumetric flow
rates were consistent and averaged 65 dscmm (2283 dscfm). The flue gas
‘femberature averaged 23°C (74°F) and the moisture content averaged 1.4
percent. The flue gas was essentially ambient air and was assigned a dry
molecular weight of 29.0 1b/1b mole. The isokinetic sampling rates were
within the allowable limitations for these three sample runs.

A summary of the MM13B sample volumes, analytical results and emission
rates for Condition 3 are presented in Table 3-5. Sampling times for MM13B
runs 7, 8 and 9 were run at 10 min/point, for a total test time of 240
minutes for each run. Sample recovery was performed as discussed in Section
3.2.2.1. - '

3.2.3.2 Screening Method—-

A summary of sample volumes, analytical results and emission rates for
the Screening Methods conducted under Condition 3 are also presented in
Table 3-5.

3.3 PLATING TANK SOLUTIONS

During each MM13B run, grab samples of the plating bath were collected
and composited. The samples were analyzed for Cr*® concentration to
verify the plating solution concentration. The results from the plating
solution analyses are presented in Table 3-6.
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TABLE 3-5. SUMMARY OF SAMPLE VOLUMES, ANALYTICAL RESULTS, AND EMISSION RATES FOR CONDITION 3
Volume Matered Total Mass Concantration Emigssion Rates
Run No, dsom _dscf  Cr'.me mofdsem arfdsef  _kahe 1b/hr
MM138-7 7.966 281,208 0.014 0.0018  7.80x10"7  1.56x10"°  7.08x10"°
MM138-8 7.689  271.500 0.009 0.0012 S.1x10"7  4.52x10"% 9.96x10~%
MM138-9 5.705 201.429 0.019 0.0033  1.45x10°°  1.27x107° 2.97x10"°
Screaning Method Scresning Vol  Stack DSCFM Scraen Ma/M® w4 138 Mo/’ % of Me 138
7-1 8.067 2289 .0004786 .0019147 25.0
7-2 7.852 2289 .0010734 .0019147 56.1
7-3 7.619 2289 .0010066 . .0019147 52.6
7-4 7.904 2289 .0003184 .0019147 42.7
8-1 8.1016 2245 .0009448 .0011877 - 79.5
8-2 7.8858 2245 .0011957 .0011877 100.7
8-3 7.6511 2245 .0012877 .0011877 108.4
34 7.9373 2248 .0012547 .0011877 105.6
9-1 8.1016 2200 0023298 .0034491 67.5
9-2 7.8858 2200 .0017118 .0034491 49.5
-3 7.6511 2200 .0019119 .0034491 55.4
" 94 7.9373 2200 .0027473 .0034491 79.7
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TABLE 3-6. SUMMARY OF PLATING SOLUTION
ANALYTICAL RESULTS
—Run No. Cr+¢_Concentration, ug/mo
Condition 1
MM13B-1 139,010
MM13B-2 141,988
MM13B-3 143,276
Condition 2
MM13B-4 129,956
MM13B-5 133,640
MM13B-6 134,882
Condition 3 '
MM138-7 1,485,704*
MM138-8 141,804
MM13B-9 148,818

* It is suspected by the authors that an error
in dilution was made (by a factor of 10).
This suspicion cannot be proven because the
samples have since been disposed of.
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SECTION 4.0
SAMPLING LOCATIONS AND TEST METHODS

4.1 PLATING EMISSIONS

4.1.1 Location of Measurement Site

EPA Reference Method 1, "Sample and Velocity Traverses for Stationary
Sources”, was used to select a representative measurement site. The
measurement site at the scrubber inlet was located in a 22.625-in. (nominal)
inside diameter circular horizontal duct. Two, 3-in. ID holes were cut in
the duct at 90 degrees from each other, resulting in a horizontal and
vertical traverse. Upon measurement of the stack diameter, it was
discovered that the inside diameters through the two ports were not equal.
A visual inspection revealed that there was a deposit of particulate matter
on the bottom of the duct. The inside diameter of the horizontal port was
22-5/8 in., and of the vertical port 20-1/2 in.. Because of this unusual
condition, the location of the transverse points was discussed with the EPA

‘Task Manager. It was, subsequently, decided to locate the points using the

two different diameters. The stack diameter of 22-5/8 in. was used to
determine the number of sample transverse points since using the larger
diameter would have resulted in the least stack diameters from any
disturbance. Using this diameter, the measurement site was 235 in. (10.4
stack diameter) downstream from the nearest flow disturbance (duct
reduction) and 14-1/8 in. (0.62 stack diameters) upstream from any flow
disturbance (sampling port for EPA's use). According to EPA Method 1
criteria, this site required 24 sample traverse points, 12 along each
diameter. The first point on each traverse was moved to the required 0.5
in. from the wall of the duct. The last point on the horizontal traverse
was moved to 0.5 in. from the wall of the duct, while on the vertical
traverse the last point was moved to 1 in. from the bottom. The reason for
this deviation from the reference method was to prevent loose particulate
matter lying on the bottom of the duct from being entrained. The EPA Task
Manager was consulted and approved this change. Table 4-1 shows the
traverse points used. |
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TABLE 4-1. SAMPLE TRAVERSE POINT LOCATIONS

Traverse Port Location

Point Vertical Horizontal
No. Traverse Traverse
1 0.52 0.5%
2 1.37 1.52
3 2.42 2.67
4 3.63 4.00
5 5.13 5.65
6 7.30 8.05
7 13.20 14.57
8 15.38 | 16.97
9 16.87 18.62
10 18.08 19.96
1 19.13 21.10
12 19.50° 22.132

2 Relocated to the minimum distance from the inside stack wall.
b Relocated to 1 inch from residual matter in bottom of duct.
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In order to compute the net cross-sectional areas of the duct at the
measurement site it was necessary to correct for the area of the duct that
was blocked. The area was calculated by first determining the total area of
the circle. Then the area of blockage was determined by subtracting the
area of the triangle ABC from the “pie" shaped area of the circle bounded by
the radii AB and BC. The area of the blockage was then subtracted from the
total area of the circle. The area of the duct that is unobstructed is
402.038 in.2 less 19.083 in.3which equals 382.955 in.? or 2.659 ft?.

The duct is represented in Figure 4.1.

Prior to sampling, verification of the absence of cyclonic flow at each

“sample traverse point was assessed based on procedures described in EPA

Reference Method 1. In this method the face openings of the Type-$S pitot
tube are aligned perpendicular to the duct cross-sectional plane, designated
“0-degree reference." Null (zero) pitot readings obtained at O-degree
reference indicate an acceptable flow condition at a given point. If the
point reading were not zero at O-degree reference, the pitot was rotated
until a null reading was obtained. The value of the rotation angle (yaw)
was recorded for each point and averaged across the duct. Method 1 criteria
stipulate that average angular rotations greater than 20 degrees indicate
cyclonic (nonaxial) flow conditions in the duct. The average of the angular
rotations was 3.9 degrees, which indicated acceptable flow patterns and
enabled the extraction of representative samples form this source. The
cyclonic flow data are contained in Appendix B. '

4.1.2 Test Methods

Prior to sampling, velocity and static pressures, moisture content, and
temperature were measured to define sampling rates and nozzle sizes as
described in the EPA Reference Methods 1,2 and 4. The stack gas molecular
weight was not determined by procedures outlined in EPA Method 3.
Alternatively, the molecular weight was assigned the value of 29.0 1b/1b
mole, as stated in the EPA Method 2, paragraph 3.6.
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An EPA modified method MM13B sample train was used to collect the
crt® samples. The sample train was modified by placing 0.1 normal
sodium hydroxide in the impingers in place of water and removing the
filter(s) in the impinger section. The sample train consisted of a 316
stainless steel button-hook design nozzle, an unheated Pyrex glass-lined
probe, and a series of four impingers. The first, third and fourth
impingers were Greenburg-Smith design, modified by replacing the tip with a
1/2-in. inside diameter glass tube extending to 1/2-in. from the bottom of
the flask. The second impinger was a Greenburg-Smith impinger with the
standard tip. In the first and second impingers, 100m2 of O.IN NaOH was
placed. The third impinger was empty, and approximately 200 grams of silica
gel was placed in the fourth impinger. Due to extended sampling times on
Runs MM138-7, MM13B-8, and MM13B-9 an additional silica-gel filled impinger
was added to the sampling train. The balance of the sampling system
consisted of a vacuum pump, dry gas meter, calibrated orifice and related
temperature and pressure indicating apparatus with which to determine dry
gas sample volume, stack gas temperature, volumetric flow rate and
isokinetic sampling rates. During sampling, stack gas temperature and the
gas temperature exiting the_last‘impinger were monitored with thermocouples.

Each point was sampled isokinetically. The sampling time varied from
run to run due to the changing of conditions of the chrome plating tanks.
On Run MM13B-1 each point was sampled for 8 minutes with readings recorded
every 4 minutes for a total sample time of 192 minutes. The analytical
results showed that the Cr*® concentration was high enough to reduce the
sample time to 5 min/point for runs MM13B-2 and MMB-3. The addition of the
fume suppressant before run MM13B-4 dictated changing sampling time to
8 min/point with a total sampling time of 192 minutes. On run MM13B-5 the
sample time was 5 min/point or 120 min/run. It was decided that in order to
increase the accuracy of the analytical method a much higher sample volume '
was required. To accomplish this the sample time per point was changed to
10 minutes for a total sample time of 240 minutes. In addition to
increasing the sample time a larger no2z2le was used, requiring a higher
sampling rate in order to maintain isokinetic sampling conditions. The
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sample volume was approximately 300 ft%. On Run MM13B-9, the sample

time was again adjusted due to dissipation of the fume suppressant. The
horizontal traverse was held at 10 min/point but the vertical traverse was
adjusted to 5 min/point with a total sample time for the run of 180
minutes. The EPA Task Manager was consulted on all of the changes in the
sampling time and concurred.

The impingers were weighed before and after each test to determine the
moisture content of the flue gas stream. The contents of the impingers were
placed in a tared polyethylene container. A1l connecting glassware, the
nozzle and probe were rinsed with 0.1 N NaOH and combined with. the impinger
solution in the polyethylene sample bottle. On Runs MM13B-7, MM13B-8 and
MM13B-9 the probe and nozzle rinse were separated from the impinger catch in
an effort to concentrate the Cr*® in a smaller sample volume. The
liquid level was marked on each sample bottle and each bottle was marked
indicating the run number and bottle contents. Appropriate blank solutions
were collected.

The polyethylene containers were all tared before their use and weighed
after the collection of the sample. The volume of each solution was
~determined by multiplying the specific gravity of the solution times the net
weight of the solution. Each sample, including blanks, was analyzed for
Cr*® concentration using analytical methodology recently developed by
the EPA.

4.2 EMISSION SAMPLE ANALYSIS

The MM13B samples, the Screening Method samples and the plating tank
solution composite samples were analyzed for Cr*® concentration. The
analyses were conducted on site in a temporary laboratory. Immediately
following the sample recovery, the samples were submitted to the analyst and
the analyses and the calculations were performed the same day. Initially,
calculations of the analytical results were performed on a calculator and
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subsequently checked using the Hew!etf Packard 41CVX computer that was set
up in the on-site computer center. The results of this check method are

presented in Appendix C.

The analytical method entitled "Draft Method - Determination of
Hexavalent Chromium in Dry Particulate Emissions from Stationary Sources"”
was used as a "guideline® in conducting the analyses. This method is
currently under development by the EPA and is presented in Appendix D.

There were several variations between the Draft Method and the
Analytical Method that was performed in the field. They are described as
follows.

1. The collected samples were not digested in an alkaline solution.
Aliquots of the recovered impinger solutions were pipetted directly
from the sample bottle and prepared as in paragraph 5.7.1 of the
Draft Method.

The pH of the sample aliquot was monitored with a pH meter while
adjusting the pH of the aliquot to 2 & .05.

3. The spectrophotometer was calibrated with standards containing
1 m2, 2m, 5me, 10 me, 15 md and 20 me of the
5 pg/me working standard. The spectrophotometer calibration

factor, Kc. was calculated as follows:

K 5 A]. +* ZAz +* SA’ + IOA‘ +* ISAS +* ZOA‘
c-

2 2 2 2 2 F
Al‘*Az"‘A"PA“iA'*A‘

4. The calibration factor was determined using a computer program that
was developed by the EPA Task Manager for the HP41CVX.
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SECTION 5.0
QUALITY ASSURANCE

5.1 INTRODUCTION

The goal of the quality assurance activities for this project is to

'ensure. to the highest degree possible, the accuracy of data collected. The

procedures contained in the "Quality Assurance Handbook for Air Pollution
Measurement Systems," Volume III, “Stationary Source Specific Methods,"
EPA-600/4-77-0278 served as the basis for performance of all testing and
related work activities that were undertaken in this testing program. In
addition to the quality assurance measure guidelines presented above,
specific quality assurance activities were conducted for several of the
individual testing activities, as performed; these are presented in the
paragraphs that follow.

5.2 FIELD QUALITY ASSURANCE PROCEDURES

, In order to assure a high level of quality control of the sampling for
the comparison of data from these two methods, a field quality assurance
program was followed for the test program. Methods used to obtain the
requitgd level of quality assurance are itemized below.

5.2.1 Sample Blanks

5.2.1.1 Reagent Blanks--

The 0.IN NaOH absorbing solution was transported to the field in its
nas-purchased” container. When in the field, the 0.IN NaOH was transferred
to a polyethylene wash bottle. From the wash bottle, the NaOH solution was
used for sample train preparation and recovery. A blank sample was
collected from the solution in the wash bottle. This sample was given to
the on-site laboratory personnel with the emission samplés. and analyzed in
the same manner. Results of the blank analyses are presented in Table 5-1.
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TABLE 5-1. SUMMARY OF ANALYTICAL RESULTS FOR QA/QC SAMPLES AND BLANKS l
—Tvype of Sample

Sample No.  Date ¢1988)  OQDuplicate Splke Standard  Yota) pg Cr+s '

1A] ans X 114.6 l
.25 pg/m u ‘ X . 25.4

MM13B-1 " X 3036.4 '
.25 pg/me 419 | X 25.6
.75 ug/me " X 75.2

1=-B-4 " X 157.1 l
MM13B-1 n X 2989.5

1-8-3 " X 146.1 l
.25 pg/mp " _ X 25.5

1-8-4 " X 142.9 |
3-8-3 " X 163.3

.10 pg/me " | X 10.3 '
.25 ug/m " X 25.6
.50 pg/me " X 50.6

MM138-1 PS - 4)20 X 139,010 '
MM13B-2 PS . X 141,988

MM138-3 PS " X 143,276 l
.05 pg/me " X 4.8

.25 pg/me " _ X 25.0 l
MM138-4 4/21 X 11.9

MM13B-5 " X . 14.7 '
.25 pg/me 0 X 25.3
.50 pg/me " X 51.3

2-A-1 " X 38.7 l
MM13B-4 . X 12.7

MM13B-3 . X - 2222.5 l
MM13B-4 " X 12,7

(continued) .

i
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TABLE 5-1. (continued)

— Type of Sample
Sample No.  Date (1988)  Duplicate Spike Standard  Total ug Cr**

.05 pg/m " X 4.9
.10 pg/me " X 10.3
.25 pg/me " X 25.6
3-8-1 - 4/25 X 53.0
2-A-4 " X 154.2
MM138-6 " X 28.1
.05 pg/me ” X 49.5
.25 ug/me " - X 24.6
MM138-7 (imp) 4/26 X 9.8
MM138-8 (imp) " X 7.3
MM138-8 (imp) " X 6.2
MM138-8 (noz) " X 1.9
.25 pg/mg. . | : X  25.4
.50 pg/me " X 50.3
MM138-8 (imp) " X 7.3
.50 pg/me " | X 50.5
.50 pg/m " X 50.2
Blanks 4/18 0
' 419 0
4/20 0.19
4/21 0
4/25 .32
4/26 19




5.2.1.2 Hao Blanks——
Distilled water blanks were obtained from the wash bottles and
analyzed in the same manner as the emission samples.

5.2.2 Matrix Effects Check

A Cr*® stock standard solution was made up in the laboratory.
This stock solution was used to make up samples of known concentrations.
Random samples were prepared and analyzed to verify the absence of any
matrix effects.

5.2.3 Duplicate Samples

One sample for every 10 samples analyzed was a duplicate, e.g., if 24
samples were analyzed, 3 duplicate samples would be analyzed. The results
of the duplicated samples are presented in Table 5-1.

5.2.4 Standards

Daily, throughout the analysis of the samples, sfandard§ were set up
as a spot check of the spectrophotometer calibration. The results of these
checks are presented in Table 5-1. “

5.2.5 Chain of Custody

In an effort to maintain the integrity of all samples taken at the
test facility, a chain of custody procedure was followed. A copy of the
"Chain-of-Custody” data sheets is included in Appendix E. These sheets
include the sample identification, date of sample recovery, name of person
who performs the recovery, place of recovery as well as the name of the
responsible person from the analytical group who is taking custody of the
samples. Once the sampies were placed in custody of the analytical group,
that group provided for safe storage and maintenance of records sufficient
to maintain sample integrity.
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5.2.6 Sample Transfer

A1l MM13B samples collected during testing remained in the custody of
PEER Consultants, P.C. All Screening Methods samples were returned to the
EPA after analysis samples were secured in the laboratory while in the field.

5.3 SAMPLING TRAIN COMPONENTS

The equipment to be used in this test program, including nozzles,
pitot tubes, dry gas meters, orifices, and thermocouples were uniquely
jdentified and were calibrated in accordance with calibration procedures
specified in the applicable EPA Reference Method prior to and at the
completion of the testing program. The calibration sheets are presented in
Appendix F.

5.4 VERIFICATION OF CALCULATIONS

- 5.4.1 Emission Calcylations

Dry gas volumes, percent moisture of the stack gas and gas flow data
were calculated using a particulate emission calculation sheet. cré
emission rates were calculated on an emission rate calculation sheet. The
data was calculated using a calculator. The results were checked and
verified by the contractor task manager.

5.4.2 Chromium Concentration Calculations

All absorbance data for blanks, standards, samples and QA/QC samples
were documented in a notebook. The percent absorbance was caiculated from
the percent transmittance and subsequent calculations were carried out as
described in the Draft Method for Hexavalent Chromium Emissions.
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APPENDIX A

Process Monitoring Data
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TOTAL CURRENT IN AMPERE-HOURS FOR TEST RUN NOS. 1 THROUGH 9

Taest Run No.

plating cells

Ampera-hours

1 Activation cell 158
Main cells 8,542
Total 8,700
2 Acfivat;on cell . égﬁ
Main cells 0
| Total 5,186
3 Activation cell 100
Main cells 5,519
Total 5,619
4 Activation cell 180
Main cells 8,204
Total 8,354
5 Activation cell .99
Main cells 5,250
Total 5,349
6 Activation cell 207
Main cells 11,732
Total ,939
7 Activation céll 198
Main cells 11,127
Total 1,325
8 Activation cell 198
Main cells 11,497
Total 11,695
9 : Ac%iyat;on cell 149
Main cells 8,383
Total 8,532
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AMPERE-~HOUR CALCULATIONS
ACTIVATION CELL OF TANK NO. 1
TEST RUN NOS. 1 THROUGH 9

Test Production

Run rate in Test No. of rac Ampere-

No. racks/h®  time, hours processed® hours/rack® Ampere-hours
1 112.5 3.20 360 0.44 158
2 112.5 2.15 - 242 0.44 106
3 112.5 2.02 227 0.44 100
4 112.5 3.03 340 0.44 150
5 112.5 2.00 225 0.44 99
-6 112.5 4.18 470 0.44 207
7 112.5 . 4,00 450 0.44 198
8 112.5 4.00 450 0.44 198
9 112.5 3.00 338 0.44 149

gA rack is removed from the plating tank every 32 seconds.
No. of racks processed = (production rate, racks/h)x(test
Cactivation cycle is 15 s in duration at current ranging from 0 to

200 amperes, which yields an effective current of 105 amperes.

(105 amperes/rack)(15 s)(l min/60s)(1l h/60 min) = 0.44 ampere-hours/rack.

A=-3

time, hours).'




AMPERE-HOUR CALCULATIONS
TEST RUN NO. 1
MAIN PLATING CELLS OF TANK NO. 1

Time
24-hour Time
clock interval, min Current Ampere-hours
14:08
14:15 7 2,700 315
14:25 10 2,700 450
14:35 10 2,700 450
14:45 10 : 2,200 367
15:00 15 3,000 750
15:15 15 2,900 725
15:30 15 ‘ 3,100 775
15:44 14 3,000 700
Subtotal 96 4,532
16:02 ‘
16:18 13 2,600 563
16:30 15 2,600 650
16:45 15 2,200 550
17:00 15 1,800 45
17:15 15 2,800 700
17:30 15 3,000 750
- 17:38 8 2,600 ‘ 347
Subtotal 96 3,010
"“TOTAL 192 8,542




AMPERE-HOUR CALCULATIONS
TEST RUN NO. 2 '
MAIN PLATING CELLS OF TANK NO. 1

Time

24-hour Time

clock interval, min Current Ampere-hours
Q07:58

08:10 : 12 2,800 560
08:20 10 2,600 . 433
08:30 10 2,700 450
08:35 5 700 58
08:40 5 500 42
08:45 S 3,000 250
Subtotal 47 1,793
08:49 ‘

09:00 , 11 2,500 458
09:10 10 800 133
09:11 1 800 _13
Subtotal 22 604
09:26

09:30 4 2,900 193

09:50 10 2,200 - 3 367
10:00 10 2,000 - 333
10:10 10 3,000 500
10:20 10 3,000 500
10:26 6 2,900 290
Subtotal &0 7,683

TOTAL 129 5,080

i
i
|
i
|
I
1
i
i
09:40 10 3,000 500 .
1
1
i
i
i
|
|
i
i




AMPERE-HOUR CALCULATIONS
TEST RUN NO. 4
MAIN PLATING CELLS OF TANK NO. 1

Time :

24-hour Time

clock interval, min - Current Ampere-hours
09:32

09:40 8 2,500 333
09:50 10 3,000 500
10:00 10 2,600 433
10:10 10 2,700 ' 450
10:20 10 3,000 500
10:30 10 3,000 §00
10:40 10 2,400 : 400
10:50 10 2,600 433
11:08 . 8 3,100 413
Subtotal g6 3,962
11:35 :
11:40 ‘ 5 3,000 . 250
11:50 10 : 2,600 _ 433
12:00 10 2,700 - 450
12:10 10 2,600 433
12:20 10 2,800 467
12:30 10 2,700 . 450
12:40 10 ‘ 2,000 333
12:50 10 - 3,000 500
13:00 10 2,800 467
13:10 10 2,500 417
13:11 - 1 2,500 _42
Subtotal 96 4,242
TOTAL 182 8,204

A=7




AMPERE-HOUR CALCULATIONS
TEST RUN NO. 3
MAIN PLATING CELLS OF TANK NO. 1

Time

24~-hour Time

clock interval, min Current Ampere-hours
11:57

12:05 8 2,300 307
12:20. 15 3,000 750
12:30 10 2,800 467
12:40 - 10 3,000 500
12:50 10 2,500 417
12:57 A 3,000 350
Subtotal 60 2,791
14:05

14:15 10 ' 2,100 350
14:21 6 2,100 210
Subtotal 16 560
14:23

14:29 6 2,600 . - 260
14:39 10 2,875 . 479
14:49 10 2,875 _ 479
14:50 10 3,000 500
15:08 -] 3,000 450
Subtotal 45 2,168
TATAL 121 ' 5,519

A-6



l AMPERE-HOUR CALCULATIONS
TEST RUN NO. 6
l MAIN PLATING CELLS OF TANK NO. 1
Time
24-hour Time '
l clock interval, min Current Ampere-hours
l 10:10 .
10:20 10 3,000 500
10230 10 2,900 483
10:40 10 3,000 500
l 10:50 10 3,100 517
11:00 10 2,900 483
11:10 10 2,900 483
l 11:20 10 2,600 433
11:30 10 2,900 483
11:32 : 2 2,900 967
l Subtotal ] 7,849
11:36
11:40 4 2,200 147
I 11:50 10 3,000 500
12200 10 2,900 483
| 12:10 10 2,900 483
I 12:15 15 2,600 650
Subtotal 49 - 2,263
' 13:13
13:20 7 2,700 315
13:30 10 2,200 367
13:40 10 2,500 417
I 13:50 10 2,200 ° - 367
14:00 10 2,900 483
14:10 10 2,900 483
' 14:20 10 3,000 500
14:30 10 2,000 333
14:40 10 2,100 350
l 14:50 10 1,200 200
15:00 10 2,100 350
15:13 13 . 2,100 455
l Subtotal 120 4,620
TOTAL 251 11,732
I




AMPERE-HOUR CALCULATIONS
TEST RUN NO. § :
MAIN PLATING CELLS OF TANK NO. 1

Time

24-hour Time

clock intervail, min Current Ampere-hours
14:15

14:25 10 2,400 400
14:3% 10 2,300 383
14:45 10 2,200 367
14:55 10 2,300 383
- 15:08 10 . 2,500 417
15:15 10 2,700 450
Subtotal 60 ‘ 2,400
15:29 ‘

15:35 6 3,000 300
15:45 10 2,100 350
15:55 10 3,000 500
16:05 10 2,900 483
16:15 10 ' 3,100 517
16:29 14 3,000 700
Subtotal - 60 Z,850
TOTAL 120 - - 5,250

0



AMPERE-HOUR CALCULATIONS
TEST RUN NO. 8 :
MAIN PLATING CELLS OF TANK NO. 1

Time
24-hour Time
clock interval, min Current Ampere-hours
09:03
09:15 12 3,100 620
09:25 10 2,800 467
09:35 10 2,900 4383
09:45 10 1,400 233
09:55 10 3,100 517
10:05 10 3,000 500
10:15 10 2,800 467
10230 15 2,800 700
10:40 - 10 3,100 517
10:50 10 2,500 a17
11:00 10 3,200 533
11:03 3 3,200 160
Subtotal 120 5,614
11:30
11:40 10 2,600 433
- 11380 : 10 2,300 383
12:00 10 3,200 533
12:10 10 3,000 500
12:20 10 3,100 517
12:30 10 2,900 483
12:40 10 2,900 483
12:50 10 2,800 467
13:00 ' 10 3,100 - 517
“13:10 : 10 3,000 500
13:20 _ 10 3,300 §50
13:30 10 , 3,100 517
Subtatal 120 - . §,883

TOTAL 240 11,497

A-1l




AMPERE-HOUR CALCULATIONS
TEST RUN NO. 7 .
MAIN PLATING CELLS OF TANK NQ. 1

Time

24-hour Time

clock interval, min Current Ampere-~hours
14:58

15:05 7 3,100 362
15:15 10 2,400 400
15:25 10 3,100 517
15:35 10 2,900 483
15:45 10 1,600 267
15255 10 3,200 533
16:05 10 2,700 450
16:15 10 2,900 483
16:25 10 2,700 450
16:35 10 3,100 §17
16:45 10 3,100 517
16:55 10 2,500 - 417
16:58 3 2,500 125
Subtotal 120 5,821
17:41

17:45 4 3,000 200
17:55 10 3,100 517
18:05 10 2,600 433
18:15 ' 10 2,600 433
18225 10 3,200 833
18:35 10 1,900 317
18:45 10 - 2,900 483
18:55 10 3,000 - 500
19:09 10 3,100 517
19:15 10 2,300 383
19:35 ' 10 3,100 517
19:41 ] . 2,900 290
Subtotal 120 5,606

TOTAL 240 11,127

A-10
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AMPERE-HOUR CALCULATIONS
TEST RUN NO. 9
MAIN PLATING CELLS OF TANK NO. 1

Time
24-hour Time
clock . interval, min Current . Ampere-hours
14:23 '
14:30 7 3,200 373
14:40 10 3,200 5§33
14:50 . 10 2,900 . 483
15:00 _ 10 2,900 | 483
15:10 10 2,800 467
15:20 10 3,000 500
15:30 10 2,400 400
15:40 10 3,000 500
15:50 10 3,000 500
16:00 10 2,900 483
16:10 10 2,200 367
16:20 10 2,900 - 483
. 16:23 3 2,900 145
Subtotal 120 | 5,717
16:52 :
17:00 8 ' 2,800 - 373
17:10 - 10 3,000 500
+17:20 10 2,900 483
17230 10 - 2,800 467
17:40 10 2,200 367
17:50 10 2,800 467
17:52 2 . 2,800 9
Subtotal 80 e 2,666
TOTAL 180 8,383

A-12
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APPENDIX B

Field Data Sheets ‘
Flow Rate and Emission Calculation Sheets
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Plant:

pate:

PRELIMINARY VELOCLTY TRAVERSE

ﬁuﬁhﬂlg_m-—aob N
= f =g

Locatlon:

iﬂ"‘#ﬂ L

wlA T

Stack I.D: 22 Y5 - 2@ 3
Barcmetric Pressure, in. Hg: 29 19

Operators

: 5 Hen”

. Stack Gauge Pressure, in. H30: =

ﬁ [ LEY. 4
s 5"3

Pitot Tube I.D. Number

Temperature Peadout I.D.: T°- 2
pitot Tube Leak Check: Q K

Sampling g @

Location

o

A
{_

f

Schematic of Traverse Point Layout

Run Nusber _._.nm./i-'_i?

Traverse| Velocity | Stack Cyclonic 'r:ave;rse Velocity | Stack | Cyclenic
Point |Head (Apg)| Temp. |Flow Check Point |Head (Apg)| Temp. Flow Check
Number | in. Ho0 |(Tg).*F|* from tull Number | ‘in. 150 (Tq),°F|® from Hull

J
H 1 do6 | 79 v 12| .@%Z |74
210006 |79 05 | 74
31207 |77 06 |74
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76

0

77
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76

a
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O [~ |\ fay [uy ] | M

O |77

07 |77 Jo | 76

0 |77 I3 | 76
9\ 67|77 /9 | /6
[0 07 (7% / A2 \77

05

o4

77
77
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PRELIMIMARY VELOCITY TRAVERSE .
Plant: A Tvaql.« D164 £ T. « ‘ ‘ '
Date: H~-2¢ 37 ) 4
Location: S cRelae Al A _
Stack I.D.: l
Barometric Pressure, in. Hg: Sampling O '
Stack Gauge Pressure, in. H50: -! 7 Location
Operators: .
Pimt T\J.be I.D. Number: * '
Tempgerature Peadout 1.D.:
Pitot Tube Leak Check: Schematic of Traverse Point Layout l
Traverse| Velocity Stack Cyclonic Traverse| Velocity Stack Cyelonic
Point |Head (4py)| Temp. |Flow Check Point Head (4pg)| Temp. |Flow Check '
Numher in. H-0 (Tg), *°F|* from Hullv Humber | ‘in. H50 (Tg),*F|° from Hull
/ ce T lﬂ 1 - e 5 ] l
2 e 0 2~ ale §
7 ee | 3 xS |8
- 5 I.. . K — —
: Pl
1 3. { <3 i
—
3 cf 5 o
£ c 2 4 0 1
7 o, 7 o
g e 1) ' o '
T < & 9. -2 l
r ﬁ
[O Pl S‘ )0 ™~ L 9
Y ;
)/ e 3 /1 e § '
12 ec S+ />~ “=lc § '
- ¢ q '
%[ 1 / ' l
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Comments:

SAMPLE RECOVERY DATA

prant: (Jtnmatic Due Cocling

Run No.: HH\%B-‘

Job No.:

Date: "f‘ \Px“% Sample Box No.: —?\_P{,—l

Sample Location: :Stxxﬁ]:z;:jlegk

Sample Type: MMI\H-&

Filter No.:

Sample Recovery Person: _QL\)O "V/Q ’Cﬂ

FRONT HALF

Acetone Liquid
Container No.: Level Marked:

Sealed:

T —————

Filter _
Container No.:

Sealed:

Description of Filter:

Samples stored and locked:

BACK HALF/MOISTURE

AV Va0l
Container No: M 1138~/

Liquid Level Marked:

Sealed:

Description of Impinger Catch:

IMP. NO. CONTENTS égtTtQ%) TNITIAL NE}E%%ﬁ{g:gmgl_ﬁgT
: : S0 |57 |
2 s 0735 | 44
3 ga W5 3 | w
: : Legd  \7/5. | |76
5
6

TOTAL o
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-
BES
EMISSION TEST CALCULATIONS

PLANT M{’Mﬁnﬁ SOURCE/RUN __ MMI3B -] DATE §[ ulgs

1. Leakage Correction for Volume Metered

Vo, = Vm ~ (Lp-La)0 = Vi, - (Lp=0.02)8 = (  )—( ~0.02) ( )
vnb = ft3 |

2. Volume Metared, Standard Conditions (69'1". 29.92 in.lly)

+QH / 13.6
Vigeq = 17.64 ¥ (pba%nA )- 17.64 (137011 )({% y (234 1+01-48 )11

1214 - - (53 )
= 424 dsct -'

3. Volume Water Vapor Collected, Standard Conditions
Inpmgers=v = 0.04707 (Vg - V) = 0.04707 (ISl )= 7l scf
Silica Gel = v,,sg=o -04715 (Wg — Wi) = 0.04718 (2677 ) = .2, scf
). Veageq =V f"Vusg 1.977 scf o '

4. Percent Moisture, By Volume
B, = VWera _ ( 1497 )

3 v - = ,o Sé o/o
Wstd ¥ Vimg (147 )+(i2419) = 0 —
3. Molecular Weight, Stack Gas
Dry Molecular Weight, Mg = 0.440 (W03) + 0.320(10;) + 0.280 (Wy + C0)

= 0.440 ( Y+ 0.320( ) + 0.280 ( )
M = 29.0 1b/1b - nole

Pe:mthmsm.m-

Wwe-os wo 1o e ) X 100
+264 (W2H10,-0.5 w0 ) | 0.264C  H  -0.5(
A =

. )
) Ms + = q. 7 + 2223 1b/1b-mole



FD@

6. Stack Gas Velccity, Average
3 / (=33 )
)

. /X /Ts_ ) o as.49 (86 )(.272
vsm 85.495Cp Ae )avg PgMg (.5 )¢ (24.02 ) (28.23

| 1559
' vsm" -r:-ﬁErL ft/s

)., Stack wttmtxié Flow nntc.. Mtal Conditions (Stack Tengeature and Pressure)

, 0 X Vs (Sack®) Ao Gi=*)
a (circular) = Ao )= 60 X Vg ( —ad )
' ) 144 3825

o8l
=60 x__/5.59 « =)

: | -3
"or” Qa(rectangular) = 60 X V "—ll:-_iﬂ) =60 XV (LXW 6.944 X 10

. ' =60 X ( X ) 6.944 x 1073
) 24491. 2 o

m.ﬁ%*-acﬁ“ |

i

i

]

|

i

i

i

’

i

. | ‘. 8: Stack Volumetric E'l.aw Rate, Standard cmdxt.n.ms (68°F, 29.92 in. Ig
' .
i

|

I

|

i

|

i

i

26.02
Q uf” .64.Q L) (_.-) 17.64 ( ,:-9‘#-23) U-.0156 ) ( = )

‘23553

Qg = E3S5% . dscim

9. Isckinetic Variation
;I =K Es vm(sm, - —
A | e 1B

124.194
(S23 ) (+34-499) i
=0.0944 T3g037 (rem ) ( .#e5¢, ) (43) | 1-.0156)
1$.56 7.2q 410

: "100.25
) = _ Q461
- 2- - .
cuw.l.a.&bo b be 3%3.21m as d ms] I'j e H‘SML — o ——
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EMISSION RATE CALCULATIONS

Plant ﬂubmo.h(_m% Run No.MM3B-{ Date Sfajag

Parameter measured _LVH"

Sample volume Vg dscf
Sample concentratfon (Cs) =) mg/2
Blank concentration (Cb Q_ l!“
Solution volume (Vgq

Volumetric flow ratg. o,td _m et3/atn

124./99
4.

1. Total mass 1n sample (mg): (C, = Cp) (Veo1)
ﬂ.&g . ng - Q’. g (&R ) m 20l6 ng

2. Concentration (gr/dscf): (mg) 0.0154 gr

ng. - grldSCf

Vg td -

(3.0l _mg) Q...Q.Iﬂ_q.l:
- 0004 gridsct
124.184 dscf
3. Emission rate (1b/hr):

gr) _]_].b_ [€a)] _ﬁD_l:I.lL 1b/hr
dscf 7000 g wmin

23s55.3
£ .000Y __qr) _L.s.aun-‘_u Laﬁﬁﬂ'l _ﬂuin_ _-ﬁ&_lblhr

dscf

Emission rate (kg/hr) = (1b/hr). (0.4539 kg/1b) « kg/hr

oo 6037
Lﬁa 1b) _O...-ﬁ:is_kg_ _o003. kg/hr
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SAMPLE RECOVERY DATA ' \

Plant: 79-/70 ﬁﬁf@ 016 CAshr Run No.: Mr / 36 -
Date: b/“/?‘f{ Sample Box No.: Job No.:
sample Location: _Setelfod  fn i T~

S.arnple Type: MM 13 b Filter No.:

Sample Recovery Person: )@'/_/9 - ,4 R Va»)
v v

Comments:

FRONT HALF

Acetone ' Liquid ‘
Container No.: : Level Marked: Sealed:
Filter

Container No.: Sealed:

Description of Filter::

Samples stored and locked:

BACK HALF/MOISTURE
Container No: /MM / 30-2.

Liquid Level Marked: _/ Sealed:
INITIAL WEIGHT (grams)
IMP. NO. CONTENTS VoL ‘(ml) INITIAL - FINAL NET
1 : 567 ) b79.0 3.0
2 - 569.2 1572 F | 1=
3 449.% |450. 6 | os
:__ 697 3 1663 2 | 124
i _
6
TOTAL 21.4

Description of Impinger Catch: FeasT 1Mlrgoa VECC—

B-12
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EMISSION TEST CALCULATIONS

PLANT oo bic e (1 Sﬁaﬁ SOURCE/RUN MM IZR-) DATE s{b[gg

1. Leakage Correction for Volume Metered

Vi, ® Vm ~ (Lp-La)@ = Vi = (Lp—0.02)0 = (  )=( -0.02) ( )
V. = £e3
Me

2. Volume Metered, Sl:anda:d Conditions (68°F, 29.92 in.lg)

Vmstd = 17.64 Wi Y (Pb“ o/ 1. 6) = 17.64 (8394”( .qas ) (24.29 )1+014S )/
( S5k )
Vmgeq = T2.759  dscf
3. Volume Water Vapor Collected, Standard Conditions
Drpingers = V. = 0.04707 (Vg ~ V;) = 0.04707 ( SS ) = -ﬁi%q scf
Silica Gel = Wsg=0.04715 (Wg - Wi) = 0.0471§ (184 ) = .ol  scf
) . v"std=vwc+v = LO0O9 scf ‘

. 4. Percent Moisture, By Volume

| Cloocq ) )
By, = Tsta = = .02 (/-3/-)
S sztd + %Std X

(1008 )+(72.759)
S. Molecular Weight, Stack Gas |
Dry Molecular Weight, Mg = 0.440 (WCD3) + 0.320(10z) + 0.280 (N, + %CO)

= 0.440 ( )+ 0.320( ) + 0.280 ¢ }
Mg = QQ.D 1b/1b - mole

Percent Excess Air,dEA =

-264 (W2H10,-0.5 w0 ) | 0.264( M -0.5(
SEA =

). Mg'= Mg (1-Byg) + 18.0 (Bug) = (2§ ) (2-.0/3 ) + 18.0 (.0/3 ) = 28.86 1b/1b-mole
' B-13 | '
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6. Stack Gas Velocity, Average .

(528 )
Vg = 85.4 AP ) I "« gs.49 (.84 )(.7.75\)/
Favg % A LRV = e (2417 ) (2956

V,m- \_5._55 ft/s

L 2

Je Stack Voltmtrié Flow Rate, Munl Conditions (Stack Towrrature and Pressure)

0o (eircutar) o9 X Ys ( A6\, ¢y v, ¢ )
144 2832.%
=60X_ |=.53 (

H‘l. )
Oan(rectangula:)-Goxv (1“")-60::\1 (L X W) 6.944 X 107

=60 X . ( X ) 6.944 X 1073

240\.6
Qa = Z438-=d¢ acfm

. 8. Stack Volumetric Fl.ow Rate, Standard Conditions (68°F, 29.92 in. lg)

' 2481.6 ‘
w™17-64.0_ - ) ( = 17.64 (24%:59) (1-,.0rF ) (—220 )
. ‘23870 | N-TE S28 7

sﬁ%"_ dscfm

' (528 ) (717.759)
=0.094 T4 (15.53) (7299109 ) {izo) U1-0i37

= _99.09

A
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EMISSION RATE CALCULATIONS

Plant (ulomalie D/ (ashin  Run No.MM[ZB:Z Date Eﬁ[&ﬂ__

Parameter neasure& (i r*"

Sample volume Va 17.759 dsct
Sample concentration (Cg) men mg/%
Blank concentration ¢ ngl!.
Solution volume (V¢q1) (g_(gL

Volumetric flow rate st %—-I_L ft3lnin

L2327, 0
1. Total mass 1n _sa.nple (mg): (Cg = Cpy) (Veo1)

20057 mg-__ O _mg (_:bbl 2)a2.027 w
[} 2

2.  Concentration (gr/dscf): (mg) 0.0154 qr

g = gr/dscf
VRstd :
(2:027 ng) D..DJ.SA_q:
" oooy grldscf
.15 9. dscf
3. Emission rate (1b/hr):
g _11b mu_gg_.;m_- 1b/hr
dset 7000g amin
2357.0 OO82
C.0004 _gr) _Lﬂxm“_lh Eﬂﬂ"l _ﬁD_lin_ ~L0082 1b/hr

dscf

Esission rate (kg/hr) « (1b/hr) (0.4539 kg/1b) = kg/hr

(.00f2 1b) _0.4539 kg = _-2037 Kkg/hr
hr 1b

B-15



v ) .
0 u — . T
1 — . 7 i
d e / ]
0 G ¢ sl 7 ]
“ | / ]
] qm\Q\( / |
- / | 4
z { [ Z7303]| Jsti/7 09 1 7 H
o Jr .._P 116 (L /I & W Ti-H
L Q # STT A1 /7 Q5 T a7
4 Q Tyl ol !/ sk ) b-H
T Qb T I3F] 113771 7 opn 1 s-H
# / ep | aqol L1 Yt J-= | J0i° U1 e / 5 € /-H
42 J Li 1L 7 2 A O A LT 7YY [— Te UFH
‘ ; A8 L £ f _ $40 ] /57 z
2% ! \w N N e A A B A A m__m.uf 7 ¢Z I -] &
> £ 2L ! £ PR, T A0 el (h /s f- H
A . ST 44 Pz T <1 T IO 1| T #H _ar | % &
(5 S I I 5 N I L B AL WS YA N L P A ] s | &H| 2
el e i e e s v ey el peb Al ZIT17 9 Biiiilyle
o de e "OWIL|DBY ‘VU} 100 uy Jde [TENIDV|PI1IE3Q O*H "y .A 33 { a)| 42010 J tuvw) 19quny .m. m-
doay [+dway | 19377a |wemoeals. ( S2)jd. ( "r)| ¢%2)|TOFH cuT (ue) (53w eean Butpesy |anoy-pz3s ‘owts | autes [m 5
290y [ 35butd| *dwar xog| Sung A97INO Isqul sduwal| TelIua3a]jig A3 1oo1an |21939H Se) owpt / Buiidues|asiaaesy m
-u] a1dueg aual J9laH sen Kag |yoeas|ce’1g 3217110 ?ﬁk.\nn ¥yno13/ z
. | "ON Q] J0Suas ‘dwd) 1o abeg m
—————= %23y Ye¥] 3IPE€I0 3I63L ITOd anoke] IUl0g 263Iaval s3anutH _ G A39A3 virg T1® Proday pue peay &
“ ) p  *9%uD e 10314 3630 1804 30 d13ITW3YDS — %D3YD) Yed] 3IeSIQ IEIISI
By vt _§ @ wjd W&.n ?1°y Ye¥] 3591 I60d JT 0 Ao34D ¥e¥1 10114 18333 Md
5 6 dg sou3ia)ay 6u ‘uy OF 8 wys 7¢0 = 3wy yea] 387334
— a...a.._uum xog JIjesyy {S)Ioquni 2193113
50 L ruwen 39194 VA {%4) 3anes’ilg syIe1s
€O ] 1030e4 O L7 G € 23nesazg o1 2uwoleg
1221 yp 3935H : Tz syae3aduwal Judtgav
7 s 1w/  Jsquay xog 123I9H NFISISW Y nb20 ( Jeneaszdp
Z-f W/S anopeay *dway C-d )yt 3TN uny
S { v '3IN3810H pIunssy d €] ViJ 330 ardues
S VL L ] T *0*1 9(22O0N _ qI+577 vWyg-23§ uoraeso] bupidues
ZZ 9)7 ¢ =5 ‘on *a'l a4 30314 ) *oN qof L 1-] @t
\Mh\.\ﬁ P sdiy pur \qbust aqoia J{\hnvw Vi Hivw a,_‘\.Q aveld
/ viva 07314
Al TS BN NS NN s N R O A U S U TE I U R e




Bt Bl B B B B B R R (R0 R S ] B ] T S N Y N B (L Y N R N L R L RS E N N

K A WE Y e W iE LR TN
, ]
|_€f 7 75 L3 10 Ted™ 1bbg*7ct £0:5i RETEZ
| €5 | | hb L 9 IV \.mm. — Tz 9ocT =7
c.51 1 / 1b ZJ b 't hto SThiig e 1-
S\ I (YA AW £ 80 | 1ELc/d 0l & b
.51 1 ] A W21 0°7 A0l | gl b7l 1 £-4
rA 2 ! o] 19«1 &} S &Y I $¢ 50T] i L-4
/51 | i 5 m.._w N T bl £ TL 107 | 9-A1
OF ] I TN 7 080" | L t37¢] \ 57
JA | 7L 59 L.% 7 T o0 BT | J.-4
(51 / T |9L V[ - 30’ [Zc ati ¢ -/ -
e { 94 | 631 0 L.£9 | ¢/8 93] 2 -A
ez ! ] TS | bl L)’ e td .
....:. n.nl.._." ."\.m.."...t..n."........“.n.. ? T~ .”m.n....... ...qn “.....:. .......w w.. M" . i .......... .“........’HM u..-.”.m ‘Q. H ... v
3. iCELT ut , o'l Uy [ £33 ( Aa)| (%9012 /7 (uiw} | 1squny
*dway SERR R ¥ de { Y1) *ut (WP} |(%4aV) pean m::uﬁ;_ anoy-pz)/ ‘aury utod
195utd|dual xog 397Ul 1°73VU8393310 KAiyrotep [4339H Se9 awtl / buytdues|ssioaery
-uy s1dues +dwa] 33394 sen Lig *83Jq 95171310
. —{ @bed
—e v §/ VA @\ q.\.m\ﬂQ lm txojeaado \mll Q N\Q r\ 139quny uny
ALL-( -} *33%0 352 IVice 7 vrg TV ievo~l/ 1ewen aucia




.

SAMPLE RECOVERY DATA

Plant: (!ubmabr. e (ashno,
J

Run No.: HM!'J;-B- 2

Job No.:

Date: 4‘[‘“% Sample Box No.: A -\
Sample Location: cgrr\ﬂjgg{ 1nlet

———

Sample Type: MM\AR

Filter No.:

Sample Recovery Person: _%3

Comments:

FRONT HALF

Liquid

Acetone
Level Marked:

Container No.:

Sealed:

Filter
Container No.:

Sealed:

Description of Filter:

e ———————————

Samples stored and locked:

BACK HALF/MOISTURE
A0
Container No: fMM(30-3

Liquid Level Marked: _ A£ =
R [

Sealed:

A ——————

INITIAL WEIGHT (grams) _
IMP, NO. CONTENTS voL (ml) INITIAL - FINAL NET
1 su2z] 1576 9 | 41
2 =08 |572.6 | 18
; 470 |89, 2| w1
4 1203 797 O | lea
5
6
TOTAL 23.8
Description of Impinger Catch: X4 £ & &

B-18
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EMISSION TEST CALCULATIONS

PLANT ““bmah'c ]]g ( gan'ﬁq SOURCE/RUN MMI2R-2 DATE 5!(2{32

l. Leakage Correction for Volume Metered

Vi = Vin - (Lp-La)@ = Vi ~ (Lp=0.02)8 = (  )=( -0.02) ( )
Vi £e3

2. Volume Metered, Standard Corditions (68°F, 29.92 in.lk)

Phar +A\H / 13.6
Vingy = 1764 Wy ( = ) = 17.64 (84762)(.498 (2429 )1+(142 N1
. _ : ( 552 )
Vingeq * _14.Ulo|_ dsct
3. Volume Water Vapor Collected, Standard Conditions
Impingers = V. = 0.04707 (Vg - V) = 0.04707 ( .| ) = .3347 sef
Silica Gel = Visg=0-04715" (We - Wy) = 0.04716 ( lo7 ) = _ IHT4 scf
Vigeq = Vo + Vusg = _L122 scf :

4. Percent Moisture, By Volume

- std _ Ciigz )
F Vegeg * Vmgq (1122 )+(T9.H6()

= 0.0134 (14%)

5. Molecular Weight, Stack Gas -
Dry Molecular Weight, My = 0.440 (¥CD3) + 0.320(%0;) + 0.280 (W, + %C0)

= 0.440 ( ) +0.320¢ ) + 0.280 ( )
M = 24.0 _ 1b/1b - mole

Peu:uu:Enuau{Air,uB\=

A0z - 0.5 w0 -]xloo ( 1=0.5¢ ) X 100
+264 (WH130,-0.5 w0 ) | 0.264(  H  -0.5(
>

My'= Mg (1-Byg) + 18.0 (Byg) = (29 )(1-.01d ) +18.0 (.0 ) = 25.85 1b/1b-mole
‘ B-19
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6. Stack Gas Velocity, Average

( 520
T
Vs = -SCP v/ / '-8549(84)(169\/
- & av T ) (2885

sa"g 1S.33 . ft/s

b

J. Stack Voltmt:ié Flow Rate, Mtunl Conditions (Stack Tomgmratuce and Pressure)

Qalcircular) =f*0 X Vs (. - Da 60 X Vg ( A“;,ﬁ"‘) )
' ) 144
3835
=60X__ 1933 {

traaal
oz Qa(tectangula.r) =60 XV (l“") = 60 X V_ (L X W) 6.944 X 1072
-3

=60 X _ ( X ) 6.944 X 10
) y 2444.6 S -
l CQa = Zietrpfe acn

. 8. Stack Volumetric E‘law Rate, Standard Conditions (68°F, 29.92 in. Ix)

234 530

' Pg 2444 6> :
VUepg™17- 64. Qa(l-u\,s) (—-— = 17.64 (24-Hrtl) (1-.014 ) ( 2517 )
Qstd a—?ﬁ%—h}?dscﬁu '

| (520) (7440l ) i
=0.0944 (24,70 (533 ) (7.26w0°7) (l2p) ( 1-.0/4)

) = 103.07__ %
- B-20




EMISSION RATE CALCULATIONS

Plant C ] Run No. MMI3R-3 pate 5/4/ £¢

Parameter measured Cf e

Sample volume Vg i 79.461 dscf

le concentrat
Blank

C;) ng/%
concentration (Cp ) mg/t

Solution volume (V¢q7) 557 L
Volumetric flow rni.e Qtd —2242+¢  tt3/ain
2344.9

‘I

'2.

3‘

Total mass in sample (mg): (Cs = Cy) (Veo1)
oS wg-_ 0O wg (L.S57  2) - 2.23¢ "g
L 2

Concentration (gr/dsef): (mg) 0,0154 gr

v's_g - grldSCf
(2:2 ®g)
L3236 Q..Olﬂ_q:_ 2004 _ gridsct

g
89/ dsct

Eaission rate (1b/hr):

an)_ _11b_ (££%) _60 min_ = 1b/hr
dscf 7000 ¢ min hr

234, . 0080
L 00od qry _1,.43x10~4_1h .Li’%jﬂ;’l _ﬁﬂ_lig_ - feoff-‘,z- 1b/hr
gr : ain r

dscf
Emission rate (kg/hr) = (1b/hr) (0.4539 kg/1b) = kg/hr

0000 '

(602% 1b) _0,4539 kg - _oode _ kg/hr
hr 1b

B-21
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SAMPLE RECOVERY DATA ' \

Plant: Aernlic Lre  EAs an,_ Run No.: mm-133-<
Date: 4~ 4P - Sample Box No.: oA C -1 Job No.:

Sample Location:

Sample Type: Filter No.:

Sample Recovery Person:

Comments:

FRONT HALF

Acetone Liquid
Container No.: Level Marked: Sealed:

Filter
Container No.: Sealed:

Description of Filter:

Samples stored and locked:

BACK HALF /MOISTURE

Container No:

Liquid Level Marked: : . Sealed:
INITfAL - WEIGHT (grams)

IMP, NO. CONTENTS VoL (m1) INITIAL - FINAL NET
1 J0inl | $H/9 5904 | -is
2 . (09l | £73.5|575.0 | s
3 _ ™ 77_- q 5?7' / lfii;>h:3 .Z
4 seenl | 7470 1 77247 | 258
: .
6

TOTAL 7.0

Description of Impinger Catch:
B-24
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EMISSION TEST CALCULATIONS

PLANT 3 bhabic Die ngh‘nj, SOURCE/RUN MMIZB~Y DATE SZ@[&& .
1. leakage Correction for Volume Metered

Ve = Vim = (Ip-1a)@ = Vy, ~ (Lp-0.02)@ = ( )=( . =0.02) ( )

V. = £e3

e

2. Volume Metered, Sl:andax:d Conditions (68°F, 29.92 in.lig)

Vg, = 1764“&1:! (%';Aﬂ/us)

Vigeq = (2. /50  dscf

= 17.64 (134.954)(.99% ) 2431 )+liuy )/
( 554 )

3. Volume Water Vapor Collected, Standard Conditions
Impingers = V = 0.04707 (Vg -~ V;) = 0.04707 ( 1.2 ) = _- 0565 scf
Silica Gel = Vng =0.04715 (Wg - Wj) = 0.04715 (35.% ) = _j.2/5 scf
sztd = V + Vng = l. ZZZ’ sof
4. Percent Moisture, By Volume

Vay ) )
Bug = i - 272 = oo (10%)
std T Wseq (593 )+(/26.05) -

5. Molecular Weight, Stackc;.as" .
Dry Molecular Weight, Mg = 0.440 (WQ07) + 0.320(%0;) + 0.280 (g + W)

= 0.440 ( )+ 0.320( ) + 0.280 ¢( )

M = 29.0 1b/1b - mole

Percent Excess Air,AEA = )
-264(WH10,~0.5 0 ) | 0.264( N ~0.5¢
EA =

Ms Mg (1-Byg) + 18.0 (Bug) = (5.0 ) (- .0/0 ) + 18.0 (.0/0 ) = 26.94 lb/lb-mole
B-25 .
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6. Stack Gas Velocity, Average

( 526 )
Vg = gS. /AP = 85.49 (.24 u.uﬂ\/
g 5 B Qr’ Javg \/ (29.19 ) (26.59

J. Stack Vulimt:ié Flow Rate, AMtunl Conditions (Stack Tomgnrature and Pressure)

. . 2)
Qa(circutar) =20 X Vs ( D--soxv.(—“-ﬁ‘-m-—)
\ . p

14 T
=60x__ 1524 T )
"or” Qa(:ectangul.a:)-soxv (l“") 60 X V_ (L X W) 6.944 X 107
=60 X . ( x ) 6.944 X 1072
2442.2. D - '
Q= 39 53 acfm
8. - stOMK Voluvnetric E‘low.lhte. Standard Cbndit.ims (68°F, 29.92 in. Ig)
- . Py 24432 26./9 '
qu.=17.64.0a‘(1-uws) ( T = 17.64 (2454% (1-.0l0 ) S24 )

Qg = F3555F¢ dsctm
2358.9

(528 ) (/26./50)

=0.0944 35797 (/525 ) (72dg07 ) (AZ) ( 1-.000]
= _{01.67_©

B-26




EMISSION RATE CALCULATIONS

Plant Mbmm_mamj_ Run No.HHiz8-4 Date _5/4/g§

Parameter measured (i

Sample volume Vg —126.150 _  dsct
Sample concentration (Co) ooy Rg/2
Blank concentration (Cb 202 '9/1-
Solution volume (Veo 2853/

Volumetric flow rate Qstd —RZesEc ft3luin
, ABSL.4

1. Total mass in sample (mg): (Cs - Cy) (Vgo1)

02Y_ mg -~ _-002_ mg (_53/ %) w_.0/2  ng
2 )

2. Concentration (gr/dsef): (mg) 0,0154 qr

g = gr/dscf
VRstd .

(o2 ng) 9...0154_1:

- f - L{30007¢ 9rldscf
L26./5p dsc

3. Emission rate (1b/hr):

{gr) __11b_ (rt®) _E.D_lln_ 1b/hr
dscf 7000 ¢ wmin

-$

Lu%ﬁ;m__l.sgm«_m (E2se ree) S0nin. - astreBnme
T

Eatssion rate (kg/hr) « (1b/hr) (0.4539 kg/1b) = kg/hr
3.9'91/o'§
2 1b) _0.4539 kg = 43/w0"% kg/hr
1b

hr

B=-27
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SAMPLE RECOVERY DATA | ‘

Plant: ﬂ\dnmahf Ne Caching Run No.: HM 2 Fs@j"
B J

Date: Sample Box No.: XB( -\ Job No.:

Sample Location: ngmrj;@uk

sample Type: MMHIAH Filter No.:

Sample Recovery Person: \\k(') - /Q—/f /7
v

Comments:

FRONT HALF

Acetone  Liquid .
Container No.: Level Marked: Sealed:
Filter )

Container No.: Sealed:

Description of Filter:

Samples stored and locked:

BACK HALF/MOISTURE

Container No:

Liquid Level Marked: _ | Sealed: ~
INITIAL - WELGHI (qrams)

IMP. NO. CONTENTS voL (m1) INITIAL - FINAL NE
1 _ébQ.\ 569 7 0.
2 sl 5720 | oA
3 | AAQQ 1150 9 1.0
: b2 6777 | 145
S
6

TOTAL 17.0

B-30

Description of Impinger Catch:
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EMISSION TEST CALCULATIONS

PLANT - Dielpeks SOURCE/RUN UM/[ZR- K DATE q[[p[&f
- Leakage Correction for Volume Metered |
Vmc Vm = (Lp-12)0 = v - (Lp-0.02)0 = ( ) -0.02) ( )

v, £t3
me =

2. Volume Metered, Standard Conditions (68*F, 29.92 in.lig)

Vg, 3 = 17.64 ‘hcf (Pb",];AH ! 13.5) = 17.64 (8651b ) (.94 )T )+( 1.4 )/ll

(556 )
Vmgeq = _80.236 _ dscf .
3. Volume Water Vapor Collected, Standard Conditions o
Inpingers = v = 0.04707 (vg - Vi) = 0.04707 (2.5 ) = oug scf l
Silica Gel = szg=0 04715 (we - w,_) = 0.04715 (4. ) 837 scf
4. Percent l'olsture, By Volume l
Vu ( q )
Bus = 3 s:dv = &ol = 0084 - (.QQ%>
Wstd T Vmgeq (.80 I+(BDzse) l
5. Molecular Weight, Stack Gas ‘
Dry Molecular Weight, Mz = 0.440 (W07) + 0.320(%03) + 0.280 (3N, + 0) , '
=0.440(  )+0.320¢ ) +0.280 ¢ ) l
Mg =  26.0 1b/1b - mole
Percent Bxcess Air,tEA = : l
E 102 - 0.5 wo -'xmo ( )-0.5¢( ) X 100 l
(M0 w0 ) T (0260« cos(
AEA = .
), MM QB +18.0 (Bug) = (290 ) (1-.00449 ) + 18.0 ( 0049 ) = 28,99 1b/lb-mole l
: B-31
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6. Stack Gas Velocity, Average

(525 )

T,
Veavg = 85:49C; /AP )avg F;uﬁ: = 85.49 (.54 )(.271\)/(._2
Voayg = . 15.39 . ft/s

4.07 )(28.9

7. Stack Volumctrie Flow Rate, Mtal Conditions (Stack Tompnrature and Pressure)
Qa(circular) =40 X Vs { yssoxv,(-——’ié’i)-.)
4

T4 44
_ 2835
=60X__ 1539 7 ( 3EZede
. : 1<y
“or” . y LXW -3
-or” Qa(rectangular) =60 X Vv, 143 ) = 60 X Vg (L X W) 6.944 X 10
' 260X ( X’ )6944x103
_ 24552 '
- _ZH55-75¢ actm
8. - Stack Volumetric Flow _Rate, Standard Conditions (68°F, 29.92 in. Hg)
' Jyss '
Q=17 64.Q e (__ = _ ( 25.07 )
m_ g,.) 1764(2#5:‘:’-5_3 (1~.00%9 ) Y
Oseq 7 22 232lepdsctm |
2378.2

9. Isokinetic Variation
. lr -
M-k S Vm(std)

s Vs M 9. 1B

_ (s2°) (&0.256)
0.0944 T13557) (1$.39 Y (7.290°7 ) (7zo 1 { 10097

) = /02.6% %
. B=-32
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EMISSION RATE CALCULATIONS

Plant Au.bmahhd:ﬂzh.c&_ Run No. MMI3-5 Date 5[qJsg

Parameter measured Cf”""

Sample volume Vg BD.25%  dscf
Sample concentration (C;) 031 mg/2
Blank concentration (

, lglz
629

e Qstd 2374 ft3lu1n
X378.2

1. Total mass in sample (mg): (Cg = Cp) (Vgoi) |
Ry - 002 w9 (.29 %) e _.0lZ wg
)

Solution volume (Veo
Volumetric flow rag

2.  Concentration (gr/dscf): (mg) 0.0154 gr

g = gr/dscf
VRstd

(L Q/Z__ mng) 0.0154 gr

_ B ___ » 2.30x/0"°gr/dsce
D256 dscf

3. Emission rate (1b/hr):

fan)  _11b .(.tt'). _ﬁn_lin_ 1b/hr
dscf 7000 g wmin

o378
23040 gr)  _1.43%10°4 1b s&ﬂ;nu S0 stn_ - 30 Ibihr
dscf qr aln r

Exission rate (kg/hr) « (1b/hr) (0.4539 kg/1b) = kg/hr

(Y4805 1b) _0,4539 kg = .2./3>uo""’kglhr
hr b

B-33
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SAMPLE RECOVERY DATA ' \

Plant: [&T" Nal,e Oz Cdglgg Run No.: M1 73 o~ é
Date: ‘1""7”"5'?/ Sample Box No.: Job No.:

Sample Location: Sclolpn s T
sample Type: LM 123 0 Filter No.:
Sample Recovery Person: J. BLn v

Comments: i.géf . M 39 ‘7!

FRONT HALF

Acetone Liquid _

Container No.: Level Marked: Sealed:
Filter _

Container No.: Sealed:

Description of Filter:

Samples stored and locked:

BACK HALF/MOISTURE

Container No: M3 N-6

Liquid Level Marked: \(L.é_z Sealéd: L 5 :
IMP, NO. CONTENTS | #gll.-r{:lll-) INITIAL NE}W%
A : 544 6 |542.9 | i3
2 578 3 |56 6 2.2
s\ MT yso 7 |786,5 | se
4 $idcan o & 699 |\ T79473 | su.8
: .
6
TOTAL 2.2

Description of [mpinger Catch: ClLén i
) B-36
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EMISSION TEST CALCULATIONS

PLANT !Z“&mﬁc |2I'ﬂ ( hﬁhﬂf SOURCE/RUN MMIZR- & DATE i}qlaﬁ l

1. Leakage Correction for Volume Metered

Vog = Vim - Up-La)e = Vi - (Lp-0.0208 = ( )q =0.02) ( ) I
Vi, = £t3 | .
2. Volume Metered, Standard Conditions (68°F, 29.92 in.lg)
 [Buag +AH / 13.6 | 337
v,.,std = 17.64 Vi Y ( T ) = 17.64 (3¢04.112) (6.99%° )(‘q Y+ (s.2 )/ I

(Seo ) I
Vingeq = 299. L8/ dsct
3. Volume Water Vapor Collected, Standard Conditions
Trpingers = v, = 0.04707 (vg - v;) = 0.04707 ( r.4 ) = 0.819 scf
Silica Gel = Vs =0.04715 (We - W;) = 0.04715 ( g )= .59y scf
"Wstd'vw+v"=g= 3.4o3 scf '

4. Percent Moisture, By Volume
VW ( 2 ) s .
s =V—-£f_.é_ = 3.Ho = 0.0l 1o (1.2/-)
Ystd T Wsed (3403 )+(282080) ‘

S. Molecular Weight, Stack Gas : '
Dry Molecular Weight, M3 = 0.440 (v0y) + 0.320(%0y) + 0.280 (W, + w0)

=0.440( )+ 0.320( ) + 0.280 ( }

Mg = ' 229.0 1b/1b - mole

Pa:cmtaacessm.tm=

102 - 0.5 x» -'x;mo ( )=0.5( ) X 100
+264 (WM%0,-0.5 w0 ) | 0.264C M -g.5¢
EA -

), MM QB +18.0 (B = (249, M1=.0/2 ) +18.0 (.02 ) = 2937 I1b/Ibmole l

B=37




6. Stack Gas Velccity, Average

( S320 )
v F (A / vy ) N 85.49 (.34 ) (265 )
‘avg 85.4xp AP )a PSHS - ( (2

.25 )(28.27

) . »

*d

« Stack Vbhmtrié Flow Rate, Mtwal Conditions (Stack Tompnrature and Pressure)
1 o 1a2)
Qa (circular) = X Vs ( ): 60 X Vg (-_____...-AGC' )
' ) 4

14 zgss
=60 x_ js25 7 ( 323eMe
Ty
l "oc" Qa(:eccangula:) 60 XV (%‘4—") =60 XV, (LXW 6.944 X 103
=60 X ( X ) 6.944 x 1073
2436.¢ —
8~ 34Tz yse actm

HE .
'

. 84 Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

, s 243k 8 ,24.:5" )
°sm=17'6‘-"°a.‘1‘“ws’ (?;-) = 17.64 (.zmgj (1-.ae ) (

Qstd - Mf_e_ dscfm
<L34Y. &

$I = K 3‘5 vm(std) — -
P, ‘_’F J_\n' o I

(520 ) (289 .464)

(.?‘7.25) U/s25 ) (By7vwio? ) (zdo) (l1=oned

= 0.0944

= _0l7 &
) T B-38

|
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EMISSION RATE CALCULATIONS

Plant@Mﬁﬂé’ﬁLﬂf}__ Run No. MMiz6-6 Date .i/ﬁ.[.@__

Parameter measured | Cf to

Sample volume Vg dscf

—2fA.08
Sample concentﬂtion (C;) _Q:L_Lutpl_ '9/" 057 (tmp)
Blank concentration (

Solution volume (V¢q _.Licu.g[n)_
Voluametric flovw nge Qstd a2l or ft3/ain
R3Y4Y.8

1.  Total mass in sample (mg): (Cg = Cp) (Vo)
203/ _mg-_0O  wg (/S0 8) = 0047 wg
)

z 4 ‘/ 0 TO*II-L"("S: .03‘
.Qj’? e - a‘l_ngf" LY 8): 026 ™9
2.  Concentration (gr/dscf): (mg) 0.0154 gr .
ng._ = gr/dsct
VRetd -
(03/ 'mg) 0,0154 qr %
o LLSx/0° gr/dscf
£289.68/ dsct
3. Emission rate (1b/hr):
Sgr)  _11b (£t 60 min_ = lb/hr
dscf 7000 ¢ wmin hr <
3.32 X10
23Y4.§
Mu_o"’_m__l.&:xm"_lh .(%ﬁ;’l _ﬁn_ljn_ 23eme®1b/hr

dscf
Esission rate (kg/hr) « (1b/hr) (0.4539 kg/1b) = kg/hr

3.321.40'{ LSiyio S
@—T{ﬁ 1b) _Q.4539 kg = £SOYT . kg/hr
r b

B-39
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SAMPLE RECQVERY DATA '

Plant: Amam,q‘rlc D.g CﬂSW':o’;_ Run No.: 711 (38~
Date: 4/25/3% Sample Box No.: KRAC-1
Sample Location: Sgrgt_)_bef Talet

MM

Sample Recovery Person: A.ng_snf\ A/\/

Job No.:

Sample Type: Filter No.:

Comments:

FRONT HALF

Acetone Liquid
Container No.: Level Marked: Sealed:
Filter
Container No.: Sealed:
Description of Filter:
Samples stored and locked:
BACK HALF/MOISTURE
Container No: mm 13&-7 mom i7a=7
Liquid Level r-gfé’?l{s"?‘;‘;:_ng‘p"'ﬁee Sealed:
INITIAL _ WEIGHT (grams)
~ IMP, NO. CONTENTS VoL (ml) INITIAL - FINAL NET
1 10 m L aOH $CRY |3co0.Y -8.0
2 oo n e MaOH L5697 561/ -8.L
3 EmPT> 44 9.0 4533 4.1
4 <Sic1caG EL il G715 258.5
5 Siica e L86.2 747.9 AR
6
TOTAL 74.1
B~42

Description of [mpinger Catch:
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EMISSION TEST CALCULATIONS

PLANT ng&g&r:ﬁa&_ SOURCE/RUN pH|2R~7 DATE 5)a)§8

1. Leakage Correction for Volume Metered

Ve = Vm - (Lp-L2)@ = Vp ~ (Lp~0.02)8 = ( )=( ~0.02) ( )

2. Volume Metered, Standa:d Corditions (68°F, 29.92 in.lig)

Ppay +QAAH / 13.6 )
v"‘std 17.64 q,,c! ( ) = 17.64 (306. h%)(.eq‘:? )(24.57. (s )/
_ : (57 )
3. Volune Water Vapor Collected, Standard Conditions

=12.5 —.5884
Inpingers = V= 0.04707 (V¢ - V) = 0.04707 ( 22 ) = _botid scf .

Silica Gel = szg=0 04715 (We = Wi) = 0.04705 ( o ) = 2Gadoesct
v - 2523 812 4418
) Wswa v%c'*vhsg BSTe, sof ,
4. Percent Moisture, By Volume -

o ey ( 3—5‘2}- )
Voigtg * Vmgeq (3—5-23, )+(261.298 )

5. Molecular Weight, Stack Gas '
Dry Molecular Weight, My = 0.440 (%Q03) + 0.320(t0;) + 0.280 (W + W0)

= _oiy (12%)

= Q.440 ( )+ 0.320( ) + 0.280 ( )
M = 29.0 1b/1b - mole

Percent Excess Air,%EA =

202 - 0.5 w0 -|x100 .( )=0.5¢ ) X 100
-264(W2H30,-0.5 w0 ) |  |0.264C M —0.5¢
LEA =

). Ms Mg (-Beg) + 18.0 (Bug) = (24.0 )(1-.0/24 ) + 18.0 (.0124 ) 28.8¢ 1b/lb-mole
. B=-43




EES

6. Stack Gas Velocity, Average

(832 )
T,
Ve, = 85.49C &/AP fT5 ' = gs5.49 (.24 )(.%7\)/
™9 VA > " (40 ) (2885

V,“ = Is-'% . ft/s

v

Jo  Stack Vol\mtrié Flow Jate, AMtunl Conditions (Stack Tomgpmratuce and Pressure)

pa(cnuga:)-'x"s‘ = 60 x vg %‘t‘"—") )

=60 X _ 158 aﬁzﬁ)g

"or” Qa(rectangulax) = 60 X V (" X "’),u 60 X V_ (L X W) 6.944 X 1073

144
=60 X .. ( X ) 6.944 X 1073
) 2435 ¢ — o
:Ga?'éﬁﬁﬁtjif acfm
. 8: Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)
Q, .17 4Q s Paredi Y 24. 40 )
=17.64.Q_(1-3,,) (—— = 17.64 (34284) (1-.0024 ) =35
ﬁﬁ_dﬂ:ﬁ‘ ' | |
2335.3

9. Isokinetic Variation

oot T \'/
SI=g 5 mistd)
Ps v A o 1-8
s n ws

(532.) (26/.29%) i
= 0.0944 T2g00 ) (/ss9 ) (2472077 ) (2¢o) ( 1-0/243

) = B3 _a

B-44




EMISSION RATE CALCULATIONS

Piantumaib_fc_ﬂeﬁb'g‘_ Run No. MMIZB-7 ODate _s|alas

Parameter measured (‘ rte

Sample volume V, ~280.298 _ dset
Sample concentratfon (Cg) -ﬂ?éﬁmnl,..n&(qw /2

ank concentration ( '9/1
Solution volume (Veo

Volumetric flow uie Qstd —2 2%_3 . ft3ln1n

1. Total mass in sample (mg): (C, Cb) (Vso1)
" _JL ng - ng % 2) = 0099 wng

o . ot
477 = Totad mey . O/
osa m9[y - 003 mgfy (FHodcl )= 7
2. Concentration (gr/dsct): (mg) Q..D.Lﬁ_q.:

3. Emission rate (lb/hr):

Qo__11p s m.jn = 1b/h
dscf 7000 g %itnl r

<2335.3

u&;Tm__umn-«_m Lﬂia_r&.r.t'). _ﬁn_nin_ - 1Sbxw lblhr
$C

Emission rate (kg/hr) « (1b/hr) €0.4539 kg/1bh) « kg/hr

.56 x10°S 1) 0.4539 kg = -r.o&‘xm"'kglhr
hr 1b

B-45
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SAMPLE RECOVERY DATA :
Plant: Ayédmefl'c. Q’ec,;/‘/at Run No.: /M7 /3B -&
Date: ?/Zf/ff Sample Box No.: PAC-/ Job No.:

sample Location: Secrukker inlel

Sample Type: _ MMI3ZB Filter No.:

Sample Recovery Person:

Comments:

FRONT HALF

Acetone Liquid :
Container No.: Level Marked: Sealed:

————

Filter
Container No.: , ’ Sealed:

e ———————————————

Description of Filter:

_Samples stored and locked:

BACK HALF/MOISTURE

Container Ho:

Liquid Level Marked:. | Sealed:

IMP. NO. |  CONTENTS \llgll.rt::'f) TRITIAL NE-IE?:{AEQHM) NET
1 100 m/ " s O4 5§82 |56[ 7 | -zs
2 109m) Ne OH $748 1619 7 Hy
3 | _enpty #4552 1497 7 | 25
4 A /_&/ ¢37.7 | 6555 | 41p
5 S/ el (P87 |1 6665 | 1o
6

TOTAL 44.3

. -4
Description of Impinger Catch: B-48
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EMISSION TEST CALCULATIONS

" 1. Leakage Correction for Volume Metered

1
i
i
PLANT Ny bomabic Die Qs“”j SOURCE/RUN Miizm -7 DATE slajsa ]
I
i
i

Vi = Vi - (Lp-L2)0 = Vp - (Lp-0.02)8 = ()¢ -0.02) ( )
Vg = £e3
e
2. Volume Metered, Standard Conditions (68°F, 29.92 in.lig)
‘ Phar +AH / 13.6
Ving,g = 17.64 Y ( X = 17.64 (243.502) (478 ){29. )+( 50 11
( Ser )
Vigpq = 27500 dsce I
3. Volume Water Vapor Collected, Standard Omdx.ta.mg a4 260
Impingers = Vi = 0-04707 (Ve = v;) = 0.04707 ( 7ode_ ) = ;&_scf | l
Silica Gel = Vusg=0.04715 (Wg - Wj) = 0.04715 (12 ) = _&-R30¢sct
) Ve Vot Vs = _Quuyy  scr @S 3.084 |
- 4. Percent Mojisture » By Volume l
Y Caygy ) o (1%
By, = std = 4. = L0l /-boo)
T Weta P Vs T (G e (atre00) - |
3. Molecular Weight, Stack Gas
Ory Molecular Weight, My = 0.440 (¥02) + 0.320(%0;) + 0.280 (W, + w0) l
M = __290 1b/1b - mole I
Percent Excess Air,\EA = .
02 - 0.5 wo -wao ( )=0.5( ) X 100 l
-264(Wo105-0.5 w0 ) | 0.264 ( M ~0.5(
\EA = I
). Mg'=My (1-B) + 18.0 (Bwg) = (24.0 )(1-.0/t ) + 18.0 (.06 ) = 2982 1b/1b-mole
: B-49 | l
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6. Stack Gas Velocity, Average

(535 )
- W/ /55— w6549 (.84 )(.263 /
Veavg = 85450, AP Navg | fpp e ( (2899 ) (.82

vswg" 1S.1]| . ft/s

Stack Volumotric Flow Rate, Actwal Conditions (Stack Tompmeature and Pressure)
. ' PV

@ (circular) =49 X Vs ( D: coxvg ( ARG,

) 4

14 383 S 1~y
= 2830l
€0x__isa - 4 =70 )
- . L XW -3
"or” Qa(rectangular) =60 XV, (Zz5~) =60 XV, (LXW 6.944 X 10
' 260X ( X ) 6.944 x 107
Z2414.5 -
) Qa = 2P actm
-8 Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

o Py 244.S 2827 '
qu 17.64.0 afi-i,) (-— = 17.64 (2553 (1-.0/6 ) ( )
Qrq 7 22LBHE  dsctm |

2270.4

9. Isokinetic Variation
AL =K 1_.'_5 vm(std)

Ps Ys J\n. e l-Bws

' (5357) (27).c00) -
=0.0944 T¢45 ) Uisai ) (zyzyiod ) (2407 (15.0/6)

= 9917
) =2 B-50




EMISSION RATE CALCULATIONS

Plant Qﬁzmbdluﬁégﬂ_ Run No.MMiz8-8 Oate Sliojgs

Parameter measured (' r‘“‘

Sample volume Vg —=lSco _ dsct
Sample concentrat (Cj) ﬁlﬂﬁmp),.gﬂm) mg/2
Blank concentration ( mg/e
Solution volume (V¢q ) ]

Volumetric flow ratg) o,td w ft3/ain
AA70.9

1.  Total mass in sanplo (mg): (Cs - Cp) (Vgq1)

.014 - C.404 l.)-_-._Z_ﬂ!
g T TobaL g 009

otemyl o myjy (138 = -00n
2.  Concentration (gr/dscf): (mg) 0Q.0154 gr

g
VRstd

= gr/dscf

(009 _mg) 0.0154 qr

_ o S4x077 gridsct
27.Sco0 dscf

3. Emission rate (1b/hr):

Sgo) _11b_ (ri%) _ﬁD_IiIL « lb/hr
dscf 7000 ¢ wmin

-l
22709 9.96x/0

(suwol qny ;" Lo 1o Mﬁ;’l 50 oip_ - 2927 Vb /hr
SC

Emission rate (kg/hr) « (1b/hr) (0.4539 kg/1b) = kg/hr

.9 x(0~* - 4.52x00° "%
(& ord )] 0.4539 kg« 4wt a e
hr 1
B-Sl
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SAMPLE RECOVERY DATA '

Plant: /4://4!#4'/& ,d'ec'#//‘/uy Run No.: /‘////3/3-7
Date: 7‘/26/5"[’ Sample ‘;)x No.: _AHFAL-/ Job No.:
Sample L/ocati/on: &mf Tate t

Sample Type: MHMIZA ‘ Filter No.:

Sample Recovery Person:

Comments:

FRONT HALF

Acetone Liquid -

Container No.: Level Marked: Sealed:
Filter

Container No.: Sealed:

Description of Filter:

Samples stored and locked:

BACK HALF/MOISTURE .

Container HNo:

Liquid Level Marked: : Sealed:
TRITIAL WEIGAT (grams)

IMP. NO. CONTENTS VOL (ml) INITIAL - FINAL NET
1 __ hoondiomachl a0 | $70.0 (569, 3 | -0
2 " ~ =] woal |09 [573 3 | 24
3 2@% 407 452 § 2.1
4 &.lg__{:)g)_ | (-97.3 796.5 | 4q.1
5 alira SLL (21,95 16803 | 108
6

TOTAL 639

s ' B-535
Description of [mpinger Catch:
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EMISSION TEST CALCULATIONS

PLANT ﬂ,,bmaﬁg:h’g!héﬁ% SOURCE/RUN MMI3BG DATE s[q[&

l. Leakage Correction for Volume Metered
Vmc = Vn = (ILp-12)0 = Vm - (19—0.02)_0 = ( )=( -0.02) ( )

2. Volume Metered, Standard Conditions (68°F, 29.92 in.lig)

Ve = 17-64 YicY (Pbar.,;AH / 13.5) - 17.64 (216.949)( .498 ) 297 )+(48 )/
( Se3 )

Vingpq = 204429  dsct
3. Volume Water Vapor Collected, Standard Conditions

Impingers = V,__ = 0.04707 (Vg - V;) = 0.04707 ( 3.2 ) = _o0./79 scf
Silica Gel = Vg =0.04715 (Wg - Wi) = 0.04715 ( i 60.0) = ZE5 sct

Vged = Vi * Vwsg = 30/ scf
4. Percent Mpisture, By Volume

Vw ( )
By = std - 3.0/ = o147 (1.5%)
S Vwgeg * Vg (201 )+(200429) :

3. Molecular Weight, Stack Gas : ‘ '
Dry Molecular Weight, M3 = 0.440 (W02) + 0.320(%07) + 0.280 (W, + ¥0)

= 0.440 (. ) +0.320( ) + 0.280 ( )
M = 29.0 1b/1b - mole

Percant&nessai.r,m=

10, - | -
2=0.5 %0 -|x100 ( )-0.5( ) X 100
-264 (WaH10,-0.5 %0 ) | 0.264(  H 0.5

SEA =

) Mg'= M3 (1~Byg) + 18.0 (Byg) = (26.60 ) (1=.0/47 ) + 18.0 (.0/47 ) = 2684 1b/l1b-mole
' ' B-56 -

i NS I & N & A D BN G B Sh A A B TR B A e
e’ :




EES

6. Stack Gas Velocity, Average

/‘1‘ ' 4
Savg = 85-4 AP )a = 85.49 (.3 )(253/
P " (29.35 ) (28.89

Je  Stack Vohmtric" Flow ate, Mtual Conditions (Stac:k)quratute anxl Pressure)
. A (it
Qo (circular) = XVg ( D: 60 X vg ( ——-"-Q—— )

144 2az.¢ 94
=60 X _ 1413 { =55 )
or" Qa(:ectangular) =60 X V (m")= 60 X V_ (L X W) 6.944 X 1073
=60 X ( X ) 6.944 x 1073
23537 T
Qa = _a3so-g4te actm
- 8: Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)
L Ps 2333 29.38
= - [— - T —.Ol
05'-'". 17.64.0_(1 ) (Ts 17.64 (3350-84) (1-.0147 ) ( T3c
Qe = 22427 dsctm '
std -3y

9. Isok.imtic Vanaum

T
‘I = K S ll'l(std,
Ps' V‘s )\n. o -8

' (835) (20/.429)
=0.0944 139357 (/9.73 ) /247y ) (735 T U 1-.0dd

= 9850 o
T B-57




EMISSION RATE CALCULATIONS

Plant &:Jnmenir._&_cﬂsﬁ%_ Run No. MM3B:9 Date Slofes

Parameter measured Cr""

Sample volume Vg _2l.429 dscf

Sample concentration (Cs) 033(imp)_ode(p) wg/%

Blank concentration (Cb L02 mg/t

Solution volume (Vgq L

Volumetric flow raze Qstd : t3/min
. K243

1.  Total mass in sample (mg): (Cs = Cp) (Veo1)

2033 wmg-_02 wg (HAZ L) =« OIA 5g
s -
Total.mg=.019
-0'46"'3/2“ ,wz.m:jle (.ISQ-Q) - .007 ° j
2. Concentration (gr/dscf): (mg) 0.0154 qr

nq. - gri/dscf
Vestd .

(.04 mg) 0,0154 gr i
- w LUSXIO gr/dsct

2014294 dscf

3. Emission rate (1b/hr);

Sgr) _11bh __ (ft*) 60 win_ e« lb/hr
dscf 7000 g win hr

AdY3
(L4s410C gpy _l...'faxm"_l.h ;_ﬂ'l_ﬁﬂ_lln_ 9'7‘“'0 lblhr
dscf

Emission rate (kg/hr) = (1b/hr) (0.4539 kg/1b) = kg/hr

(;779uo s 1b) 9,5532 kg = L27x10" " kglhr

'5/

B-538

—







APPENDIX C
Calculation Checks







4-19-88

Kc = 106.5547

2A1

A2

A3

A4

2 A1 Tygon
2
3 w.
4 "

1 B 3 Duplicate

281
282
283
284

1 B 4 Duplicate

2 B 1 Tygon
2 B 2 Tygon
2 B 3 Tygon
2 B 4 Tygon

MM 13-8B 2

0127S

I

EPA #
1 _mi

37.861
122.809
126.194
155.544

5.065
4,144
4.273
4.433

146.209

159.609
114.196
165.969
172.895

142.763
6.127
7.927
7.807
6.035

2029.511

PEER #
Total micrograms

38.0
122.7
126.1
1585.7

5.1
4.09
4.2
4.4

146.1

159.5
114.1
166.1
172.9

142.9
6.1
7.9
7.9
6.0

2026.9



4-19-88 I
Kc = 106.5547 l
EPA # PEER #

Total micrograms T micr m I
3B 1 55.706 55.7 '
382 112.285 122.2
3B3 165.704 165.0 l
384 162.218 162.1
3 B 3 Duplicate 163.373 | 163.3 I
.10 pug/m std .103 : .103
.25 .256 . .256
.50 .506 .506 l
4-20-88
Kc = 107.1050 Blank Corr = .186 I

C-3
01275 I




I 4-19-88
l K, = 106.5547
_EPA #_ PEER #
l Total Micrograms Total Micrograms
I A1 37.861 38.0
A2 | 122.809 122.7
A3 126.194 126.1
I A4 155.544 155.7
I 25 1 Tygon 5.065 5.1
2 Tygon 4.144 4.09
I : 3 Tygon 4.273 . 4.2
4 Tygon 4.483 4.4
l 1 B 3 Duplicate © 146.209 146.1
C-4
I 0127S




K. = 106.5547 I

EPA # PEER_# I
Total Micrograms Total Micrograms

2B1 159.609 159.5 I

282 114.196 114.1

283 165.969 166.1

284 172.895 172.9 I

1B4 Duplicate 142.763 142.9 I

2B1 Tygon 6.127 6.1 I

282 Tygon 7.927 7.9

283 Tygon 7.807 _ 7.9 I

284 Tygon 6.035 ' 6.0

MM 13-8 2 2029.511 2026.9 '

3A1 - T 148.025 . 148.2 I

3A2 127.460 127.4 _

A3 176.794 176.8 I

3A4 179.345 : 179.4

MM 138 - 3 2235.650 2236.0 I

381 55.706 55.7 I

382 112.285 112.2

383 " 165.704 165.0 l

384 162.218 162.1

383 Duplicate 163.373 163.3 '

.10 pg/me std - .103 .103 I

.25 .256 .256

.50 .506 .506 l

C-5
01275 I




4-20-88

Kc = 107.1050

Run #1 Process Sol'tn 4/18
2 Process Sol'tn 4/19
3 Process Sol'tn 4/19

Dup #1 Process Sol'tn
#2 Process Sol'tn
#3 Process Sol'tn

4A1

4A2

4A3

4A4

NaOH Blank

MM 13-B - 4

481

0.05 ug/md std
0.25 pg/m2 std

Blank Corr = .186
EPA # PEER #

Total Micrograms Total Micrograms
134,917.796* 134,920* -
135,933.912* 135,962*
138,149.886* 138,118*
139,042.271* 139,010
142,021.321* 141,988*
143,309.832* 143,276*

217 .24

> blank correction > blank correction

.248 .25

.598 .60

.186 .186
12.316 12.5

.682 .69
4.612 4.8
25.232 25.0

* Reported in micrograms per milliliter (ug/ms)

0127S



Kc = 107.1050

48B2

51U
2 U
3U
4y
STD 1.25 pg/100me
138-5

~ STD 0.25 pg/100me

138-5

0127s

_EPA #
Total Micrograms

.853
1.081
1.227
1.702
2.529
1.551
1.326
.007 pg/me
12.984

.002 ug/m

16.305

C-7

PEER #
Total Micrograms

.81
1.2
1.3
1.6
2.5
1.6
1.3

.006
1341

.002

16.2




Kc = 106.8043

MM 138 - 4 Dup
MM 138 - 5 Dup
.25 pg/me

.50 pg/me

610

620

630

~ 2A1 (Dup)

MM 138 - 4

MM 138 - 3 Dup

640 _

MM 1386 (NOZ/PROBE)
MM 1386 Impinger Catch
MM 133 - 4 + 50 ug/me
0.5 pg/m .IN NaCH
61°P

62°P

6 3P

6 4P

MM 13B-6

0127s

EPA #

Total Micrograms

11.962
14.661
25.347
51.284
1.678
2.591
2.008
38.661

275.934 (?)

2222.503
2.193
4.673

26.605
531.225
50.589
.997
1.878
2.280
2.073

.049 pg/m

C-8

PEER #

Total Micrograms

11.9
14.7
25.3
51.3
1.7
2.6
2.0
38.7
1.2
2222.5
2.2
4.7
26.6
§31.2
§0.6
.910
1.9
2.3
2.1



4-21-88 K. 106.8043

MM13B 4 (process solution)
MM13B 5 (process solution)
MM13B 6 (process solution)
.05 pug/me std

.1 pg/me std

.25 pg/md std

0127S

129,961.55 pg/me

133,646.188 pg/me

134,887.525 pg/me
4.887
10.292
25.669

129,956
133,640
134,882

4.9

10.3

25.6
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APPENDIX D

Draft Method - Determination of Hexavalent Chromium
in Dry Particulate Emissions from Statiomary Sources
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DRAFT METHOD - DETERMINATION OF HEXAVALENT CHROMIUM
IN DRY PARTICULATE EMISSIONS FROM STATIONARY SOURCES

1.0 APPLICABILITY AND PRINCIPLE

1.1 Applicability

This method applies to the determination of hexavalent chromium
cr*®) in dry particulate emissions only from specified stationary
sources whose emissions do not contain acids or organics. '

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 for Cr*® by the diphenylcarbazide
colorimetric method. :

2.0 RANGE, SENSITIVITY, PRECISION, AND INTERFERENCES

2.1 Range

A straight-line response curve can be obtained in the range 5 ug
Cr*$/100 me to 100 pg Cr**/100 mg. For a minimum analytical
accuracy of +10 percent, the lower limit of the range is 10 #g/100 me.
The upper limit can be extended by appropriate dilution.

2.2 Sensitivity
A minimum detection 1imit of 1 ug Cr*®/100 me has been

observed.

2.3 Precision
The overall precision for sample collection and analysis for.Cr*®

in dry particulate emissions was determined at a ferrochrome smelter, a
chemical plant, and a refractory brick plant. Replicate Method 5 filters
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with both high aﬁd low particulate loadings were analyzed. The relative
standard deviations were less than 10 percent in all cases.

2.4 Interference

Molybdenum, mercury and vanadium react with diphenylcarbazide to form
a color; however, approximately 20 mg of these elements can be present in a
sample without creating a problem. Iron produces a yellow color, but this
effect is not measured photometrically at 540 nm. No interference was
observed at the sources listed in Section 2.3.

3.0 APPARATUS

3.1 Sampling Train
Same as Method 5, Section 2.1,

3.2 Sample Recovery
Same as Method 5, Section 2.2.

3.3 Analysig
The following equipment is needed.

3.3.1 Beakerse— _

Borosilicate, 250-me, with watchglass covers.
3.3.2 Filtration Apparatus~

Vacuum unit constructed of plastic or glass, to accommodate 47-mm
‘diameter, 3.0-pg size Teflon filters (NOTE: Mention of trade names or
specific products does not constitute endorsement by the Environmental
Protection Agency).

3.3.3 Volumetric Flasks—
100-m% and other appropriate volumes.

3.3.4 Hot Plate
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3.3.5 Pipettes—
Assorted sizes, as needed.

3.3.6 Spectrophotometer--
To measure absorbance at 540 nm.

4.0 REAGENTS

Unless otherwise indicated, all reagents shall conform to the
specifications established by the Committee on Analytical Reagents of the
American Chemical Society. Where such specifications are not available, use
the best available grade.

4.1 Sampling
Same as Method 5, Section 3.1.

4.2 Sample Recovery
Same as Method 5, Section 3.2.

4.3 Analysis
The following reagents are required.

4.3.1 HWater—--

Deionized distilled, meeting American Society for Testing and
Materials (ASTM) specifications for type 2 reagent - ASTM Test Method D
1193-77 (incorporated by reference - see Section 61.18).

4.3.2 Digestion Solution--

Dissolve 20.0 g NaOH and 30.0 g anhydrous NazCD3 in water in a
1-liter volumetric flask, and dilute to the mark. Store the solution in a
tightly capped polyethylene bottle. Prepare fresh monthly.

4.3.3 Potassium Dichromate Stock Solhtion—-

Dissolve 141.4 mg of analytical reagent grade chrz°1 in
water, and dilute to 1 Titer (1 m& = 50 ug Cr*®).
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4.3.4 Potassium Dichromate Standard Solution--
Dilute 10.00 me K,Cr. 0, stock solution to 100 me
(1 m =5 pg Cr*®) with water.

4,3.5 Sulfuric Acid, 10 percent (v/v)=-
Dilute 10 m H,S0, to 100 m in water.

4.3.6 Acetone=-
Same as Method 5, Section 3.2.

4.3.7 Diphenylcarbazide Solution--
Dissolve 250 mg of 1, S5-diphenylcarbazide in 50 me acetone. Store
in a brown bottle. Discard when the solution becomes discolored.

5.0 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 dry particulate source samples from the sources described
in Section 2.3 demonstrated that the Cr™® content of the samples was
stable. Nevertheless, all samples should be protected from extreme heat,
kept dry and should be analyzed within 1 month of collection.

- 5.4 Sample Digestion and Preparation

Place the contents of Container Number 2 (the acetone probe rinse) in
a 250-m2 beakér. Evaporate to dryness. Place the contents of Container
Number 1 in the same beaker (cut the filter into small pieces). Add 40 me
of digestion solution (Section 4.3.2). 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.
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Cool the solution, and transfer it quantitatively to the filtration
apparatus with water. Filter the solution through the 47-mm Teflon filter.
Transfer the filtrate from the filter flask quantitatively to a 100 me
volumetric flask. Fi1l to the mark with water.

5.5 Reagent Blank Preparation

Take a representative amount of acetone and a blank Method 5 filter
and proceed as in Section 5.4.

5.6 Silica Gel Weighing

Weigh the spent silica gel (Container Number 3) or silica gel plum
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 a 50-m0 or smaller aliquot of the prepared sample to a
100 m volumetric flask and add sufficient water to bring the volume to
approximately 80 me. Adjust the pH to 2 &£ 0.5 with 10 percent
sto‘. add 2.0 m2 of diphenylcarbazide solution, and dilute to
volume with water. Allow the solution to stand about 10 minutes for color
development. For each set of samples analyzed, treat an identical aliquot
of reagent blank solution in the same way. Transfer a portion of the sample
to a 1-cm absorption cell and measure the absorbance a the optimum
wavelength (Section 6.2.1). Measure and subtract the reagent blank
absorbance reading. if any, to obtain a net reading. If the absorbance of
the sample exceeds the absorbance of the 100 ug Cr*® standard as
determined in Section 6.2.2, dilute the sampie and the reagent blank with
equal volumes of water.

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

Obtain two equal volume aliquots of the same sample solution. The
aliquots should contain between 30 and 50 pg of Cr*® (less is
acceptable if not possible). Spike one of the aliquots with an aliquot of
standard solution that contains between 30 and 50 ug of Cr*®. Now
treat both the spiked and unspiked sample aliquots as described in
Section 5.7.1. o

Next, calculate the Cr* mass (C)), 1n pg in the aliquot of
the unspiked sample solution by using the following equation.

As
At'-As

qu ‘-]

Cs = Ca
Where:
c, = cr*® in the standard solution, ug.

As'- Absorbance of the unspiked sample solution.
At = Absorbance of the spiked sampie solution.

Volume corrections will not be required since the solutions as analyzed have
been made to the same final volume. If the results of the method of
additions procedure used on the single source sample do not agree to within
10 percent of the value obtained by the routine spectrophotometric analysis,
then reanalyze all samples from the source using this method of additions
procedure. '

6.0 CALIBRATION

6.1 Sampiing Train
Perform all of the calibrations described in Method 5, Section 5.
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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 11ne 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 are
normally 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 shall read
correctly within +5 nm, at all calibration points; otherwise, repair and
recalibrate the spectrophotometer. 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 procedure may be employed to determine the
proper measuring wavelength. If the instrument is a double-beam
spectrophotometer, scan the spectrum between 530 and 550 nm using the

50 ug Cr** standard solution (Section 4.3.4) in the sample cell and a

blank solution in the reference cell. If a peak does not occur, the
spectrophotometer is malfunctioning. When a peak is obtained within the
530 to 550 nm range, record and use the wavelength at which this peak occurs
as the optimum wavelength for the measurement of absorbance of both the
standards and the samples. For a single-beam spectrophotometer, follow the
scanning procedure described above, except scan the blank and standard
solutions separately. For this instrument, the optimum wavelength is the
wavelength at which the maximum difference in absorbance between the
standard and the blank occurs.

6.2.2 Spectrophotometer Calibration--

Alternative calibration procedures are allowed provided acceptable
accuracy and precision can be demonstrated. Add 0.0 me, 1 me, 2 m,
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5md, 10 me, 15 mg, and 20 m¢ of the working standard solution

(1 md =5 pg Cr*®) to a series of seven 100-ml volumetric flasks.

Dilute each to mark with water. 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
Kc as follows:

Ay + 2A, + SAy + 10A, + 15A5 + 20A,
Ke=5

2 2 2 2 2 2
Ay + A + Ay + Ay + Ay ¢+ A

where:

Calibration factor.

Absorbance of the 5 pg Cr*®/100 me standard.
Absorbance of the 10 ug Cr*¢/100 me standard.
Absorbance of the 25 pg Cr*®/100 m standard.
Absorbance of the 50 ug Cr*®/100 me standard.
Absorbance of the 75 ug Cr*®/100 me standard.
= Absorbance of the 100 ug Cr*®/100 me standard.

> > > > > > X
a O a2 W N O

6.2.2.1 r meter Calibr ) 1 --Multiply the -
absorbance value obtained for each standard by the Ke factor (least
squares slope) to determine the distance each calibration point 1lies from
the theoretical calibration line. These calculated concentration values
shall not differ from the actual concentrations (i.e., 5, 10, 25, 50, 75,
and 100 ug Cr**/100 2) by more than ___ percent (to be determined)

for five of the six standards.

7.0 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.
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7.1 Total Cr*® in Sample.
Calculate m, the total pg Cr*® in each sample, as follows:

100 K¢ AF
s

Va
Where:

100 = Volume in m@ of total sample.

A = Absorbance of sample.

F = Dilution factor (required only if sample dilution was neec
reduce the absorbance into the range of calibration).

v, = volume in me of aliquot analyzed.
7.2 Average Dry Gas Meter Temperatuyre and Average Orifice Pressure D

Same as Method 5, Section 6.2.

7.3 Dry Gas Volyme, Volume of Water Vapor. Moisture Content
Same as Method 5, Section 6.3, 6.4, and 6.5, respectively.

7.4 Cr*® Emission Concentration

Calculate ¢  (g/dscm), the Cr*® concentration in the stack gas,
dry basis, corrected to standard conditions, as follows:

' -6
C, = 10 g’"g)(mlvm(std))

7.5 Isokinetic Variation, Acceptable Resuylts
Same as Method 5, Sections 6.11 and 6.12, respectively.

8.0 BIBLIOGRAPHY

1. Test Methods for Evaluating Solid Waste. U.S. Environmental
Protection Agency. SW-846, 2nd Edition. July 1982.
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Cox, X.B., R.W. Linton, and F.E. Butler. Determination of Chromium
Speciation in Environmental Particles - A Multitechnique Study of
Ferrochrome Smelter Dust. Accepted for publication in Environmental
Science and Technology.

Same as in Bibliography of Method 5, Citations 2 to 5 and 7.
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APPENDIX E
"Chain-of-Custody Data Sheets







SAMPLE CHAIN OF CUSTODY

Plant: ﬁVTOﬁAZc_ ﬂm Chshee Tagt Number: ﬁﬁ/Bﬁ - )
Date Sampled: 4-17 Run Number: il

SAMPLE RECOVERY

Container Code Description
MM }ﬂ -/ /Vq/dlf Prede wrrs = )Afiréon calelt

Person Engaged in Sample Recovery
Signature: /(
Title:
Location at which Recovery was Done: _ 0 £/ C&
Date and Time of Recovery:- o 175§
Sample(s) Recipient Upon Recovery if Not Recovery Ferson

Signature:
Title:
Date and Time of Receipt:

Sample Storage:

Laboratory Person eiving Sample
Signature
Title:
Date and Time of Receipt: 4|18.(¢5 17122

Sample Storage: !{Y h‘d_ YCL(\'L\(’_% room.‘/ tabh

ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst

PACIFIC ENVIRONMENTAL SERVICES. INC.




SAMPLE CHAIN OF CUSTODY

Plant: Adornlic 21/ A Test Number: My 30 - 2

Date Sampled: _“=/7-F% Run Number: - 2
SAMPLE RECOVERY

Container Code Degcription
Mt 6~ 2~ ﬂ/drf/f st &~ Jrfirmise  CHTe 7

Person Engaged in Sample Recovery : \
Signature: % ;
Ti tle: (% &-«6———
Location at. wh.i.ch Recovery was Done: _JFfr &4
Date and Time of Recovery: 4 =/9-F%

Sample(s) Recipient Upon Recovery if Not Recovery Persson '

Signature:
Title:
Date and Time of Receipt:

Sample Storage:

Laboratory Person Regeiving Sample

Title:
Date and Time of Receipt: 4\\5\\ s o) 103k
Sample Storage: Lodu.dL (eL ('g\.}-tu.\ C ;G'V\\._L G = Q L‘-‘io

ANALYSIS

Date and Time
Container Code Methaod of Analysia of Analysis Signature of Analyst

PACIFIC ENVIRONMENTAL SERVICES. INC.
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SAMPLE CHAIN OF CUSTODY

plant: A0 [l BDia EA571m6 _ Test Number: ram J30 2

Date Sampled: 7 =/7 ~5 5 Run Number: - 2
SAMPLE RECOVERY

Container Code Description
pmnl3o -3 ra Ot Was - >~ )Arvsrz el -

Person Engaged in Sample Recovery
Signature: /

Title: /éz:;dﬁ-—’

Location at which Recovery was Done: 0/"/7 (2L

4 -~55

Sample(s) Recipient Upon Recovery if Not Recovery Person

Date and Time of Recovery:

Signature:
Title:
Date and Time of Receipt:

. Sample Storage: 2

Laboratory Person Receiving Sample

Signature OlLH’.MS
™ele: '
Date and Time of\Receiptz 1—”!"‘”&? 1338
Sample Storage: %e \
ANALYSIS
Date and Time
Contalner Code Method of Analysis of Analysis Signature of Analyst
E-4
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SAMPLE CHAIN QF CUSTODY

Plant: Avlims e  2,, cAsTi Test Number: /7/1/3'0- ¢
Date Sampled: 4-20 . Run Number: A
SAMPLE RECOVERY

Container Code Description

M3 89 frar 7 H

Person Engaged in Sample Recovary

Sig‘namrez#—'
rivle: Mol for d

Location at which Recovery was Done: 7 S

Date and Time of Recovery: 7% 24/ -F&~

Sample(s) Recipient Upon Recovery 1f Not Recovery Person

Signature:

Title:

Date and Time of Receipt:

Sample Storage:

. Laboratory Person Receiving Sample

Signaturex |

Title:

Date and ™ Time of Receipt:

Sample Storage: lgkgd CCCQ:KAIAJ 1B

ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst

—- ——n PASIEIS CRIATHAIMICIITAT QEMNMASEE
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i
l SAMPLE CHAIN OF CUSTODY
Plant: ﬁ*’T‘nnLL Pie €y T.r e Test Number: /17 /3 H- 5
' pate Sampled: 4 =27-% " Run Number: 72 5
. SAMPLE RECOVERY "
l Container Code Dagcription
Mrr36-=5
|
|
Person Engaged in Sample Recovery
l Signature: %_M‘/
Title: M M_\_ _
' location at which Recovery was Done: 0FFlen
Date and Time of Recovery: 4 ~2¢° 44 |
l ‘ Sample(s) _Recipient Upon Recovery if Not Recovery Person |
Signature: ' 1
Title: |
l Date and Time of Receipt:
Sample Storage:
l Laboratory Person Receiving Sample
Signature
' Title:
Date and Ti £ Receipt: ﬁlgﬁﬁ OO0
' Sample Storage: lw__hbm_g‘_m“
ANALYSIS
l Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
|
|
l E-6
|
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SAMPLE CHAIN OF CUSTODY

Plant: ﬁ./Tum]nC- Die. Cpsl.mt Test Numbec: /M /Y 3 ARA
Date Sampled: &/ — 2 /-5 Run Number: #* £

SAMPLE RECQVERY

Container Code Degecription
fpnllhi-6 oy’
Mnritlb-7 [rfinise erpTe it

Person Engaged in Sample Recovery

Signature: 4 /AZ-/
Title: Nete. Locle
Location :1: which Recovery was Done: 0FF ¢4
Date and Time .of Recovery: - “/-5{ .
. Sample(s) Recipient Upon Redovery if Not Recovery Person

Signature:
Title:
Date and Time of Réceipt:

Sample Storage:

. Laboratory Person Receiving Sample
Signature:
Title:
Date and Time of Receipt: .Z.i y oA
Sample Storage: _‘p(JLui rC[fm-PAu' o'y
ANALYSIS

Date and Time
Container Code Methaed of Analysais of Analysis Signature of Analyst




i)
a0
|

-
i

SAMPLE CHAIN OF CUSTODY

Plant: ﬁ.ﬂ‘dﬂﬂ-/oc, Die £r35het Test Number: M fetd 6-7
‘1-25_‘57/ Run Number: _# 7

Date Sampled:

SAMPLE RECOVERY

Container Code l Descrietion
Mmmr3b-7 We OH ﬂelﬁf., noas I~
fapng 387 o I H /ﬂﬂwé.«;ﬂ_ & gl A

Person Engéged in Sample Recovery

e T

Location at which Recovery was Done: 0l e

Date and Time of Recovery: .

Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Title:
Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample
Signature: 2 NS
Title: anliug |
Date and 'r:l.meoof Receipt: Al.zﬁ‘éﬁ < 1300

Sample Storage: _lO(Yod (0rones o

ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst

OACICI™ CANVINIMAIMICMTAY CERAN/TST Inrm




zzs-1
1
SAMPLE CHAIN OF CUSTODY I
Planh:éJJnﬁLC Q/,f &#)7:1-6 Test Number: /s /3 s 2/ |
Date Sampled: Y-26-5 5/ Run Number: 7~ 5/ '
SAMPLE RECOVERY '
Container Caode Description I
Wﬂl?l}-g/ la OH pr 220 s M~
.Y X Akd Vo 08 Jmlinden  cole (T l
|
Person Engaged in Sample Recovery |
Signature: .
Title: A M—/
. Location at which Recovery was Done: ¢ FFief l
Date and Time of Recovery: :
Sample(s) Recipient Upon Recovery if Not Recovery Person .
Signature: |
Title:
Date and Time of Receipt: . '
Sample Storage:
. Laboratory Person Receiving Sample .
Signature: ! e
Title: _AAnd, i l
Date and Time gi\. Receipt: ﬂI_’l_!el% ]‘.EQP,_&.
Sample Storage: uxna (U AsA YT .
ANALYSIS ‘
Date and Time ) I
Container Code Method of Analysais of Analysis Signature of Analyst
i
i
E-9 '
i
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2ES
SAMPLE CHAIN OF CUSTODY
plant: AT malic BDia C A3Ta 6 Test Number: ﬂ'l/‘ 136 - 7
Date Sampled: 4-2/-& -4 Run Number: #' 9
SAMPLE RECOVERY
Centainer Code Description
MRV A -9 Ve 0F Ly 22(< oty 11
ramiif-1 - &ga#_ fwt Provis cnte
Person Engaged in Sample Recovery
Signature:
Title: ﬁ/ Dol foad
Location at which Recovery was Done: _{ FF C—-—é
Date and Time of Recovery: .
Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature: ' ‘
Title:
Date and Time of Receipt:
Sample Storage:
Laboratory Person Receiving Sample
Signature:
Title:
Date and Time Receipt: 4|ﬂel PS5 Aou
Sample Storage: !g]“d E(Q‘&MI( s e1AL W
ANALYSIS ‘
_ Date and Time
Container Code Mathod of Analysais of Analysis Signature of Analyst

E=-10
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APPENDIX F
Equipment Calibration Data
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PITOT TUEE CALIBRATION DATA SHEET
Calibrated By: :7r>ﬁﬁﬂbﬁsff
Date: ¥-2-57
Pitot I.D. No.: s-1
Effective Length: 25 ( 307
Pitot Tube Assembly Level? Yes v No
Pitot Tube oéenings Damaged? Yes (explain below) No v~
g, = / * (<10°) a, = o ° (<10°)
By = [ * (<5°) By = O ° (<5°)
Y= [ . on 2 o as_0.9/S -
z=AsinY = . ND{e an (in.) 0.32 em (<1/8 in.)
w=Asin€ = p Q3% cm (in.) 0.08 em (<1/32 in.)
Pp = 0 45% @ (in.)
Pg = ¢ 9457 am (in.)
Dt = ('.)35:(:) an (in.)
Comments:
F-2

Calibration Required?

Yes No

PACIFIC ENVIRONMENTAL SERVICES, INC,
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F
TEMPERATURE SENSOR CALIBRATION DATA FORM
Date [ 20-53F Thermocouple number _JS5#/-5

Ambient temperature ___°F Barometric pressure 2795 in. Hg

Calibrator Z #¢/&r  Reference: mercury-in-glass 15777/‘3/‘(3?’073/I

- o _ I other
‘ Reference Thermocouple l
Reference | b thermometer potentiometer Temperature
point Source temperature, temperature, difference,
number (specify) °F °F %
/ omient 75 | 23 2.7
2 ee Lok > 34 °

. feated RV~ 7 ¥ o
orl :

aE:very 30°C (S0°F) for each reference point.
Type of calibration system used.

c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 _ 100<1.5%.

=3
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TEMPERATURE SENSOR CALIBRATION DATA FORM

Date /-20°83 Thermocouple number SH-4
Ambient temperature _ 75 °C Barometric pressure 2705 in. Hg

Calibrator 7./t /l¢/ Reference: mercury-in-glass A57#z 3/ (34073 )

other
Reference Thermocouple

Reference b thermometer potentiometer | Temperature
point Source temperature, temperature, difference,’

nunber (specify) °C °cC %

/ ambien? 75 73 2.7
o
Srcated 430 730

3 | e

:Every 30°C (50°F) for each reference point.
Type of calibration system used.
C[Lref temp, °C + 273) - (test thermom temp, °C + 273)]

ref temp, °C + 273
F-4

100<1.5%.

PACIFIC ENVIRONMENTAL SEAVICES, ING.




==
? o)
TEMPERATURE SENSOR CALIBRATION DATA FORM |
Date /) 0~ F & Thermocouple number _ SR I
Ambient temperature _ 75 °C Barometric pressure o293 in. Hg
Calibrator 7. /1//¢r  Reference: mercury-in-glass /_Sﬂjf/fi’o?f) I
other ,
_ Reference Thermocouple l
Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,©
number (specify) °C °c % '
/ qmbient 75 > /3 |
Aeated 25 T 02
_ 429
3 on ,
aEvery 30°C (S0°F) for each reference point. l
Type of calibration system used.
c[j;ef temp, °C + 273) - (test thermom temp, °C + 273)] I
ref temp, °C + 273 100<1.5%.
F=-5 ‘ '
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Qif mebse Y G485
DRY GAS METER AND ORIFICE CALIBRATION

Date: of~1e-&& Box No.: mp -/

Barcmetric Pressure, Pp = 29.¥0 in. Hg Dry Gas Meter No.:

Orifice |[Gas Vol.|Gas Vol. Temperature
Mancmeter |Wet Test{Dry Gas |Wet Test Dry Gas Meter
Setting, | Meter Meter Meter Inlet|Qutlet|{Average| Time
AH, ij vdi tr tdj_ ’ tdg: td' 0.,
in. H.,O £t fe °F °F °F - °F min. Y AH8

os | seog | 5000 | 70 | Pan| B | ssawe i |7 | 17
1.0 5.4Y3] | 5,748 ¢ 1€/ c3| ¥ Veq | 552 962>1.969 1 471
2.0 $.910 | G.23F 20 g1 ¥5/9/ | S%a 760 1.996 | LIS
4.0 1007 7.4<9 20 IWifnpl /43 | S1,3 ¢S 1o | 177
6.0

8.0

C.209 ¢S 71 nSfas 1309y | Sty | 467 ltoas| 677
7.8532 | 7.5326 7 nef122|9v /6 | ST $.0% 10071 i&sS

'0.99f’ ’l??

Average

Calculations:

Y AHa

Vw Pp (tg + 460) . 0.0317 AH [‘%*450) e]z

A8 v. (P, + 8H ) (¢ + 480) Pp (tg + 460) v,
AE | 73.6 d b 73,6 ¥ v

0.510.0368 : -
1.0{0.0737
2.019.147
4.010.294
6.0
8,0

0.4231
0,588

Y = ratio of accuracy of wet test meter to dry test meter. Tolerance = 0.01,

AH@ = orifice pressure differential that gives 0.75 cfm of air at 70°F and
29.92 inches of mercury, in. Hz0. Tolerance = 0.15.

PACIFIC ENVIRONMENTAL SERVICES, INC.
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Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

Y-14-§1

Thermocouple number g£ax

MmB -
10¢ ¢

Ambient temperature 74 ¢c °C Barometric pressure 29.40 1in. Hg

Calibrator r~m Reference: mercury-in-glass _jStm /S -(t7 &
other
" Reference Thermocouple
Reference b thermometer potentiometer Temperaturec
pointa Source temperature, temperature, difference,
number (specify) °cC °C %
- ° ’
METEL SUET] M. MR A (:13.?.‘4,) 22 Féma”é 6,37
METER OURET P, MR | TYsE (33.3%) 7047 (22.0%) 0,37
aEvery 30°C (50°F) for each reference point.
Type of calibration system used.
c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.
F=-9
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APPENDIX G
Project Participants and Activity Log

G-1







PROJECT PARTICIPANTS

Name Title Responsibility
Frank Clay U.S. EPA Task Manager Observed test activity and
Computer Center Coordinator on-site data reduction and
Test Observationist calculations
John Brown U.S. EPA, Technician Conducted Screening Methods
tests
PEER Consultants, P.C. On-site analysis, coordinated

Helen Owens

Andrew Weisman
Eric Hollins

Jim Blaw

Robin Barker

Project Leader

PEER Consultants, P.C.
Technician

PEER Consultants, P.C.
Technician

Pacific Environmental
Services
Subcontractor Project Leader

MRI.
NSPS Contractor

G-2

test activity with plant and
contractors

Assisted in site set-up,
sampling, sample recovery

Assisted in site set-up,
sampling, sample recovery

Conducted emission sampling,
sample train set-up and
recovery '

Monitored process operation .



an7
4/18

419

4/20

4/21
4/25
4/26

4/27

ACTIVITY LOG

Test crew travels to Detroit

Site set-up, conduct MM13B-1 and Screening
Method; and analysis

Conduct MM13B-2 and 3, Screening Methods and
Analysis

Conduct MM13B-4 and 5, Screening Methods and
Analysis _

Conduct MM13B-6, Screening Methods and Analysis
Conduct MM13B-7, Screening Methods and Analysis

Conduct MM13B-8 and 9, Screening Methods,
analysis, disassemble test site

Travel

G-3





