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SECTION 1.0
INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is currently evaluating
whether air emissions of chromium and other potentially toxic metals should
be regulated. Chromium emissions are not included in the New Source
Performance Standards (NSPS) for stationary sources or the National
Emissions Standards for Hazardous Air Pollutants (NESHAP).

As part of this study, the EPA is evalhéting uncontrolled emissions from
hard chromium plating operations. The purpose of these tests is to
characterize the emission rate and size distribution of uncontrolled
emissions of hexavalent chromium (Cr*®) and total chromium (Cr) from a
representative industrial operation. Consolidated Engravers Corporation of
Charlotte, North Carolina, was the selected site at which these tests were
performed. The Consolidated Engravers facility was chosen because it is a
captive shop that performs hard chromium electroplating of industrial
rolls. Based on operating parameters such as current, voltage, plating time
and chromic acid concentration, the plating tank could be considered typical
of other hard chromium plating operations. The results from the
Consolidated Engravers Test Program will be used to characterize the
uncontrolled emissions from hard chrome plating operations and to revise or
confirm uncontrolled emission factors for this type of process developed
during another phase of the test program.

In an effort to obtain this data, tests were conducted at the Consolidated
Engravers Corporation, Charlotte, North Carolina, plant on May 11 through
15, 1987, under contract to the Emission Measurement Branch (EMB) of the
EPA's Environmental Standards and Engineering Division. Test team members
were PEER Consultants, P.C., located in Dayton, Ohio; Pacific Environmental
Services, Inc., (PES), located in Cincinnati, Ohio; and Midwest Research



Institute (MRI) located in Raleigh, North Carolina. Triplicate tests using
the Modified Method 138 (MM 13B) sampling train and the Andersen 8-stage
impactor were performed on the exhaust gas stream at the inlet and outlet of
the mist eliminator servicing chromium plating Tanks 1 and 2.

Chromium emissions from both tanks are vented to a chevron-blade mist
eliminator that is equipped with a single set of overlapping-type, chevron-
blade baffles and is installed on the roof of the plant. Figure 1-1
represents a process diagram. The results of these tests were used to
determine Cr*® and total Cr emissions. In addition to the emissions
sampling, samples were taken of the chromium plating solution from each

plating tank at intervals during each emission sample run and analyzed for
cr*® and Cr.

The remainder of this report describes the process and its operation in
Section 2.0; Section 3.0 presents a summary and discussion of results:
Section 4.0 describes the sampling locations and test methods while quality
assurance is discussed in Section 5.0. Appendix A presents process
monitoring data summary; Appendix B presents analytical methods for Total
Chromium and Hexavalent Chromium; Appendix C presents the field data sheets
for each test; Appendix D presents the calculations; Appendix E contains
laboratory and analytical results: Appendix F contains sampling, sample
recovery and analytical procedures; Appendix G contains equipment
calibration data; Appendix H presents a list of project participants and an

activities log and Appendix I contains particle size sampling and sample
recovery procedures.
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SECTION 2.0
PROCESS DESCRIPTION

2.1 PROCESS DESCRIPTION

The Consolidated Engravers plant located in Charlotte, North Carolina,
manufactures and refurbishes industrial rolls for the packaging and textile
industries. The plant operates six hard chromium plating tanks. Hard
chromium plate is applied to the industrial rolls as the final, finishing
stage to provide a wear-resistant surface and protection from corrosion.

The facility tested consists of two hard chromium plating tanks that are
controlled by a chevron-blade mist eliminator with.a single set of blades.
The tanks are operated from 8 to 10 hours per day, § days per week, 51 weeks
per year. The chromic acid consumption for the two tanks is about 63
kilograms (140 pounds) per month.

Based on size; operating parameters such as current, voltage, and
plating time; and chromic acid concentration of the plating bath, the tanks
are typical of other hard chromium plating tanks used in the electroplating
industry. Tank 1 is 1.52 meters (m) (5.0 feet [ft]) long, 0.7 m (2.3 ft)
wide, and 1.8 m (6.0 ft) deep and holds about 1,780 liters (8) (470
gallons [gall) of plating solution. Tank 2 is 1.8 m (6.0 ft) long, 0.7 m
(2.5 ft) wide, and 1.8 m (6.0 ft) deep and holds about 2,350 & (620 gal)
of plating solution. The chromic acid concentration of the plating baths is
210 grams per liter (28 ounces per gallon) of solution. The normal
operating temperature of the plating baths ranges from 43°C (110°F)

to 54°C (130°F). Both tanks are equipped with a circulating water
cooling system.

Tank 1 contains two work stations each of which is equipped with a
3,000-ampere rectifier. Tank 2 is equipped with one 5,000-ampere
rectifier. Typically, one industrial roll is plated for about 45 minutes in
each tank; however, two industrial rolls can be plated at a time in each
tank. The operating voltage and current for each roll typically ranges from
10 to 15 volts and 1,200 to 1,600 amperes, respectively. About 13
micrometers (0.5 mil) of chromium plate is applied to each roll plated.

4



2.2 AIR POLLUTION CONTROL

The ventilation system and chevron-blade mist eliminator were
manufactured and installed by Duall Industries, Inc., in January 1987 to
control chromic acid and emissions from the two hard chromium plating tanks
tested. A diagram of the capture and control system for the two tanks is
presented in Figure 2-1.

Both tanks are equipped with double-sided lateral exhaust hoods. The
hood on each side of Tank No. 1 has one slot that is 1.5 m (4.8 ft) long and
8.9 centimeters (cm) (3.5 [in]) wide. The hood on each side of Tank 2 has
three slots. Each slot is 0.4 m (1.3 ft) long and 5.1 cm €2.0 in.) wide.

Exhaust gases from both tanks are ducted together and vented to a
horizontal-flow chevron-blade mist eliminator. The mist eliminator contains
a single set of overlapping-type blades and is located on the roof of the
plating shop. Diagrams of the mist eliminator and overlapping-type blades
are presented in Figures 2-2 and 2-3, respectively. The overlapping-type
blade design changes the direction of the gas flow four times, causing
chromic acid droplets to impinge on the blades by inertial force. The
overlapping edges of the blades act as collection troughs that provide a
central location for droplet collection and facilitate drainage of the
droplets into the collection sump at the bottom of the mist eliminator. The
blades are spaced about 3.20 c¢m (1.25 in) apart. The blade section is 1.1 m
(3.6 ft) in height and width and 20 ¢m (8 in.) in depth.

Design parameters of the mist eliminator include a gas flow rate of
226 standard cubic meters per minute (m®/min) (7980 standard cubic feet
per minute [ft*/min]), gas stream velocity through the blade section of
about 190 meters per minute (m/min) (620 feet per minute [ft/min], and
pressure drop of 0.19 kilopascal (kPa) (0.75 inch of water column
[in. w.c.1). During emission testing, the gas flow rate averaged 154 actual
m’/min (5,450 actual ft®/min), the gas velocity was about 130 m/min
(425 ft/min), and the pressure drop averaged 0.05 kPa (0.20 in. w.c.).



*SJ43AR4B6U] pajep||OSUO) B PIISA] SHUR) fuyyeld
WNiWOJ4YD P4RY OM] 40 WAISAS |04Ju0d pur unided jo weabeyq °1-2 34nbj 4

2 "ON JNVL 1 *ON JNVL
_ \ — 7
SOO0H SA00H J ANYL
\ INI
-010H
| HO14Y3LYM
} modylIy
:ON3971
o
(T == = = | =
1 H
I B\ _
4004 Y —1 “_ 4004
. uoh<=_uwun ¥OLIVYLX3
_ er . NLSION
—% —————— ’




Mist-Laden
Gas Stream

" Drain
gttty
:l/

Sump

Figure 2-2. OD1iagram of horizontal-flow chevron-blade mist eliminator
with a single set of blades.
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A moisture extractor is installed in the stack to control chromium
emissions that may be drawn through the mist eliminator. The mist
eliminator and moisture extractor are equipped with a spray washdown
system. The-washdown water is drained into a 340-2 (90-gal) holding tank
and then into the plating tanks to make up for plating solution evaporation
losses. The mist eliminator and mbisture extractor are washed down one or
two times per day depending on the amount of plating solution makeup needed.

2.3 PROCESS CONDITIONS DURING TESTING

Three emission and three particle size distribution tests were conducted
at the inlet and outlet of the mist eliminator to characterize uncontrolied
emissions and the performance of the mist eliminator. Inlet and outlet
testing was conducted simultaneously. The emission tests were conducted for
180 minutes each. The first particle size distribution test was conducted
for 190 min, the second test for 180 min, and the third test for 240 min.

Process operating parameters such as the voltage, current, and plating
solution temperature were monitored and recorded during each test.
Descriptions (dimensions and surface areas) and plating time of each
individual roll plated also were recorded during each test. Process data
sheets documenting the process and control device operating parameters
during emission testing (test run Nos. I-} through I-3 and 0-1 through 0-3)
and particle size distribution testing (PSI-1 through PSI-3 and PSO-1
through PSO-3) are presented in Appendix A. The average operating
conditions recorded during each emission test run are presented in Table 2-1.

Grab samples of the plating solution in each tank and the mist
eliminator washdown water were taken to determine the concentration of
chromic acid in the plating baths and washdown water, respectively. Grab
samples of the plating solution in each tank were taken at the beginning,
middie, and end of each test run to obtain a composite sample for each
tank.  The mist eliminator was washed down with about 230 2 (60 gal) of
water each morning before testing began. Grab samples of the mist



TABLE 2-1. AVERAGE OPERATING CONDITIONS RECORDED DURING EACH
EMISSION TEST RUN
Temp. of
Work- Operating Operating plating
Test run No. Tank station voltage, current, solution,
Inlet/outlet No. No. volts amperes °C (°F)
[-1/0-1 1 1 15.5 1,600 68 (155)
1 2 13.0 1,250 68 (155)
2 1 and 2 10.0 2,050 55 (132)
1-2/0-2 1 1 15.5 1,460 62 (144)
1 . 2 13.0 1,270 62 5144)
2 1 and 2 9.8 2,210 58 (136)
[-3/0-3 1 1 12.6 1,265 67 (152)
1 2 11.4 1,250 67 (152)
2 1 and 2 9.8 2,170 55 (132)
10



eliminator washdown water were taken from the holding tank after the mist
eliminator was washed down. The analytical results for each sample are
presented in Section 3.0 of this report.

Industrial rolls used in the textile and packaging industries were
chromium plated during testing. Typically, the time required to plate one
roll in each work station ranged from 45 to 60 minutes. Dummy rolls were
plated during testing when the workload was insufficient to operate the two
tanks at full capacity. Two dummy rolls were plated in Tank 1 during all of
run Nos. 1 and 3 and for 72 minutes of run No. 2, and one dummy roll was
plated in Tank 2 for 38 minutes of run No. 3. Two dummy rolls were plated
in Tank 1 during all three particle size distribution tests.

During testing, the bath temperature of both plating tanks was somewhat
higher than normal. The temperature of Tank 1 ranged from 54°C (130°F) to
greater than 71°C (160°F), and the temperature of Tank 2 ranged from
50°C (122°F) to 64°) (148°F). The cooling systems for the tanks
were unable to maintain the normal operating temperatures when the tanks were
operated at full capacity. Although the bath temperatures were higher than
normal, the higher temperatures did not adversely affect the plating process.

The MM13B runs were shut down approximately 15 to 20 minutes to change
test ports. The first particle size distribution test (PSI-1/PSO-1) was
interrupted for 12 minutes because of a low process workload and the second

and third particle size tests (PSI-2 and PSI-3/PSO-2 and PSO-3) were not
interrupted.

The total amount of current supplied to the tanks during each emission
test run is calculated in ampere-hours and included in Appendix A. A tabular
summary of the total current values is presented in Table 2-2.

11



]
TABLE 2-2. TOTAL CURRENT SUPPLIED TO THE PLATING TANKS DURING EACH
| EMISSION TEST RUN
Total current,
Test run No. Work- re-hours
l Inlet/outTet Tank No. station No. * Tnlet Outlet
l [-1/0-1 1 1 4,829 4,839
1 2 3,724 3,7:1<ll
2 1 and 2 6,471 6,513
l TOTAL ' 15,024 15,08§
1-2/0-2 1 1 3,948 4,032
l 1 2 3,550 3,555
2 1 and 2 6,579 6,576
] TOTAL 14,077 3,163
I I-3/0-3 1 1 3,791 3,784
1 2 3,730 3,722
2 1 and 2 6,591 6,590
. TOTAL I4. 112 14.093
l 12




SECTION 3.0
SUMMARY OF RESULTS

3.1 INTRODUCTION

Table 3-1 presents the testing schedule along with the sample and
analytical parameters. The samples collected from the triplicate MM 13B
tests performed at the inlet and outlet of the mist eliminator, and the
plating solution samples from Tanks 1 and 2 were analyzed for Cr and
Cr*®. The size distribution samples were analyzed only for total Cr.

The Cr*® analysis was performed using the procedures outlined in
“Determination of Hexavalent Chromium Emissions From Stationary Sources.“
This method is presented in Appendix B. The total Cr concentration was
determined by the Inductively Coupled Argon Plasmography (ICAP) Analytical
Procedures. This procedure is outlined in Method 3050 of the EPA manual,
SW-846 "Test Methods for Evaluating Solid Waste," and is also presented in

Appendix B of this report. The results of these analytical procedures are
presented in the remainder of this section.

3.2 HEXAVALENT AND TOTAL CHROMIUM EMISSIONS RESULTS

Table 3-2 summarizes pertinent sample and flue gas data for the chromium
tests, and Table 3-3 presents the Cr*® and total Cr emissions results.
Sample volumes are expressed in dry normal cubic meters (dNm®) and dry
standard cubic feet (dscf) . Volumetric flow rates are corrected to
standard conditions (20°C and 760 mm Hg [68°F and 29.92 inches Hgl
and zero percent moisture) and are expressed as dry normal cubic meters per
minute (dNm®/min) and dry standard cubic feet per minute (dscfm).

Concentrations of Cr*® and total Cr are expressed in milligrams per

dry normal cubic meter (mg/dNm®) and grains per dry standard cubic foot
(gr/dscf).

13



TABLE 3-1. TEST SCHEDULE FOR CR*6 and Cr EMISSIONS AT CONSOLIDATED
ENGRAVERS, CHARLOTTE, NORTH CAROLINA

1 r r Analvtical Par r
Date/Time Size Crté Diphenylcarbazide Total Cr Gravimetric

Run No. (1987) MM 138 Distribution Colorimetric Method ICAP Analysis
I-1 5/12

0952 - 1309 X X X
0-1 5712

0955 - 1312 X X X
IPS-] 5/12

1427 - 1749 X X X
0PS-1 5/12

1429 ~ 1751 X X X
I-2 5/13

0925 - 1245 X X X
0-2 5/13

0928 - 1248 X X X
1Ps-2 5/13

1327 - 1657 X X X
0Ps-2 5/13

1329 - 1659 X X X
I-3 S/14

0845 ~ 1200 X X X
0-3 5/14

0848 -~ 1203 X X X
I1PS-3 5/14

1232 - 1632 X X X
oPs-3 5/14

1234 - 1634 X X X

14
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Mass emissions rates are expressed in kilograms per hour (kg/hr) and pounds
per hour (1b/hr). Each sample was recovered in a polyethylene bottle and the
sample consisted of the rinseate from the nozzle and probe combined with the
impinger solutions and the rinseate from all connecting glassware.

As reported in Table 3-2, dry gas meter volumes were consistent and ranged
from 3.540 to 3.820 dNm® (125.009 to 134.899 dscf) for the inlet MM 13B
runs and 3.803 to 4.011 dNm® (134.305 to 141.618 dscf) for the outlet
MM 13B runs. The isokinetic variation ranged from 94.4 to 101.6 percent for
the inlet and 100.9 to 103.1 percent for the outlet, all within the acceptable
range of 90 to 110 percent. The sample volume and isokinetic variation for
the size distribution sampling is also summarized in this table. The field
data sheets for this sampling program are presented in Appendix C. The

calculations for the emission rates and size distribution data are presented
in Appendix D.

3.2.1 Mist Eliminator Inlet

At the mist eliminator inlet the average volumetric flowrate at standard
conditions was 143 dNm®/min (5056 dscfm). Flue gas temperatures ranged
from 23 to 27°C and averaged 25°C (73 to 81°F and averaged 78°F).

The moisture content of the gas stream averaged 2.18 percent for the inlet.
The static pressure was checked during the collection of preliminary data
and recorded using a 0- to 10-inch Hzo manometer during each test. The
static pressure was measured from the negative side of the pitot tube and
measured 3.7 to 4.1 inches Hzo. Analysis of the gas stream composition
was not performed because by the nature of the process, it was emitting
essentially air. The molecular weight was assigned a value of

29.0 1b/1b-mole.

The Cr*® concentration of the gas stream at the inlet to the mist
eliminator ranged from 1.731 to 1.815 mg/dNm® (0.00075 to 0.00079 gr/dscf) and
averaged 1.764 mg/ dNm® (0.00077 gr/dscf) for the three tests. The
average mass emission rate for Cr*® was 0.0152 kg/hr (0.0333) 1b/hr.
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The total Cr concentration ranged from 0.419 to 1.449 mg/dNm® (0.00018 to
0.00063 gr/dscf) and averaged 0.935 mg/dNm® (0.00041 gr/dscf). The
average mass emission rate for Cr was 0.0080 kg/hr (0.0177 1b/hr).

The total mass of Cr*® that was captured in the sample trains during
each test was 6.93 mg for Run I-1, 6.13'mg for Run I-2 and 6.65 mg for
Run I-3. The mass of total Cr contained in the sample train for these runs
was 5.54 mg, 3.32 mg and 1.59 mg, respectively. Note that the Cr*®
concentration in the samples is higher than the total Cr concentration. Due
to the fact that two different analytical methods were used, i.e., ‘
colorimetric for Cr*® and ICAP for total Cr, the analytical results are
slightly different. In Section 5.0 of this report it is demonstrated that the
percent recovery of Cr*® in the colorimetric method exceeds that of the
ICAP method for total Cr. In that sense, the colorimetry is more “accurate"
than ICAP. 1In any case, the data indicate that the majority of Cr in these
samples is in the form of Cr™®, The calculation sheets for the Crt®
and total chrome concentrations and emission rates are presented in
Appendix D.

3.2.2 Mist Eliminator Qutlet

At the mist eliminator outlet, the average volumetric flow at standard
conditions was 145 dNm®*/min (5133 dscfm). Flue gas temperatures ranged
from 24 to 29°C and averaged 27°C (76 to 84°F and averaged 81°F).

The static pressure was checked during collection of preliminary data and
recorded using a 0- to 10-inch Hzo manometer during each test. The
static pressure was measured from the negative side of the pitot tube and
measured 9.91 mm of Hzo (0.39 inches of HzO). The molecular weight

was assigned a value of 29.0 1b/1b-mole, because the process was emitting
essentially air.

The Cr*® content of the gas stream at the outlet to the mist elimin-
ator ranged from 0.09 to 0.22 mg/dNm® (0.00004 to 0.00010 gr/dscf) and
averaged 0.15 mg/dNm® (0.00007 gr/dscf) for the three tests. The
average mass emission rate for Cr*® was 0.0028 1b/hr. The total Cr
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‘concentration ranged from 0.092 to 0.143 mg/dNm® (0.000040 to

0.000063 gr/dscf). The average mass emission rate for Cr was 0.0010 kg/hr
(0.0022 1b/hr).

The total mass of Cr*® that was captured in the sample trains during
each test was 0.339 mg (7.48 x 10~ 1b) for Run O-1, 0.851 mg
(18.80 x 10~7 1b) for Run 0-2, and 0.544 mg (12.00 x 10”7 1b) for Run
0-3. The mass of total Cr contained in the sample train for these runs was
0.352 mg (7.80 x 10”7 1b), 0.546 mg (12.00 x 10~7) and 0.472 mg
(10.40 x 10”7 1b), respectively. Note that the Cr*® concentration in
the samples is higher than the total Cr concentration. Such apparent
discrepancies are due to the fact that two different analytical methods are
used, namely colorimetric for Cr*® and ICAP for total Cr. In Section 5.0
of this report it is demonstrated that the percent recovery of Cr*® in the
colorimetric method exceeds that of the ICAP method for total Cr. In that
sense, the colorimetry is a more "accurate" method. The data indicate that
the majority of Cr in these samples is in the form of Cr*®. Table 3-4
represents a summary of Cr*® and total Cr removal efficiency of the mist
eliminator according to the results of this test.

3.3 CHROMIUM DISTRIBUTION

Triplicate chromium distribution measurements were made at the inlet and
outlet location following each MM 13B run. The samples were collected using
the Andersen Mark III, 8-stage impactor. The impactor was modified such that
Stages 1, 4, 7 and backup were the first four stages. All remaining
Stages 0, 2, 3, 5 and 6 were assembled to follow these four in order to
provide for correct spacing within the impactor unit. This procedures is
discussed in more detail in Section 4.3.2. These tests were designed to
characterize total Cr emissions by size fraction. The Cr distribution was
determined by gravimetric analysis of the filters and stage rinses with the
addition of the masses'calculated from the chemical analysis of the filters
and stage rinses. To determine the average net gain on the filter stages, the
net gain from the cutpoints were combined by stage for each sample location.
The stage rinses for each cutpoint were combined, by stage, for each sample
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TABLE 3-4. SUMMARY FOR Cr+é AND TOTAL Cr REMOVAL EFFICIENCIES AT CONSOLIDATED
ENGRAVERS CORPORATION, CHARLOTTE, NORTH CAROLINA

Run Date Sample Cr*6 Emission Cr6 Removal Total Cr Emission Total Cr Removal
No. (1987) Location Rate (1b/hr) Efficiency Rate (1b/hr) Efficiency
I-1 5/12 Inlet 0.0342 95.0% 0.0273 93.4%

0-1 5712 Outlet 0.0017 0.0017

I-2  5/13 Inlet 0.0326 87.1% 0.0177 84.7%

0-2 5/13 Qutlet 0.0042 3 0. 0021?

I1-3  5/14 Inlet 0.033"'\ 92.2% 0.0080 71.3%

0-3 5714 Outlet 0.0026 C}-— 0. 002}q

Average 91.4% 83.1%

b
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location, and those samples were evaporated to determine the total weight gain
of each designated stage. The total gain was calculated by summing the
average net gain from the stage filter and the net gain of the respected stage
rinse evaporations. The data are presented in Table 3-5.

The stage filters from each of the three inlet samples, were combined by
stage cutpoint, digested and then analyzed for total chromium concentration
using the ICAP Method. Similarly, the stage rinses were combined and an
aliquot of each stage rinse was also analyzed using the ICAP method. The
outlet samples were analyzed by the same technique. These data are presented
in Table 3-6. The results from the filter analysis were reported in
milligrams. The results from the stage rinse analysis were reported in
mg/%. The mass of total chromium in stage rinses was calculated by
multiplying the reported concentration (mg/2) by the sample volume
(liters). This calculation yielded the total milligrams collected in the
stage rinse. Hence, the mass of chromium from the filter analysis was added
to the mass of chromium in the stage rinse. This calculation yielded the
total mass of chromium collected in each stage cutpoint.

It must be noted that the analytical results presented, both gravimetric
and chemical methods, do not include the results from the analysis of the
nozzle rinse. These data are not presented because it is suspected that as
the gas stream enters the nozzle, chrome "particles" immediately adhere to the
exposed inside surfaces of the nozzle and the cone section of the impactor.
There is no reason to suspect that such adhesion would be size dependent, so
it was assumed that the size distribution of the particles captured at the
nozzle is the same as that passing into the impactor stages. The nozzle rinse
data are therefore not included with the first stage so as to not bias the
size separation data. The gas stream that enters the subsequent sections of
the impactor would be divided by size fraction and considered representative
of the Cr distribution in the full gas stream. For example, if 70 percent of
the chrome in the gas stream was collected in the nozzle and cone section, the
size distribution of the remaining 30 percent would be representative of the
distribution characteristics of the chrome in the gas stream as a whole.
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TABLE 3-5. SUMMARY OF NET GAINS FROM GRAVIMETRIC ANALYSIS
OF PARTICLE SIZE SAMPLES

mE Ny "

Stage Filter Stage Rinse Total Gain
Net Gain (mg) Net Gain (mg) . (mg)

™ 0.50 2.009 2.509
4 0.67 0.005 0.675
7 2.43 -0.016 2.414
Backup 0.55 0.012 0.562

QUTLET RUNS 1, 2. 3

1* -0.76 ~0.0Nn 0

4 0.08 -0.007 0.073
7 1.07 -0.020 1.050
Backup 0.30 -0.045 0.255

A1l reported values have been blank corrected
* Does not include nozzle rinse

TABLE 3-6. SUMMARY OF NET CHROMIUM GAINS BY CHEMICAL ANALYSIS

Total mg
Stage Filter Stage Rinse Of Chromium
(ing) (mg) :

INLET RUNS 1

1* 0.557 0.030 0.587

4 0.485 0.021 0.506

7 2.053 ND 2.053

Backup 0.233 ND 0.233
QUTLET RUNS 1., 2, 3

1* - 0.010 ND 0.010

4 0.019 ND 0.019

7 0.905 ND 0.905

Backup 0.239 ND 0.239

Does not include nozzle rinse
A1l reported values have been blank corrected
ND = Non-detectdble
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The actual flow rate through the impactor for Run IPS-1 was 0.5168 ACFM,
IPS-2 was 0.5547 ACFM, and IPS-3 was 0.5393 ACFM. The average flow rate was
0.5369 ACFM through the inlet impactor. The actual flow rate through the
impactor for Run OPS-1 was 0.5413 ACFM, OPS-2 was 0.5572 ACFM and 0.5618 ACFM
for OPS-3. The average flowrate was 0.5534 ACFM through the outlet impactor.

The stage cutpoint diameter was determined using Figure 3-1.1 A
summary of the distribution data for the inlet is presented in Table 3-7.
This table presents the data generated from both analytical methods. The
outlet data are summarized similarly in Table 3-8. The results were plotted
on logarithmic probability paper with the particle diameter as the ordinate
and the cumulative percent by weight as the abscissa. Figures 3-2 and 3-3 are
graphical presentations of the chromium distribution for the inlet and
Figures 3-4 and 3-5 are are a graphical presentations of the particle size
chromium data for the outlet.

3.4 PROCESS SAMPLE ANALYSIS

Table 3-9 summarizes results for Cr*® and total Cr from the plating
tank solutions collected during each test period. Plating tank solutions from
Tanks 1 and 2 were collected and composited in separate bottles for each
tank. The samples were taken at three equal intervals during each of the
MM 13B and the size distribution tests. Results for both Cr*® and total
Cr are expressed in miliigrams per liter (mg/f2). Analytical procedures were
similar to those used for the actual emission samples with the Cr*®
determined by the diphenylcarbazide colorimetric method and total Cr by ICAP.

3.5 HWASHDOWN WATER ANALYSIS

Table 3-10 summarizes the results for Cr*® and Cr analysis of the
water used in the daily washdown of the mist eliminator. These samples were
collected prior to the beginning of testing every day when the trapped
emissions from the previous day were purged from the system. Results for both
Cr*® and total Cr are expressed in milligrams per liter (mg/2).
Analytical procedures were similar to those used for the actual emission
samples with Cr*® concentration determined by diphenylcarbazide

- colorimetric method and total Cr concentration by the ICAP method.
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TABLE 3-7, SUMMARY OF INLET DISTRIBUTION DATA
RAVIMET AN 1
INLET
Net Gain %1 of Total Cumulative Effective Cutpoint
(mq) Particles % Than i r (micr
Stage 1* 2.509 40.73 59.27 8.0
Stage 4 0.675 10.96 48.31 2.4
Stage 7 2.414 39.19 9.12 _ 0.5
Backup 0.562 9.12 0 less than 0.5
HEMI ALY
INLET
Net Cr % of Cumulative Effective Cutpoint
(mq) Total Cr % Less Than Diameter (micron)
Stage 1* 0.587 17.37 82.63 8.0
Stage 4 0.506 14.97 67.66 2.4
Stage 7 2.053 - 60.76 6.90 0.5
Backup 0.233 6.90 0 less than 0.5

* Does not include nozzle rinse
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TABLE 3-8, SUMMARY OF OUTLET DISTRIBUTION DATA
RAVIMETRIC ANALYSI

QUTLET
Net Gain % of Total Cumulative Effective Cutpoint
(mg) Particles % Less Than Diameter (micron)
Stage 1* 0.7 0 100.00 7.90
Stage 4 0.073 5.29 94.71 2.35
Stage 7 1.050 76.21 18.50 0.49
Backup 0.255 18.49 0 less than 0.49
HEMI NALYSI
QUTLET
Net Cr % of Cumulative Effective Cutpoint
(mgq) Total Cr % Less Than Diameter (micron)
Stage 1* 0.010 0.85 99.15 7.90
Stage 4 0.019 1.62 97.50 2.35
Stage 7 0.905 77.15 20.38 0.49
Backup 0.239 20.38 ' 0 less than 0.49

* Does not include nozzle rinse
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Graphical presentation of inlet chromium distribution.
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TABLE 3-9. SUMMARY OF RESULTS FROM THE LABORATORY ANALYSIS
OF PLATING TANK SOLUTIONS

—Sample Cr+é (mg/9) Total Cr (mg/9)
ns I-1 an 1
Tank 1 118,000 115,000
Tank 2 128,000 108,000

Tank 1 128,000 111,000
Tank 2 135,000 106,000
Runs I-3 and 0-3

Tank 1 122,000 116,000
Tank 2 124,000 105,000

Runs IPS-1 _and QPS-1

Tank 1 115,000 109,000
Tank 2 136,000 108,000

Runs IPS-2 and QPS-2

Tank 1 123,000 115,000
Tank 2 131,000 105,000
Runs IPS-3 and QPS-3

Tank 1 ‘ 134,000 117,000
Tank 2 128,000 101,000

TABLE 3-10. SUMMARY OF RESULTS FROM LABORATORY ANALYSIS
OF WASHDOWN WATER FROM THE MIST ELIMINATOR

Sample Total Cr (mq/e) Cr+6 (mq/9)
Washdown 5/12 108,000 93,300
Washdown 5/13 58,400 61,600
Washdown 5/14 54,800 62,700
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SECTION 4.0
SAMPLE LOCATIONS AND TEST METHODS USED

The test program consisted of simultaneous sampiing of the inlet to and
the outlet from the mist eliminator for plating Tanks 1 and 2. A flow
diagram for the hard chrome plating Tanks 1 and 2 at the Consolidated
Engravers facility is shown in Figure 4-1. The sampling location for the
chromium and size distribution tests are designated in Figure 4-1. Location
A designates the sample location on the inlet to the mist eliminator and

Location B designates the sample location on the outlet from the mist
eliminator.

4.1 MIST ELIMINATOR INLET

Emission sampling was performed on the 19-5/8-inch diameter duct using a
filterless Method 13B impinger train and a cascade impactor. As presented
in Figure 4-2, the location of one of the sample ports on the inlet required
that a vertical traverse be made during the MM 13B tests. To accomplish
this, a sample box was modified to allow the sample probe to be connected
vertically and suspended above the port with a hoist, allowing the sample
train to be raised and lowered to reach all traverse points. The inlet duct
had a straight run of 79-1/2 inches. Two 3-1/2 inch diameter sampling ports
were installied on the inlet duct. One sample port (J) was installed on the
vertical axis and the second (K) was located 90 degrees from Sample Port J.
These ports were located 58 inches (approximately 2.9 duct diameters)
downstream from the point where the exhaust ducts from Plating Tanks 1 and 2
join to a common duct. The inlet sample ports were located 21-1/2 inches
(1.1 duct diameter) upstream from the nearest disturbance, i.e., 90-degree
horizontal bend into the mist eliminator.

Table 4-1 presents a summary of traverse point locations. The minimum
number of traverse points for the test was 24, as specified in EPA Reference
Method 1. The sample time per point was 7.5 minutes for a total test time
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TABLE 4-1. SUMMARY OF TRAVERSE POINT LOCATIONS

Point No. Inlet Location (in.) Qutlet Location (in.)

Stack Inner Diameter = 19.625 inches

1 0.5 0.5
2 1.3 1.3
3 2.3 2.3
4 3.5 3.5
5 4.9 4.9
6 7.0 7.0
7 12.6 12.6
8 14.7 14.7
9 16.1 16.1
10 17.3 17.3
R 18.3 18.3
12 19.2 19.2

of 180 minutes for each MM 13B on the inlet. This sample time was based on
a similar sampling program conducted for the EMB. Traverse Point 1, as
calculated, was located close to the sample ports and introduced the
possibility of ambient air entering the gas stream and diluting the sample.
To eliminate this problem Traverse Point 2 was sampled for 15 minutes to
complete the 24-point traverse. The relocation of traverse points was
discussed and accepted by the EPA task manager. Particle size sampling was
also performed on the inlet duct using an Andersen Mark III 8-stage impactor
with a straight nozzle. The length of the three size distribution runs were
190, 210, and 240 minutes in duration following the chromium sampling. The
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length of the particle size run was based on previous testing conducted in a
similar test program in which the sampling team suspected that their
sampling times may have been jnsufficient at 90 minutes.

4.2 MIST ELIMINATOR OUTLET

Figure 4-3 shows an orthogonal sketch of the outlet sampling location.
Emission sampling was performed on the 19.63-inch diameter duct using a
filterless Method 138 impinger train and a cascade impactor. Prior to
sampling, the outlet duct was modified by removing the existing 30-inch long
duct and the moisture extractor and replacing them with a 70-inch long
extension from the transition duct. Since the moisture extractor was not
subject to evaluation, it was not connected to the 70-inch extension.

Two 3.5-inch diameter sampling ports were installed on the modified
outlet duct at 50 inches (2.5 duct diameters) downstream from the induced-
draft fan and 20 inches (1 duct diameter) upstream from the atmosphere. The
sample ports were configured on the horizontal axis, 90 degrees apart. A
total of 24 traverse points were required in sampling the outlet duct. The
sampling time per traverse point was 7.5 minutes for a total sampling time
of 180 minutes. The triplicate size distribution sampling runs were
180, 210 and 240 minutes in duration following the MM 13B runs.

Outiet testing was conducted simultaneously with inlet testing. The
sampling protocol for the outiet was the same as that for the inlet.
Traverse Point 1, as calculated, was'located close to the sampling ports and
introduced the possibility of ambient air entering the gas stream and
diluting the sample. To eliminate this problem, Traverse Point 2 was
sampled for 15 minutes to complete the 24-point traverse. The relocation of
traverse points was discussed and accepted by the EPA task manager.
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Figure 4-3., Orthogonal sketch of outlet sampling location.
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4.3 HEXAVALENT AND TOTAL CHROMIUM SAMPLE EXTRACTION AND ANALYSIS

Prior to sampling, velocity, static pressure, moisture content, and
temperature were measured to define sampling rates and nozzle sizes as
described in the EPA Reference Methods 1, 2 and 4.2 The stack gas
molecular weight was not determined by 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. A "spot" check to verify the absence of
cyclonic flow at the inlet and outlet was conducted. This check indicated
acceptable flow patterns in the gas stream. The presence of cyclonic flow
was not suspected because prior tests with similarly configured control
equipment showed no cyclonic flow. Hence, sampling was performed by _
conducting triplicate tests at the inlet and outlet of the mist eliminator.
Samples were collected to determine the uncontrolled Cr*® and Cr
emissions from this source.

4.3.1 Modified Method 138

An EPA MM 138° sample train was used to collect the Cr*® and
total Cr samples. The sample train consisted of a 316-stainless steel,
button-hook design nozzle, an unheated Pyrex glass-lined probe, and a series
of impingers. The first, third and fourth impingers were of the Greenburg-
Smith design, modified by replacing the tip with a 1/2-inch inside diameter
glass tube extending to 1/2-inch from the bottom of the flask. The second
1mpihger was a Greenburg-Smith impinger with the standard tip. One hundred
me of O.IN NaOH was placed in each of the first, second and third
impingers, and approximately 200 grams of silica gel was placed in the
fourth impinger. 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
fourth impinger were monitored with thermocouples.
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The impingers were weighed before and after each test to determine the
moisture content of the flue gas stream. These weights were recorded on
“Sample Recovery and Integrity Sheets." The sample recovery data is
contained in Appendix C. The contents of the impingers were placed ina
polyethylene container. All connecting glassware, the nozzle and probe were
rinsed with 0.1 N NaOH and combined with the impinger solution in the
polyethylene sample bottle. The 1iquid level was marked on each sample
bottle and the pH was checked with pH paper to verify that the pH was above
7.0. Appropriate blank solutions were collected in the field for submission
to the laboratory for analysis with the samples. The samples were trans-
ported to the laboratory where total volumes of each sample were measured.
The volume recovered from Run I-1 was 899 mg, Run 1-2 was 502 m& and
844 mo was recovered from Run I-3. The volume recovered from 0-1 was
360 m, Run 0-2 was 887 me and 555 ml was recovered from 0-3. Each
sample, including blanks, was analyzed for cr*® and total Cr
concentrations using analytical methodology recently developed by the EPA.

A copy of the draft method entitled "petermination of Hexavalent Chromium

. Emissions From Stationary Sources" is contained in Appendix B of this

report. This method entails the extraction of the sample with alkaline

solution, followed by the diphenylcarbazide colorimetric method.*

At the completion of the cr*® analysis, a separate portion of each
sample was digested and analyzed for total Cr by use of ICAP analytical
techniques.s Appendix B of this report contains the detailed analytical
methodology used for this analysis.

4.3.2 Size Distribution

Three size distribution runs were performed at the inlet to and the
outlet from the mist eliminator. This data was used to determine the size
distribution of the total Cr emissions. All size distribution tests were
performed in accordance with procedures detailed in the equipment
manufacturer's operations manual, and through consultation with the
manufacturer.
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Samples for size distribution measurements were collected using an
Andersen Mark III 8-stage impactor with glass—fiber filters as the substrate
media. This in-stack impactor consisted of eight cutpoint stages and backup
filter. the impactor was reconfigured by using Stages 1, 4, 7 and the
backup with glass fiber substrates followed by Stages 2, 3, 5, 6 and 8 for
spacing purposes. The purpose of this technique was to reduce the number of
particle cutpoints, thereby increasing the mass of particles collected on
each stage. Validity of this procedure was discussed with and accepted by
the manufacturer of the impactor as well as by the EPA task manager. The
sampled gas stream enters the system through the precutter. Particles with
sufficient inertia are impacted against the sides of the precutter. Smaller
particles flow with the gas stream, exit the precutter, and enter the main
impactor. Then, particles with sufficient inertia are impacted on the front
of the zero stage plate (no filter), smaller particles pass through the
holes in the zero stage plate, and the portion of these particles with
sufficient inertia impacts on the zero stage filter. The remainder of the
particles pass through the holes in the first stage plate and similarly on
to each succeeding stage. Finally, a glass-fiber backup filter removes all
particles remaining in the gas stream downstream of the final, seventh stage
plate.

The modified Andersen impactor was used to collect samples at a point of
average velocity and temperature, at both the inlet and outiet sample
locations. Sampling times ranged from 190 to 240 minutes for the inlet and
180 to 240 minutes for the outlet.

Isokinetic sampling rates were set initially, based on the average gas
velocity measured during the MM 13B runs. At the completion of each test,
the impactor samples were recovered according to procedures described in
Appendix I.

Each recovered fraction was subjected to a gravimetric analysis using
procedures similar to those in the EPA Method 5. At the completion of the
gravimetric analysis, samples were combined by location and stage cutpoint
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for analysis of total Cr. Analytical procedures followed those previously
described.

A1l particle size results are based on a particle density of
1 g/cm’. Moisture contents and gas molecular weights were obtained from
MM 13B Cr tests. Size distribution curves were established to represent the
total weight percent of particulate matter smaller than the indicated
aerodynamic particle diameter in micrometers.

4.4 PROCESS SAMPLES

Grab samples were collected from each of the two chromium plating tanks
during the chromium test runs and during the particle size run. Sample
aliquots were taken at three equal intervals during each period of air
sampling, namely at the beginning, midpoint and the end of each three- hour
test. These samples were analyzed for Cr and cr*® concentrations.

4.5 WASHDOWN WATER

A grab sample of the mist eliminator washdown water was collected during
the morning following each sampling period. These samples were also
analyzed for total Cr and Cr*®.
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The application of quality assurance procedures to source emission
measurement ensures accurate emission-testing results. Quality assurance
guidelines provide the detailed procedures and actions necessary for
defining and producing acceptable data. In this project, three documents
were used in the preparation of a site test plan that would ensure the
collection of acceptable data:

1. “Quality Assurance Handbook for Air Pollution Measurement Systems,"
Volume III: Stationary Source-Specific Methods, " EPA-600/4-77-0278;

2. PEI Laboratory Quality Assurance Plan;

3. Determination of Hexavalent Chromium Emissions From Stationary Sources,
December 13, 1984. (This method has recently been developed by the EPA.)

In this specific test Program, which was reviewed by the EPA's Emission
Measurement Branch, the following steps were taken to ensure that the
testing and analytical procedures produced quality data:

- measurements were recorded on the field data sheets (Appendix C).

SECTION 5.0
PROJECT QUALITY ASSURANCE

On-site quality assurance checks, such as leak checks of the
sampling train and velocity measuring apparatus, detailed
information on these checks is presented in Appendix C. On-site
quality assurance checks were performed on all test equipment prior
to its use.

Triplicate micrometer measurements of the sampling nozzle. These

Use of sampling equipment as designated in EPA Method 138.
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Standard forms were used for recording the data and for calculations
of data.

The sample recovery was performed in a warehouse located on §1te.
isolated from contamination.

Collected samples were placed in polyethylene sample bottles.
Polyethylene bottles are recommended for storing and shipping of
corrosive materials.

Samples were secured upon completion of the sample recovery
activities. The samples and blanks were placed in a designated
space in the cleanup area. The area was locked when unattended.
For transportation, the samples and blanks were secured in boxes.
No special storage was required for these samples.

Samples were in the custody of PEER Consultants, P.C., at all times
until transfer to the analytical laboratory. When the samples were
transported to the laboratory the Sampfe Custodian acknowledged the
laboratory's receipt of the samples (Appendix C).

A1l glassware and sample bottles were rinsed with 10 percent nitric
acid before use in the field.

External contaminated surfaces (probe, nozzle and pitot tube) were
rinsed with tap water prior to sample recovery. This was done to
eliminate the risk of sample contamination.

A polyethylene dipper was used to take samples of the chrome plating
solution.

Khile sampling, the ports were capped and the accessed port was
sealed with a rag to prevent the introduction of ambient air into
the duct.
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- Al field-sampling equipment was calibrated. The pretest and
post-test calibration data for the equipment used in the field is
contained in Appendix G.

- Duplicate and spiked samples were analyzed in the laboratory.
Table 5-1 1ist the specific sampling equipment used to perform the

MM 13B sampling program. The calibration data for this equipment is
presented in detail in Appendix G.

TABLE 5-1. EQUIPMENT USED IN THE MM 13B SAMPLING PROGRAM

Equipmen Identification
Meter Boxes RAC 1065, MB-4
Thermometers

- meter box RAC-1, RAC-2
- sample head SH-1, SH-2
Pitot Tubes S-1, S-3
Thermocouple 3-T-1A, 3T-2A

On-site calculations were made by the EPA Task Manager on the emissions
sampling data to determine the isokinetic variation and moisture content of
the stack gas. A1l final calculations were done after the post-test
calibrations had been performed on the equipment following the return from
the field test. The final calculations are presented in Appendix D. The
following summarizes the quality assurance activities performed during the
analytical phase of this project.

Emission and process samples were analyzed in the same batches. Reagent

blanks that were set-up in the field were analyzed with the actual sample.
The blank results are presented in Table 5-2.
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TABLE 5-2. SUMMARY OF BLANK ANALYSES
lank I.D, N Lr*é_(mg/0) Total Cr (mg/0)

Bl Run I-1 g 0-1
Bl Run I.2 & 0-2
Bl Run I-2 & 0-2

Less than 0.009
Less than 0.009
Less than 0.009

0.01
0.o0n
0.013

In addition to the analysis of the submitted samples and blanks,
duplicate and spiked samples were analyzed.

of these QA/QC checks.

TABLE 5-3. SUMMARY OF ANALYTICAL
AND SPIKED SAMPLES

Table 5-3 summarizes the result

RESULTS FROM DUPLICATE

Sample I.D. No. Type of Sample Results
Cr+é (mg/2)

Washdown 5/13 Duplicate 69,500

61,600

Plating solution Duplicate 128,000

Tank No. 1, 5/13/87 128,000

MM 138, Run -2 Duplicate 3.1

7.64

Total Cr (mg/Q)

Nashdown 5/13 Duplicate 59,200

54,800

Plating solution Duplicate 110,000

Tank No. 1, 5/13/87 111,000
MM 13B, Run -2 Duplicate 4.93
4.16
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AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: I-1; OUTLET: 0-1

TANK NO. 1 WORK-STATION NO. 1
Time Time
_Ii%g:g_glggg*__ interval, min Current, Ig*pg;g;g%%:%__
nlet utlet Inlet Outlet amperes niet tlet
09:52 09:55
10:02 10:02 10 7 1,500 250 175
10:12 10:12 10 10 1,500 250 250
10:22 10:22 10 10 1,550 258 258
10:32 10:32 10 10 1,550 258 258
10:42 10:42 10 10 1,600 267 267
10:52 10:52 10 10 1,600 267 267
11:02 11:02 10 10 1,600 267 267
11:12 11:12 10 10 1,600 267 267
11:22 11:22 10 10 1,600 267 267
11:25 0 _3 1,600 0 __ 8o
Subtotal 90 90 2,351 2,356
11:39
11:42 11:42 3 0 1,600 80 0
11:52 11:52 10 10 1,650 275 275
12:02 12:02 10 10 1,650 275 275
12:12 12:12 10 10 1,650 275 275
12:22 12:22 10 10 1,650 275 275
12:32 12:32 10 10 1,650 275 275
12:42 12:42 10 10 1,650 275 275
12:52 12:52 10 10 1,650 275 275
13:02 13:02 10 10 1,650 275 275
13:09 13:12 _7 _10 1,700 __198 283
Subtotal 90 90 2,478 2,483
TOTAL 180 180 4,829 4,839
A-2




AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: I-1; QUTLET: o-1

TANK NO. 1 WORK-STATION NO, 2
Time Time
(24-h clock* interval, min Current, #%uﬁi_
nle tlet Tnlet  Outlet amperes nlet tiet
09:52 09:55
10:02 10:02 10 7 1,150 192 134
10:12 10:12 10 10 1,150 192 192
10:22 10:22 10 10 1,200 200 200
10:32 10:32 10 10 1,200 200 200
10:42 10:42 10 10 1,200 200 200
10:52 10:52 10 10 1,200 200 200
11:02 11:02 10 10 1,200 200 200
11:12 11:12 10 10 1,250 208 208
11:22 11:22 10 10 1,250 208 208
11:25 0 3 1,250 0 63
Subtotail 90 90 1,800 1,805
11:39
11:42 11:42 3 0 1,250 63 0
11:52 11:582 10 10 1,250 208 208
12:02 12:02 10 10 1,250 208 208
12:12 12:12 10 10 1,250 208 208
12:22 12:22 10 10 1,300 217 217
12:32 12:32 10 10 1,300 217 217
12:42 12:42 10 10 1,300 217 217
12:52 12;52 10 10 1,300 217 217
13:02 13:02 10 10 1,300 217 217
13:09 13:12 _7 1o 1,300 152 217
Subtotal 90 90 1,924 1,926
TOTAL 180 180 3,724 3,731
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AMPERE-HOUR CALCULATIONS

TEST RUN NO.
INLET: I-1; OUTLET:

0-1

TANK NO, 2 WORK-STATION NOS. 1 and 2
Time Time
24-h clock {nterval, min Current, re-hours
nlet tlet Inlet  Outlet amperes nlet tlet
09:52 09:55
10:02 10:02 10 7 2,100 350 245
10:12 10:12 10 10 2,100 350 350
10:22 10:22 10 10 2,100 350 350
10:32 10:32 10 10 2,200 367 367
10:36 10:36 4 4 2,200 147 147
10:42 10:42 6 6 1,100 110 110
10:44 10:44 2 2 2,200 73 73
10:49 10:49 5 5 1,200 100 100
10:52 10:52 3 3 2,200 110 110
11:02 11:02 10 10 2,250 378 375
11:12 11:12 10 10 2,300 383 383
11:22 11:22 10 10 2,300 383 383
11:25 - 0 3 2,300 0 115
Subtotal 90 90 3,098 3,108
11:39
11:40 1 0 2,300 38 0
11:42 11:42 2 0 1,450 48 0
11:44 11:44 2 2 1,450 48 48
11:46 11:46 2 2 2,250 75 75
11:51 11:51 5 5 1,500 125 - 125
12:02 12:02 11 11 2,300 422 422
12:12 12:12 10 10 2,300 383 383
12:22 12:22 10 10 2,350 392 392
12:32 12:32 10 10 2,350 392 392
12:42 12:42 10 10 2,350 392 392
12:52 12:52 10 10 - 2,350 392 392
13:02 13:02 10 10 2,350 392 392
13:09 13:12 1 _10 2,350 274 392
Subtotal 90 90 3,373 3,405
TOTAL 180 180 6,471 6,513
A-4
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AMPERE-HOUR CALCULATIONS

TEST RUN NO.
INLET: I-2; OUTLET:
WORK-STATION NO. 1

24-h _clock interval, min g*gere-hours
nlet tlet Inlet Outlet niet tlet
09:25 09:28
09:35 09:35 10 7 225 157
09:45 09:45 10 10 225 225
09:52 09:52 7 7 157 157
Subtotal 27 24 607 539
10:01 10:01
10:05 10:05 '} L} 90 90
10:15 10:15 10 10 225 225
10:25 10:25 10 10 233 233
10:35 10:35 10 10 233 233
10:45 10:45 10 10 242 242
10:55 10:55 10 10 242 242
10:58 0 3 0 72
Subtotal 54 57 1,265 1,337
11:20 11:20
11:25 11:25 5 5 125 125
11:35 11:35 10 10 250 250
11:45 11:45 10 10 250 250
11:55 11:55 10 10 250 250
Subtotal 35 35 875 87§
12:00 12:00
12:05 12:05 5 5 1,600 133 133
12:15 12:15 10 10 1,600 267 267
12:25 12:25 10 10 1,600 267 267
12:35 12:35 10 10 1,600 267 267
12:45 12:45 10 10 1,600 267 267
' 12:48 0 3 1,600 0 80
Subtotal 45 48 1,201 1,281
TOTAL 161 164 3,948 4,032
A-5




AMPERE-HOUR -CALCULATIONS
TEST RUN NO.
INLET: I[-2; OUTLET: 0-2

TANK NO. 1 WORK-STATION NO. 2
Time Time
24-h clock interval, min Current, IﬂPLe—h&
nlet Outlet Inlet Outlet amperes nlet Outlet
09:25 09:28
09:35 09:35 10 7 1,250 208 146
09:44 09:44 9 9 1,250 187 187
Subtotal 19 16 395 333
09:54 09:54
10:08 10:05 11 11 1,200 220 220
10:15 10:15 10 10 1,250 208 208
10:25 10:25 10 10 1,300 217 217
10:35 10:35 10 10 1,300 217 217
10:45 10:45 10 10 1,300 217 217
10:55 10:55 10 10 1,300 217 217
10:58 0 3 1,300 0 65
Subtotal 61 64 1,296 1,361
11:15 11:18
11:25 11:25 10 7 1,300 217 152
11:35 11:35 10 10 1,300 217 217
11:45 11:45 10 10 1,350 225 225
11:55 11:55 10 10 1,400 233 233
12:08 12:08 10 10 1,400 233 233
12:15 12:15 10 10 1,400 233 233
12:25 12:25 10 10 1,450 242 242
12:32 12:32 7 7 1,450 169 169
Subtotal 77 74 1,769 1,704
12:41 12:41
12:45 12:48 _4 4 1,350 90 157
Subtotal 4 7 90 157
TOTAL 161 161 3,550 3,555
A-6




AMPERE-HOUR CALCULATIONS
TEST RUN NO.

INLET: I-2; OUTLET:

0-2

TANK NO. 2 WORK-STATION NOS. 1 and 2
Time Time
#%M%k*_ interval, min Current, re-hours
nlet tlet Tniet  Outlet amperes niet tiet
09:25 09:28
09:35 09:35 10 7 2,300 383 268
09:45 09:45 10 10 2,300 383 383
09:55 09:55 10 10 2,300 383 383
10:08 10:05 10 10 2,300 383 383
10:15 10:15 10 10 2,350 392 392
10:22 10:22 7 7 2,350 274 274
10:30 10:30 8 8 1,600 213 213
10:31 10:31 1 1 2,350 39 39
10:40 " 10:40 9 9 1,450 217 217
10:45 10:45 5 5 2,350 196 196
10:55 10:55 10 10 2,350 392 392
10:58 0 3 2,350 0 117
Subtotal 90 90 3,255 3,257
11:15 11:18
11:2% 11:25 10 7 2,400 400 280
11:35  11:35 10 10 2,400 400 400
11:40 11:40 5 5 2,400 200 200
11:47 11:47 7 7 1,500 175 175
11:48 11:48 1 1 2,400 40 40
11:54 11:54 6 6 1,550 155 155
12:05 12:05 11 11 2,300 422 422
12315 12:15 10 10 2,300 383 383
12:25 12:25 10 10 2,300 383 383
12:35 12:35 10 10 2,300 383 383
12:45 12:45 10 10 2,300 383 383
12:48 0 3 2,300 0 115
Subtotal 90 90 3,324 3,319
TOTAL 180 180 6,579 6,576
A-7




AMPERE-HOUR CALCULATIONS
- TEST RUN NO.
INLET: I-3; OUTLET: 0-3

TANK NO. 1 WORK-STATION NO. 1
Time Time
_r(%Mgc_k*_ interval, min Current, re-hours
nlet utlet Inlet Outlet amperes nlet utlet
08:45 08:48
08:55 08:55 10 7 1,300 217 152
09:05 09:05 10 10 1,350 225 225
09:15 09:15 10 10 1,350 225 225
09:25 - 09:25 10 10 1,350 225 225
09:35 09:35 10 10 1,375 229 229
09:45 09:45 10 10 1,375 229 229
09:55 09:55 10 10 1,375 229 229
10:05 10:05 10 ‘10 1,378 229 229
10:15 10:15 10 10 1,375 229 229
10:18 0 3 1,375 0 _ 6
Subtotal ' 90 90 ' 2,037 2,041
10:30 10:33
10:38 10:38 8 5 1,350 180 112
10:40 10:40 2 2 1,150 38 38
10:50 10:50 10 10 1,150 192 192
11:00 11:00 10 10 1,150 192 192
11:10 11:10 10 10 1,150 192 192
11:20 11:20 10 10 1,150 192 192
11:30 11:30 10 10 1,150 192 192
11:40 11:40 10 10 1,150 192 192
11:50 11:50 10 10 1,150 192 192
12:00 12:00 10 10 1,150 192 192
12:03 0 3 1,150 0 __ 57
Subtotal 90 90 1,754 1,743
TOTAL 180 180 3,791 3,784
A-8




AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: I-3; OUTLET: 0-3

TANK NO. 1 WORK-STATION NO. 2
Time Time
24-h_clock interval, min Current, re-hours

nlet tlet Tnlet  Outiet amperes nlet tlet

08:45 08:48
08:55 08:55 10 7 1,300 217 152
09:05 09:05 10 10 1,300 217 217
09:15 09:15 10 10 1,350 225 225
09:25 09:25 10 10 1,350 225 225
09:35 09:35 10 10 1,400 233 233
09:45 09:45 10 10 1,400 233 233
09:55 09:55 10 10 1,400 233 233
10:05 10:05 10 10 1,400 233 233
10:15 10:15 10 10 1,400 233 233
10:18 0 3 1,400 0 70
Subtotal 90 90 2,049 2,054

10:30 10:33
10:38 10:38 8 5 1,350 180 112
10:40 10:40 2 2 1,100 37 37
10:50 10:50 10 10 1,100 183 183
11:00 11:00 10 10 “1,100 183 183
11:10 11:10 10 10 1,100 183 183
11:20 11:20 10 10 1,100 183 183
11:30 11:30 10 10 1,100 183 183
11:40 11:40 10 10 - 1,100 183 183
11:50 11:50 10 10 1,100 183 183
12:00 12:00 10 10 1,100 183 183

12:03 0 3 1,100 __ 0 __ 5
Subtotal 90 90 1,681 1,668
TOTAL 180 180 3,730 3,722
A-9
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AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: I-3; OUTLET:

0-3

TANK NO. 2 WORK-STATION NOS. 1 and 2
(24-h clock; interval Current, @M :
nlet  Qutlet Tniet  Outlet amperes nlet  Qutlet
08:45 08:48
08:55  08:55 10 2,400 280
09:05 09:05 10 2,400 400
09:15 09:15 10 2,400 400
09:25 09:25 10 2,400 400
09:33 09:33 8 2,400 320
09:35 09:35 2 1,500 50
09:45 09:45 10 1,500 250
09:52 09:52 7 1,500 175
09:55 09:55 3 2,200 110
10:05 10:08 10 2,250 378
10:15 10:15 10 2,250 375
10:18 0 2,250 112
Subtotal 90 3,247
10:30 10:33
10:40 10:40 10 2,250 262
10:50 10:50 10 2,250 375
11:00 11:00 10 2,300 383
11:10 11:10 10 2,300 383
11:12 11:12 2 2,300 77
11:17 11:17 5 1,550 129
11:18 11:18 1 2,200 37
11:24 11:24 6 1,500 150
11:30 11:30 6 2,350 235
11:40 11:40 10 2,350 392
11:50 11:50 10 2,400 400
12:00 12:00 10 2,400 400
12:03 0 2,400 120
Subtotal 90 3,343
TOTAL 180 6,590
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APPENDIX B

Analytical Methods For Determining
Total Chromium and Hexavalent Chromium




e thog - Determination of Hezavalenl Chromium

Emssions from Stationary Sources

1. Apolicadility and Principle.

1.1 Applicability. Tnis method applies to the determination of

hexavalent chromum (Cr*®) emissions from specified stationary sources

only.

1.2 Principle. Partviculate emissions are collected from the source

by use of Method 5 (Appendix A, 40 CFR Part 60). The collected samples are
digested in an alkaline solution and analyzed by the diphenylcarbazide
colorimetric method.

2. Range, Sensitivity, Precision, an¢ Interferences.

2.1 Range. A straight line response Curve was obtained in the range

5 w9 Cr6/100 m1 1o 250 vg Cr*6/100 m1. For a minimum analytical accuracy
of +10 percent, the lower limit of the range is SO »g/100 ml. The upper
1imit can be extended by appropriate dilution.

2.2 Senmsitivity. A minimum detection limit of ! vg Cr*©/100 m)
has been observ;d. |

2.3 Precision. The overall precision for sample collection and

3nalysis for (r*6 was vested at a ferrochrome smelter, a chemical plant,
and a refractory brick plant. Replicate Method 5 filters with both high
3nd Jow particulate loadings were analyzed. The relative standard

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

2.4 lnterference. Very large quantities of iron, ®molybdenua,

vénadiun, ang mercury can interfere with the analysis. o interference

was observed at the sources listed in Section 2.3.
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3. Apoaratus.
3.1 Sampling Train. Same as Method 5, Section 2.1,

3.2 Sample Recovery. Same as Method 5, Section 2.2.

3.3 Analysis. The following equipment is needed.

3.3.1 Beakers. Borosilicate, 250 ml, with watchglass covers.

3.3.2 Filtration Apparatus. Vacuum uniL with 47 mm diameter,

3.0 v pore size Teflon filters.
3.3.3 volumetric Flasks. 100 ! and other appropriate volumes.

3.3.4 Hot Plate.

3.3.5 Pipettes. Assorted sizes, as needed.

3.3.6 Spectrophotometer. To measure absorbance at 540 nm.

4. Reaqents.
e —

4.1 Sampling. Same as Method 5, Section 3.1.

4.2 Sample Recovery. Same as Method 5, Section 2.2.

4.3 Analysis. The following reagents are required. _

4.3.1 Sodium Carbonate. Naz(03, anhydrous, analytical reagent

grade.

4.3.2 Sodium Hydroxide. NaOH, analytical reagent grade.
4.3.3 Potassium Dichromate. K2Cr207, analytical riagent grade.
4.3.4 \Mater. Deionized distilled, meeting American Society for
Testing ang HKaterials (ASTM) specifications fo? type 3 reagent - ASTM
Test Method D 1193-77 (incorporated by reference - see § 61.18). If high

concentrations of organic matter are not expected to be present, the

dnalyst may eliminate the KMn04 test for oxidizable organic matter.
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£€.3.5 Digestion Soluytion. Drssolve 2U.0 G NaOH anc 3U.0 g Na L0y

N 0e10nized distilled water 1n & J-liter volumetric flask and diluyte 1o

the mart., Store the solution 1n & tigntly cappea polyethylene botile ang

prepare fresh monthly.
4.3.6 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of

dried K2Cr207 in deionized distilled water and dilute to ] liter
(1 @) = 50 ,q Cr+6),

4.3.7 Potassium Dichromate Standard Solution. Dilute 10.00 m)

K2Cr20; stock solution 1o 100 ml (1 ®m) = & »9 Cr*®) with deionized

distilled water.

4.3.8 Sulfuric Acic, 10 Percent (v/v). Dilute 10 m) of reagent grage

H250¢ to 100 ml 1 aeionized distilled water.
4.3.9 Diphenylcarbazide Solution. Dissolve 250 mg of

1. S-diphenyicarbizide in 50 m acetone. Store in a brown bottle. Discard
when the solution becomes discolored.
4.3.10 Aacetone. Same as Method S, Section 3.2.
5. Procedyre.
5.1 Sampling. Same as Method 5, Section 4.1.
5.2 Sample Recovery. Same as Method 5, Section 4.2.
5.3 Preservation. Tests with the source samples ac;cribed in
Section 2.3 demonstrated that Cr*6 is stable in particulate form.
Nevertheless, a1 samples should be protected from extreme heat, and

should be 4nalyzed within 1 month of collection.




5.4 Sample Digestion ana Preparation. Place the contents of
Container Number ) (the filter) ana Container Number 2 {tne acetone probe

rinse) in a 250 m) peaker. Evaporate to dryness. Add 40 ml of digestion

solution {Section 4.2.5). Cover the beaker with the watchglass and heat to

near boiling on a hot plate with constant stirring for 30 minutes. Do not

allow the solytion 1o evaporate 10 dryness.

Cool the solution and transfer it Quantitatively to the filtration
4Pparatus with deionized distilled water. Filter the solution through
the 47 ma Teflon filter. Transfer the filtrate from the filter flask
quantitatively 1o 2 100 m! volumetric flask. Fill to the mark with

deionized, distillea water.

5.5 Reagent Blank Preparation. Place a 47 mm diameter filter 1n a

100 m1 beaker. Proceed as in Section 5.4,

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

3.7 Analysis. ’

3.7.1 Color Development and Measurement. Transfer 50 @l aliquot of

the prepared sample to a 100 m1 volumetric flask. Add 2.0 m) of

diphenylcarbazide solution. Adjust the pH to 2 * 0.5 with 10 percent HzS04

and dilute 10 volume with deionized distilled water. Allow the solution to
sStand

about 10 minutes for color development. Transfer a portion of the

Sample o0 2 1-cm absorption cell and measure the absorbance at the optimum

wavelength (Section 6.2.1), using the blank solution as a 2ero reference.




Dilute tne sample anc tne blank with equal volumes of deionizeg cistillec

water 1! tne absorbance cxceeds k4. the apsorbance of the 250 yg e
$tandard as determined in Section 6.2.2. Use deionized, distilled water o

Zero the instrument.

5.7.2 Cneck for Matrix Effects on the Cr*6 kesults. Since the

analysis for Cr*b by colorimetry is sensitive to the chemical composition
of the sample (matrix effects), the analyst shall check at least one sample

from each source using the method of additions as follows:

Add or spike an equal volume of standard solution to an aliquot of the

sample solution, then measure the absorbance of the resulting solution ang

the apsordance of an aliquot of unspiked sample.
Next, calculate the Cr™® concentration C;. 10 ug/ml of the sample

solution by using the following equation:

A

Cg = C, Z:_gffg Eq. G-l

Where:

C, = Cr*6 concentration of the standard solution g/ml.

hs = Absorpance of the sample solution.

Ay = Absorbance of the spiked sample solution.
Volume corrections will not be required if the solutions as analyzed have

been made 1o the same final volume. Therefore, C. and C, represent cr*6




concentrations pefore dilutions. 1f the results of the method of additions
procedure used on the single source sample 0o not agree 10 within § percent
of the value obrained by the routine spectrophotometric analysis, then

reanalyze all samples from the source using this method of additions

procedure,
6. Calidration.
.

6.1 Sampling Train. Perform all of the calibrations described in

Method 5, Section 5.

6.2 Spectrophotometer Calibration.

6.2.1 Optimum Wavelength Determination. Ca%ibraze the wavelength
scale of the spectrophotometer CVety.G months. The calibration may be
accomplished by using an enerqy source with an intense line emission such
43 @ mercury lamp, or by using a series of glass filters spanning the
measuring range of the spectrophotometer. Calibravion materials are
available commercially and from the National Bureau of Standards. Specific
details on the use of such materials should be supplied by the vendor;

general information about calibration techniques can be obtained from
general reference books on analytical chemistry. The wavelength scale
of the spectrophotometer must read correctly within +5 nm at al)

calidration points; otherwise, the spectrophotometer shall be repaired

4nd recalibrated. Once the wavelength scale of the spectrophotometer is
in proper calibration, use 540 ma as the optimum wavelength for the

Reasurement of the absorbance of the standards and samples.



Alternatively. a scanning procedure may be emploved T0 determine tne

Proper measuring wovelengeri. If the instrument is a double-Dean
Specirophotometer, scan the spectrum between 530 and 550 na using a
250 ug Cr*6 grangard solution in the sample cell and a blank solution in

the reference cell. 1If 4 peak does nol occur, the spectrophotometer is

malfunctioning ana should be repairec. Wnen a peak is obrained
within the 530 to 550 na range, the wavelength at which this peat occurs

shall be the optimum wavelength for the measurement of absorbance of both

ihe standards and the samples. For 2 single-beam spectrophotometer, follow

the scanning procedure described above, excepl that the blank and stancard
solutions shall be scanned separately. The optimum wavelength shall be

the wavelength at which the maximum difference in absorbance between the

Standard ang the blank occurs.

6.2.2 Determination of Spectrophotometer Calibration Factor Kc.  Aad
0.0 m1, 10 m1, 20 ml, 30 ml, and 50 m) of the working standard solution

(1 'm1 =549 Cr*6) to a series of five 100-m1 volumetric flasks. Analyze

these calipration standards as in Section 5.7.1. This calibration

procedure must be repeated on each day that samples are analyzed.

Calculate the spectrophotometer calibration factor as follows:

¢ 100 M1+ B2 4 3h3 . GA,
¢ < < M 4
Al - Az - A3 - M

!
I
I
i
|
"
|
I
I
'
i
I
1
!
I
I
1
!

7
foe)



K¢ = Calioration factor.

A) = Absorbance of the 50 Cr*® standara.
= Absorbance of tne 100 Cr6 standard.
Ay = Absorbance of the 150 Cr*® standara.
Ay * Adsorbance of the 250 Cr* standara,

7. Emission Calculavions.

Carry out the calculations, retaining at least one extra decimal

figure beyond that of the acquired data. Round off figures after final

calculations,

N’.

7.1 Total Cr*6 in Sample. Calculate m, the total #g9 Cr*6 in each

sample, as follows:

m = Ko 2AF tq. 6 -3
Hhere:

2 = Factor 1o correct 50 ml aliquot analyzed to 100 m! total sample.

A.t Absorpance of sample.

F = Dilﬁtion factor (required only if sample dilution was needed to
reduce the absorbance into the range of calibration).

7.2 Average Dry Gas Meter Temperature and Average Orifice

Pressure Drop. Same as Method 5, Section 6.2.

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

4s Method 5, Sections 6.3, 6.4, and 6.5, respectively.

S -
I
i
O




7.4 (o6 Emiss10n Concentration, Calculate ¢, (g/ascm), the Cro

concentration in the stack 945, Ory basis, corrected to standard

conditions, as follows:

7.5 Isokinevic variation, Acceptable Results. Same as Method S,

Sections 6.1] ang 6.12, respectively,

8. Bibliooraoh!.

1. Test Methods for Evaluating Solig waste. U.S. Environmental

Protection Agency. Sw-846, 2nd¢ Edition. July 1982,

2. Cox, X.B., R.¥. Linton, F.E. Butler. QDetermination of Chromium

Speciation in Environmental Particles - A Multitechnique Study of

Ferrochrome Smelter Dust, Accepted for publication in Environmental

Science ang Technology.

3. Same as Method 5. Citatrions 2 10 5 and 7 of Section 7.
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2 / WORKUP TECHNIQuES - Inorganic

4.3 Orying ovens that can be maintained at 30" (.
4.4 Thermometer that covers range of 0° to 200° C.

4.5 Whatman No. 42 filter paper or equivalent.

5.0 Reaggnts

5.1 ASTM Type 11 water (ASTM D1193):

Water should be monitored
for fmpurities.

5.2 Concentrated nitric acld: Acid should be analyzed to determine
level of impurities. |If impurities a

re detected, all analyses should be
blank Corrected,

5.3 Concentrated hydrochioric acid:

mine level of impurities. If impurities ar
blank corrected,

Acid should be analyzed to deter-
e detected, all analyses should be

5.4 Hydrogen peroxide (30%):

level of impurities., If impurities

Oxidant should be analyzed to determine
blank corrected.

are detected, all analyses should pe

6.0 Sample Collection, Preservation, and Handling

6.1 Al samples myst h

addresses the considerations

ave been collected using a sampling plan that
discussed in Section One of this manual.

6.2 Al sample containers must be prewashed with detergents, acids,
and distilled deionized water. Plast

: ic and glass containers are both
Suitable,

6.3 Monaqueous samples shall be refrigerated when possible, and
Mnalyzed as soon as possible,

7.0 Procedyre

7.1 Weigh and transfer to a 250-ml contcal Philltps® beaker a 1.0-g
P:f:;om of sample which has been dried at 60° C, pulverized, and thoroughly
mixed., '

7.2 Add 10 m1 of 1:1 nftric acid (HNO3),
with a watch glass. Heat the sample at 95° C a
the sample to €ool, add S ml of conc. HNO3,
reflux for 30 min, Do not aliow the volume
while matntaining a covering of solution gve

mix the slurry, and cover
nd reflux for 10 min. Allow
replace the watch glass, and

to be reduced to less than § ml
r the bottom of the beaker.

B-11
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7.3 After the second reflux step has been completed and the Sample
Ras cooled, add 2 ml of Type Il water and 3 ml of 301 hydrogen peroxide (H»0,).
Return the beaker to the hot plate for warming to start the peroxide reaction.
Care must be taken to ensure that losses do not occur due to excessively

vigorous effervescence. Heat until effervescence substdes, and cool the
beaker.

7.4 Continue to add 30% Hp02 in 1-ml aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.
(NOTE: Do not add more than a total of 10 ml 30% H207. )

1.5 If the sample is being prepared for the furnace analysis of Ag and
Sb or direct aspiration analysis of Ag, Sb, Be, Cd, Cr, Cu, Pb, Ni, T, and
In, add S ml of 1:] HCI and 10 ml of Type Il water, return the covered beaker
to the hot plate, and heat for an additional 10 min. After cooling, filter
through Whatman No. 42 filter paper (or equivalent) and dilute to 100 al with
Type 11 water (or centrifuge the sample). The diluted sample has an approximate

acid concentration of 2.5% (v/v) HCl and ST (v/v) HNO3 and is now ready for
analysis,

7.6 If the sample is being prepared for the furnace analysis of As, Be,
Cd, Cr, Cu, pp, Ni, Se, Tl, and Zn, continue heating the acid-peroxide
digestate untjl the volume has been reduced to approximately 2 ml, add 10 ml
Of Type Il water, and warm the mixture. After cooling, filter through
Whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with Type 11
water (or centrifuge the sample). The diluted digestate solution contains
dpproximately 22 (v/v) HNO3. For analysis, withdraw aliquots of appropriate

volume, addg Any required reagent or matrix modifier, and analyze by method of
Standard additions. )

8.0 Quality Control

8.1 For each group of samples processed, procedural blanks (Type II
water and reagents) should be carried throughout the entire sample-preparation
4nd analytical process. These blanks will be useful in determining if
Samples are being contaminated. -

8.2 Ouplicate samples should be processed on a routine basis. Ouplicate
Sdmples will be used to determine precision. The sample load will dictate
the frequency, but 10% is recommended.

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

8.4 The concentration of all calibration standards should be verified
4gainst 3 quality control check sample obtained from an outside source.
8.5 The method of standard addition shall be used for the analysis
ts and whenever & new sample matrix is being analyzed.
B-12
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PUANT _ Y. ENVIR IR Vi

DATE _3

/-5

SAWLING LOCATION _ SUAR Yirde-d

INCGET

INSIOE OF FAR WALL TO

OUTSIDE OF MIPPLE, (DISTANCE A}

INSIDE OF NEAR WALL TO

OUTSIDE OF MIPPLE, (DISTANCE BY
STACK 1.D., @ISTANCE A - DISTANCE B)
NEAREST UFSTREAM IS TURBANCE

ngﬁ' o

N

7% 1IN Aes

NEAREST DOWNSTREAM DISTURBANCE _22 ° AWV D)
CALCULATOR 7 2. r7C< SCHEMATIC OF SAMPLING LOCATION
TRAVERSE FRODUCT OF TRAVFRSF FOINT | OTATIUN
FOINT FRACTION COLIMNS 2 AND 3 FROM QUISIOE OF MIPPLY
NUMBER OF STACK 1.0 STACK 1D, (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5}
l o.¢c2l | /9.0 O Y 0.5
z 0. CEl | .3 13 |
3 G i F | 2.3 2.3 _
9 Q. 1T | 2.5 3
S <. 9SC | ¢.9 4.9
& 0. 35 | 2.0 1.0
7 Gy | (2 (9 1.4
B C. 7S¢ I 9.7 4. 1
|1 ¢-F23 {io -1 A
[c C. FFA /7.3 1.3 N
4 0. 733 /33 L3
{2 0.} N j4., -

PACIFIC ENVIRONMENTAL SERAVICES. INC
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PRELIMIMARY VELOCITY TRAVERSE

; . g
Plant: (o [ACKAvIACG
Date: 5l
Location: 3Seaw2c<  /sved [

Stack 1.D.: _ /35/5 -/

Barometric Pressure, in. Hg: 299. 80
Stack Gauge Pressure, in. Hy0: - 3,70
Operators: 7771 7 A

Pitot Tube 1.D. Number: <=

Temgerature Peadout I.D.: gme é#n (P
Plitot Tube Leak Check: ¢

Ps T30 o

Sampling g o 'X'

Location

E!
(g

|

Schematic of Traverse Point Layout

Stack

Traverse| Velocity | Stack | Cyclonic Traverse| Velocity Cyclonic
Point |[Head (Apg){ Temp. |Flow Check Point |Head (Apg)| Temp. |Flow Check
Number | in. H30 [(Tg),°F|° from Hull Number | in. H50 |(Tg),°F}° from Null

-/ (o0 %2 A 7 077 5
2 oo 5.2 2 G5 Fel

3 O 3 5 | 3 C 6 73
7 st [ S y OS7 77
S e N T 5 (3 a)
( ¢ S3 T (c 52 22
7 |ow! 30 - O s | 7
¢ | 0= T < o2 |27
< ki vals ‘3 O % 217
/0 O (03 79 0 | ¢ 8BS 77

/7 Lot 77 y oG ( 2¢e
/2 Q-Co’) 77 /2 7o 77

< g°
; C=3 R
)\ve__r-age Averagn

PACIFIC ENVIRONMFNTAL SERVICES, ING.




' S »EET W
e [T il
‘ (s}
l NOMOGRAFH DATA
; Plant: CoJsSOL (DATED ENGRAVERS . Date: S5-/9-§& 7
' Sampling Location: Scrubncw INLET
' Qre /00§ Phs 29.y2
Calibrated Pressure Differential Across Alig I g4
Average Meter Temperature (ambient + 20°F), T 10
°F avg /
' Percent Moisture in Gas Stream by Volume Byo pn s
' Barometric Pressure at Meter, in. Hg. |2 J9.8)
' Static Pressure in Stack, in. Hg. Pg 2% 16
' (Pp + 0.073 x stack gauge pressure in in. H,0) !
Ratio of Static Pressure to Meter Pressure P
° $/p 0.9f
- L
Ave Stack T ture, °F T,
. verage ack Temperature, savg 79 i
' Average Velocity Head, in. H40 APavq A
| 8 0.4 |
i Maximum Velocity Head, in. H40 Pmax 1
i C Factor l.13
' : Calculated Nozzle Diameter, in. 0.21%
Actual Nozzle Diameter, in. 0,23
l Reference Ap, in. H30 D'SO
C-4
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SAMPLE RECOVERY DATA
' plant: _ (ool doled. Sworavers
Date: 6:/“18"] O
w Sampling Location: fY).(,'_ 2 limninAleg - ol
Sample Type: Mo held M 123
l Run Number: T'—| {113 (>
Sample Box Number: _ S Mg oy th 7.
' Clean-up Man: _lh»UL[‘Qﬂ
i‘) ! '.
Job Number:
' Comments:
' FRONT HALF
‘ Filter Number:
' Description of Filter:
MOISTURE
& | d 2 .3
Impingers
' Final Volume: 135 g yd. 5No.5 94 pi 5500.9 % A
J A
Initial Volume: ﬂtg_w{’:r 578.( c’; ot 554.9 = j =4
' Net Volume: YN ml 1.+ < ml 1.9 ml
Total Ho0: !
' ' Silica Gel
Final Volume: goxr.4 g 9 9
' Infitial Volume 74,7 g g
' Net Volume 271 g g
l Total Moisture: fh! ol O Gl
Description of Impinger Catch:
'— - C~6

PACIFIC ENVIRONMENTAL SERVICES, INC.




NOMOGRAPH DATA

-

Plant: _CONSOL I DATED EVCLENVERS Date: S-13% -k 7)

Sampling Location: Zyu) d-2 Dernisiud oJeeT

o~

27.4% "/

Calibrated Pressure Differential Across AHg ]
Orifice, in. H,0 1§ ,7(
Average Meter Temperature (ambient + 20°F), T h
op avg 100
_______________________________ -
Barometric Pressure at Meter, in. Hg. | b | o
oLl Tressure at Meter, in. W M m 29,.¢ 3
Static Pressure in Stack, in. Hg. R
(Pp + 0.073 x stack gauge pressure in in. H30) ® 3‘],2}’
Ratio of Static Pressure to Meter Pressure | l;s- -------------------
/e d.g¥e
Average Stack Temperature, °f | . ; --------------------
‘ Savg sv
Average Velocity Head, in. H,0 Apavg --d 55 i
Maximum Velocity Head, in. H,0 T -."-;; -------------------
------------- e < e max
C Factor ‘"----/_; ------------
------------------------- L) U
Calculated Nozzle piameter, tn. | 5 )3; )
Actual Nozzle Diameter, in. | T
% ameter, . 0.23)
Reference Ap, in, Ho0 B
0.5d
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SAMPLE RECOVERY DATA

Plant; L\.-\\' Avnaivat iy Lnbe w2

Date: 12~ vovis v

Sampling Location: V.., Chiconnibied i ey

A
Sample Type: _yii (. Wiy DY

Run Number: P L I YA

)
Sample Box Number: oA Voo Noaodgey, 0

Clean-up Man: | ,mewl_'.l/f"._ﬂ.fruﬂ

Job Number:

Comments:

FRONT HALF“-.

Filter Number:

Description of Filter:

MOISTURE

Impingers

Final Volume: e

]
] L
Initial Volume: [.1.) ' . ‘m, L
Net Volume: I3.77 o}

\

J
(4N
()
Total H50:

ml

Ml
mi-

]
[ 1

Silica Gel
Final Volume: T AN

g

Initial Volume _ (2 .\

g

Net Volume 2RO

Description of Impinger Catch:

g9
Total Moisture: '{L_él( col STRIIIY (Q“‘.a
t/

c-10
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axe
LIS ]
NOMOGRAFH DATA
: Plant: ConSOL(DATED GN&RAVERS Date: _5 -t~ &7
1-3
Sampling Location: _pu ST &1 o ind ATOL vLeT
' £~ 25.6/ "H}
Calibrated Pressure Differential Across AHg 3‘7’
' Orifice, in. H30 I
Average Meter Temperature (ambient + 20°F), T 100
of avg (&)
l Percent Moisture in Gas Stream by Volume Buo >
' Barometric Pressure at Meter, in. Hg. P 29.7%
Static Pressure in Stack, in. Hg. Pg . 5 3‘-/
l (Pp + 0.073 x stack gauge pressure in in. H30) 29.
Ratio of Static Pressure to Meter Pressure Pg
/ 0.95¢
Pm
' Average Stack Temperature, °F Tg
. avg 50
' Average Velocity Head, in. H,0 8Payg 0.85
Maximum Velocity Head, in. H90 Apnax
l C Factor l.10 i
' Calculated Nozzle Diameter, in. :
Actual Nozzle Diameter, in. 0.2y |
' Reference Ap, in. H30 0.$
l !
' C-11
PACIFIC ENVIRONMENTAL SERVICES, INC.
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SAMPLE RBCOVERY DATA

Plant: C,(, W iy e ng. 20 s

T e e e LY.~ ]
l"_‘_‘—‘—' ) - M e T i

Date: _ )4 Wpy 11961

Sampling Location: AWNen Clreanic ¢ - gy
Sample Type: e ey D133
Run Number: i - ) HE

Sample Box Number: ° ~.., e Pagy B2

Clean-up Man:

Job Number:

Comments;

FRONT HALF
—_— T

Filter Number:

Description of Filter:

MOISTURE
"y 4, a2
Impingers N B "
Final volume:  (,30.9 qQ W ~q3.2 ((\ ‘/iﬁ_l hOSY VN | Lu‘j )ﬂ.
hM ) L4 R
Initial Volume: (12.¢ Qo b -8 SN L\ u)' /,Hl\ 55, \s 9“\
\J L]
Net Volume: 5.1 e ot (. \,& Lo 23 ml
v,
Total Hzo:
Silica Gel
Final Volume: S g 9
Initial Volume 182,17 g J
Net Volume A0S g )
Total Moisture: 1 { w(- UL S"iOOO

Description of Impinger Catch:

C~14
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NOMOGRAFH DATA

Plant: ¢onsSdL (DN = 5 Date: S -r2-&7
' Sampling Location: ey rest DI T
_ Calibrated Pressure Differential Across AHq
. Orifice, in. H,0 I €4

Average Meter Temperature (ambient + 20°F), Tm

op ) avg /'0
' Percent Moisture in Gas Stream by Volume Byo >
' Barometric Pressure at Meter, in. Hg. Pn a9, -:;7
- Static Pressure in Stack, in. Hg. Pg
' (Pp + 0.073 x stack gauge pressure in in. H50) 29,00

Ratio of Static Pressure to Meter Pressure Pg

/Pm oc k| "é
' Average Stack Temperature, °F Te
avg 50

' Average Velocity Head, in. HL0 Apavg 0.56

Maximum Velocity Head, in. H50 Bpnax
. C Factor [ (3
' Calculated Nozzle Diameter, in.

' Actual Nozzle Diameter, in. .15
Reference Ap, in. H50 /07
‘

C-15
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

C-12-§ 7

Plant: (quwsSoL;oaTED EN & AVETZ S Sample date:
Sample location: PEO"NsTEw Recovery date: $-/2-§7

g%Ee; —7 -
Run number: @LS=/} JPS-| Recovered by: CMMW

RECOVERY SAMPLE
cyclone particulate Liquid level
container no. marked

Cyclone and nozzle rinse Liquid level

container no.

marked

nozzle (and inlet chamber)

container no. thﬂEfl IPS -~/ marked v

acetone blank

container no.

Liquid level

Liquid level
marked

Samples stored and locked

FILTERS

stage Filter No Container No Container Sealed Comments
0 P-14 P19 -
Es -l P-(G v
27 F-17 pP-=t7 )
=3 Bu £- 11 P— 1\ [ d
T 2 — —
5 3 = =
6 AT . -
Fs RS~ Rt

Backup § P9 s

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by

Date

Remarks

PACIFIC ENVIRONMENTAL SERVICES, IMC -
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i | T05-2
l NOMOGRAFH DATA
Plant: (O0QSOLIDNTED EUGRNMICHRS Date: _S-13-§7
' Sampling Location: Dewneseme INLET
I ) 09"‘ 7—‘i¢ S-S
Calibrated Pressure Differentlial Across AHg | &"/
" Orifice, in. Hy0 '
Average Meter Temperature (ambient + 20°F), T
°F ¢ avg ’DS
I Percent Moisture in Gas Stream by Volume Buo *
' Barometric Pressure at Meter, in. Hg. P 2% 61
Static Pressure in Stack, in. Hg. Pq - 29 2.3
' (Pp + 0.073 x stack gauge pressure in in. H0) !
Ratio of Static Pressure to Meter Pressure Pq
/¢ 0985
m
. Average Stack Temperature, °F Tg
avg 8’0
' Average Veloclty Head, in. H2° Apavg 0.5_8
Maximum Velocity Head, in. H0 Appax
I C Factor {10
' Calculated Nozzle Diameter, in. 0.2%
Actual Nozzle Diameter, in. 2,195
' Reference Ap, in. H30 \.40
Poiwor V-7

C-18
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant: CoNSOLIDATED eNG-RAUELS Sample date: _s. 2-§7
Sample location: PEMGeR  aaLe T Recovery date: s5-)2-47

. P )
Run number: IPs-2 Recovered by: (

4

RECOVERY SAMPLE
Cyclone particulate Liquid level
container no,

marked
cyclone and nozzle rinse Liquid level
Container no. marked
nozzle (and inlet chamber) Liquid level
container no. _ 1 PS -2 marked v

acetone blank Liquid level

container no. marked

Samples stored and locked

FILTERS
Stage Filter No Container No Container Sealed Comments
| P-39 P-39 d
A M P-3¢ 2-26 v
2 7 P-31 pP-37 pd
3 B P31 P-32 | v
4
5
6
7
Backup
Samples stored and locked
Remarks
LABORATORY CUSTODY
Received by Date

Remarks

C-20
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l T - ay. ]
aEE2 &8
e | e [
! T
. Tres-3
NOMOGRAPH DATA
Plant: sowsotpnTeED  ENERAVERS ~ Dater  Sodf7
l Sampling Location: MisT &L tm WA TR I e T
I Ji~29.0t
Calibrated Pressure Differential Across AHg ¥y
' Orifice, in. H50
Average Meter Temperature (ambient 4 20°F), Tm 100
op avg
. Percent Moisture in Gas Stream by Volume Buo >
' Barometric Pressure at Meter, in. Hg. Pn 9. 75
: Static Pressure in Stack, in. Hg. Pg 9_1_3‘./
' (Pp + 0.073 x stack gauge pressure in in. H0)
Ratio of Static Pressure to Meter Pressure P
atio ic r?a S/P o|qx(’
o
' Average Stack Temperature, °F Tg 0
' avg &
' : Average Velocity Head, in. Hy0 bPavq 0.5
Maximum Velocity Head, in. H0 OPpax
. C Factor I.10
‘ Calculated Nozzle Diameter, in.
Actual Nozzle Diameter, in. o.19S
| Reference 4p, in. H30 1.10
l 21
PACIFIC ENVIRONMENTAL SERVICES, INC.
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant:

CONSOLLDATED

ENGRM/ENS Sample date:

Sample location: pem(¢ T2 JMLET  Recovery date:

Run number:

LPS-3

cyclone particulate
container no.

-~

RECOVERY SAMPLE
Liquid level
marked

cyclone and nozzle rinse

container no.

A 35 =3
L-14—§7
C-cy-&7

Recovered by: ;:;;%22524f14k52=:;h.

Liquid level
marked

nozzle (and inlet chamber)
245 -3

container no.

Liquid level
marked

acetone blank

container no.

Liquid level

marked
Samples stored and locked
FILTERS
Stage  Filter No Container No Container Sealed Comments
A P-53 P-s3 4
4y P-da P-y2 d
2 7 P-43 L-3 i
3 Bu P-Si -5 | v
4 2
5 3
& L
7 5
Backup 8
Samples stored and locked e
Remarks

Received by

LABORATORY CUSTODY
Date

Rematks

C-24
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. £ nl.:.l:)
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS
PLANY _(CoN. NG EAYINCA .
DATE S5
SAMPLING LOCATION __SCRORRFR CHOTCETY
INSIDE OF FAR WALL TO ,
OUTSIDE OF MIPPLE, (DISTANCE A ____ QL S/8 */
INSIDE OF NEAR WALL 70O
OUTSIDE OF MIPPLE, (DISTANCE B) —
STACK 1.0., (DISTANCE A - OISTANCE B8) /95 /% *~
REAREST UPSTREAM DISTURBANCE 3 (2.8 )
NEAREST DOWNS DISTURBANCE __ 21" .
CALCULATOR W 1Yid/4 SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PROOUCT OF TRAVERSE F'OINT LLOCATIUN
POINT FRACTION COLUMNS 2 AND 3 FROM QUTSIDE OF NIPPLE,
NUMBER OF STACK 1.D. STACK 1.D. {TO MEAREST 1/2 INCH) DISTANCE B (SUMOF COLUMNS 4 & 5)
( 0,02/ /7.6 0.y 0 0.50
2 0047 1.3 [:30
3 INIRY D 2.3
54 0017 3.3 3.9
S 0 1 :S‘O q. r' q‘ q
(o 0,350 7.0 2.0
7 O 2.6 12,4
s 0,150 M D 1M 7
7 0§23 .| (o |
4 0,9%3 ' E f (5.3
| /2 0.4979 ) 9.2 0
C-25
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. . —— pNnzY @2
_ LIS '_\
l PRELIMINARY VELOCITY TRAVERSE
Plant: Cat (AR NG
Date: 3S=//-57) *
Location: SCEvROEL CORE]
Stack I.D.: (9628 "
' parcmetric Pressure, in. Hg: 29,50 Sampl.inq,o
Stack Gauge Pressure, in. Hj0: ~ 0,29 Location
Operators: /., » ,t' A0,
I Pitot Tube I1.D. Number: S~ *
Temperature Peadout I.D.: oMEEAN eSo .
pitot Tube Leak Check: ok Schematic of Traverse Point layout
l A * ~o.33 “ Ao
Traverse| Velocity | Stack Cyclonic Traverse| Velocity | Stack Cyclonic
Point |Head (Apg)| Temp. |Flow Check Point |Head (apg)| Temp. |Flow Check
l Number | in. H50 (Tg),°F|° from Null Number | in. H50 |(Tg),°F|° from Null
/ 43 A / bk | ST
cef )
l 2 093 o 2 — -f-g
O es
3 X4 TO 3 e ¥
i . [45/£
¢ ow2 |gd ¥ DA 31
(’ ‘1‘3
) o O S L -L O
l _ [+ '79_
G oY? 27 G SO
' ? o |7 7 0.6 77
5 - 5 € ¢ 79
' 9 0.33 %) 7 o7 ¥O
' /0 O-¥S 79 /o oAk ¥
7/ OTS 77 [/ o=t 25
l /2 O Feo 77 /2 05\ 2%
o o
l < b < o
C-26 )
l Average Average
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NOMOGRAPH DATA 6 I
Plant: (oM SOLIDATED &V & RAVELS Date: G- /D-£7
Sampling Location: $CRlRUBACI ourrer
me -y 3943

Calibrated Pressure Differential Across AHg 1.S1
Orifice, in. H50

Average Meter 'rem;;ature (ambient + 20°F), i Tm )

op avg 110
Percent Motsture in Gas Scream by Yorems e | 2
Sarmeric raseure st weier, (1o, | he | e
-;tatic Pressure in Stack, in. Hg. ----;;- i

(Pp + 0.073 x stack gauge pressure in in. Hy0) 29.40
Ratio of Static Pressure to Meter Pressure PS/Pm 0;9‘7 g
-Average Sta-u;k Temperature, °F ) Tsavg N _--“;;--“
Average Velocity Head, in. H90 ) 8Pavg 0.¢8
-Haximum Velocity Head, 1n.-l;20 o 8Pmax ) 0.§¢
-(.'.‘-—I-‘act.or T J.93
Calculated Nozzle Diameter, in. i 0,230 ]
Actual Nozzle Diameter, :ln: T 0.)3¢
Reference ;p, in. Hza 0.6*
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SAMPLE RECOVERY DATA

Plant: _ﬁmmmww

Date: 5'///,/,?7 '
Sampling Location: _(Xof (ot - ryisst 1A o)

Sample Type: Mpclefien HIA AR

Run Number: ()-/ HHI’)P)

Sample Box Number: /[

Clean-up Man: {Mgfb{/ﬁ%

Job Number:

Comnments:

FRONT HALF

Filter Number:

Description of Filter:

MOISTURE

Impingers _
Final Volume: L\ q ml 5%€.3

Initial Volume: _S590., cglgf 5714 _J%= j 8 _532,_1_8_){

ml SXS'QE nl

Description of Impinger Catch:

Net Volume: .3 mnl [ (. H ml 2.9 nl
Total H50:

Silica Gel
Final volume: _ / 89.1 g g
Initial Volume Tl .l
Net Volume N5 g g g
Total Moisture: of l ./;

++ | + 7 ®

Cl

PACIFIC ENVIRONMENTAL SERVICES, INC.




NOMOGRAPH DATA

Plant: _ (OSSO (DATED LNV G-@/ERS pate: _ S-13-F7

Sampling Location: f[Z.UAJ 0-2 D s 7EsL OUTLET

Calibrated Pressure Differential Across AHg
Orifice, in. Ho0

Average Meter Temperature (ambient + 20°F), T,

-

T i . o P b ks

—— it | e ————

Static Pressure in Stack, in. Hg. Pq 29 L/ﬁv
(Pp + 0.073 x stack gauge pressure in in. H,0) )

Average Stack Temperature, °F Tg

Average Velocity Head, in., H,0

Maximum Velocity Head, in. H50 Apnax

C Factor

090
Calculated Nozzle Diameter, in.

a 0.2Y6b
0.23(

0.6S0

Reference 4p, in. H50

C-31
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SAMPLE RECOVERY DATA

Plant: ! ONSRIADNTES gﬁhmgg’;
Date: _<\\1\21

Sampling Location: M\ST ELim,wATOW O OTLET
Sample Type: _ WMopiety MDD
Run Number: W O~

Sample Box Number: “Onoapi€ Poox %A
Clean~up Man: M_,[FM

Job Number:

Comments:

FRONT HALP

‘-

Filter Number:

Description of Filter:

l MOISTURE
Impingers * *2 "3
! gx:z.l Volume: [I=RA (:\J )‘l oz\n.7 % y-l ‘ ',’E’_—m.?.. ga‘ .58
Initial Volume: §90.9 o M, _5_%0.]_.% w524 ?554.4.111
l Net Volume: 29. 9 % "l Y. ( 8 s ~33. 3 y i
Total Hp0:

i I Silica Gel

Final Volume: T=BR8\\ g g
' Initial Volume _ 73§.L g 9
- Net Volume :2@_5_ g g

g
Total Moisture: tlal ot datn () |9

Description of Impinger Catch:

r \;. :

C-34
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D B EE

NOMOGRAPH DATA

Plant: COMSOLIDATED EJeenvees

Sampling Location: M misT e m in) ATO R

Calibrated Pressure Differential Across

°F

Average Meter Temperature (ambient + 20°F),

Percent Moisture in Gas Stream

by Volume

Barometric Pressure at Meter, in. Hg.

Static Pressure in Stack, in. Hg.
(Pp + 0.073 x stack gauge pressure in in. H20)

Ratio of Static Pressure to Meter Pressure

Average Stack Temperature, °F

Average Velocity Head, in. Hy0

Maximum Velocity Head, in. Hy0

C Factor

Calculated Nozzle Diameter, in,

Actual Nozzle Diameter, in.

Reference 4p, in. Hp0

Date: S-/q4-§7
OUTLET g-3
PL : e ) l}a
AHg 1.51
Tmavg M’U(
-+~ .
Buo >
P 2% 1
-.3%
Pg =3 249.5%
S 0.94§
m
™8 avg Fo
8Pavg
8Pmax 0.56
0.90
0,236
0.6<
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e me e emmem RO ©
' - sl ]
' SAMPLE RECOVERY DATA
Plant: Qouf;u.‘ (€ 3 ]
‘ Date: |A (AW \GET .
‘ Sampling Location: O o €L unionT R, DLW (A
. Sample Type: __ M DL nu %
l Run Number: O- \\\i\\\":B
'_ ‘ Sample Box Number: ZaNADLE VDR WA
. Clean-up Man:
Job Number:
I Comments:
u FRONT HALF
Filter Number:
l Description of Filter:
MOISTURE
At At
| Impingers *\ vz j ! ’.>
ks Final Volume: (0101 W _sdu.a g > 5859 nl
L Y
‘ Initial Volume: 13,1\ % . 514,72 v, 5923.\ o ™
‘k (]
Net Volume: 17.(¢ . 4 10 .C\% 3 3.8 o 4
(w) _ \J
Tota.l. Hzo:
l Silica Gel .
Final Volume: 146 4 q g 9
‘ Initial Volume 720, 9 9 9
Net Volume 251 | g 9
: I Total Moisture: {akl wl- g S%0
_ pescription of Impinger Catch:
‘ Cc-38
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Ges-1

NOMOGRAPH DATA

Plant: __ COASOE 1D ATED G- AP S Date: S-12~¢1
Sampling Location: D rew, oUurLe f_

Calibrated Pressure Differential Across AHg

Orifice, in. Hy0 Y

Average Meter Temperature (ambient + 20°F), Tn

op avyg 110

Percent Moisture in Gas Stream by Volume Byo

Barometric Pressure at Meter, in. Hg. Pn

29. $Y

Static Pressure in Stack, in. Hg. Pg "
(Py + 0.073 x stack gauge pressure in in. H50) 9. V0

Ratio of Static Pressure to Meter Pressure P

Average Stack Temperature, °F T,

Average Velocity Head, in. Hy0

Maximum Velocity Head, in. Ho0

C Factor

0493

Calculated Nozzle Diameter, in.

Actual__Nozz].e Diameter, in. 0.19 S’

Reference Ap, in. H0

Poivr A-t0

‘2" 7.3"
c-39-

i
]
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

N e e Niirj €
g L2 30

0.5 ¢ . _ "

0.15¢ dimeacioe ¥ |

0.1

Plant: codsoripaicp EMNERAVERS __ Sample date: _§5-(2-&7
OUTE] ) -

Sample location: $CRUBBER @u F_ Recovery date: S-(2:47

Run number: ((PS —| Recovered by,;/‘_ y elpits

RECOVERY SAMPLE

cyclone particulate Liquid level
container no. marked

cyclone and nozzle rinse Liquid level
container no. marked

" nozzle (a.nd' inlet chamber) Liquid level

container no. oes=| marked /
acetone blank Liquid level
container no. marked

Samples stored and locked

FILTERS
Filter No Container No Container Sealed Comments
e ! 715 £-13 v
X Y £-1 P~ o
2 7 -5 pP-§ v,
3 By £ P~ v/
4 2 \F-b , Nt/
6 ( K7/ FXH
7 S A\3 8
Backup 8 /P—-K\ / P-2\
Samples stored and locked
Remarks
' LABORATORY CUSTODY
Received by Date
Remarks '

Cc-41
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IR ¥ - F
BES —
NOMOGRAPH DATA
Plant: COWSYL IDA TS erAVLDS Date: Sr73-47
Sampling Location: Pevvesreld  OUTRLET™ J0% T
P‘, " 29.33
Calibrated Pressure Differential Across ABg 1.5/
Orifice, in. Hp0 '
Average Meter Temperature (ambient + 20°F), Tm
°F avg [tO
Percent Moisture in Gas Stream by Volume Buo e
Barometric Pressure at Meter, in. Hg. Pp 296
Statie Pressure ip -Stack, in. Hg. Pg kgl 39.50
(Pp + 0.073 x stack gauge pressure in in. H,0) '
Ratio of Static Pressure to Meter Pressure P -~
*/p 0.4945
m
Average Stack Temperature, °p T, 6;'0
avg
Average Velocity Head, in, Hy0 * APavg 0.59
Maximum Velocity Head, in. H20 8Pnax
C Factor 0.90
Calculated Nozzle Diameter, in. 0. 2D
Actual Nozzle Diameter, in. 0.195
Reference 4p, in, H20 1.27
A-G
]
7.0
C-42
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Impacrae T/

ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant: (00 SOL(DATED ENGRAVERS Sample date: S5-13-§7
Sample location: Dermigiril  OWTLET Recovery date: S-13-47

Run number: OpPS—- Recovered by: .ﬁéé edirirar

RECOVERY SAMPLE

cyclone particulate Liquid level
container no. marked

cyclone and nozzle rinse Liquid level
container no. marked

nozzle (and inlet chamber) Liquid level

container no. ogs - 3~ marked /
acetone blank Liquid level
container no. marked

Samples stored and locked

FILTERS
Staqge Filter No Container No Container Sealed Commen
o ! P-3¢ 2 F-354 v
T -3y p-34 4
Z 7 £-33 £33 v,
3 &y P-4 - 4
A4 2 —
5 3 —
6 b —
7 S —
Baskup ¢ —
Samples stored and locked
Remarks
LABORATORY CUSTODY
Received by Date
Remarké

C-44
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AW v anln
a8
OFPS -3
NOMOGRAPH DATA
Plant: CONSOL D ATEY ENGRMrERS Date: _S- ¢y—~f 7
Sampling Location: Ms7™ €rim ) -T2 2, ourter
Calibrated Pressure Differential Across AHg 1<)
Orifice, in, H50
Average Meter Temperature (ambient + 20°F), Tm
op avg (os
Percent Moisture in Gas Stream by Volume Buo x
Barometric Pressure at Meter, in. Hg. Py S5
Static Pressure in Stack, in. Hg. Pqy _
(P + 0.073 x stack 9auge pressure in in. H,0) 2954
Ratio of Static Pressure to Meter Pressure P, _
: */p 0:.94¢
]
Average Stack Temperature, op Tg
avg §0
Average Velocity Head, in. Hy0 8Pavqg .55
Maximum Veloci ty Head, in. Hy0 8ppax
C Factor 0.90
Calculated Nozzle Diameter, in,
Actual Nozzle Diameter, in, o.(4¢
Reference Ap, in. H,0 ‘ /i3S

C-45
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

plant: COUSOL(PATED : sample date: g- e =£7
OUTLE
s--4 7

Sample location: PemMi : Recove;z/gg.e:
Run number: _LZPS-nB _ Recovered by: € 220" g
=

RECOVERY SAMPLE

~ cyclone particulate Liquid level
container no. marked —_—
cyclone and nozzle rinse Liquid level
container no. marked
nozzle (and inlet chamber) Liquid levei
container no. oPS-3 marked __
acetone blank Liquid level
container no. - marked

Samples stored and locked

FILTERS

Staqge Filter No Container NO ntainer 1ed Comments
p-29 p-2.5

p-22 p-22
P-23 p-25

u p-21 P- 1 —

NS ANA

RAASNAS
cWwp® 5~

765 —_ —
Backup ¥
Samples stored and locked

Remarks

LABORATORY CUSTODY
Received by : Date
Remarks ‘

Cc-48
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SAMPLE CHAIN OF CUSTODY

Plant;: _Qma.sdmﬁn—zb ENrAen Y Test Number: M-, n(;t
Date Sampled: s/,5/p7 J Run Number: T™—) MM (3p,
SAMPLE RECQVERY "
Container Code Description
LJJJ-_-M-I HMM30 Np,_zle_ Dmnf I ATALN A NTY nn//) JU A H auA Umrud-mn
LA/LB\LPﬁlf LIANSLS o
Person Engaged in Sample Recovery
Signature-(_d, luJ ((/u Ly
Title: Siy (\LL\. DLl
Location at which Recovery was DQHE'_GE/FMj“tF
Date and Time of Recovery: 3},21\(7 - U1SCr
Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Tiltl.e:
Date and Time of Receipt:
Sample Storage:
Laboratory Person Receiving Sample
Signature: g(o_m_\?b\ 4—0-2_9_.___
Title: —&“:ﬂ&-_ﬁm_ha_mﬁ_.
Date and Time of Receipt: Shales
Sample Storage: W clbe e R.I_-hé'ﬁmr-
ANALYSIS
Date and Time
Eggsglggg_gggg Method of Analysis of Analysis Signature of Analyst

C-49
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SAMPLE CHAIN OF CUsSTODY

Plant: Lmﬁshdnh/{ f"v\c‘.r/luﬂ",. Test Number: Me - padet
Date Sampled: 5],1_!Q’l v Run Number: (-] M B0
SAMPLE RECOVER!'

‘Container Code Description
ounel el HMMIE (Havard [N cly BT AN |mpsnf.)(ir‘ (ATCHE VNS .

(‘D“Whnf} _lj\(-\“.Su'-Hit’ st

pPerson Engaged in Sample Recovery

Signature€ . !l LA 4 ( TR

. < '
Title: 5o\l L‘.\LJ"J WG\
[¥]

Location at which Recovery was Done: (e D\CLM-\' —
L]

pate and Time of Recovery: _’3_|r|?,!C!'3 JLCC

sample(s) Recipient Upon Recovery i{f Not Recovery Person

Signature:

Ti.tle :

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving S le

signature: i M

Title: ,Sv_wg‘ Loar thgd{n Ao
Date and Time of Receipt: $1ia ) 8F
Sample Storage: W oldecn MJA_,;a&.@
ANALYSIS '
Date and Time
Container Code Method of Analysis of Analysis signature of Analyst

Cc-50
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ANALYSIS

Container Code

SAMPLE CHAIN OF CUSTODY

Plant: _CC\\’I solaAdaka & %145

Test Number: Mi=- \n|chg o Mot

Date Sampled: 5|,2]¢7 Run Number: T ¢ () -]

SAMPLE RECOVERY

Containeyr Code

QUMM GH Aadk
-RLI. Y & ‘

Descrigtiori
C.on NAaOH Sotuben siseed ﬁ\r

CIETASTEI T s ZA N WY, ‘--'u‘[)

Person Engaged in Sample Recovery

Signature llt {5, ﬁJ.L((JU(' ys
Title: &LU (3 s r\f}i
Location at which Recbvery was Done: dm\f

Date and Time of Recovery: 5/1?.]@7 15

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

Date and Time of Receipt:
Sample Storage:

Laboratory Person Receiving Sample
Signature: /)(3
Title:

‘mu\“ ?ﬂ+l‘p11‘1_‘ -
C‘A-‘:F y ¥ C_.,. “‘:'\ L.Jl [4 W g

Date ard Time of Receipt: -5-/1"1_/9?’

Sample Storage: /LUD_'-& A Eg,e gd,’“ gj})’) .

Date and Time
of Analysis

v

Method of Analysis Signature of Analyst

1
'
[
i
L
[
5
I
L
1
\
L
1
|
1
1
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SAMPLE CHAIN OF CUSTODY

Plant: Ccm:r)hrtnl-r({ NG [AIAS Test Number: MM aA -]
pate Sampled: 5!|‘7_\ 31 Run Number: \
SAMPLE RECOVERY '

Container Code Description

fn\nh .\a&.dmm Wl 8 4
('mm.&ﬂ‘ S U

L

person Engaged in Sample Recovery

Signature: 4,_c£ﬁ Eﬂé B‘--z:e)\
Title: _ STAEF Eoratnigs @ - Teel [\ ;Qm\:'mm':m

Location at which Recovery vwas pone: R\cting ~ant ¥l
Date and Time of Recovery: 12 M%JQ%W 1920 Do

Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample
Signature: __ OZZ ﬁ#. Egkgﬂ Qa .
Title: w
< o

pate and Time of Receipt: S ‘t‘l_Lul :
Sample Storage: \ 1) g&&g f_agﬁlg, gg Qkﬁﬁ -
ANALYSIS
Date and Time
Container Code Method of Analysais of Analysis Signature of Analyst
Cc-52
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SAMPLE CHAIN OF CUSTODY

i
b

Plant: 3( onsoladated $ %cﬂmgs Test Number: MpM(3-[%
Date Sampled: 3,7_3?7

Run Number: |

SAMPLE RECOVERY

Container Cade ‘ Description
"thrm Soliehel hank A
(' ;m'f\dxn Lo

Person Engaged in Sample Recovery

Signature: i ... -
Title: T4 EE Coavtmacel? =220 L sanss 3
Location at which Recovery was Done: v,/ P

Date and Time of Recovery: /2 #)z, /997 A /2 3D
[y
Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:

Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample

Signature: 5£ AnhAA ?A'\‘LQQL

Title: —Skﬁ.—_‘zﬁ.@&%—
Date and Time of Receipt: »-57 19/ £

OO S
Sample Storage: W ‘&4@ ﬁq_’uﬁwﬂ L\/
ANALYSIS

Date and Time

Container Code Method of Analysis of Analysis Signature of Analyst

C-53
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SAMPLE CHAIN OF CusTODY

Plant: meo L OATeD EneRAVESS Test Number: Pacticle ‘3%_16-“-’1_———

Date Sampled: _|Z YWy \G ) Run Number: 2 1
)
SAMPLE RECOVERY
Container Code Descrigtion

V&gﬁi.‘“\g e AN, Y

N pmpoesXe Toee

Person Engaged in Sample Recovery

Signature: /
Title: YAFL (':A{-/’ - 20 (anea Miards ¥

Location at which Recovery was Done:
pate and Time of Recovery: [ 2 My 1431 - MEEIS!
J
sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Ti‘tle :

pate and Time of Receipt:

Sample Storage:

Laboratory Person

Receiving Sample
Signature: AANNA Y 2O

Title: Mb

Date and Time of Receipt: Shale

Sample Storage: \MW
‘ANALYSIS

pate and Time
Container Code Method of Analysis of Analysis Signature of Analyst

C-54
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SAMPLE CHAIN OF CUSTODY

pEs

Plant: !fm&"es WDAaTEN Egg“mgb Test Number: M-\.Lu SA;u; =N

Date Sampled: )2 /v Run Number: & 1

SAMPLE RECOVERY

Container Code Descri ption

m AL O\ TN W 7

b,\v\bo ST E 5‘\.‘\*\9(,:

Person Engaged in Sample Recovery
Signature; ¥ "4

Title: ZXAFE Cniunlitih’ = e L innes Vo oXs B0

Location at which Recovery was Done: ﬁ‘dlgﬁ Tank *2
Date and Time of Recovery: /) /%) q /493 [7.30

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:

T.'_i.tle:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample

Signature: % ?0'\ PQDO\

Title: Q(\M

Date and Time of Receipt: Slia | g9

T 1]
Sample Storage: W a AR aan Mmu\ruk_‘n_w
> d
ANALYSIS
Date and Time

Container Code Method of Analysis of Analysis Signature of Analyst
M
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SAMPLE CHAIN OF CUSTODY

Plant: ONSg i 0a)

Date Sampled: % Yay 431
SAMPLE RECOVERY
Container Code
m

Test Number:j.; mﬁﬁ&-l&¥gﬂ¢_k 5.5‘2_
Run Number: Yo.- ($2

Description

M -

Person Engaged in Sample Recovery
Signature:

Title: im_&agw\. = Xeel (v A MY

Location at which Recovery was Done: \.Am;m (’Lu\*u('Q YonY
Date and Time of Recovery: A2Maoy Y31 (R 30

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

Date and Time of Recejipt:

Sample Storage;

Laboratory Person Receivin Sampl
stomce: __olapnn Cotell,

Ti tle: Ca

Date and Time of Receipt: RUNLTN Y,

Sample Storage: \Alg n
ANALYSIS

Date and Time

Container Code ‘Method of Analysis of Analysis

Signature of Analyst

C=56
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SAMPLE CHAIN OF CUSTODY

prant: (nisclidalid € vianere Test Number: _H.Mﬁﬁ_(,&ﬂhma.bﬁ_

Date Sampled: 5|,5|F,'7 U Run Number: ] -7
¥ 't

MM28

SAMPLE RECOVERY

Container Code Description

-2 M35 _xx_lez;zjg_pmpc rinsl

LMLl caeia 2 AT 4R

ion L\ oot porud YiasL

o N Klaod

Person Engaged in Samgle Recovery

Signature: q:..l_uf.\ (QUJ—UAS

Title: kg Qtu.D (et

Location at which Recovery was Done: @ d

Date and Time of Recovery: 5!.3!3’] | S
Sample(s) Recipient Upon hecovery 1f Not Recovery Person

Signature:

Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample

Signature: fauu\.;. Ro\';&@&-

Title: goum‘e& I PN ‘\-._\__A;A

Date and Time of Receipt: Sli1]je3

Sample Storage: !MQ&“;& Q.gmzu P W
ANALYSIS '

Date and Time
Container Code Method of Analysis of Analysis

Signature of Analyst
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SAMPLE CHAIN OF CUS TODY

Test Number: MM ﬂ@___

Plant:
pate Sampled: 5!.:,];:,5 Run Number: (D=2 MM B
SAMPLE_RECOVERY '
Container Code Description
0-2 MHI36 nonlc ém_ﬁm.& |
) cH_F S5
(*rmn;é/ h(\af\é:in_,ssmaxc r105L
R O |
person Engaged in Sample Recovery
Signature: @u:ﬂ-MS
Title: C;-z_k_! (A vy ynels
Location at which Recoveryuwas Done: [a.u}

pate and Time of Recovery: 5‘.5‘.!-}’7 1 =20
] t

Sample(s) Recipient Upon Recovery 1f Not Recovery Person
Signature:
Title:
Déte and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample

signature: ffw /ao'\-dﬂb-'
Title: g =SQQ=Fg“ Q‘h&w

pDate and Time of Receipt: Slialed

Sample Storage: SQE&L—& gae“% -LL.A-_S\_.

ANALYSI1S

Date and Time

Container Code Method of Analysis of Analysis Signature of Analyst

C-58
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Sample Storage: mgjg,& Eg!g”lg“ém/
ANALYSIS

SAMPLE CHAIN OF CUSTODY

Plant: ‘ mmh'da hd f'ﬂﬁﬂlitms Test Number: MHF-?,B-
Date Sampled: 5!|5!g7 Run Number: T -2 ¢ 0-2 MMIZA

SAMPLE RECOVERY

Container Code Description
F::=3)
2:02 M QAN NaoH Pladutb

Person Engaged in § ple Recovery

Signature <

Title: C—Qﬁh \ ./'\\(/l

Location at which Recovery was Done: a.-uc"

Date and Time of Recovery: _Jl%’&"f 100
Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:

Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receivi (P Sample

o Rokedle

Signature:
Title: .q.-u_.?i,‘ Caun "'l'\r‘l(.lf\»\..:
Date and Time of Receipt: Sal83

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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Sample Storage: unﬁ.ku- &44“ ge zaa
ANALYSIS

08

o3

SAMPLE CHAIN OF CUSTODY

Plant: _p_qummsa&m Test Number: M

Date Sampled: /3 /wAY ﬁB? Run Number:
SAHPLE RECOVERY

Container Code Description

Sﬂﬂ \QS Nenk j“

-

Vi(= 1)

Person Engaged in Sample Recovery

Signature: ;Zzancg, ]H‘ﬂ.’(’

Title: Syiagr € nuzm(ére 2EL {Zgﬂa‘[anﬂ"a :4
Location at which Recovery was Done: %ﬂ( 2/
Date and Time of Recovery: _/3 /'J’)A.l/ /957 - 4200

Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Title:
Date and Time of Receipt:

Sample Storage:

Laboratory Person Receivi Sample
Signature: Qg ZM‘ Egigéé Cr
Title: Sgn\_,ﬁg_‘ Q,d““;,_.

Date and Time of Receipt.

Date and Time

Container Code Method of Analysis of Analysis Signature of Analyst
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. SAMPLE CHAIN OF CUSTODY

Plant: (&ﬂ!ﬁ! 1DATED € nGPavERS Test Number: _@Q{_‘M&

Date Sampled: _ZZZM‘( 1987 Run Number: Zz
SAMPLE RECOVERY

Container Code Description
Plad. Taee *2
_Q.gjg_ﬂmm

Person Engaged in Sample Recovery
Signature: Zaﬂ&,
Title: “=ayf tﬂgzmm £ -Pret (,,y_-“,,g@w
Location at which Recovery was Done: E]d,gg -gnK 27
Date and Time of Recovery: |3 MG\\Q 48 12-.¢(
Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person

Receiving Sample
Signature: EZ :l A Apcn gg'\ £ _&Q P
Title: _\S.quhg-ﬂ— Cootolian

Date and Time of Receipt: 5|\‘\\3'\

Sample Storage: Wa—z)&u‘w M%m

ANALYSIS

Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Plant; loﬂ)"guy)gh‘g :’ NEeAVE RS Test Numbenm.&‘m

Date Sampled: ;2 mpav 198 Run Number: Z
SAMPLE RECOVERY

Container Code Descrigtion
}m«g “ihion Tagse  /
{ £ [ e

Person Engaged in Sample Recovery

Signature: _Z_MLOJ Jereel

Title: Syagy E.n(izu:-‘/e -Teep Cona, AT B

Location at which Recovery was Done:hc;\mj Toal P

Date and Time of Recovery: _[2 mQ)J )97 - 17:¢0
Sample(sg) Recipient Upon Recovery if Not Recovery Person

Signature:

Title:

Date and Time of Receipt:
Sample Storage:

Laboratory Person Receiving Sample
Signature: eé Ma.u SiU\'ﬂQ,_
Title: M Cu.g'\'oal-\.&n.._,

Date and Time of Receipt: $11q )87

Sample Storage: - \U‘&Lﬁ_&:{;&%&\"}”\
ANALYSIS

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
%
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SAMPLE CHAIN OF CUSTODY

Plant: g:ﬂl:!:as": Wwated Crgeavees Taest Number: BEE‘!H £Sae Test
Date Sampled: )2 pay 194 Run Number: 7
SAMPLE RECOVERY

Container Code Description
“Pldat Solotien, Taas P 7
A )

‘ LM DoSIE, “ampPus

Person Engaged in Sample Recovery

Signature: M’\ | “:1‘76{

Title: A

oS oLTaRTS BC
Location at which Recovery was Done: Praiwiatany *2
Date and Time of Recovery: /3 MAY )57 /7¢O

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

B

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiwing S le
Signature: d ZA La TZEH;gééc

Title: §ﬂmnﬂp [,u.gbod (A,
Date and Time of Receipé: <y 3 | &%
Sample Storage: V\),,J_ kx;\ ‘IQEJ/U (o
ANALYSIS ¢d
) Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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Sample Storage: \NQJLD_%LLQW
ANALYSIS

o ] af ]
[a ¥ =] [
b:’(: L —]

SAMPLE CHAIN OF CUSTODY

Mz E Rerwe &
Plant: QMW_ Test Number-m Tesv>

Date Sampled: (3 fY)go 9&.1 Run Number:
SAMPLE RECOVERY

Container Code Description

Woenneron St WRenOa 0D TamE,
_(Gean “momes

Person Engaged in Sample Recovery
Signature: zgﬂcﬂ_.!) J Nxﬂ
Title: <5arr CviuNek 2 - Prez LowecmnTs H
Location at which Recovery was Done: A A=Y ui 7AVK_

Date and Time of Recovery: /4 mMAv /GFT7 - [ ==
Sample(s) Recipient Upon Recovery 1f Not Recovery Person

Signature;
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Rece:.ving Sam;ée
"[./ﬂ L= -

Signature: a_u“
Title: h O
Date and Time of Receipt: f//q/pﬂ

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CcUs TODY

Plant: MMU/! fnmn“us Test Number: M M,sb
Date Sampled: slglkl Run Number: _L -3 U0
SAMPLE R.BCOVERY—' '
Container Code pDescription
-3 MM1>6 piozzle r1ask QIR r.ns& LNQINGA o e rvm&;

tﬁﬂn(rl’ A ASSAL(M_Q (lnsi O -0 Q H
/

person Engaged in S ple Recovery
Ssignature: 2 (‘(L}ULD
Title: M (‘H‘u\dﬂlﬂ
Location at which Recovery was Done: (& 'Dln_,d

Date and Time of Recovery: =3|.4|£1 1 3D

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

pate and Time of Receipt:

Sample Storage:

Laboratory Person Recelying Sm’éb
Signature: ‘\'de

Title: SQM& Cu-dkpa‘-‘.—cw

pate and Time of Receipt: 5119/8%
Sample Storage: W ﬂk& M(\M 2 o
ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis wﬁ___mx_ﬁ
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SAMPLE CHAIN OF CUSTODY
Plant; ) T Test Number: (4112 -[3
Date Sampled: 5)iy/e Run Number: (-2 M1
SAMPLE RECOVERY L
Container Code Description
Q-3 MH 126 Aozzle ¢ ooy el mpingA (And e Qs
Comnichog,  elasstn o 1iase
O/ L“',‘x)-\(t".'-l
Person Engaged in Sample Recovery
Sig‘nature(_l" Ly 4\1’ (r\/u Mds
Title: glll 5O P
Location at which Recoveé§ was Done:_g@Ei[LA}
Date and Time of Recovery: 5/,4‘1?'7 RED)
Sample(s) Recipient Upon Recovery if &ot Recovery Person
Signature:
Title:
Déte and Time of Réceipt:
Sample Storage:
Laboratory Persen Recedi g Sample
Signature: M
Title: K Coe 4o d nr
Date and Time of Receipt: $119 | 8%
Sample Storage:
ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Test Number; Mu{ar_’p
Run Number: I-3 & (-3 HHBD

Plant: -

Date Sampled: 5|7

SAMPLE RECOVERY o
Container Code Description

O-2eT-2 36 Bluek - O LN a0

Person Engaged in Sample Recovery
Signature:
Title:
Location at which Recovery was Done:

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: n\'pljn_ .
Title: <
Date and Time of Receipt: .4/ 7’/ 47
Sample Storage: __‘A)_M_Mm,alum
ANALYSIS ¢
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
c-67
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SAMPLE CHAIN OF CUSTODY

Plant: ‘fcm:::x DOTED ENGRRIE L Test Number: [Noeng e |3

"Date Sampled: |4 Mnv 1GR 7 Run Number: &
SAMPLE RECOVERY

Container Code Description

VLATNG wlod [AnK 4 |

Person Engaged in Sample Recovery
Signature: {&zylmd M
Title: “gree Ennunred - Pree (one o<, TO
Location at which Recovery was Done: T\ nawifa-Tace 24

Date and Time of Recovery: _J4 ma¥ 1§27 - |2300

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receivin Sample
Signature: é‘aﬁ &*&M_

Title; 50%_(.&#-0 h:_i.(.-u—._,

Date and Time of Receipt: Sliq L 82

Sample Storage: \.4_) el b QA_{%S‘_A!\

ANALYSIS
Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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Sample Storage: WolRin %‘f&g\;
ANALYSIS

SAMPLE CHAIN OF CUSTODY

Plant: ‘) DN ORTED EnGeave @S  Test Number: MDD\ Eien )3

Date Sampled: |4 MAY (9A] Run Number: .3

SAMPLE RECOVERY

Container Code , Description

PLttiaxa Sy o TTang 2 2

Lomprrame “onmers

Person Engaged in Sample Recovery

%mo 4 HNoed
Title: <wo% CM,,,,,E‘EQ e (s AT X
Location at which Recovery was Done: Y™ A7 \n0 Tawg B 72

Signature:

Date and Time of Recovery: |4 may G%). 12.06¢

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

-Date and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample
Signature: j ; r\’idﬁc\_
Title: SSEQ!&E:&ﬁ# Caro o duscuho

Date and Time of Receipt: S1qlay

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

SAMPLE CHAIN OF CUSTODY

Plant: D‘mw_ﬁuhbﬁf:_ Test "umer‘w

Date Sampled: /4 MAY 1G8 7 Run Number:
SAMPLE RECOVERY

Container Code Description
?L,m,hg; Ty Tioss g
5 Cle WAL

Person Engaged in Sample Recovery
Signature: s10.+
Title: “>iasF EnOnErs - TEHED Cnes namnsr= B
Location at which Recovery was Done: Y AT inG JANK # /

Date and Time of Recovery: _f[4 maw €981 . Yol /s

Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature:
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Receivi Samp.lt?
Signature: é Z LA Q“ ,_.'_DMQA_

Title:

aa)

Date and Time of Receipt: Slial &3
Sample Storage: ) ol b QJ-{%M

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Plant: Lovers e Encemeps  Test Number : PheLe <o ey

Date Sampled: /4 My /987 Run Number: 5

SAMPLE RECOVERY

Container Code Description

E! AT X 5‘! STee T 82

Lomeem e “pmpre

Person Engaged in Sample Recovery

Signature: #MQD J HCII£
Title: i\&ﬁ Eanmcﬁfg o C’.;,_,-_: 2RI \iﬂ

Location at which Recovery was Done: PLATnG Tank #¥Z

Date and Time of Recovery: _ yq mag |9Q9 - oo 1S

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:
D_éte and Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample

Signature: Qs /in-x.plh-
Title:

ALQM_
Date and Time of Receipt: 5’\ \ q\ B"\

Sample Storage: Wil Q,J e

ANALYSIS

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Plant: _ém;gmza EnGLAE LS Test Number: wmﬁ&m

Date Sampled: /4 mAy /‘fb'? Run Number:
SAMPLE RECOVERY

Container Code Description

Person Engaged in Sample Recovery
Signature:
Title: <ssaxf
Location at which Recovery was Done: WA<u/AA/ “TANK,

Date and Time of Recovery: __|SMAY. [f. 3y

Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature:
Title:

Date and Time of Receipt:

Sample Storage:

Laboratory Person Recei g Sample
Signature: Cg ZIM | (EQ‘Z:C/ o

Title: fAmf‘DJ:a.vd
Date and Time of Receipt: S?Iﬁ {a”)

</
Sample Storage: !M(AJ L‘:n gggfg :fmﬁ/
ANALYSIS

Date and Time

Contajiner Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

BES —

Plant: -Cﬁ!lmm.kda&%m&s__ Test Number:
Data

Sampled: 5‘(2-&”21 Run Number: T S

SAMPLE RECOVERY Combined @/ilg7

Container Code Descri ption

. ~ Billers
" 37151_4_ " E-Ih P-3L.P-42 ‘bﬂﬂlEM!"Elﬂiﬁﬂ«:!hI'%; P-42

w shace7- P-I7,P-37, P43 (0N NaO) - Fillers p-17, P-37,P-43

-
Sample(s) Recipient Upon Recov ry if Not Recovery Person d
Signature: 522 54 L =‘ éDof'b&/k_,

Title: (_gga-n.'g 0, Cofuetl, P

Date and Time of Receipt: 6/2/p7 /195

Sample Storage: Ly M,LL A Ko o Cladn.
Laboratory Person Receiving Sagple ‘ <

Signature:

T tle: &DO\/&

%
-

Date and Time of Receipt:

Sample Storage:

ANALYSIS

Date and Time
Container Code

=2Atainer Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Plant: {ﬁgoh’damd &5#“““5 Test Number:
Date Sampled: 5["1..&“@3 Run Number: _(OPS
SAMPLE RECOVERY  4f)[§) (Ca'nb)

Container Coda Description
TP ) N = -3 P-2G
wsinged- « - =24 P-34, P-
" i{»éj - 33 P-23 (0.1 - 2 )
S — BBl (nag
Person gageé'zl COV'BI-'Y te (ol
Signature:

Location at which Recovery was Done: _.H.:‘r[_

Date and Time of Recovery: m&:z 1348
Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature: ;4, o Coballs

Title: Sa/r“-m g CL_&_('O dra~

Date and Time of Receipt: 6/2/27 (I-4&

Sample Storage: 5”&5 k,:... 53;_//4 nOrA o dn

Laboratory Person Receivinq Sample

Signature; C Ay "v‘€
Title: : %’L i
Date and Time of Receipt:

Sample Storage:
ANALYSIS

Date and Time

Container Code Method of Analysis of Analysis Signature of Analyst

C-74
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SAMPLE CHAIN OF CUSTODY

Plases Comootidated Eubrnions  test masber:

Date Sampled: 5fj2-/u [§7 Run Number: TPS€(WS Blasks

SAMPLE RECOVERY lelIE'I combraed )
Container Code

Description
MMM&L ps- ‘
15 § = small feus
“_ o » 4 = llfu\é__l,= Couliy fr Heas
L “BY . _ - backup Lillers
Location at which Recovery was Done: O/, !

Date and Time of Recovery: bl[‘gﬂ /
Sample(s) Recipient Upon Recovery if Not Recovery Person

Signature: /m P L.
Title: fo ol e
Date and Time of Receipt: ",/"‘,/ 97 /{95
Sample Storage: Wodli oo R dn i co o frpe
Laboratory Person Receiving Sagple bos
Signature: P
T tle: - AoV
Date and Time of Receipt: >)/(‘U
Sample Storage:
ANALYSIS

Date and Time
Container Code Method of Analysis of Analysis Signature of Analyst
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SAMPLE CHAIN OF CUSTODY

Plant: Test Number:

Run Number:

Date Sampled: 5[;2-44d]
T
!
SAMPLE RECOVERY

Container Code Description

Mu.na_m.mnds(&f*> fllers s Mool rinses

Person Engaged in Sample Recovery
Signature: )
Title: gﬁ'& :kchu‘c.im.\._ U
Location at which Recovery was Done: @ P[(Lu.l'
Date and Time of Recovery: "5l|‘1-|~_.j 'Ifr."I ﬂ’}H.
Sample(s) Recipient Upon Recovery if Not Recovery Person
Signature: ~Dodiln
Title: “iixﬁh&‘ £;££Oaé/v
Date and Time of Receipt: .5,/Hl, Bl

Sample Storage: g@%.,@r "\

Laboratory Person Receiving Sample

Signature:
Title:

Date and Time of Receipt:

Sample Storage:
ANALYSIS

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

C-76

PACIFIC ENVIRONMENTAL SERVICES, INC.




APPENDIX D

Calculations
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5t
Y -
EMISSION TEST CALCULATIONS
PLANT ConScti)nited CoviudiY(ES  SOURCE/RUN  sints343 [ & - | DATE 5 /2 -37

1. Leakage Correction for Volume Metered

3.

I

Ve = Vm ~ (Lp-La)8 = Vv, - (Lp-0.02)8 = ( )~ ( -0.02) ( )
Vi = £e3
me
Volume Metered, Standard Conditions (68°F, 29.92 in.ly)

Phay *AH / 13.6 . Y3 el 20 -
Vm =17.64 V- Y ar' = 17.64 ( ]Si’()(o 151 )(.7'! )+( )/13

std c® \ T
| ( S« )

]

V“'std (3Y. 5711 dscfv

Volume Water Vapor Collected, Standard Conditions

Impingers = V. = 0.04707 (Vg = V;) = 0.04707 - ( 354/ ) = / U725 scf

wC

Silica Gel = Vg =0.04715 (W - Wi) = 0.04716 (277 ) = / 3¢ ( scf

sztd = Vwc + szg = 3. i3 sef

Percent Moisture, By Volune

Vu

(3 3¢ )
std
&J —

S Vwgeg td (W3 ) 4+ (13750

Molecular Weight, Stack Gas
Dry Molecular Weight, M3

0.440 ( ) + 0.320¢( ) + 0.

il

Mg 21 ¢ b/1b - nole

Percent Excess Air,%EA =

0.440 (3Q0p) + 0.320(%0y) + 0.

= = I -/_-:2:")(_(' .
+ Ving SERS

280 (TNy + %CV)

280 | )

l; %07 - 0.5 %CO O )=0.5(
- 264 (W2380,-0.5 w0 ) | 0.264( M

REA =

Mg =My (1-Byg) + 18.0 (B,g) = (27 O ) (1-0022¢) 4+ 18.¢

D-2

) X 100
~0.5( )

v
€ crne) = 23875 1b/1b-mole
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o

)
ke,
(I

Cr‘c' :
U
(B
d

6. Stack Gas Velocity, Average

-

¢ s90 )
Vs :

T . .
= 85.49C, G/AAP' )av AcS = 85.49 (0. ) (¢ W)
avg p VA ¢V "5”'7; ' (P51 ) (TXS)
Vavg = L3691 £t/s.

do  Stack Volusmetric Flow Rate, Aclual Conditions (Stack Tewy s rature avl Pressure)

60 X Vg (a1 d2/4) 3
144

=60 X _ 43427117 (5.454 X 1073) (/% te )

Qa(circular) =

= 60 X Vg (5.454 X 1077) (d2)

2

"or" QOa(rectangular) = 60 X Vg (1113\{4&) = 60 X Vs (L X W 6.941 X 10

= 60 X ( X C ) 6,944 X 10

-3

3

=& Y21, @i acfin -
8. Stack VoluneLric Flow Rate, Standard Conditions (G8°F, 29.92 in. Hg)

h ]
f

: | . |
0 ’ . Ly 1L

- - - LY/ 0 (s — ) e

Oﬁl'.d 17.64 'a(l l"ws) (:j:n") = 17.64 (s9dtid) (1 () ¢ )

Qstd = 5.0 3(\  dsctm v

9. Isokinetic Variation

: T v
$I = K s m(stt:l)
P g
5 \/s I\n > ] 1 Bws

(Sl ) (RUT)
0.0944 - (NG ) (93 m71) (3ces Eoq) (wo ) U j-ricvaj

= EQ[(.P 3

D-3
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EMISSION RATE CALCULATIONS

Plant Cmsgd‘d{étuoéﬂ%. Run No. L=\ Date _S|iza7

Parameter measured Tobad Chrmrminnw

Sample volume Vp, \24. A4\ dscf
Sample concentrat?on (Cs) F~N1-) mg/9
Blank concentration (Cp ) 6.021 mglﬂ.
Solution volume (Vg 1) 0.8N4

Volumetric flow rate Qstd _5N28.3264 ft3lm1n

1. Total mass in sample (mg): (Cg - Cp) (Vgqp)
o8 mg - ©:02] mg (0.B99_ 90) = 5,537 mg
] 2

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

— Mg = gr/dscf
Vg tg

(5.537 _ mg) Q,Ql§4 gr

= 0.00063 gr/dscf
1314_8_ dscf

3. Emission rate (1b/hr):

ar) __b__ (ft3) 60 min_ = 1b/hr
dscf 0 g min hr :

(00063 gr) _1.43x10-4_1b (SoeAFL3) _60 m1n = 00213 1b/hr

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

O.07)3 1b) _0.4539 kg = 0.0124 kg/hr
hr 1b

0037S
D-4

1
!
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1
'
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EMISSION RATE CALCULATIONS

Plant mmca_ﬁ%_ Run No. I-| Date _S|iz187

Parameter measured _nggleube Chrprue)

Sample volume Vp

td %4, A4\ dscf
Sample concentrat?on (Cs) 1.72 mg/Q
Blank concentration (Cy) £0.004 mg/9
Solution volume (V¢q1) _.0.£494 )

Volumetric flow rate Qgtq _SORB 304 ft3/min

1. - Total mass in sample (mg): (Cs = Cp) (Vgo1)
_7722 mg - <0.0h mg (6.8A9 9) = _¢4q32 mg
2 2

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

mg = gr/dscf
Vmg tg

(L9932 mg) 0.0154 gr
: mg = op0oong gr/dscf
124,249\ dscf

3.  Emission rate (1b/hr):

(gr) 1.1b  (ft?) _60 min = 1b/hr
dscf 7000 ¢ min hr

€0.00079_gr)  _1.43x10~4_1b {503 24 ft3) _60 min = ©.0342 1b/hr
dscf gr min hr

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

00242  1b) _0.4539 kg = 0.0155 kg/hr
‘hr 1b

0037S
D-5
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EMISSION TEST CALCULATIONS

PLANT Copsceyyi/ei) (VCUMVERS SOURCE/RUN 343/ 12  DATE 54387

1. Leakage Correction for Volume Metered
Ve = Vim = (Lp-La)@ = v ~ (1p-0.02)8 = ( )= -0.02) ( )
Vo = ft3 '
M = —

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

T

By +AH / 13.6 _ ~ YT Y4 LS\ .
s = 1764 oo ( »ar 1764 (31M) (rmt ) (AR ) /13,

( st )
V“‘std = \95.c¢hS dscf .

3. Volume Water Vapor Collected, Standard Conditions
Impingers = V., = 0.04707 (Vg - V;) = 0.04707 (%% © )

' Silica Gel = szg=0.047l5 (Wg - Wi) = 0.04715 ( 22> ¢ )

%% 1 scf

1.0%Y5 scf

Vi std = Vm + szg = 2.7°13:0 scf

¥ -
]

Percent Moisture, By Volume

Vi (95132 ) }
Bug = g = : - = _.caas
Wstd Mstqd (2-% 139 ) 4 (19SCCRS)

5. Molecular Weight, Stack Gas
Dry Molecular Weight, Mg

0.440 (3C07) + 0.320(207) + 0.280 (3N + ¥CO)

0.440 ( ) + 0.320¢( ) + 0.280 ( ).

Mg o= 270 1b/1b - nole

Percent Excess Air,%FA =

0.264 (¥NyH(%0,-0.5 3CO ) 0.264( H -0.5¢( )

REA =

My'= My (1-Bys) + 18.0 (Bys) = (I7:0 ) (1-0<Wa5) + 18.0 (c €915) = 5 55 1b/1b-mole

D~6
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6. Stack Gas Velocity, Average

: (53 )
. -~ .I‘S . N . )
v = 85.49C, (//\P )av = 85.49 (OS ) (0:144)
Savg p VO 9 PgMg (¥7. /685 ) (781525 )
Vsavg = 49.5(7 ft/s v

7. Btack Volumtric Flow Rate, A-tual Conditions (Stack Tewpsrature amd Pressure)

: 2 : o
a(circular) =00 X Vs OAYAN_ o6 ¥ vg (5.454 x 107 @?)
' 144
. 2
=60 X _42%11 " (5.454 X10°3) (Mg )
" " e L X W _3
or" Qa(rectangular) = 60 X Vs —ai )= 60 X VS (L X W) 6.949 X 10
= 60 X o X ) 691 x 107
Qa = fﬁﬁ' T3 13 acfim 5Ll 533 SZ st wST.
8. Stack Volunetric Flow Rate, Starrard Conditions (GHTF, 29.92 in. Hy)
| SR
0 =17.640 (1 s 5,3€33y () ¢ 711353
LR -a(."'l.\,s) Fo = 17.64 (3, ) (I-¢ * ) <_—‘-'_,:ﬂ ''''
Qstd = $E/S63-  dscim
2026 460
9. Iscokinetic variation
T v
8 = K 5 m{std) o
3 -
[s Vs A, ® 1 Bws
(537) (105.00%9) o en27a s

0.0944 - (£ 855) (92577 ) (3c@@éeoy, (\5C) ( 1-co73
= 999 ¥V
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EMISSION RATE CALCULATIONS

Plant (oealid atcd)%, Run No. -2 Date _&|i3/a3

Parameter measured _Jotad Uromiun)

Sample volume Vp <tq 12S.0085 dscf
Sample concentrat?on (Cs) 40 mg/e
Blank concentration (Cp) 0.02) mg /9

. Solution volume (Vgqo1) 0.60% L

Volumetric flow rate Qgtd —Sn2k. \Al ft3/min

1. Total mass in sample (mg): (Cg - Cp) (Vgo1)
4dite _mg - _0.021 mg (0PDH L) = 3.32Y mg
3 L

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

mg = gr/dscf
Vmg td

(3224 mg) 0.0154 ar
‘ mg_ « 0.0004\ gr/dscf
125,008 dscf

3. Emission rate (1b/hr):

(ar) 1_1b  (ft3) _60 min = 1b/hr
dscf 7000 ¢ min hr

(ooodl gr) _1.43x10-4_1b (S02%.i4e ft3) 60 min_ = 00177 __1b/hr
- dscf gr min hr

( oot 16) 0.4539 kq_ = 0.0080  Kg/hr
r 1b

0037S
D-8

' Emission rate (kg/hr) = (1b/hr) (0.4539 kg/1b) = kg/hr
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EMISSION RATE CALCULATIONS

Plant _(mma_t.d’_f%g_ Run No. T-2  Date _2|i*8]
Parameter measured M@Lﬂmw

Sample volume Vy <td |25,%5 dscf

Sample concentration (Ce) mg/L

Blank concentration (Cb§ <0.004 mg/%
Solution volume (Vgqo1) 0.80% )
Volumetric flow rate Qgpq _ 026, 46 ft3/min

1. Total mass in sample (mg): (Cg - Cp) (Vgo1)

164 mg - 0009 mg (0802 ) = 613  mg

[} '}

2. Concentration (gr/dscf): (mg) 0Q.0154 gr
mg - gr/dscf
Vg td
(l\D  mg) Q_OLS.LQ_
QQQQ&. gr/dscf

_Ili.m&ﬁ dSCf

3. Emission rate (lb/hr):

(ar) 1 1b_ (ft3) _60 min_ = 1b/hr
dsc¢f 7000 g min hr

QO0pd _ar) MBX_I_Q"___!! (026 146Tt3) ._QQ__mn 00326 1b/hr
dscf min

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

mho%‘zh_ 1b) _0.4539 kg_ = O.OME kg/hr
hr 1b

00375
D-9




EMISSION TEST CALCULATIONS

PLANT (owSoUdA7ED  (AVGLAVERS  SOURCE/RUN /7717 (3 =) / £ 3 DATE S-/4-§77

1. Leakage Correction for Volume Metered
Vi, = Vm ~ (Lp~La)@ = Vi — (Lp-0.02)8 = ( )= -0.02) ( )
= 3
Vmc = ft

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

Ppar +\H / 13.6
vmstd = 17.64 \.{,‘CY =

m

> = 17.64 (4 323)( 0.9%( y(Ze)+(r30 )/13.
( ssY )
Vmgegq = {3¥.9472  dscfv
3. Volume Water Vapor Collected, Standard Conditions
Impingers = V. = 0.04707 (V¢ - V;) = 0.04707 ( 325 ) = ¢ 598 scf
Silica Gel = VWSg=°-°47'5 (Wg - W) = 0.04715 (26 S ) = o245 scf

= - B B 1
sztd VV\K'.‘. + Vng 2. TS scf /

4. Percent Moisture, By Volume
Vw (27793 ) _
Mstd (22793 )+ (134N

s

) Vst

5. Molecular Weight, Stack Gas

Dry Molecular Weight, My 0.440 (%C03) + 0.320(%03) + 0.280 (¥, + O)

= 0.440 ( ) + 0.320( ) + 0.280 ( )
Mg = 2.0 1b/1b ~ mole
Percent Excess Air,$EA =
I__Q 202 - 0.5_¥0 —|x100 [ ( )=0.5( ) ]x 100
-264 (¥N2H20,-0.5 %O ) __I 0.264( H -0.5¢( )

$EA =

Mg = My (1-Byg) + 18.0 (Byg) = (270 ) (l-0.cx3) + 18.0 (0.0dd) = 27713 1b/1b-mole

D-10
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6. Stack Gas Velocity, Average
T » (<33 )
- S = 4 59 N4
vsang = 85.49Cp | O\P )avyg Pl 85.49 (¢3¢ ) (0 ) (7139 ) (4571F)
Vopyg = _f2:.633 _ £t/5Y

1. Stack Volumtric Flow ate, Actual Conditions (Stack Tompserature and Pressure)

f 2 o
0a(circular) =00 X Vs (VAN ooy yo (5.454 X 1077) @2)

144
2
=60 X Y2¢ei3” (5.454 X 107N (/¥ )
"or" Qa(rectangular) = 60 X V_ (L—llj4ﬂ) = 60 X V_ (L X W) 6.944 X 1073
=60 X . ( X ) 6.944 % 107

= £,3¢5.1%)_ acfm v/

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

P

| ‘ . 26 3%/
= - ) = ; TS - 00N =
O y7h7-640_ (-1, ) (Ts> 17.64 (5,%5TY) (1-0 ) ( =33 )
Q

std = 3 (CS-01T dscfmy

9. Isckinetic Variation

. T
& = K .5 Vm(ss.l:rj)
P \) A e 1-8

s S n ws
(533 ) (139.Y72) L 71, L7350
= 0.0944 (9539 ) (¥2.@53) (3063&07) (50 ) { l-ecwx) K1, w03
= _[00.0 %V
D-11
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EMISSION RATE CALCULATIONS

Plant ﬁmmmaﬁﬁ%_ Run No. I-2  Date _s|d|87

Parameter measured [ M Chmnumu

Sample volume Vg s<td 134,472, dscf
Sample concentration (Cg) L4\ mg/Q
Blank concentration (Cp) 0.02\ mg/9
Solution volume (Vgqo3) 0.244 )
Volumetric flow rate Qstd . DIOS. 1B ft3/min ‘
K
1. Total mass in sample (mg): (Cg - Cp) (Vgq1) aﬂ?
—1al_ mg - _0.021 ng (08A4 ) = 159 mg
g = gr/dscf
Vms t4
(1.89 mg) 0.0154 gr 187 / —— e ™ S
. mg = 0.0Y0R__ gr/dscf e
LA dscf S

3. Emission rate (1b/hr):

(ar) 11b (ft®) _60 min « 1b/hr
dscf 7000 g min hr

\‘ﬂ“’ : 9%
(0000 gr) _1.43x10-41b (S\05.0Kt3) _60 min = O.C0R0 1b/hr -
dscf gr min hr rst®s .

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

(D.0080 1b) _0.4539 kg = .0.003% Kg/hr
‘hr 1b

0037S
D-12

'\ 2. Concentration (gr/dscf): (mg) 0Q.0154 gr




EMISSION RATE CALCULATIONS

Plant Mﬂﬂ%ﬁ Run No. T-3  Date _S|y|87

Parameter measured _L\gm\u& Chromunn

124417 dscf
Sample concentrat?on (Cs) 1.849 mg/2
Blank concentration (Cy) £0.00A mglﬁ-
Solution volume (Vg 1) A 544

Volumetric flow rate Qstq — SIDS.01A ft3lmin

1. Total mass in sample (mg): (Cg - Cp) (V4o1)
_1.89 mg- 6009 mg (O.844 2) - &S wg
9 2

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

mg = gr/dscf
Vms ¢4

(b.lbS mg) 0.0154 gr 14
mq = 0.000% gr/dscf

' Sample volume Vp

2AZ1z_ dscf

3. Emission rate (1b/hr):

(ar) 11b  (ft3) 60 min_ = 1b/hr
dscf 7000 ¢ min hr

O 027z,
CO.000R gr) _..___3___.Ql 43x10-4 1b (SIOSME Ft3) _6.0__'"1" &Qﬁzlb/hr

' _ dscf min

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

}
73‘-{ 0.0\sZ 0. 0\51
Lomma_ 1b) .0__519.4_ _@%—kglhr

0037s
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PLANT ( quISOLIDMED L)@ NijeflS SOURCE/RUN TVe -] DATE S \2: &)
1. 'Iea.kage Correction for Volune Metered ‘ ’

Vme = Vm - (Lp-La)8 = Vp = (Lp-0.02)6 = ( )= ( -0.02) ( )

Yy . = £e3

M _—
2. Volume Metered, Standard Conditions (68°F, 29.92 in.ly)
Phar +O\H / 13.6 . 29-43)+( 0,94 ) /13,
Vmg,q = 1764 VnoY ( “'r =17.64 (w4Aa>7) (.41 y ¢
m ( S%% )

Vingrg = Q6.002 dscf.\/ |
3. Volume Water Vapor Collected, Standard Conditions

Impingers = vw‘C = 0.04707 (V¢ - Vi) = 0.04707 ( ) = scf

Silica Gel = Vg, =0.04715 (W - Wj) = 0.04715 ( ) = _ scf

Vwgrg = Vi ¥ Vuigg = scf
4. Percent Moisture, By Volume

Vi ( )
Bu, = oo = = QM2
s Vw + Vi
std ' . Mstd ( )+ ( )

5.

EMISSION TEST CALCULATIONS

Molecular Weight, Stack Gas
Dry Molecular Weight, Md

0.440 (%3003) + 0.320(%03) + 0.280 (%N + $CO)

= 0.440 ( )+ 0.320( ) + 0.280 ( )
My = D90 1b/1b - nole
Percent Excess Air,%EA =
: [Q 307 = 0.5 %O X100 [ ( 1-0.01 ) ]x 100
© (0.264(¥N2H20,~0.5 *CO ) 0.264( H -0.5( )

REA =

) _
M= Mg (1-Byg) + 1B.0 (Byg) = (I7.0 ) (1-,033¢) + 18.0 (,072§) = 26,15 lb/lbmole

D-14




6. Stack Gas Velocity, Average

T ( $3F )
85.49c, /AP’ )avg ?j‘; = 85.49 (0.5Y ) (6.1410) (

vsavg
' 2916 ) (95 &)

v*."avg

Stack volumtric Flow ate, Actual Conditions (Stack Tompeerature and Pressure)
0 X Vg («f d2/4) 3

Qa(circular) = N = 60 X Vg (5.454 X 107°) (d?)
' 144
2
=60 X _ HALL] (5.454 x 1073) ( _ (. )
" " - L L X W -3
or" Qa(rectanyular) = 60 X V_ {=55.=]=60 X V_ (L X W) 6.944 X 10
5\ 144 s
=60 X _ ( X ) 6.944 x 1073

Qa = 5"3(,5[ {K:fm

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

9, 1€
53y

' : Py ,
' 5 . 2
qul=].7. 64 o.a (l_"\"s) (Tq—> = 17.64 (& 3‘0“‘ ) (_]__‘ 0226 ) (
Qg = 5011V ascim

Isokinetic variation
: T v
31 = k 5 __mistd) N

P v Fy e i3
s s n ws

' (528 ) (G¢(.00%) -
0.0944 - (34, (4a.6e7) Qo xio™) (g0 U1-ea3d)

L

= _J0LE ¢

D-15
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EMISSION TEST CALCULATIONS

PLANT (0uSOLIDATED EUSZAVERS SOURCE/RUN IPS-2  DATE S-13-§)
1. Leakage Correction for Volume Metered

Vmg = Vin = (Lp-La)@ = Vp ~ (1p-0.02)0 = ( )~ -0.02) ( )

V. = ft3

M e

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

. +AH / 13.6 N6 : .
VMg g 17.64 Vp. Y (Pbar > = 17.64 (1.1'.{;,5«.‘«'!)( Ayl )(Jq'\5)+(U'C'7 )/13.

( 850 )
Vmgpg = J05,277 dscf v
3. Volume Water Vapor Collected, Standard Conditions
Impingers = V, = 0.04707 (V¢ ~ Vj) = 0.04707 ( ) = scf
= Vugy=0.04715 (W - Wi) = 0.04715 ( ) = scf

Vi std = Vwc + szg = scf
4. Percent Moisture, By Volume
Vi

( ) . i
By = 5 = = guars V
S Vwgeg t Vmstd ( ) +( ) '

5. Molecular Weight, Stack Gas .
Dry Molecular Weight, Mg = 0.440 (%C03) + 0.320(%03) + 0.280 (%N, + %CO)

= 0.440 ( ) + 0.320( ) + 0.280 ( )
M = 29,0 1b/1b - nole
Percent Excess Air,$EA =
264(%N2H%02-0.5 30 ) _, 0.264( Ial =0.5¢(

" SEA =

v
Mg'= My (1-Byg) + 18.0 (Byg) = (29.0 ) (1-,0925) + 18.0 (,003%) = JE.?s £ S 1b/1b-mole

D-16
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6. Stack Gas Velocity, Average

| ( 53§ )
—_ E) =
Vsavg = 85-4%Cp (VAP Davg [ = 8549 (kY ”'%"’\)/(-aq.s_’;)(;&ﬂﬁ
vsavg = q3,537 ft/S

Stack Volumtric Flow Iate, Actual Conditions (Stack Tomssrature and Pressure)

' 2
Oa(circular) =(°0 X Vs ((d%/4) 3
' 144

=60 X _43.$37 (5.454 X103 (__ (G, )

= 60 X Vg (5.454 X 107°) (a?)

"or" Qal(rectangular) = 60 X V_ (i‘-l%‘zﬂ) =60 X V_ (L XW 6.944 X 107

- 60 X ( X ) 6.944 X 107

/
. Qa = S\_-[ Zi acfm

Stack Volu:ne't.riC Flow Rate, Standard Conditions (68°F, 29.92 in. liy)

8.

- ; Py 9.9.3
Oseq™17-64 0 (1ot ) (,];_-q-) = 17.64 (5473) (1-,0225 ) ( %Y
Qg = S 1271 Vdsctm

9. Isokinetic Variation

: T \
81 = K .S m(std)
| PV R I T
s Vs N, O TTIM

(53F) (ns217 L
0.0944 - 156.03) (3,537 (Gerynio~) @0 ( 1=a3%)

‘ | Vv
= 10513‘ %
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EMISSION TEST CALCULATIONS

PLANT {0US0LIDA [ZD EN6RAVER S  SOURCE/RUN 3Ps-3 DATE & - {-§

1. Igakage Correction for Volune Metered _
v,g,c = Vm - (Lp-La)6 = V - (Lp-0.02)6 = ( )= ( -0.02) ( )
V= £t3
- e

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

" Lf/

_ Phay +\H / 13.6
Ving,q = 17.64 VY ¥ 7

m
/
Vg g = [26 1S dscf

3. Volume Water Vapor Collected, Standard Conditions

( 5S¢0 )

Impingers = V= 0.04707 (V¢ - V;) = 0.04707 ( ) = scf
Silica Gel = Vwsg=0.04715 (Wg ~ Wi) = 0.04715 ( ) = scf
4. Percent Moisture, By Volume
Vi | ( )
Bug = 3 sfdv = = _ Q.00
Wstd Mstd ( ) +( )

5. Molecular Weight, Stack Gas

Dry Molecular Weight, M3 = 0.440 (2C02) + 0.320(%0;3) + 0.280 (3Ny + 3C0)

L]

0.440 ( )+ 0.320( ) + 0.280 ( )

It

Mg 29. 0 1b/1b - nole

Percent Excess Air,%EA =

302 -~ 0.5 %O _leoo ( )=0.5( ) X 100
-264 (¥220,-0.5 %0 ) 0.264( ~ ~0.5(

fEA =

v
s = Mg (I-Bus) +18.0 (Bys) = (9.0 ) (102039 + 18.0 (020N = 251F 1b/1bmole

D-18
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6. Stack Gas Velocity, Average

\'/ = 85.49C AP Is "= gs.49 (44 ) (743) (£% )
Savg = 89-4%Cp ¢ lave  [rgrg T 8849 (2L (24,30 ) (2678 )
Y927 \/ft/s

Vsavg

Stack Volumtric Flow Rate, Actual Conditions (Stack Tompsrature and Pressure)
0 X Vg (¢ d2/4)
144
=60 X _ 42992 (5.454 X 10°3) ( _ (9. ¢ ’2

oa(circular) = = 60 X Vg (5.454 X 1077) (d?)

14

3

"or" Qalrectangular) = 60 X V_ (’—‘-1‘#) =60 X V_ (L X W) 6.941 X 107
=60 X _ (

X ) 6.944 X 10

Qr = gAG(, /ac[m

8. S.tack Volume!;ric Flow Rate, Stamdard Conditions (68°F, 29.92 in. lg)

| - P
5 0
Usea™17-64 04 oy, ) (u‘-?) = 17.64 (S396 ) (1-,00¢>) g;ix )
N J‘
Qg = 5079 Y dsctm '

9. Isokinetic Variation

. ll‘
oL = k .5 misk) o

p \Y A e 1-1
s s n ws

($3F) (126415)
0.0944 -(39.29) Cyagard (Qervxso~) (gyo) (T1-090%

/ds.ls{

D~19
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EMISSION TEST CALCULATIONS

PLANT (000t (0AVED MG R A¥SSOURCE/RUN O-1 . DATE S -(2-§ 7]

1. lLeakage Correction for Volume Metered

3.

Vmg = Vm - (Lp-La)@ = Vi - (Lp-0.02)8 = (  )=( = =0.02) { )
V. = £t3 '
e =

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

Ppar +A\H / 13.6 _ _ a .
Ving, g = 17.64 Yo ¥ ( il = 17.64 (edre) (1035 ) (23+LEE) /13,
m R {
> (569 )
Vingpq = _13S.409 dsct
Volume Water Vapor Collected, Standard Conditions
Impingers = V= 0.04707 (Vg - Vj) = 0.04707 (356 ) = | § (LY scf <
Silica Gel = Vwgg=0.04715 (Wg - Wi) = 0.04715 (215 ) = 1,290 scf
Percent Moisture, By Volume
Vi (3.0 )
Bug = j——oid = - 0,025 7

Vwgeq * Vmgeq (3119 ) +(135. )

Molecular Weight, Stack Gas
Dry Molecular Weight, My

]

0.440 (¥C0O3) + 0.320(%03) + 0.280 (3Ny; + %C0)

= 0.440 ( ) + 0.320¢ ) + 0.280 ( )
Mg = 290 b/1b - mole -~
Percent Excess Air,$EA =
%02 - 0. - |
2-0.5_ %0 _|x100 ( 1-0.5( ) X 100
-264 (¥N2H$05-0.5 2O ) _l 0.264( H ~0.5¢

$EA =

~
Mg'= Mg (1~Byg) + 18.0 (Byg) = (39.¢ ) (1-,0295 ) + 18.0 (,0295) = 25,75 1b/Lb-mole

D-20
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6. Stack Gas Velocity, Average

( Swy )
Vs, = 85.4 WAP' avg /555 = 85.49 (4 )(,ww\)/ -
avg *p PeMg - ( 29-40) (2§.7Y)

Veavg = q.9Y /ft/s

Stack Volumetric Flow Rate, Actwal Conditions (Stack Temperature and Pressure)

o p) _-
Oa(circular) =(20 X Vs (CA/AN_ of ¥ vg (5.450 x 1073) @2)
| T4

=60 X _ QG147 (5454 x 107} (44, ¢ )7

"or" Qa(rectangular) = 60 X V (L X W) =60 X V_ (L XW 6.944 X 107

s \ 144
=60 X ( X ) 6.944 X 1073
Qa = | .::"%‘is’ ‘/acfm

Stack Voluretric Flow Rate, Standard Conditions (68°F, 29.92 in. 1ig)

\ 17 40 s - o 2970
Ospa™t7-64 9, (-1, ) (1_") = 17.64 (5395 ) (=D, (395) ( =~
Qg = N UIE “dscEm

2027, 375

9. Isokinetic Variation

T Y
8T = Kk .S m{std)

p v A -
s [} n ® 1 l';ws

(SuM) (135-409)
0.0944 “T24.40) (yaarf T (30%Fx0-F) (150 ) (150225

- 03,1 %J

D-21
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EMISSION RATE CALCULATIONS

Plant Cmﬂﬁm_ﬁ%;_ Run No. O-| Date 5!12/27

Parameter measured _ otad (hyomiom

Sample volume Vg |'=a'5 409 dscf
Sample concentrat?on (C§ mg/L

Blank concentration (C _.Q.L_ mg/2
Solution volume (Vo1 0.3 2
Volumetric flow rate Qstd S0Z7 F75  ft3/min

1.”  Total mass in sample (mg): (Cs = Cp) (Vgo1)

LO _mg - _0021 mg (0.360 2) = O35 mg
9 2

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

mg = gr/dscf
Vms td

: mg = O.QAQ% gr/dscf
25409 dscf 204

(ar) 1 1b  (ft3) 60 min « 1b/hr
dscf 7000 g min hr

£0.0000Y qr) Mm“_h m_m _60 min = O.NOI7 Ib/hr
dscf hr

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

-0, kg/
.(.Q'.QD_'I"_"_I_lb)_Q..A?.g.LEg_ amq&;.ﬂghr

0037S D-22
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EMISSION RATE CALCULATIONS

Plant (lcmadma_tgj]_é%__ Run No. 0-|  Date _5[iz]87
Parameter measured _Mm'l' ahrnwm.)u

Sample volume Vp <t4 125, 409 dscf
Sample concentrat?on (Ce) 6,451 mg/Q
Blank concentration (Cb§ 0.00A mg/9
Solution volume (V ol) 030 )
Volumetric flow ra%e Qstd 2022275 ft3/min

1. Total mass in sample (mg): (Cg - Cp) Vso1)
0951 mg- 00N9 mg (0D ) = 0.%4 ng
') L

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

—mg = gr/dscf
Vms ¢4

(_L0.24 mg) 0.0154 gr

mg - 0.0000 é; gr/dscf
125409 dscf T

7y My s .
= AT = T D LT
['d - o WALy

3. Emission rate (1b/hr):

(gr) 1 1b__ (ft?) _60 min_ = 1b/hr
dscf 7000 ¢ min hr

OoA g 1.43x10-4 10 (5022795Ft2) 60 min - 0.0017 _Tb/hr
dscf gr min hr ¥
Emission rate (kg/hr) = (1b/hr) (0.4539 kg/1b) « kg/hr

0N 1b) _0.4539 kg = .ﬁ@ kg/hr
hr 1b 157

00378 D-23
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EMISSION TEST CALCULATIONS

PLANT 'CONJSOLIDATED _EWERNMVFS SOURCE/RUN 0-2. DATE S-(3-§7

1. Leakage Correction for Volume Metered
Vi, = Vm = (Lp-L2)0 = Vp, - (1p-0.02)0 = ( )=( -0.02) ( )
V“"c = ft

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

17.64 yp v (Pba.rT:‘AH / 13.6>

Vingeq = 134, %205 dscf/

= 17.64 (3070 ) (1,035 ) DT+ LEY ) /130
' ( 576 )

Vl“.'-:,tc'l

3. Volume Water Vapor Collected, Standard Conditions’

Impingers = V= 0.04707 (V¢ - Vi) = 0.04707 (%06 ) = [, TG §scf
Silica Gel = Vwsg=0.04715 (Wg - Wj) = 0.04715 (22,V ) = |, 0e09sct
sztd=vm+Vng= 83| scfV/

L

4. Percent Moisture, By Volume

B, = Vwstd

g =
sztd + Vms

( Ak 31)

td (2.5 ()+(134,309)
5. Molecular Weight, Stack Gas
Dry Molecular Weight, M3

= 0, 0’0k vV

0.440 (3C0O3) + 0.320(%07) + 0.280 (3Ny + %CO)

= 0.440 ( )+ 0.320( ) + 0.280 ¢ )
Mg = 290 1b/1b - mole
Percent Excess Air, $EA =
E 202 - 0.5 30 00 [ ( )-0.5( ) ]x 100
- 264 (}NH205-0.5 %O ) _l 0.264( H -0.5(
REA =

. _ | e
Ms'= My (1-Bug) + 18.0 (Bug) = (990 ) (1,000 ) + 18.0 (,0206) = 2§.7) 1b/Ibmole

D-24
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6. Stack Gas Velocity, Average

543 )

T
VSan = 85.49C, (/AP )avg Psgs = 85.49 (.§Y )(4.1512-)\/

Vsavg = 42236 ft/s

UYL ) (2517 )

7. Stack Volumtric Flow Rate, A-tual Conditions (Stock Tengsrature and Pref'f‘ure)

Qal(circular) = 0 X Vg («f d2/4)
144

2
=60 X _H% 236 (5.454x10°3) (.t )

= 60 X Vg (5.454 X 1077) (a2)

144 |
=60 X ( X ) 6.944 ¥ 1072

0= __5370  actm ((S435.300

"or" Oa(rectangular) = 60 X V_ (l‘ X ”) =60 X V_ (LXW 6.944 x 107

8. Stack Volunet_l;ic Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)
5425. 206 ‘ 7oA &
0, 717-640_ (1o, ) ( ") = 17.60 (83460) (1-,0906 ) ( 95% '
Qstd = "'f‘?:)—-{; dscfm
O, bbS
9. Isokinetic Variation

: T v
$I = K S m(stad)
v hy 2] 1-B
WS

5 S n
G443 ) (134.30%) 12 437, LS
= 0.0944 (5 ye) (43230 ) (2,010 gz ) CI=a2e0) :
= 100.4 %‘/
D-25



EMISSION RATE CALCULATIONS

Plant M&f%m Run No. O)-2 _ Date 5!13[57
Parameter measured Taﬂ szmmﬁm

Sample volume Vp, 24,305 dscf
Sample concentrat?on (Ce) 0.4y mg/Q
Blank concentration (Cp § 0.02] “'9/9-
Solution volume (V ol) 0.867

Volumetric flow rate Qstd —=094.L[5 ft3lm1n

1. Total mass in sample (mg): (Cg - Cp) (Vso1)
OLUd mg - 0.020 mg (O.ART 9) = 055 g
9 ')

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

mg - gr/dscf
Vmg ¢4

(095 _mg) 0.0154 gr 4 ---»
‘ __mg = 00001 gr/dscf
24205  dscf

D>

3. Emission rate (1b/hr):

Sar) _ 1 1b_ (ft?) _60 min « lb/hr
dscf 7000 ¢ min hr

(O.0CO!I_gr) _1.43x10-4_1b gﬁquw;az 60 m1n = 0.002¢ Tb/hr
dscf gr min

Emission rate (kg/hr) = (1b/hr) (0.4539 kg/1b) = kg/hr
(0.002% 1b) _0.4539 kq = 00013 kg/hr
hr b 25
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EMISSION RATE CALCULATIONS

Plant M&g,_ Run No. 0-2 _ Date 5!:3]?7
Parameter measured _l:l&mmwﬂo_w

Sample volume Vp <t 124.30% dscf
Sample concentration (Cg) 0. 905 mg/Q

Blank concentration (Cy 0.00A mg/%
Solution volume (V%o'.) 0.8%7 L
e

Volumetric flow rate Qgyq _50A4. LelsS ft3/min

i. Total mass in sample (mg): (Cg - Cp) (Vg01)
D68 mg - 60009 mg (0LB]  2) - OB5"ng
) ]

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

mg = gr/dscf
Vs td
(O08Soe_ mg) 0.0154 gr
' mg - o.ngl gr/dscf
124.305 dscf D25

3. Emission rate (1b/hr):

(gr) 1 1b_ (ft3) _60 min_ = 1b/hr
dscf 7000 ¢ min hr

- (O.COOL gr)  _1.43x10-4_1b (5094 l5ft3) _60_min_ = 0.0043 1b/hr
: dscf gr min hr "zlp

Emission rate (kg/hr) = (I1b/hr) (0.4539 kg/1b) = kg/hr

(00043 1b) _0.4539 kg = 0.0019Y kg/hr
hr 1b

0037S
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EMISSION TEST CALCULATIONS

PLANT (QUSOLIDATED EMGIRMEPS SOURCE/RUN Jd-3 DATE S-14d-f

1. Leakage Correction for Volume Metered

Vme = Vm - (Lp-La)@ = Vy - (1p=0.02)8 = (  )—( -0.02) ( )
U, = £e3
M —_———

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

Phar *AH / 13.6

T ) = 17.64 (5.550) (103S ) P%e+(103 /13
m

Ving, g = 17-64 V.Y (
( £5%)

Vingpq = I4L 1Y dsct

3. Volume Water Vapor Collected, Standard Conditions

Inpingers = V, = 0.04707 (Vg - V;) = 0.04707 ( 323 ) = [.590Y scf

Silica Gel = Vygg=0.047f5 (W - W) = 0.04716 ( 9.7 ) = LonK scf

Vigeq = Vi * Vwsg = 2,133 scf

4. Percent Moisture, By Volume

[

. Vugy (2,732 -
S Vugeg * Vmgg (22 (1 L ol &)

= 0' C‘{f'ri

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My

0.440 (3CO7) + 0.320(%07) + 0.280 (3N, + 3CO)

= 0.440 ( )+ 0.320( ) + 0.280 ( )
Mg = 249.0 1b/lb - mole -
Percent Excess Air,%EA =
E %02 - 0.5 %CO —lxloo ( )-0.5( ) X 100
.264(%N2)-_-(%02-0.5 0 ) _I 0.264( H -0.5¢

$EA =

Mg'= Mg (1-Byg) + 18.0 (Bys) = (95,0 ) (1~ 0169 ) +18.0 (€159 ) = 8.7 1b/1b-mole
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6. Stack Gas Velocity, Average

. . ( $%6 )
Vsaug = 85-4%p /AP )avg P;&s = 85.49 (.¥Y) (<)
= 43683  fr/s

«  Stack Volumtric Flow Rate, Atual Conditions (Stack Towrrature and Pressure)

; 2
Oa(cireular) =00 X Vs («ds/4) 3
| 144

=60 X {2453 (5.454 X 10~3) ( 5. )2

= 60 X Vg (5.454 X 107°) (d?)

"or" Qa(rgctangular) = 60 X Ve (&ra—) = 60 X Vg (L X W) 6.944 X 1.0—3

=60 X _ ( X ) 6,944 % 107

Ga= _E5P5T  actm 5525499

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. Iy)
5525,494 ;)(’ SS
0, -17640(113“,)< ) 17.64 (5595 ) (1-,0159 —
5 30
Qsrq = -1 dscfm
‘ B277, 3¢

9. Isokinetic Variation
. T v
&I = k _S__ m(std) _

P v -
s s My ® ! Bus

CEMGIATLS!
0.0944 (3‘?5%’) (42,954) (3.026x;0°D) ()gd) (T1-ekq)

= 1027 &/

D-29
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EMISSION RATE CALCULATIONS

Plant Consalin QEQE%Y. Run No. O-3 Date 5!|LI_‘8’1

Parameter measured _Totod Chrovmaun

Sampie volume Vy ctq |4\.£@%g> dscf
Sample concentration (Cg) 0.% mg/Q
Blank concentration (Cp) 6.021 mg/Q
Solution volume (V¢q1) ©.558 L

Volumetric flow rate Qgtg =277 301 ft3/min

1. Total mass in sample (mg): (Cg - Cp) (Vso1?
_O_.S’_‘iﬁ_mg-_o_,_af_\_mg (2855 ) = 048 ng

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

mg = gr/dscf
Vmg t4

(048 mg) 0.0154 gr

mg = 0.00005 gr/dscf
141.01H dscf EYY

3. Emission rate (1b/hr):

(ar)_ _11b _ (Ft) 60 min = 1b/hr
dscf 7000 ¢ min hr '

(DOCCOS gr)  _1.43x107%_1b (52T 2Mft?) 60 min = 0.0023 1b/hr
dscf gr min hr o

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

&QQ'%Z;_ 1b) _0.4539 kg = D.00)0FKg/hr
r 1b

0037s D-30
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EMISSION RATE CALCULATIONS

Plant ﬁmﬁm@&é; Run No. ©-3  Date _ 5|47

Parameter measured Malm‘r Qmm'um

Sample volume Vy <tg 141, \& dscf
Sample concentration (C.) 0.49 mg/%
Blank concentration (Cb§ 0.0CA mg/Q

Solution volume (V¢q1) ©.555 )
Volumetric flow rate Qstd —S201. 26 ) ft3/min

1. Total mass in sample (mg): (Cg - Cp) (Vgo1)
009 mg- 0004 mg (0555 9) = 0.54 _mg
2 2

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

mnq « gr/dscf
Vmg ¢4
(L.24 mg) 0.0154 gr
' mg el gr/dscf
CAAe|S dscf %84

3. Emission rate (1b/hr):

Lar)_ _11b _ (ft3) _60 min_ = 1b/hr
dscf 7000 ¢ min hr

(00000, gr)  _1.43x10=% 1b  (S277, Ml f£3) _60 min_

n =
dscf gr min hr

Q.Q0277_1b/hr
Gl

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

0007 1) _0.4539 ke = 0.00021 kg/hr .
. hr 1b

37
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EMISSION TEST CALCULATIONS

PLANT £QaS0LIDNTED — EWG L AUSIISOURCE/RUN 0LPS-~ 1 DATE _$-12-k7

1. Leakage Correction for Volume Metered
V“‘c = Vm = (Lp-La)8 = V, - (1Lp-0.02)08 = ( )= -0.02) ( )
= 3

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

| Phar +A\H / 13.6
=

Vg, 4 = 17-64 Vo ¥

o~ . ) ,
) = 17.64 (fe2.n87 ) (1.03F )(.)'1.'*(3 )+(0.¥0 ) /13,
( 361 )

Vg = _95.5Sk dscf v

3. Volume Water Vapor Collected, Standard Conditions

Impingers = Vi = 0.04707 (Vg ~ V;) = 0.04707 ( ) = scf
Silica Gel = Vwgg=0.04715 (We - Wi) = 0.04715 ( ) = scf
sztd = VW + Vng = scf

4. Percent Moisture, By Volume

V. ( ) -
Bug = S-lt-dv - =« 0035 -
Ystd = Mstq ( )+ (45550
5. Molecular Weight, Stack Gas

Dry Molecular Weight, Mg = 0.440 (%CO3) + 0.320(%037) + 0.280 (3N5 + 3CO)

= 0.440 ( ) + 0.320( ) + 0.280 ( )
M = 29 1b/1b - nole
Percent Excess Air,%EA =
l; 20 = 0.5 %0 _IXIOO [ ( )=0.5( ) X 100
264 (W3H30;-0.5 %0 ) _| 0.264 - ~0.5( )

LEA =

d
Ms'= Mg (I-Byg) + 18.0 (Bys) = (29 ) (1-,022¢) +18.0 (02) = 3§.78 1b/lbmole
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6. Stack Gas VElocity, Average

| Ts . (. sY/ )
Vsavg = 85-45Cp (/AP avg  fpi— =85.49 (54 ) (NIG)

(39.¢0) (2% )
vsavg= H2.c00 ft/s v

Stack Volumtric Flow Rate, A-tual Conditions (Stack Tamrwalure amd Pressure)

A 2 o .
Qa(circular) =(00 X Vs (Cd*/AN_ ¢4 uo (5.454 x 1079) (@2)
' 144
=60 X __¢f3.606 (5.454 X 1073) ( _ (9. ¢ %
X W -3
"or" Qa(rectangular) = 60 X v ( Iz = 60 X Ve (L X W) 6.944 X 10
=60 X ( X ) 6.944 X 10-3
Qa = STTeo acfin 5356, 108
8, Stack Volumet;ic Flow Rate, Standard Conditions (68°F, 29.92 in. lg)
. P‘ » ;
‘ 0
-17 640 (1 Hw) ( —_ ) 17.64 (S350 ) (1-,022% ) a_z}_w )

Qstd = .‘_:-_(:H—qL dscfm
018,971

9. Isokinetic variation

. '1' i
8T = K S vm(s;bd)
, P =
9 V'..5 I\n ) 1 Bws

(S4() (95, SSe)
0.0944 - (5g.qv) (q:.cpvo) (Qi0x10° )" (1&—0) (1502287

| =_[06.¥ %/
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EMISSION TEST CALCULATIONS

PLANT COMNSOLIOAMED VG MIELS SOURCE/RUN 0FPS- 2. DATE S-/3~¢7

1. Leakage Correction for Volume Metered
v'“c = Vm - (Lp~La)® = vV - (Lp~0.02)8 = ( )= ( -0.02) ( )
Vi, = £t3 |
Me

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

Phar +A\H / 13.6 o
> = 17.64 (192.102 )(I.OBQ— )()cl.$2> )+ ( 0.5 9‘)/]_3_(

'1\
" ( $749 )

Vingq = 17.64 V.Y <

vm;td = _J14,93( dscf ¥

3. Volume Water Vapor Collected, Standard Conditions

Impingers = V__ = 0.04707 (Vg - V;) = 0.04707 ( ) = scf
Silica Gel = Visg=0.04715 (Wg - Wi) = 0.04715 ( ) = scf
sztd = VW + Vng = scf
4. Percent Moisture, By Volume
. Vy ' A ) '
Bug = gk - = _ 00306
Ystd T Mstd ( )+( )

5. Molecular Weight, Stack Gas
Dry Molecular weight, My

]

0.440 (%C0O2) + 0.320(%072) + 0.280 (3N, + 2CO)

= 0.440 ( )+ 0.320( ) + 0.280 ( )
My = 29.0 1b/1b - mole
Percent Excess Air,%EA =
205 ~ 0.5 300 _leoo ( )-0.5( ) % 100
. .264(%N2H%02-0.5 0 ) 0.264( b -0.5(

tEA =

. v
Mg'=My (1-Byg) + 18.0 (Bys) = ( 29.0 ) (1~,0206) + 18.0 (,020¢) = 247 1b/ib-mole
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0PS-2

6. Stack Gas Velocity, Average

(sy4/ )

_ Ts = oJ

V. = 85.4 (\/Ap' )avg = 85.49 (%™ ) (W& )

Favg P : PMs \/ 99.50) (9§77 )

Vsavg = Y903y ft/s /

Stack Volumtric Flow Rate, A-tual Conditions (Stack Tomperrature and Pressure)

60 X Vg («f d2/4) 3
144

=60 X _Y4.03§ " (5.454 X 1073) ¢ Gt . )2

Qa(circular) =

= 60 X Vg (5.454 x 107°) (d?)

"or" Qa(rectangular) = 60 X V_ (E_l_}iﬂ) = 60 X V_ (L X'W) 6.944 X 107

= 60 X ( X ) 6.944 X 10
Oa =  S53E acrm 5524159

8. Stack Volumet,ric Flow Rate, Standard Conditions (68°F, 29.92 in. Hg)

3

‘ ; Py S536.!54 2.0

Qg = SB15=2 dscim
5215, 453

Isokinetic Variation

: T \
8 = Kk S m(std)

A I\nv 6 1 _

SH1) (i4.931) e
0.0944 (24.57) (44, 38) (2.07vx07% (940) TI050)

=_ /0S99 v+
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EMISSION TEST CALCULATIONS

PLANT (usoutDATED N2 AVCKS  SOURCE/RUN 0PS - 3 DATE $-¢4-§7

1. Leakage Correction for Volume Metered _
Vi, = Vim - (Lp-La)@ = Vp, - (Lp-0.02)8 = ( )= =0.02) ( )
= 3 .
Vmc = ft

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

Ppar +AH / 13.6
Vmgpg = 17-64 VoY =

e . ‘.l ) c'k? 3.F
= 17.64 (i3, Y*Y) (1,035 ) (DUel)+(0. ¥4 ) /13,0
( s 1 )

m

= ol \/
Vg g = 122,559 dscf
3. Volume Water Vapor Collected, Standard Conditions

Impingers = V. = 0.04707 (V¢ - Vi) = 0.04707 ( ) = scf
Silica Gel = Vigg=0.04715 (Wg - Wj) = 0.04715 ( ) = scf
Vgrg = Voo * Visg = scf
4. Percent Moisture, By Volume
Vi, , . ( )
Bs = s e " - _coo9 -
Wstd = "Msta ( )+ ( )

5. Molecular Weight, Stack Gas
Dry Molecular Weight, My

0.440 (2C02) + 0.320(%03) + 0.280 (¥, + CO)

= 0.440 ( ) +0.320( ) + 0.280 ( )
Mg = 249.0 lb/1b - mole
Percent Excess Air,%EA =
2802 - 0.5 %CO _leoo ( )=0.5( ) X 100
0.264 (W2}80,-0.5 0 ) | 0.264(  H  -0.5(

REA =

_ -~
Ms'= My (I-Byg) + 18.0 (Byg) = (99,0 ) (1-,01549) + 18.0 (,¢15G) = I§.79 Ib/Ibmole
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6. Stack Gas Velocity, Average

. T ( sJ )
. Vsavg = 85.49C, /AP )avg 55'35_ = 85.49 (,§Y ) (651) _

(2458 )1 (25,79
Vsavg = H3,963 /s v

Stack Volumtric Flow Rate, Artual Conditions (Stack Tomrrrature and Prossure)

2 o
0a(circular) =00 X Vs («d /"D= 60 X Vg (5.454 X 10™°) (a2)

144
=60 X 390> " (5.454 X 1073 ( (9.6 %

"or" Qa (rectangular) = 60 X V, (“l}fﬁﬂ) =60 X V_ (L X W 6.944 X 107

I ' =60 X ( X ) 6.944 X l0-3

: 557.747
Qa=_ %S  acim

B. Stack Volumet.r:lc Flow RaLe, Standard Conditions (68°F, 29.92 in. lg)

S52L.747 29,6
O ™17 64.0 a (1-0y0) ( ) = 17.64 (&52F) (1-,0169 ) ( =q
523U dscem
$229.767

/

9, Isokmetlc Vanatmn

Al

=K T m(sUJ)

PS VS Al 1 e l-BWS

' S (132,55%)
0.0944 (56.5¥) (434e3) (ZewkigY) oyl (1S 0189

e 06 e

D=-37




APPENDIX E
Laboratory Analytical Results
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Cincinnati, OH 4%24¢6
. ' (513) 782-4700
: ‘ Client: Peer Consultants Project No.: 4761 :
' 4134 Linden Avenue Requisition No.1 T7-0%5-139
: Suite 202 T7-05~140
' Dayton, Ohio 4%432 Date Received: 5/19/87
. Sampled by: Client
_ Attns Ms. Helen Owens Date Reported: 7/9/87 -
' l - == = = == = - =
Total Hexavalent
l " Sample ID PEI No. Chromium, Chromium,
' mg/1 mg/1
. Tank #1 279=3 0lA 115,000 118,000
l Tank #1 279-5 024 109,000 115,000
: Tank #1 279-8 0ZA 111,000 281,000
- Tank #1 279-10 044 115,000 123,000
- Tank #1 279-13 0SA 116,000 122,000
‘ Tank #1 279-15 Q6A 117,000 134,000
Tank #2 279-~1 074 105,000 124,000
’ Tank #2 279-4 08A 108,000 128,000
I Tank #2 2796 09A 108,000 136,000
o Tank #2 279-9 10A 106,000 135,000
- r Tank #2 279-11 11A 105,000 131,000
g Tank #2 279-16 124 101,000 128,000
I Washdown # 279-7 13A 108,000 93,300
. Washdown # 279=-12 144 58,400 61,600
: Washdown # 279-17 15A 54,800 &2,700
I Blind a4 279-1 1464 59,200 69,500
: Blind B 279-2 17A 110,000 128,000
- Blind C 279-27 18A 4.93 3.1
I Run 0-1 279-22 19A 1.00 0.951
: Run 0-2 279-24 204 0.4644 0.968
} Run 0-3 279-25 21A 0.879 0.99
B Run I-1 279-21 22A 6.18 7.72
_‘: ' Run I-2 279-23 23A 4.16 7.64
Sinal Run 1-3 279-24 244 1.91 7.89
. Blank 1 279-18 25A 0,021 <0.009
l Blank 2 279-19 26A 0.028 <0.009
- Blank 3 279~20 274 0.029 <0.009



Submitted byadﬁ]y\/w/éu e

JUL L O 987
@ PEI Associates, Inc.
11499 Chester Rd.
Cincinnati, OH 45246
| I (513) 782-4700
l Client: Peer Consultants Project No.: 4761
- 4134 Linden Avenue Requigition No.1 T7-06-015
Suite 202 T7-06-016
' Dayton, Ohio 45432 Date Received: &/2/87
Sampled by: Client
Attn: Ms. Helen Owens Date Reported: 7/9/867
I == = me Zmexx L3 T T 3 o ey,
- Total
: I Sample ID PEI No. Chromium,
.- mg/1
IPS Nozzle Rinse 01A 33.3
‘ l IPS Stage 1 02A 0.2
_ IPS Stage 4 Q3A 0,13
IFS Stage 7 o044 <0.02
. IPS Stage BU oSA <0.02
: . OPS Nozzle Rinse QLA Q.61
.- OPS Stage 1 07A 0.027
: OPS Stage 4 08aA 0.028
l OPS Stage 7 094 0.021
: OFS Stage BU. 10A <0,02
0. 1N NaOH Blank 11A 0.021%
: l Total Chromium, ug
O IPS Stage | Filters Q1A 5960
: ' IPS Stage 4 Filters 02a 487
' IPS Stage 7 Filters 03A 2056
_ OFS BU Filters 044 242
' OPS Stage 1| Filters 05A 13.3
l OPS Stage 4 Filters 06A 21.4
OPS Stage 7 Filters 07A 908
‘ OPS BU Filters 08A 248
, l IPS&0PS Stage 1&7 09A J.3
. IPS&OPS Stage 4 10A 2.4
: ' IPS%0OPS Stage BU 11A 9.4
; E-5
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GRAVIMETRIC ANALYSIS
COMBINED STAGE RINSE EVAPORATIONS - REPORTED FINAL WEIGHTS

DRAFT

Tare (gr) No. 1 No. 2 No. 3 No. 4 Average Final (gr)
Inlet
IPS Nozzle 101.5563 104.4501 104.4919 104.4957 104.4913 104.4823
Stage 1 101.5247 104.3954 104.4262 104.4168 104.4049 104.4108
Stage 4 102.9894 103.8776 103.8858 103.8654 103.8573 103.8715
Stage 7 100.5897 101.4569 101.4598 101.4472 101.4378 101.4504
Backup 106.5372 107 .4299 107.4359 107.4226 107.4137 107.4255
Qutlet
OPS Nozzle 104.5767 - 106.8900 107.1837 107.2202 107.0568 107.0877
Stage 1 102.0927 102.9661 102.9669  102.9540 102.9540 102.9590
Stage 4 103.2698 104.1373 104.1443 104.1419 104.1350 104.1396
Stage 7 105.4505 106.3031 106.3238 106.3103 106.2939 106.3078
Backup 98.2074 99.0212 99.0590 99.0436 99.0323 99.0390
NaOH Blank 106.5695 107.4529 107.4486 107 .4449 107.4392 107.4464 (0.8768)
GRAVIMETRIC ANALYSIS
COMBINED STAGE RINSE EVAPORATIONS - NET WEIGHT GAIN
Final Weight Blank
Sample (Average gr) Tare (gr) Difference (gr) Correction (gr)
IPS Nozzle 104.4823 101.5563 2.9260 2.049
Stage 1 104.4108 101.5247 2.886) 2.009
Stage 4 103.8715 102.9894 (.8821 0.005
Stage 7 101.4504 100.5897 0.8607 -0.016
Backup 107 .4255 106.5372 0.8883 0.012
0OPS Nozzle 107.0877 104.5767 2.5110 1.6342
Stage 1 102.9590 102.0927 0.8663 =0.0106
Stage 4 104.1396 103.2658 0.8698 =0.0070
Stage 7 106.3078 105.4505 0.8573 ~0.0195%
Backup © 99,0390 98.2074 0.8316 -0.0452
Blank 107.4464 106.5696 0.8768
00698
E-6
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MASTER SAMPLE LOG

Plant .C&Mné rAvers

Page _ |

of 2

Location !M{Iﬂk M (AzolLua Project Number & !ﬂ"'g-O'l

| %% MM 138 Hiak7,Plabing soln. tank &
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779- “haler |Iaciioum | pob Jiocond | Brind- 0
Z79-2 5’14 lerg v ?ﬁ I BM" & *
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213~ 14 " . v - \ %;Bg\cl( 138)
Z13-1S " “ . “ “_ [Tkt (55)
219~ 1, ' - . by M M
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Plant _Cmsnhmkn_g%m

Location !:Ml"g&. Mbg;h ‘@!M. [ onjectv Number 223- _

MASTER SAMPLE LOG

Page 2

of 2

Sample Run Container '.!."du;{'-
Numbex Code Date Sample Type Type #/5ize N-epoeﬁ-ﬁ'en)
Pun | (136
219-18 Shalpr | NaoH paly [ 100000 [ssarsi BraAL
: Rrua 2 033.5
l—'Q" 19 " ‘e Y} * MD“
' r - EM\'S U3$
2719-20 * - - b
nlet 138
219-z1 | I-{ - NaoH " v |Sin
138
Z21a-22 | O-4 w " - v 103'-;_“
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2
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APPENDIX F

Sampling, Sample Recovery and Anal ytical Procedures
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APPENDIX D
DETERMINATION OF Cr*® AND TOTAL Cr EMISSIONS

The following sample and analytical procedures were used during this
test program. Sampling procedures generally followed those described in the
EPA Test Method 138 (MM 13B).' The sample train used at the mist

eliminator inlet and outlet locations was assembled by test crew personnel
and consisted of the following items:

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

Probe - Borosilicate glass without a heating system.

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

Thermocoupie - Type-K thermocouple capable of measuring stack gas

temperafures within 2 percent. This thermocouple was attached to the
probe.

Draft Gauge - An incline manometer made by Dwyer with a range of 0 to
10 inches of Hzo.

Impingers - Four Greenburg-Smith impingers connected in series with
glass ball joints. The second impinger was of the standard Greenburg-
Smith design. The first, third, and fourth impingers were of the
Greenburg- Smith design, but modi fied by replacing the tip with a

' 40 CFR 60, Appendix A, Reference Method 138, July 1985.

F-2
00665
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1/2-inch i.d. glass tube extending to 1/2-inch from the bottom of the
flask.

Metering_System - Vacuum gauge, dry gas meter, leak-free pump,
thermometers and related equipment to maintain an isokinetic sampling
rate and to determine the sample volume.

Barometer - Aneroid type to measure atmospheric pressures to within
(approximately) 2.5 mm Hg (approximately 0.1 in. Hg).

Sampling Procedures

Prior to departure, all glassware used in this study was washed with
10 percent nitric acid to minimize the potential for contamination. One
hundred ml of 0.1 N NaOH was placed in each of the first three impingers;
approximately 200 g of silica gel was added to the fourth impinger. The
train was set up with the probe as shown in Figure D-1. The sampling train
was leak checked at the sampling site prior to each test run by plugging the
inlet to the nozzle and puiling a 15 to 16-inch Hg vacuum, and at the
conclusion of the test by plugging the inlet to the nozzle and pulling a
vacuum equal to the highest vacuum reached during the test run.

The pitot tube and lines were leak checked at the test site prior to
and at the conclusion of each test run. The check was made by blowing into
the impact opening of the pitot tube until three or more inches of water was
recorded on the manometer and then capping the impact opening and holding it
for 15 seconds to assure that it was leak free. The static pressure side of
the pitot tube was leak checked using the same procedure, except suction was
used to obtain the 3-inch uzo manometer reading. Crushed ice was placed
around the impingers to condense out any moisture and to keep the
temperature of the gases leaving the impinger at 68°F (20°C) or less.

During sampling, stack gas and sampling train data were recorded at
each sampling point to monitor when significant changes in stack gas

F-3
00665
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/ < - PITOT TUBE
1.8 cm (0.25-1 in,)

STACK waA(L
U/ THERMOMETER
HEATED GLASS PROSE
(N=

S-Typf
PIT0% Tus;: ]

VACUUM|LINZ

__DRIFICE |

MAIN VALVE

DRY TEST
METER

ATR TIGHT
PUMP

IMPINGER CONTENTS

1. 100 ml 0.1 N NaOH
2. 100 m) 0.1 N NaOH
3. 100 @1 0.1 N NaOH
4. 200 g SILICA GEL

Fiqure D-1. Cr+6/Tota1 Cr sampling train.

F-4
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conditions occurred so proper adjustments could be made. Isokinetic

sampling rates were set throughout the sampling period with the aid of a
nomograph.

Sample Recovery Procedures

The MM 13B trains were moved carefully from the test site to the
designated cleanup/recovery area. The cleanup area was located in a
warehouse on plant property that was isolated from possible contamination.

Each impinger was weighed after each test to determine the percent of
moisture in the stack gas. Sample fractions were recovered as follows:

Container No. 1 ~ The nozzle and probe were rinsed with 0.1N NaOH and
brushed with a nylon brush. This rinseate was collected in a
polyethylene bottle. The interconnecting glassware was rinsed with
0.1 NaOH and combined with the probe and nozzle rinses in the
polyethylene bottle. After the impingers were weighed, their contents
were combined with the rinseates from the nozzle, probe and glassware
in the sample bottle. The impingers were also rinsed with 0.1N NaOH
and this rinseate was combined with the rinses from the other sample
train constituents in the polyethylene sample bottle.

Container No. 2 - Approximately 400 mg of 0.1 N NaOH was taken
during each sample recovery activity for blank analysis.

The silica gel from the fourth impinger was weighed, and this value

was recorded with other pertinent data on the Sample Recovery and Integrity
Data Sheet.

1 -~ Hexavalent Ch

Each sample, including blanks, was analyzed for Cr*® using
analytical methodology recent developed by the EPA. A copy of the draft

F-5
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method enfitled “Determination of Hexavalent Chromium Emissions From
Stationary Sources" is contained in Appendix G of this report. Procedures
- generally follow those described in EPA Method 3050.2

mpl ~ Total Chromi

The filtrates from the impinger contents (Container 1) were analyzed
for total Cr using the processes described in EPA Method 3050.2
Inductively Coupled Argon Plasma (ICAP) spectroscopy techniques were used
for sample analysis. EPA Method 3050 is presented in Appendix G of this
report.

DETERMINATION OF SIZE DISTRIBUTION

The following procedures were used to determine size distribution of

total Cr. The sampling train was assembled by PEER and PES personnel and
consisted of the following items:

Nozzle - Straight stainless steel with sharp, tapered leading edge and
accurately measured round opening.

Impactor - Andersen 8-stage cascade impactor modified by rearranging
the stages. The stages were arranged such that stage 0, 4, 7 and
‘backup were used to make a 4-stage cascade impactor. On theory, this
arrangement allows an increased collection of sample mass on 4 stages
as opposed to distribution of the same mass of sample on 8 stages.
The resultant increased mass per stage improves the accuracy of
gravimetric analysis.

Probe ~ A steel tube with a 90 degree elbow.

2 Test Method for Evaluating Solid Waste, U.S. EPA SW-846,
2nd Edition, July 1982, Method 3050.
F-b
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Draft Gauge - An incline manometer made by Dwyer with a range of 0 to
10 inches of Hzo.

)

Impingers - Four Greenburg-Smith impingers connected in series with
glass ball joints were used for moisture removal.

Metering System - Vacuum gauge, dry gas meter, leak-free pump,
thermometers and related equipment to maintain an isokinetic sampling
rate and to determine the sample volume.

Barometer - Aneroid type to measure atmospheric pressures to within
(approximately) 2.5 mm Hg (approximately 0.1 in. Hg).

Sampling Procedyres

One traverse point from each port that represented the average gas
velocity and temperature in each particular duct were selected as the
sampling points for the determination. The Andersen Mark IIl impactor was
assembled by alternating the stage plates, collection media, flat crossbars,
and Inconel spacer rings needed to provide four cut sizes on stages 1, 4, 7,
and backup. The collection substrates were tared glass-fiber filters
desiccated to a constant weight, and weighed to the nearest 0.0l mg On an
analytical balance.

The sampling train was assembled as shown in Figure D-2. It was leak
checked at the sampling site prior to each test run by plugging the inlet to
the impactor and pulling a 10-in. Hg vacuum. When the desired vacuum was
reached, the leakage rate was checked at the dry gas meter for one minute.
If the leak rate was less than 0.02 ft®/min, the sampling train was used
to obtain the samples. Excessive leaks were corrected prior to sampling.
The impactor was then placed at the selected sampling point(s). Sampling
times ranged between 180 and 240 minutes at the inlet and outlet locations.
A post-test leak check was performed to avoid the possibility of dislodging
the particles on individual stages.

0066S
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During sampling, stack gas and sampling train data were recorded at
10-minute intervals. The isokinetic sampling rate was set initially, and

constant cutpoint characterisitics were maintained throughqut the sampling
period.

sampling Recovery Procedures

After each test was completed, the impactors were removed front he
probe and carefully moved to the designated cleanup area; the impactors were
kept in an upright position. A1l pertinent data were recorded on the
Impactor Recovery and Integrity Data Sheets.

Mark III--

The nozzle and inlet chamber were brushed and rinsed with 0.1N NaOH to
remove chrome into a polyethylene container. After the container was sealed
and labeled, the 1iquid level was marked.

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

Gravimetric Analysis-—

Filters - Each glass fiber filter was desiccated in its respective
sample container for 24 hours to a constant weight and weighed to the
nearest __ mg on an analytical balance.

NaOH Rinse - The volume of each NaOH rinse was measured and
transferred to a tared breaker and analyzed for total Cr concentration by
the same method used in the MM 13B tests. The sample was evaporated to
dryness at ambient temperature and pressure, desiccated for 24 hours to a
constant weight, and weighed to the nearles 0.01 mg.

00665
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The term “constant weight* means a difference of no more than 0.2 mg
or no more than 1 percent of total weight less tare weight (whatever is
greater) between two consecutive weighings, with no less than 6 hours of
desiccation between weighings.

Data Redyction

For each test, size distribution curves were established representing
the total weight percent of particulate matter smaller than the indicated
aerodynamic particle diameter in micrometers (um). Each data point
indicates both the 50 percent effective cut size of each impactor stage and
the cumulative weight percent of material collected in subsequent stages.
Inhalable (less than 10 um) and fine (less than 2.5 um) size fractions
are also reported.

A1l particle size results are based on a particle density of 1
g/cm®.
Data reduction and intermediate results calculations for the impactors were
performed with moisture contents obtained from the Method 13B tests.

Total Cr Analysis by Size Fraction

Upon completion of the gravimetric analysis, samples from each
location were composited by stage cutpoint into a single inlet and outlet
samples for each stage. The following procedures were used to determine
total Cr by size fraction. -

Total Cr--

The total Cr content of the Andersen filters were determined by means
of digesting the filters and residue from the alkaline digestion using the
acid digestion for sludges (Method 3050 SW846) and a final volume of 100
md. The filters and residue from the alkaline digestion of the impinger
solution solids and process sample solids were digested in the same manner.

- -‘ - - ! ’ ' .
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The digestates were analyzed for Cr using an Inductively Coupled Plasma
Emission Spectrometer. The instrument was calibrated and the calibration
was checked using a reference solution obtained from the EPA.

0066S
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APPENDIX G
Equipment Calibration
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PRETEST CALIBRATION DATA
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TEMPERATURE SENSOR CALIBRATION DATA FORM

Date - if-f 7

Thermocouple number Rie wgi"
°C Barometric pressure 29.%0 in. Hg

Calibrator [~ mM Reference: mercury-in-glass aSrm (5-(¢7 ¢

Ambient temperature v *<

other
“‘%[\“_ —_——
Reference Thermocouple ,
Reference b thermometer potentiometer Temperaturec
POlnta Source temperature, temperature, difference,
number (specify) °C °C %

METAL JUET] pmp . M ik [:13.3‘4) 22°F @9.3 "f) 0,57

METER QURE] pmi. M | yee @33%)| W@ 0,37

a
Every 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%.
64 '
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TEMPERATURE SENSOR CALIBRATION DATA FORM
STacw
Dat.e‘////// 37 Thermocouple number 3 7-1/4
Ambient temperature )3/ °¢ Barometric pressure LY _ in. Hg
Calibrator I)wu,[ Reference: mercury-in-glass 5 1, 7C
other
Reference Thermocouple
Reference b . | thermometer potentiometer 'r'emperatureC
point Source temperature, . temperature, difference,
number (specify) °£ ¢ °er %
1 eEwarea | guef 3e0or D
HAondetns 75°F 732 r O
.D (ﬂ,g) :
3 Golc.lmq QOUO ~ -J=‘)Z.| Sr O
W ATE I
- Leed O
L/ ”fﬂ".’l, 3 S'éa" 33(.'1 F
< 4

a

Every 30°c (50°F) for each reference point.
Type of calibration system used.
c

[ﬂef temp, °C + 273) - (test therm

ref temp, °C + 273

G-5

om temp, °C + 273)]

100<1.5%.
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TEMPERATURE SENSOR CALIBRATION DATA FORM

Date <//it/%5 /

ShmALC e

Thermocouple number 3//w~/
Ambient temperature 79 °C Barometric pressure 9.4

G-6

in. Hg
Calibrator élh/h/ Reference: mercury-in-glass /4 +G7<
) other
Reference Thermocouple
Reference | p |thermometer potentiometer Temperaturec
point Source temperature, temperature, difference,
number (specify) °c °C %
) E WwITr 2 3£°F 35",:- O
.y O
Vs P e /3
‘D Crief) A
a
Every 30°C (50°F) for each reference point.
CTYPe of calibration system used.
[Lgef temp, °c + 273) - (test thermom temp, °C + 273)
ref temp, °C + 273 100<1.5%.

—




PITOT TUBE CALIBRATION DATA SHEET

. 7
Calibratea By, . . -~ /7 /, et

| Dates __ $-/5-47

l Pitot 1.p. No.: S-1! —
__ ' Effective Length: 2 —

Pitot Tube Assesbly Level?  yes i No

_ ' Pitot Tube Openings Damaged? Yes (explain below) Ro v -—
' a, = 0 * (<10°) Gy = / _* (<10°)
8, = [ * (<s*) 8y = 2> * (<s°)

: I Y- L ] 0- - A - -

' Z e Agin w .03 o (in.) 0.32 cm (<1708 in.)

' YeaAgin w 0 cs (in.) 0.08 ca (<1/32 in.)

Pp - 0. 45 I o (in.)

. P' - aa qs-}- [~ ] (ino’

' Dy = 0.376 o (in.)
: ' Comments,;
l Calibration Required? Yes No .




PITOT TUBE CALIBRATION DATA SHEET

Calibrated By: m‘“‘/

Date: 3!3/: ?

Pitoc I.D. No.: _5‘3

Effective Length: _ T/P guery

Pitot Tube Assembly Level?  Yes v No
Pitot Tube Openings Damaged? Yes (explain below) No o
a, = (2 ® (<10°) ay = 0 * (<10°)
8y = / * (<5°) By = > * (<5°)
Y- Jo) . o= 0 . A= _0,932¢ 1t
Z2=Asin = (%4 ca (in 0.32 e (<1/8 in.)

cm @) 0.08 cm (<1/32 in.)

PA - 0, 46? G ‘1".)
P = 0.6 & o (in.)

De = o315 o (1n4)

Comments: Cg %pd = o0.&Y

Calibration Required? Yos No /
G-8
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N B R B M TS aE e s

DRY GAS-HBTER AND CRIFICE CALIBRATION

Date; # 'agz | g Box No.: VY aand

Barometxic Pressure, Py, -.Boﬁ in. ng | Dry Gas Meter %o.;

Orifice [Gag Vol.|Gas Vol.

Temperature S
Mancmeter |wee Test{Dry Gas (Het Test Dry Gas Meter
Setting, | Meter Meter Meter |[Inlet|/Outlet Average| Time
as, ij vdj o T tao. ta. 6,
in. #,0 | fe £t °F °r °F °F an. | Y oHE
0.5 <.
1:0 _|=09 932 | Do |J9s |ars 839.2 [VR-0 |s.e351 , Ad ]
2.0_ 5498 3. %9 22:0 llots 8¢5 1936 |/6.0 /0 J .52
1.0 2080 [/i”5%9 270 Woss1 835 | 9¢.5 1/0-0 .03 . Y5 ¢
6.0 el T -
8,0 1Z. 8/ [15-70 220 (/Y019 XLS],03.0 Z9- O |t.039 [-36/
Average 1635 [ "ﬁ_t
Calculations,
Y ARG
2
. Vv Fp (tg + 460) 0.0317 aAm (ty + 460) o
Ak | T3¢ a Py 13.6 v
0.5/0.0368
1.0{0.0737
2.0{0.147
4.0/0.294 E’i‘.‘_ﬁ_“%...ngrgﬂs :E"‘m 3
600 0.431 ’
8.0{0.588

Y = ratio of 4dccuracy 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 1ﬂdl..

of mercury, in, H20. Tolerance = 0.15.
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TEMPERATURE SENSOR CALIBRATION DATA FORM

"STAC WL
Date4///1/57 Thermocouple number 3 7-14
Ambient temperature 23/ °¢ Barometric pressure .4  in. Hg
Calibrator /hw w/ Reference: mercury-in-glass /s /.,'7C
other
Reference Thermocouple '
Refegence b thermometer potentiometer Temperaturec
POlnta Source temperature, temperature, difference,
number (specify) °C s °cr %
1 FICF wnrry _'31—I°F 7’“':/' (J
ﬂ,’alll\."v 7%9F 73,/ /)
= (AB
3 GOH_III"_) a)OﬁoF o ?J--)r (_)
. nrry
) . O
A/ HravTey 3 r AR I T2
.2 /.

a :
Every 30°C (50°F) for each reference point.
Type of calibration system used.

C
[ﬂef temp, °c + 273) - (test thermom temp, °C + 273)]

ref temp, °C + 273 100<1.5%.

G-13




TEMPERATURE SENSOR CALIBRATION DATA FORM

‘- wn .. .
[
13

Date &//14//5 ")

Thermocouple number 3724

Ambient temperature 727, °¢ Barometric pressure 2.4  in. Hg

Calibrator ALy Reference: mercury-in-glass ‘s -/(/C.

— other
Reference

Thermocouple

Reference b thermometer potentiometer Temperaturec
po.mta Source temperature, temperature, difference,
number (Specify) °eF °C . y A
/ 1CE waTes 337F 3 37 ' 8]
Y 73%F )37 o
o At
Q
» 03500 a y o r SN
-—-> wTeT '9 / - ‘2 !
HEATE2> g 77°F 3 77 O
4) P

a
Every 30°C (50°F) for each reference point.
Type of calibration system used.

{ref temp, °C + 273) - (test thermom temp, °C + 273)]
[ ‘ ref temp, °C + 273

100<1.5%.

G-14
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TEMPERATURE SENSOR CALIBRATION DATA FORM

SAmeLE Hewp
_ Date 3-1G-§ 7 Thermocouple number s#-/

Ambient temperature °C Barometric pressure in. Hg

Calibratogr Z?&dﬁn Reference: mercury-in-glass
other
Thermocouple

Reference
Reference b thermometer potentiometer | Temperature
point Source temperature, temperature, difference,
humber (specify) °C °C %
( P07 70 .6 "F@m) 714 "l"‘@l.ﬁ = "
: 0. '

2 .
Every 30°C (50°F) for each reference point.
Type of calibration system used.

c
[Lref temp, °C + 273) ~ (test thermom temp, °C + 273)
ret temp, °C + 273

100<1.5%.

G -15




TEMPERATURE SENSOR CALIBRATION DATA FORM

ShwapLg

Date  3../¢-47 Thermocouple number S -9

Ambient temperature °C Barometric pressure

Calibratom Reference: 'mercury-in-glass

other
\[‘\“—%
Reference [ Th

Thermocouple
Reference b thermometer potentiometer | Temperature

pOinta Source temperature, temperature, difference,
number (specify) °C °C %

/ AmsieuT 70,3 °Rata) 70.0 “FAuu) Ovi'-‘-%
e

in. Hg

a
Every 30°C (50°F) for each reference point.

Type of calibration system used.
[Ll‘ef temp, °C + 273) - (test thermom temp, °C + 273)]

ref temp, °C + 273 100<1.5%.
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TEMPERATURE SENSOR CALIBRATION DATA FORM

‘ﬂﬁclubg

Date _2-/3-f7 Thermocouple number @Acr /
Ambient temperature °C Barometric pressure in. Hg
Calibratog’ZZiZ%Zégnén Reference: mercury-in-glass
‘ : other
—_——— —
Reference r—'I-‘Berm'ocouple
Reference b thermometer potentiometer | Temperature
p01nta Source temperature, temperature, difference,c
number (specify) °C °C %
Moy dulot | pmgreni 76Few) o CRad o397
Nefor CuffTef 76° F4d) 76 °F(J~/-4/‘ 0
a
Every 30°C (50°F) for each reference point.
Type of calibration system used.
[igef temp, °C + 273) - (test thermom temp, °C + 273)
) : ref temp, °C + 273 : 100<1.5%.

- G-17
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1 58 —~
l TEMPERATURE SENSOR CALIBRATION DATA FORM
l me -
Date _3~/3- Thermocouple number Za¢ -2~
. Ambient temperature °C Barometric pressure in. Hg
Calibrator%&ﬁ, Reference: mercury-in-glass
I other
r“ P Pl
_ ’-ﬁ Reference m:tmocouple
'. Reference b |thermometer potentiometer | Temperature
point_ Source temperature, temperature, difference,
| l number (specify) °C °C %
' M( d S o /A 75
Ml 6. -1 7y

Every 30°C (50°F) for each reference point.
Type of calibration system used.

[Lref temp, °C + 273) - (test thermom temp, °C + 273)]
: retf temp, °C + 273 100<1.5%.
- ) G-18
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APPENDIX H
Project Participants and Activity Log
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Name

DRAFT DRAFT PROJECT 279-1-02 DRAFT DRAFT 7/06/87
TABLE F-1. PROJECT PARTICIPANTS
Title Responsibility

F. Clay

J. Swartzbaugh

H. Owens

l A. Weisman

lF. Hood

I F. Meadows

IIT. Miller

IR. Strait

Task Manager
U.S. EPA - EMB

PEER Consultants, P.C.
Program Manager

PEER Consultants, P.C.
Project Leader

PEER Consultants, P.C.
Technician

PEER Consultants, P.C.
Staff Engineer

PES
Project Leader

PES
Technician

MRI
NSPS contractor

Coordinated test activity,
on-site data reduction and
calculations.

Coordinated test activity
with subcontractors and EPA,
report preparation.

Coordinated test activi-

ty with EPA, MRI, PES and
Consolidated personnel, report
preparation.

Site setup, sampling, sample
recovery, equipment and sample
transport and report preparation.

Collected process samples, sample
recovery and data reduction.

Site leader for mist eliminator
testing, test activity
coordination, data reduction

Site setup, sampling, sample
recovery, equipment calibration.

Monitored process
operation and coordinated test
activity,

- W W N . ||F|

— S




Grag oarie e dlycie

Lt vercenkof g inhye  ERechve (min
| Net g(umLmﬁf{) bokad partices 7o less Hran Ludoink Do
ST Staged 2.809 4003 wAn F g0
. Staged. 0.675 10,9 48.3 24
. Shage T 2.414 3.1 a1L 0.5
Rackup _0.502 _a. 0 <os

6. 10 JobD

L(&v.r)c'“r-u - OC,O,um

L
—
E/\_
A
-

L dees peh il S Lug& va porle s

et o ot

i
P SOl R S-S
1
A
i
S
3
.
>
i
[ ]
1
1
1




C_j'\e YY: \-(_L:LJ) Ohf\a..;..l.‘l :—:lf—’ Lrr orny ,

"%ﬂﬂl‘\{' O" C'\(Y‘LIG(\H\"Q_J EH‘CLH*L’
rer (r (mg) Totab Ce U \ese ymom  (udppint D
) = - .

2.3

%{'O.%L | ¥ 0.587 17,27 &
Stogy. 4 0,500 14.47 6Lk

Shagt T 2.0%% 0l 6.90

b
S0

O
m

. Badaip 0,232 A0 o Soe
3 3,379 1000
(9,47, > &0 mam

¥ S*CL%L\ 0.010 085 aq, 15 . 790
DR S’rﬂﬁz.tl | o =1L N ¥ 7 q1s . 238
: S#mg.‘l 0.405 1715 2028 6.4

fxukup .0.2239 2038 o) 4 6,49

BT - N 1000

¥ does not incuule Cr (olleded yn . nozzle rin¥ . L

4“‘ - . B [ s remiememme e mmmin —m rmr b e o o it Lt R

b . - R

ii"' — - — o s m— et o e — PR J—

1 B
— J— :'?_ — — r— ot — —_— — et — - —_ i~

i




| | I i I
_ _ ! _
| | _ _ { I _ | !
T ¢ C<ial_|_€0 L0l | _ | 060N R A3N S h0h 's ¢
LL'E <0t} LR ! _ Fetrll Sotmid 177 gr-c _
o ] Jh = 15701 —| [ | | 407l Jo, 0int 15707 o= | < n=¢ _
2D | ZZTE SE | _ | $TEgioc Tr iUt | _ € S-a
| _ ! | ST 0T ] <0 | S~ _ . SRS
oV Q0" 19 - LA } i | 0599 1L'99) 5L'99) { i g-d
I'h'g L0/ a1 'dE | ! | o hi| 'R €17 ] Lta-d
n:m_n,+_ FIht == LI"g! = t I | 3T§ial LI'gl A 31| = I i T |
GSd 1 roGmw 1 Lph | | _ t LR E L | SS ) ! i he - ¢! i
] , _ _ | j | €610 1Lnt0l IL TS, _ | T o
AX'Q  § bb'lr | ¢X'An | i | | bl Sk gt'Sim| 2 'En _ J i = “
i1 gt | ST'Erm | | i P 2 Em SCER| T e ] i Ll-¢ :
< LY | T | | et 1 g¢t | o€ ! [ V)
Zi o 5911 <l L oL T | o | 23 00] _ _ Li—¢
UMD 1S €1S) | I-5d4T
T 008
(bw) (bw) *3M | (DW) *aM | *3IM | "3IM | "3IM | "3IM | "IN | "3 *3M 9INY | ASQUNR OTATES PI9T&
8oU1833 1d exel Teutd 39 | 43§ | w3y | pag | puz | asi [3s3umod| -yasang
% U ¥ IBLTRUY
S| oDns 05ves “Im "Pas
- | - — (o) "Cmay
_ ] i I~ 1 = 1= _ _ (v) "H°E
f I B I I & 3A7f5 L RIS |LAk3S| | { 83eg
L3jrzls aavr%2a 3lva
SUVUISINS S5V 1~ :poybyey ma3l S GG UID AL iasbeuer 3oe(ozg
(SAFPDINT kw1705~ 3) ) 2325 :ewen 3oefoxd $Sh :3oqunK 359{03d
IPSYSTUTS t5-LC-5 :pe3xEIS BIBLTRUY
- [iY $3UBATOS J=VS 37UV ts 8L TRUY
IHOIAM FUVL

SISXTYNY BOIOVAHI

488 7 7 120 G3IANIZ03Y




] ] | | | |
| f _ !
| | t ] ] I ] |
AL0 | oL'LS | %e3S | _ | [ LT 35) 0<'3€| O¢ 85 i _ r-d
KA 531 | Lot | _ | Litogl Le'or Lhlon ! I £e-d
L19 Ghh |t h i _ | CTFT Rk | RO | ] 7 - d
[(~ho—-1 Lv'se | QU'x¢ | | | 14 $€] U087 | LSHE | | SeC-d
_ | i i | of 84| €=01 | 1T A | I | 1Tr! €-Sc'D
A Y | O0CLt | 9sLt | _ | 5L 95 7)) LELT ] ] h =7
02T | kLBl 1T re Pl | ! [ FE /| FERIT P r| i [ £r-o
10 9k b 8b'f ) J ) YA { ! re- ol
Zov—= 1 L l-=1 badu =] f i COI0A L= b0 _ f S¢-¢
i T i | | i o2 pe| A ket | j by T-5450
AT =4 FTLh 1 L | | | ALy Vil bRy { _ s
0'¢ | nrip;m 0 pLlin ) I | | Llim| SLim | XL [ i 3 <
I~ aqr~f | s0'hE } _ | £0'rE] o'rf €€} ] I L ~¢
5L1 - 95'keg | LOLE | CI'LEf bYAF ] I L] [ , €/-d
OS50 €540 ) 1M | [ 10~s /-Sdv?
. _ oz*/ | 005
(bm) (bm) *aM | (bw) "3IM | °3IM | "IM | CIM | "IN | "IN | *In Slel |°3IM IINJ |ISQUON 9TAWES PI23ia
8oUBIaz3 g exey - Teusd 39 | Y3S | U3y | pxe | puz | 3Isi _uouq:o _ ~Y3I8qNs
7 > | | IEATRUY
nSifes oS H@d\ | T *3M °D3sS
i |~ - | | {do) *QmaL
_ _ | | | f = 0 = | ) {8) "E°¥
J _ I f A REG | s3eC
LS)IT]S  QEvIIsIg  Zvg
SR AULIGNS [ 7 :poybyomn uws3l SOOI 4 1aebeuey 3d9fozg
55h _,,.nmru?cu-uum G0 ID03 M 0) ) URFJ 1ewmeN Josfoxg 2Sh :xequny 3209fog
:paYsTUT L 3-CC-5 :pszar3s sysifeuy
v 13UIATOS SE1S 17U isysiteuy

LHOISM JUYL
SISKTYNY BOJIDVIHWHI




Lor, e

TR Nazole
e !
¢

%&tl?: 4
St
K TNt 0

Ootat

OPS. Nowzle.
S’LO'BL |
":‘raéu 4
Si-%:_ 7

Backup

JaoH Bk

5_':“11\‘ o R S Y - -‘_"CP?" { . .
ﬁt_f’zlgrj k| +2 ®*3
101, 5863 O HS0I  04.43:4 io4.4437
oL 8247 CADAEL K476 04 A
02,451 02277 1038805 10386
(oD, 587 01457 101.459 014472
106, 5272 1074245 1074259 i07.4226

[OH. 3767 1068200 127.1827 1. 2202

1072.09%7 102. 906k 102.96L4 02.454D

10%. 2% iD4.1372 D4 1442 041409

105, 4505 I0L.3031  106.32238  |0k. 2102
98.30% 44022 94.0%80 490430

10k, 596 1074524 j07.4486 Foa e

4
ion.¥z
04,4044
0. 8T7%
ICI. 4278
107 4137

(07,0568
107.948%
(A 250
(0. 29249
04.0223

[07.4397

AMrdce n nod ar
LS T

D BT
[od. q{O%
02.271S
101 4504
1074225

107.0877
i02.9%40
10U 12%
|0b. 2018
4q.0240

07.4464 7



A ‘
- B - . . +
Lomvin el e wd = L0 f~ ey

<

') { I_J._J_I l‘
The Noz—ir

VYN
¢

OPs- MOZZLE
STAGe A

L/

/

Back-up

Pk gyt

[4

[OY. 427
1od. 410

103, 87iZ
OLHZO-
107.425C

107, i

1072.0%77

104, 9590
/94, /396
104,307%

99,0390

I

9,«..-)‘/ ,fr'lf-r‘c l%V.fl"(Jf'.:_

10t .56

104.57267
/02,0937

193.%46 95
105, 9505

78074

2 Ner s a0 e
N

L_*_w.«_f—_\? J
L
2.8
O. 887

N =
[V j

Dot
O.

F

DY

LAY

cg7

0. 878

A.5710
0 3603
0 56757

Q.8573
0.83/¢

J;_'.AL_:_.LII.I:;J;IL:[J (f'{ j

—_ s
PR S

—.oDn

0.00¢

{6343
-0.0106

~ Q070
-0,0195
- 00,0952




(thom»_uw_) Covmiot - pif‘ﬁ-i'e o 28
3%@.%:. FINeLd

Savipie, Volurrd, “ohed Cr (wg 2,
Tnlet '
TFD 22 (Noazier 418 | 32.3

TP Shuge | B4 0.20
J:F; Huce 4 82 0D
pn S S--%u%m 1B < 0.0z
e 13T <0.02
OFZ 2-2 (Nozzle, “ofs oxvy
Ofz ‘;‘méu 18] 0.0
OPs %hb;u& 17 0.02
oPS %m%m 78 0.02.
(b ackup 73 0.0
NooH Blark. 180

0.0



Cﬁf{)rmj_fwy‘f.) CO»LLU‘..‘J’- pﬂ.r%cie O

) "'f'\f I:)"/t( e e
(\-‘. e

RETST S Totrad (r (»g)

T f‘:‘\'a%).l S0

pu 3@%&4 437

% S,*ra) N OS5k
ﬁ_:-a_dru._h{: 24,

Qo= t

OJUSTIN | 13.3

SIS S‘ra_%;.él =\. 4

OPS Siragz ! ao®

Botkup (49

=127 ‘C_M_a'} -

el

TTPS £ OFS 9%“57 3.‘5_»:3
L of5 Sy 4 "

IPo 0P batkup (M'”{j




J—

DREms 0182

o

‘\/“.'

e ’/;’, = 0.0
)2 \ -

-

END = non dekectalw

!



=e Lty

Ay of ey - Co

| g
n?a

O o
AN : .
PR [ , . 3 N "J)‘ ) :
- D, 7R
v FE
O,

< o”.‘)/‘ . .
SN AT NS
| Gl DD
t 4
NI

—



TFlowacoie  AES  Thosaa wopddor @& skack (ev.daters
L.
T wlet
TPL-! O S (o
TPs-2 0.5472 TP, = OB4I1 ALFrA
TITre-2 D, 220,
Dt .
OPS - 0. 32Cke
OPs-2 O 55%
oFS-2

OP&M- 0.5472 M
o 6, 5327






