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SECTION 1
INTRODUCTION

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

As part of this study, EPA is evaluating atmospheric emissions of chro-
mium from hard chromium plating operations. The purpose of these tests is to
characterize uncontrolled and controlled emissions and size distribution of
hexavalent chromium (Cr+6) and total chromium (Cr) from a representative
industrial operation.

The Emission Measurement Branch (EMB) of EPA's Environmental Standards
and Engineering Division (ESED) requires contractor assistance in obtaining
chromium emissions data from a representative source so that an accurate
assessment of the potential problems can be made and appropriate regulatory
action developed.

PE] Associates, Inc., under contract to EMB, conducted a testing program
at the Steel Heddle manufadturing facility in Greenville, South Carolina, on
June 24 and 25, 1986. Triplicate tests 1o determine Cr+6 and total Cr emis-
sions were performed at the inlet and outlet of a double packed-bed scrubber

controlling chromic acid emissions from three hard chromium plating tanks.
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In addition, particle size distribution measurements were taken at sampling
pcints before and after the scrubber in an effort to characterize Cr+6 and
total Cr emissions by size fraction. Samples of the plating tank solution
and scrubber water were also collected during each test and analyzed for Cr+6
and total Cr.

The objectives of this project were met, and no major problems were
encountered during the test project. Section 2 of this report presents a
summary and discussion of test results; Section 3 addresses gquality assurance;
Section 4 describes the sampling locations and test procedures; and Section 5
describes source operation. Appendix A presents sample calculations and
computer printouts; Appendices B and C contain the field data sheets and
laboratory analytical results, respectively; Appendix D details sampling and
analytical procedures; Appendix E summarizes equipment calibration procedures
and results; Appendix F contains a list of project participants and a

sampling log; and Appendix G describes the draft test method for determining

hexavalent chromium emissions from stationary sources.
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SECTION 2
SUMMARY OF TEST RESULTS

This section details the results of the sampling program. Subsections

are used to identify results from each test type (i.e., Cr+6, total Cr
particle size distribution, etc.); results are expressed in both metric and

English units where applicable.

2.1 TEST PROTOCOL

Table 2-1 presents the sampling and analytical protocol followed through-
out this project, the test jdentification, and the sampling times for each
specific test type.

In summary, triplicate tests were conducted simultaneously at the scrubber
inlet and outlet to characterize uncontrolled and controlled Cr+6 and total
Cr emissions from this type of source. Procedures detailed in EPA Test
Methods 1 through 4* were used to measure flue gas flow rate, temperature,
moisture content, and gas composition.

A Method 13 sampling train modified by eliminating the filter and
placing 0.1 N NaOH in the impinger section was used to extract samp1es.**
This methodology was developed by EPA during previous studies on similar

plating operations. Cross-sectional, isokinetic sampling techniques were

used in each case.

*

40 CFk 60, Appendix A, EPA Reference Methods 1 through 4, July 1985.
sk

40 CFR, Appendix A, Reference Method 13, July 1985.
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Hexavalent chromium content was determined by procedures recently devel-
oped by EPA for determining Cr+6 content in source emission samples. These
latter procedures entail extraction of the sample fractions with an alkaline
solution, followed by the diphenylcarbazide colorimetric method.*

Each emission sample was also analyzed for total chromium by use of
Inductively Coupled Argon Plasmography (1CP) analytical techniques. A Per-
kin-Elmer Plasma II1 instrument was used for this analysis, which followed the
general procedures outlined in EPA Methbd 3050 of EPA Sw-846.*

Samples were collected for particle size distribution measurements at
the scrubber inlet and outlet by the use of in-stack cascade impactors. The
Andersen Mark III multistage impactor was uséd at both locations

Three particie size samples were collected at each location. Initially,
the acetone rinse and filter fraction were subjected to gravimetric analysis
using EPA Method 5 analytical procedures. At the completion of the gravi-
metric analysis, individual rinse and filter fractions were combined by stage
cutpoint and location so that one composite sample was available for analysis
of Cr+6 and total Cr. The filters were digested and analyzed for Cr+6 by use
of procedures detailed in Appendix D of this report. Total Cr was determined
from the digestion procedure filtrate using ICP analytical techniques.

During each emission test, scrubber water and operational plating tank
solutions were collected. Grab samples were obtained approximately every 30

minutes during the Modified Method 13 tests. These grab samples were placed

*
Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd ed., July
1982.




in a 1-gallon polyethylene container so that one composite sample of each
type was available for analysis.

6 and total Cr by use of

A1l collected samples were analyzed for cr'
procedures similar to those used in the analysis of the Modified Method 13B
samples. The following subsections detail the results of the sampling pro-

gram.

2.2 HEXAVALENT ANB TOTAL CHROMIUM EMISSION RESULTS

Table 2-2 summarizes pertinent sample and flue gas data for the chromium
tests, and Table 2-3 presents the Cr+6 and total Cr emission fesu]ts.

Sample volumes are expressed in dry normal cubic meters (de3) 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 in.Hg) and zero percent mois-
ture] and are expressed as dry normal cubic meters per minute (de3/m1n) and
dry standard cubic feet per minute (dscfm). Actual flow rates at stack
conditions may be found in the computer printouts in Appendix A of this
report.

Concentrations of Cr+6 and total Cr are expressed in mi]]igrams per dry
normal cubic meter (mg/de3) and grains per dry standard cubic feet
(gr/dscf). Mass emission rates are expressed in kilograms per hour (kg/h)
and pounds per hour (1b/h). Note that the Cr concentrations were calculated

6 and total Cr in the sample. 'Each recovered

using the total content of crt
sample consisted of the nozzle and probe rinse as well as the impinger
solutions and rinse of all connecting glassware.

As reported in Table 2-2, sample volumes were consistent and ranged from

3 for the

4.85 to 4.93 d\m> for the inlet trains and from 5.22 to 5.38 dim
outlet trains. Isokinetic sampling rates ranged between 94.5 and 97.7
percent, which is within the acceptable range of 90 to 110 percent.
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At the scrubber inlet, the average volumetric flow at standard condi-
tions was 464 de3/min (16,400 dscfm). Flue gas temperatures ranged from 32°
to 36°C (90° to 97°F) and averaged 35°C (94°F). The moisture content of the
gas stream averaged 2.3 percent. The static pressure was continuously
recorded using a 0- to 36-in, HZO water manometer during each test. These
pressures ranged between -3.3 and -3.6 in, H20. Prior to sampling, flue gas
from the inlet was collected in a Tedlar bag and analyzed for oxygen (02) and
carbon dioxide (COZ) content using an Orsat gas analyzer. This ana]yéis
(20.9 percent 0, and 0.0 percent C02) confirmed the basic ambient composition
of the gas stream, and no further attempts were made to measure gas
composition. The 02 and 002 values determined from this sample were used to
find the molecular weight in both the inlet and outlet sample runs.

The cr*®

content of the inlet flue gas ranged between 1.1 and 2.7
mg/de3 (0.0005 and 0.001 gr/dscf) and averaged 1.7 mg/dNrn3 (0.0007 gr/dscf)
for the three tests. The average mass emission rate was 0.04 kg/h (0.1
1b/h). Total Cr concentration ranged between 1.1 and 2.55 mg/de3 (0.0005
and 0.001 gr/dscf) with mass rates similar to those of Cr+6.

The total amount of Cr+6 captured in the inlet trains ranged from a

‘maximum of 13.3 mg (Test SIC-1) to a minimum of 5.48 mg (Test SIC-3). Total

Cr content for these runs was 12.6 mg and 5.28 mg, respectively. Considering
that Cr+6'and total Cr content of the samples was determined by two different
analytical techniques, the data are comparablie and indicate that the majority
of Cr in these samples is in the form of Cr+6.

At the scrubber outlet, the average gas flow rate at standard conditions
was 485 de3/m1n (17,133 dscfm), which is within 5 percent of the average

inlet flow rate. Flue gas temperatures ranged from 23°C to 27°C (74°F to



80°F) and averaged 25°C (76°F). The moisture content of the gas stream
averaged 2.6 percent. Outlet static pressure was consistent and ranged

6

between -0.27 and -0.37 for the test series. The outlet Cr+ concentrations

averaged 0.05 mg/dNrn3 (0.00002 gr/dscf) with a corresponding average mass
rate of 0.001 kg/h (0.003 1b/h). Total Cr concentrations averaged 0.053
mg/de3 (0.00002 gr/dscf) with an average mass rate of 0.0013 kg/h (0.0033
1b/h).

The Cr+6 content of the outlet samples ranged between 0.265 and 0,293
mg, and the total Cr content ranged between 0.261 and 0.299 mg. Based on the
6

mass rate data, the scrubber removed between 94 and 98 percent of the crt

and total Cr entering the control device.

2.3 PROCESS SAMPLE ANALYSIS

6 and total Cr from plating tank

Table 2-4 summarizes results for crt
solutions and scrubber water collected during each test period. Plating tank
solutions from operational tanks 1, 2, and 4 were collected separately during
the first inlet particle size test (SIPS-1) and during each of the Cr+6/tota1
Cr emission tests. Scrubber water effluent was collected during the same

6 and total Cr are expressed in milli-

basic periods. Results for both Cr+
grams per liter (mg/liter). Analytical procedures were similar to those used
for the actual emission samples with Cr+6 determined by the diphenylcarbazide

colorimetric method and total Cr by ICAP.

2.4 PARTICLE SIZE DISTRIBUTION TEST RESULTS
A total of three particle-size measurements were made at the inlet and
outlet test locations during the course of this study. These tests were

designed to characterize Cr+6 and total Cr emissions by size fraction.
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l TABLE 2-4. SUMMARY OF PROCESS SAMPLE ANALYTICAL RESULTS
l Laboratory Run No./ Chromium (vi), Total chromium,
No. description Fraction mg/liter mg/liter
l FT433 SIPS-1 Liquid 92,000 97,200
Tank No. 1
FT434 SIC-1 Liquid 97,400 98,600
' Tank No, 1
FT435 SIC-2 Liquid 88,900 96,200
l Tank No. 1
FT436 SIC-3 Liquid 90,300 98,600
l Tank No, 1
FT437 SIPS-1 ‘ Liquid 101,900 106,800
l Tank No. 2
FT438 SIC-1 Liquid 95,400 103,600
Tank No. 2
l FT439 SIC-2 Liquid 97,400 103,400
Tank No., 2
l FT440 SIC-3 Liquid 99,100 104,400
Tank No. 2
. FT441 SIPS-1 Liquid 83,800 92,900
Tank No. 4
I FT442 SIC-1 Liquid 82,700 91,100
Tank No. 4
FT443 SIC-2 Liquid 78,700 87,300
Tank No. 4
FT444 SI1C-3 Liquid 81,700 90,300
I Tank No, 4
FT445 SIPS-1 Liquid 16.3 11.1
' Scrubber
FT446 SIC/S0C-1 Liquid 6.63 7.99
l _ Scrubber
FT447 SIC/S0C-2 Liquid 5.33 6.74
l Scrubber
FT448 SIC/S0C-3 Liquid 7.45 7.53
Scrubber
l 2-9



Initially, each individual sample was subjected to a gravimétric analysis as
delineated in EPA Method 5.* At the completion of this analysis, filter
media were combined by location and stage cutpoint and analyzed for Cr+6 and
Tota]l Cr. Andersen Mark III in-stack impactors were used to measure particle
size at each location. The impactor consists of eight impaction stages
followed by a backup filter. In these tests, g]ass-fﬁber filter media were
used. Al] samp1e§ were collected at single points in the duct representing
the average velocity and temperature as measured during the Cr+6/tota1 Cr
tests.

Each test was conducted according to the procedures described in the
Mark III operations manual supplied by thé manufacturer. Isokinetic sampling
rates were set initially, and constant cutpoint characteristics were main-
tained throughout the sampling period. Test times ranged from 75 to 90
minutes for the inlet, and were 240 minutes at the outlet.

Cumulative size distribution curves representing the total weight of
particulate matter smaller than the indicated aerodynémic particle diameter
[in micrometers (um)] were established for each individual test. The cut-
points for each test were ca]ch]ated by computer programs contained in "A
Computer-Based Cascade Impactor Data Reduction System"** (CIDRS) developed
for U.S. EPA by Southern Research Institute (SRI). A1l particle size results
are based on a particle density of 1 g/cm3. Data reduction for the particle
size tests was performed by computer programming; data on flue gas moisture

and molecular weight were obtained from the Method 13B tests.

740 CFR 60, Appendix A, Reference Method 5, July 1986.

=g
Southern Research Institute. A Computer-Based Impactor Data Reduction
System. Prepared for U.S. EPA under Contract No. 68-022-131. March
1980.
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The average isokinetic sampling rates were all within the acceptable
range of the IP Protocol* (80 to 120 percent), and the impactor sampling
rates were all within the manufacturer's suggested operating limits (0.3 to
0.75 acfm).

Figures 2-1 through 2-6 present the size distribution curves for each
individual test. These curves were developed using the net weight gain (or
loss) of each filter as determined from the Method 5 gravimetric analysis.
Actual impactor stage data points are depicted as solid dots, and the open
dots represent an extrapolated best fit curve.

Although individual impactor stages looked evenly and (in some cases)
heavily loaded upon recovery, the gravimetric data for each location show
that the samples did not contain enough material on the various stages to
yield reliable data (no more than 0.5 mg was collected on any stage, compared
with a desired amount of between 1 and 10 mg).

For the three inlet tests (designated SIPS), the total material catch
ranged between 9.3 and 15.9 mg; the majority of the material was found in the
acetone rinse of the impactor nozzle and inlet chamber. These data show that
between 3 and 8 percent of the particles (by weight) had diameters of 10 um
or less; between 2 and 4 percent had diameters of 2.5 um or less. Since most
of the collected material was found in the nozzle and impactor casing acetone
rinse, the majority of the material would appear to be larger fhan 10 um.
This may or may not actually be the case. If particles smallier than 10 um

were collected in the nozzle or impactor casing, the cumulative percent less

*
Southern Research Institute. Procedures Manual for Inhalable Particulate
Sampler Operation. Prepared for U.S. EPA under Contract No. 68-02-3118,
November 1979.
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Figure 2-1. Particle size distribution test SIPS-1 (scrubber inlet).
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Figure 2-5. Particle size distribution test SOPS-2 (scrubber outlet).
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Figure 2-6. Particle size distribution test SOPS-3 (scrubber outlet).




than 10 um would be biased low; the magnitude of which is unknown. This
would be possible if the material collected was in the form of a mist which,
from visual observation, appeared to be the case.

The outlet particle-size measurements are depicted in Figures 2-4
through 2-6. A similar pattern was observed for these samples as with the
jnlet samples; not enough material was collected on the various stages to
yield reliable test data. The total catch for these runs ranged between 5.8
and 10.2 mg; the majority of the material was found in the impactor nozzle
and inlet casing. The plotted data show that between 5 and 21 percent of the
particles had nominal diameters of 10 um or less, and between 3 and 21 per~
cent had diameters of 2.5 um or less. As with the inlet samples, the cumula-
tive percent Tess than 10 um may be biased low.

6

In an attempt to characterize Cr'° and total Cr emissions by size frac-

tion, inlet and outlet samples were composited by stage cutpoint into a
single sample for each site.

The filters were cut into small pieces and digested using the alkaline
digestion procedure. Analysis for Cr+6 followed the basic colorimetric
procedures used for the Method 13 emission tests. The total Cr content was
determined by digesting the filters and residue from the alkaline extract
with analysis by ICP. Table 2-5 summarizes the results of this anlaysis.
The size cutpoints were obtained from computer printouts for each individual
test, and the range of cutpoints are presented for each stage. The blank

6

corrected content of Cr+ and total Cr (in micrograms [ug]) is also presented.

6

For the inlet samples, the total content of Cr'® and total Cr was found in

the acetone rinse residue (>10 um) and on stages 3 through 5 (1 to 3 wm).

6

For the outlet samples, the Cr'° and total Cr contents were 151 and 291 ug,
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TABLE 2-5. PARTICLE SIZE CHARACTERIZATION OF
Cr'® AND TOTAL Cr

Size
, cutpoint,® Cr'e Total Cr,®
Run No. Stage No. um ug ug
Inlet 0 9.9 - 10.1 0.875 8.75
SIPS-1-3 1 8.7 - 8.9 1.3 10.9
2 5.8 - 5.9 4.2 16.5
3 3.8 - 3.9 13.5 26.8
4 2.1 - 2.2 55.7 81.1
5 1.04 - 1.06 32.4 51.4
6 0.64 - 0.65 1.0 9.8
7 0.34 0.3 8.3
Backup filter <0.34 0.875 0
Acetone rinse >10 840 1810
2023.6
Qutlet 0 10.1 - 10.6 1.3 10.4
SOPS 1-3 1 8.8 - 9.4 1.5 8.8
2 5.9 - 6.3 6.8 17.1
3 3.9 - 4.0 26.1 41.7
4 2.2 - 2.3 85.9 114.3
5 1.1 25.1 48,2
b 0.65 - 0.70 1.4 14.3
7 0.35 - 0.37 0.8 9.2
Backup filter 0.36 0.2 0
Acetone rinse >10 1.4 27.1
Total 150.5 291.1

40btained from computer program calculations (see Appendix A).

bCr+6 and total Cr content in micrograms (ug). Values have been blank-

corrected.
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respectively, the majority of which was found in stages 3 through 5 (1.1 to
4.0 um). Note that the contents of Cr+6 and total Cr do not compare as well
as the Method 13 test results. In these tests, the contents of each element
were essentially identical, which indicated that most of the chromium in the
samples is in the Cr+6 form. The particle size data indicate that a chemical
reduction of Cr+6 is taking place on the filter media, in which case the

total Cr results would be expected to be higher.
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SECTION 3
PROJECT QUALITY ASSURANCE

The application of quality assurance procedures to source emission
measurements ensures accurate emission-testing results. Quality assurance
guidelines provide the detailed procedures and actions necessary for defining
and producing acceptable data. In this project, four documents were used in
the preparation of a source-specific test plan that would ensure the collec-
tion of acceptable data: 1) EPA Quality Assurance Handbook, Volume II,
EPA-600/4-77-0271; 2) PEI Emission Test Quality Assurance Plan; 3) PEI Labora-
tory Quality Assurance Plan; and 4) Determination of Hexavalent Chromium
Emissions From Stationary Sources, December 13, 1984. Two of these are PEI's
general guideline manuals that define the standard operating procedures
followed by the company's emission testing and laboratory groups.

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

° Onsite quality assurance checks, such as leak checks of the sampling
train, pitot tube, and Orsat line. Onsite quality assurance checks
of all test equipment prior to its use.

© Use of designated analytical equipment and sampling reagents.

° Internal and external audits to ensure accuracy in sampling and
analysis.

° Calibration of all field sampling equipment.

° Checks of train configuration and calculations.
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Table 3-1 lists the specific sampling equipment used to perform the
Cr+6, total Cr, and particle size distribution tests as well as the calibra-
tion guidelines and Timits. 1In addition to the pre- and post-test calibra-
tions, a field audit was performed on the metering systems and temperature-
measurement devices ﬁsed during sampling. These data are summarized in Table
3-2, and copies of the field audit data sheets are presented in Appendix B of
this report. '

The PEI project manager and EPA Task Manager performed the onsite sample
calculations, and computer programming was used to validate the data upon
return to PEI's Cincinnati laboratory. Minor discrepancies between the hand
calculations and computer printouts are due primarily to rounding off of
values. Computerized example calculations are presented in Appendix A.

The following subsections summarize the quality assurance activities
performed during the analytical phase of this project. As a check of the
gravimetric analytical procedure for particle sizing, a blank set of filters
and a reagent (acetone) were analyzed in a fashion similar to that used for
the actual field samples. Table 3-3 summarizes the blank analysis data,
which indicate good gravimetric analytical technique.

Emission and process samples were analyzed in two separate batches.
Table 3-4 summarizes the linear regression data of the spectrophotometer
calibration for these samples. Standards containing 0, 5, 10, 15, 20, and 25
ug of chromium(VI) per 50 ml were analyzed with each batch of samples. The

detection limits listed in Table 3-3 are based on an absorbance value of

0.005.
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TABLE 3-3. FILTER AND REAGENT BLANK ANALYSIS DATA

Average
Tare gross Net
PEI lab weight, weight, difference,
Sample type No. mg mg mg
Acetone® | FT337 98,791.3 98,799.2 7.9 mg
(0.0410 mg/g)

Andersen filter set

Stage 0, No. AS-37 FT328 159.6 159.7 0.1

Stage 1, No. AP-37 FT329 164.2 164.2 0.1

Stage 2, No. AS-19 FT330 162.4 161.9 0.5

Stage 3, No. AS-49 FT331 163.0 162.6 0.4

Stage 4, No. AM-32 FT332 144.1 143.7 0.4

Stage 5, No. AP-90 - FT333 142.3 142.5 -0.2

Stage 6, No. AP-88 FT334 142.5 142.5 0

Stage 7, No. A0-06 FT335 149.3 149.3 0

Backup, No. A-294 FT336 220.2 219.6 0.6

1f a blank residue value greater than 0,01 mg/g or 0.001 percent of the
blank weight was obtained, a maximum value of 0.01 mg/g was subtracted
from the sample weight.
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TABLE 3-4. LINEAR REGRESSION DATA FOR SPECTROPHOTOMETER CALIBRATION

Detection
Date Correlation Duplicate Timit,
(1986) Y-Intercept Slope coefficient curves ug/ml
7/20 -0.0045 0.0293 0.9998 No <0.4
8/12 -0.0000 0.0265 0.9999 Yes <0.2

The ICP was also calibrated for each of the two batches. The initial calibra-
tion consists of a blank and a 5-ppm standard, both containing 50 ppm of
scandium as an internal standard. The internal standard is also added to all
sémp]es at the same concentration. Table 3-5 summarizes the results of the
ICP QC check sample (1.00 ppm) analyzed after approximately every tenth

sample.

TABLE 3-5. QC CHECK SAMPLE DATA FOR ICP

Date Value determined,
(1986) ppm

7/23

e
.
o
N

8/15

oo oOoOOCoO
w
~

3-7




Table 3-6 summarizes all blank data for chromium(VI) and total chromium

analyses.
TABLE 3-6. SUMMARY OF BLANK DATA

Description Chromium(VI), ug Total chromium, ug
Reagent blank for particulate <0.4 <2
Acetone blank 0.6 <2
Filter stages 0, 2, 4, © 0.9 11.0
Filter stages 1, 3, 5, 7 0.8 11.6
Backup filter 165 1968
Method 5 sample blank <6 <20
a

Based on largest volume of sample received.

Two fractions were analyzed for the modified Method 5 samples and the
process: the 1iquid and the digested solids. The amount of solids were
small, and the amount of chromium(VI) and total chromium in the solids were
insignificant compared with that in the liquid.

Table 3-7 summarizes the results of the spike sample and duplicate

sample analysis for chromium(VI) and total chromium.
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TABLE 3-7. RESULTS OF SPIKE AND DUPLICATE ANALYSES®

Run No. Spike recovery, % Duplicate results, mg/liter

SIC-3 100.3, Cr(VI) -

S0C-2 92.3, total Cr -

SIPS 1-3, acetone 105.8, Cr(VI) -

SIPS 1-3, backup 85.5, total Cr -

SOPS 1.3, acetone 89.4, total Cr -

SIPS-1, Tank No. 1 96.2, Cr(VI) -

SIC-3, Tank No. 2 92.8, total Cr -

SIPS-1, - 11.1, 10.2, total Cr
Scrubber water 16.3, 11.9, Cr(VI)
SIC-1, - 7.99, 7.80, total Cr
Scrubber water - 6.63, 8.48, Cr(VI)
Sic-2, - 6.74, 6.38, Total Cr
Scrubber water - 5.33, 6.97, Cr(VI)

a Spike recoveries on solid samples were within the same range.
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SECTION 4
SAMPLE LOCATIONS AND TEST METHODS USED

4.1 SAMPLE LOCATIONS

Samples were simultaneously extracted from the inlet and outlet ducts of
the scrubber. Figure 4-1 depicts a simplified process flow diagram and
Figures 4-2 and 4-3 show the inlet and outlet sample locationms.

At the inlet, two sampling ports were Jocated 90 degrees off-center,
approximately 2.6 duct diameters (dd) downstream and 0.53 dd upstream from
the nearest flow disturbance in the 32-inch i.d. round duct. A total of 24
traverse points (12 per port) were used to traverse the nonsectional area of
the duct. Each point was isokinetically sampled for 7.5 minutes to yield a
total test time of 180 minutes.

At the outlet, two sampling ports were located 90 degrees off-center,
approximately 1.5 dd downstream and 0.45 dd upstream from the nearest flow
disturbances in the 32-inch i.d. round duct. A total of 24 sample points
were used to traverse the cross-sectional area of the stack. Sample times
were identical to those used at the inlet. The minimum port location criteria
specified in EPA Method 1* could not be met at the scrubber outlet location;
however, this was the-only feasible location to extract samples. As detailed
in Section 2 of this report, the quality of inlet and outlet flow rate data

indicates that this problem did not adversely affect test results.

* 40 CFR 60, Appendix A, Reference Method 1, July 1985.
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Figure 4-1. Process flow diagram, Steel Heddle Co.
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Figure 4-3. Scrubber outlet test location, Steel Heddle Co.
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4.2 HEXAVALENT AND TOTAL CHROMIUM SAMPLE EXTRACTION AND ANALYSIS

As shown previously in Table 2-1, three tests were conducted at points
located before and after the scrubber in order to determine the Cr+6 and
total Cr content.

Prior to sampling, velocity, static pressure, molecular weight, moisture
content, and temperature were measured to define sampling rates and nozzle
sizes as described in EPA Reference Methods 1 through 4.* In addition, the
degree of turbulent flow at each location was assessed based on procedures
described in EPA Reference Method 2. In this method, the face openings of
the Type-S pitot tube are aligned perpendicularly to the duct cross-sectional
plane, designated "0-degree reference." Null (zero) pitot readings obtained
at O-degree reference indicate an acceptable flow condition at a given point.

If the pitot reading is not zero at O-degree reference, the pitot is
rotated (up to 90 degrees * yaw angle) until a null reading is obtained. The
value of the rotation angle (yaw) is recorded for each point and averaged
across the duct. Method 2 criteria stipulate that average angular rotations
greater than =10 degrees indicate turbulent (nonaxial) flow conditions in the
duct(s). Angular rotations of less than 10 degrees were observed at each
location, which indicated acceptable flow patterns and enabled the extraction
of representative samples from this source.

An EPA Method 13B sampling train was used to extract samples. The train
was modified by eliminating the sample filter and placing 300 m1 of 0.1 N
NaOH in the impinger section. Each train consisted of a heated, glass-lined

probe followed by a series of four Greenburg-Smith impingers, a calibrated

*
40 CFR 60, Appendix A, Reference Methods 1 through 5, July 1985.
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orifice, a dry gas meter, and associated equipment to measure gas flow and
temperature and maintain isokinetic sampling conditions.

The impingers were weighed before and after each test to determine the
moisture content of the flue gas stream. The contents of the impingers were
placed in a polyethylene container, and all glassware inc]uding the sampling
nozzle and probe were rinsed with 0.1 N NaOH; this rinse was added to the
same container. Appropriate blank solutions (0.1 N NaOH) were also taken for
analysis. Upon return to the laboratory, each sampie (including blanks) was
analyzed for Cr+6 using analytical methodology recently developed by EPA. A
copy of the draft method entitied "Determination of Hexavalent Chromium
Emissions From Stationary Sources" is contained in Appendix G of this report.
In summary, this method entails the extraction of the sample with an alkaline
solution, followed by the diphenylcarbazide colorimetric method.*

At the completion of the Cr+6

analysis, a separate portion of each

sample was digested and analyzed for total Cr by use of ICP analytical tech-
*

niques. * Appendix D of this report contains the detailed analytical method-

ology used for these analyses.

4.3 PARTICLE SIZE DISTRIBUTION

Three samples were collected at each test location to determine particle
size distribution. These tests were designed to characterize Cr+6 and total
Cr emissions by size fraction. A1l size distribution tests were performed in

accordance with procedures detailed in the equipment manufacturer's operations

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

*
* Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd ed., July
1982. Method 3050.
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manual. Guidelines established in the IP Protoco1* were used to evaluate
collected data.

Samples for particle-size distribution measurements were collected using
an Andersen Mark II1 impactor with glass-fiber filters as the substrated
media. This in-stack impactor consists of eight cut-point stages and a
backup filter. The sampled gas stream enters the system through the pre-
cutter. Particles with sufficient inertia are impacted against the sides of
the precutter. Smaller particles flow with the gas stream, exit the pre-
cutter, 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 downsiream of
the final, seventh stage plate.

A single impactor was used to collect samples at each location. Two
points of average velocity were selected at the outlet location and 2 single
point of average velocity was selected at the inlet. Sampling times were 240
minutes at the outlet and between 75 and 90 minutes for the inlet samples. .

Isokinetic sampling rates were set jnitially based on the expected
average gas velocity at the selected sample points, and constant cutpoint

characteristics were maintained throughout the sampling period. The average

*

Procedures Manual for Inhalable Particulate Sampler Operation, Prepared by
Southern Research Institute for EPA, Contract No. 68-02-3118, November
1979.




isokinetic sampling rate for each run was based on the actual flue gas
velocity pressures and temperatures measured at each of the test points. At
the completion of each test, the impactor samples were recovered according to
procedures described in the mark III operations manual.

Each recovered fraction was subjected to a gravimetric analysis using
procedures similar to those in EPA Method 5, except that the "constant weight"
criteria for the filters was +0,2 mg instead of 0.5 mg. At the compietion
of the gravimetric analysis, samples were combined by location and stage
cutpoint for analyses of Cr+6 and total Cr. Analytical procedures followed
those previously described.

Cut-points for the eight Mark III impactor stages were calculated by
computer programs contained in "A Computer-Based Cascade Impactor Data
Reduction System" (CIDRS) developed by Southern Research Institute (SRI).*
A11 particle size results are based on a particle density of 1 g/cm3. Data
reduction and intermediate results calculations were performed by the CIDRS
program, and moisture contents and gas molecular weights were obtained from
the Cr+6/tota] Cr tests. Size distribution curves were established to repre-
sent the total weight percent of particulate matter smaller than the

indicated aerodynamic particle diameter in micrometers.

4,4 PROCESS SAMPLES
Process.samp1és (scrubber water and plating tank solutions) were collected

by PEI personnel during each test period. Each sample was collected at least

* Southern Research Institute. A Computer-Based Cascade Impactor Data
Reduction System. Prepared for U.S. Environmental Protection Agency under
Contract No. 68-022-131, Revised March 1980.
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four times during the 3-hour test period and placed in polyethylene con-
tainers. These samples were analyzed for Cr+6 and total Cr according to

procedures similar to those used for the actual emission samples.
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SECTION 5
PROCESS DESCRIPTION AND OPERATION

5.1 PROCESS DESCRIPTION _

The Steel Heddle plant in Greenville, South Carolina, is an original
equipment manufacturer of steel heddles for textile looms. The plating
facility is operated both on a captive and a job shop basis. Metal
finishing operations at the plant include chromium, zinc, copper, nickel,
and copper/sulfate plating; chemical polishing; and sulfuric acid
anodizing. Reeds and combs for textile looms and miscellaneous parts from
outside customers undergo hard chromium plating. The plating facility is
operated 16 hours per day, 5 days per week.

The chromium plating facility consists of four tanks, arranged as
shown in Figure 5-1. Based on size; operating parameters such as current,
voltage, and plating time; and chromic acid concentration, all four tanks
are typical of other hard chromium piating tanks used in the
electroplating industry. ODuring this source test program, tanks 1, 2, and
4 were operated. The dimensions and operating parameters for these tanks
are presented in Table 5-1. The plating solution used in the tanks is a
conventional hard chromium plating solution containing about 250 grams per
liter (g/2) (33 ounces per gallon [oz/gal]) of chromic acid and about |
2.5 g/ (0.33 oz/gal) of sulfuric acid.

5.2 AIR POLLUTION CONTROL

Tanks 1 and 4 are equipped with push-pull emission capture systems.
The push side of the capture system consists of a 5.0-centimeter (cm)
[2-inch (in.)] diameter pipe along the entire length of each tank. The
pipe on tank 1 contains 54 holes spaced about 6.4 cm (2.5 in.) apart and
the pipe on tank 4 contains 36 holes spaced about 5.0 cm (2 in.) apart.
Each hole is 0.32 cm (0.125 in.) in diameter. The pull or exhaust side of
the capture system consists of a side draft hood. The hood on tank 1 is
3.8 meters (m) [12.5 feet (ft)] long and the hood on tank 4 is 2.1 m
(6.8 ft) long. Each hood has two rows of slots with four silots per row.
The siot dimensions for tank 1 are 45.7 c¢m (18 in.) long by 2.54 cm
(1 in.) wide and for tank 4 are 50.8 cm (20 in.) long by 2.54 cm (1 in.)
wide.
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Figure 5-1. Schematic of Steel Heddle chromium plating operation.
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Tank 2 is equipped with a single-sided draft hood that is 3.0 m
(10.0 ft) long. The hood is located on the back of the tank and has
two rows of slots with eight slots per row. The slots are 38.1 cm
(15 in.) long and 2.54 cm (1 in.) wide.

Emissions from all three tanks are ducted to a fume scrubber system
that is located on the roof of the plating shop. The scrubber is a
horizontal-flow double-packed-bed unit manufactured by KCH Services, Inc.
(Model No. H-200D). The scrubber was installed in 1981. It has a design
gas flow rate of 538 cubic meters per minute (19,000 cubic feet per
minute) and a water flow rate of 439 liters per minute (116 gallons per
minute). The pressure drop is rated at 0.75 kilopascals (kPa) (3 inches
of water column [in. w.c.]). Removal of chromium mist from the gas stream

'is accomplished by first reducing the velocity of the gas stream to less

than 152 meters per minute (500 feet per minute) at the scrubber inlet.
Then water is sprayed from six spray nozzles located in front of each
packed bed countercurrent to the flow of the gas stream and chromium mist
impinges on the packing material and is washed to the bottom of the
scrubber. The packed beds are 30.5 cm (12 in.) deep and are filled with
polypropelene spherical-type mass packing that is continuously washed with
water from the spray nozzles. The scrubber also contains a two-stage mist
elimination section located downstream of the second packed bed. The
first stage allows larger droplets to settle by gravity to the bottom of
the scrubber. The second stage contains a series of vertically mounted
chevron blades made of polyvinyl chloride that change the direction of the
gas flow four times at 30° angles which forces chromium mist to impinge on
the blades. The scrubber water flows by gravity from the scrubber to a
910-1iter (240-gallon) recirculation tank located inside the plating

shop. Clean water is used'to make up evaporation losses from the

'system. The ductwork is washed down once per month with water that

subsequently drains into the plating tanks.




5.3 PROCESS CONDITIONS DURING TESTING

Mass emission and particle size distribution testing was conducted at
the inlet and outlet of the scrubber to characterize the uncontrolled
emissions from all three hard chromium plating tanks and the performance
of the scrubber. The process was operating normaily during the tests.
Process operating parameters such as the voltage, current, and plating
solution temperature were monitored and recorded during each mass emission
test run. Also recorded were descriptions (dimensions and surface area)
and plating requirements (current and plating time) of each individual job
or item being plated during each test run. Data sheets documenting the
process parameters recorded during each mass emission test run (Nos. SIC-1
through 3 and SOC-1 through 3) are presented in Appendix H. Data on the
average operating parameters recorded are presented in Table 5-2. 1In
addition, the pressure drop across the scrubber was also monitored. The
pressure drop averaged 0.7 kPa (2.9 in. w.c.) during run 1 and 0.8 kPa
(3.2 in. w.c.) during runs 2 and 3.

Grab samples were taken from each tank tested and from the scrubber
recirculation tank to determine the chromic acid concentration of the
plating solution and recirculation water during each mass emission test
run. The chromic acid concentration of the grab samples is reported in
Section 2.3 of this report.

Sampling interruptions during the test runs were very Timited. A1l
three test runs were interrupted for 15 to 20 minutes for port changes.
Runs 2 and 3 were interrupted one additional time for 30 and 45 minutes,
respectively, during shift changes.

The total amount of current supplied to the tank during each test run
js calculated in terms of ampere-hours and included in Appendix E. A
summary of the total current values is presented in Table 5-3.
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TABLE 5-2. AVERAGE OPERATING PARAMETERS RECORDED DURING EACH
MASS EMISSION SOURCE TEST RUN

Temperature

Operating Operating of plating

Test No. Tank voltage, current, sojution,
Inlet/outlet No. volts amperes °C (°F)
SIC-1/S0C-1 1 5.7 2,234 52 (125)
2 6.0 1,363 52 (125)
4 6.3 864 43 (110)
SIC-2/S0C-2 1 5.3 400 52 (125)
2 5.8 1,200 52 (125)
4 6.8 609 43 (110)
SIC-3/50C-3 1 6.0 1,518 52 (125)
6.2 1,500 52 (125)
4 7.0 654 43 (110)

L
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TABLE 5-3. TOTAL CURRENT SUPPLIED TO TANKS 1, 2, AND 4
DURING EACH MASS EMISSION SOURCE TEST RUN

Test Run No. Jotal current, ampere-hours
inlet/Outilet Tank No. inlet Qutiet
SIC-1/5S0C-1 1 5,408 5,398
2 3,409 3,394
4 2,575 2,575
TOTAL 11,392 11,367
SI1C-2/S0C-2 1 1,014 979
2 3,435 3,427
4 1,824 1,821
TOTAL 6,273 6,227
SIC-3/S0C-3 1 3,203 3,163
2 3,546 3,486
4 1,955 1,959
TOTAL 8,704 8,608
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Nomenclature and Dimensions

AS = cross-sectional area of stack, fte
An = area of sampling nozzle, ft2
Bws = proportiona] by volume of water vapor in the gas stream, dimen-
sionless
Cp = pitot tube coefficient, dimensionless
C's = concentration of particulate matter in stack gas, g/scf, dry

basis
% CO = percent of carbon monoxide by volume, dry basis
% C0, = percent of carbon dioxide by volume, dry basis

AH = average pressure drop across the orifice meter, in. of HZO

1 = percent of isokinetic sampling

L. = maximum acceptable leakage rate for either a pretest leak or for
a leak check following a component chance; equal to 0.00057
m*/min (0.02 cfm) or 4 percent of the average sampling rate,
whichever is less

M, = dry molecular weight, 1b/1b-mole.

M_ = total amount of particulate matter coliected, mg

M_ = molecular weight of stack gas (wet basis), 1b/1b-mole
percent of nitrogen by volume, dry basis

% 0, = percent of oxygen by volume, dry basis

3@
=
N o
"
HE e e

AP = velocity head of stack gas, in. of H20
P = barometric pressure, in.Hg

P_ = absolute stack gas pressure, in.Hg

pmr = particulate matter emission rate, 1b/h

QS = volumetric fiow rate, wet basis, stack conditions I
Q5 = volumetric flow rate, dry basis, standard conditions
std .
(continued) I
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Nomenclature and Dimensions (continued)
T = average temperature of dry gas meter, °R

T = average temperature of stack gas, °R

V1 - total volume of liquid collected in impingers and silica gel, ml

Vm = volume of sample through the dry gas meter at meter conditions,
ft3

v - volume of gas sample through the dry gas meter at standard
ctd conditions, ft3

y = stack gas velocity at stack conditions, fps

Wetd rected to standard conditions, scf
Y = dry as meter calibration factor

g = total sampling time, minutes

Note: Standard conditions = 68°F and 29.92 in.Hg.

I v = volume of water vapor collected in impingers and silica gel cor-




Exampie Calculations for Particulate Emissions

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

p AH
bar + 13.6

i

v = 17.65 x Vm x Y
std m

m

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

v = 0.04707v, =
wstd 1c

3. Moistdre content 1in stack gas.

4. Dry molecular weight of stack gas.

M = 0.440 (% Co,) + 0.320 (% 0,) +0.280 (% N, + % CO) =

5. Molecular weight of stack gas.

Mg = My (1-B, ) + 18 B =

6. Stack velocity at stack conditions, fps.

=
V. = 85.49 (p (W'AP-> avg. —_
s PS MS

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

Qs = 60 x VS X As

(continued)
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Example Calculations for Particulate Emissions (continued)

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

P
¢ =17.650Q + (1-8 > -
sStd S TS WS

9. Concentration in gr/dscf.

M

C's = (0.01543) v

rnstd

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

C

S
pmr = ==== { x 60
7000 “s g

11. Isokinetic variation.

v
v L AR
_ 100 T, {0.002669 Voo Tn v (Coar® 158 ] ]
50

8 VS PS An

I
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l 08,202 X L N W i 7
Tak, T8 Te e 12z 7!
74, T S YIS et 71
78t 3k vie 72 132 iif I
l SIEVIG TEL.EZC VT 1,30 i 7 i
l s 135,70 .78 L - {2 2 7.
! )




TiEnvizies] neocie pu, ng. s S5E~o

Ti... Ket time 2¢ test,min RN ,i._..l

NF... Net samriing points B B

(5
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plant __-_5729—4— #‘e.cla{/c.-

Date 6[#3/5’4

Sampling location Sctbbern TZleT”

Jnside of far wall to outgide
of nipple

inside of near wall to outsi}?e' ?fw‘x./_ 5"\5‘71 .,T
J’l i/

nipple (nipple Jength) 31 o KNESS

stack 1.D.
Nearest upstream disturbance 53 dd

Nearest downstrean isturpance 2« _ dd !
Calculated by /ﬁé’ !

4

SCHEMATIC OF MLNG LOCATION
TRAVERSE PRODY ‘
POT FRACTION cm.mnscz’gnx NIPPLE T::: morL:f:::g"
NUMBER OF STACK 1D STACK 1. (TO NEAREST 173 IKCH) LENGTH (S OF COLUWGS 4 8 5
/ o2 | 32 2N 252
——J‘— .oc7 2:‘!“
32 LT A
P 277 < 4
Vel .25 R IS5
- S "5_{&_ 7 (LY
7 LedY 050
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L . ::3_ L s;j? |
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

A
Plant  S7eeld  Hedll s’ o o
Date é&i/gé

#

7
Sampling location _Setuwdfmn Ecevies—

Inside of far wall to outside ’%’f

of nipple SA Y+

Inside of near wall to outside of
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Stack 1.D. __ 52~

Nearest upstream disturbance __ #&  dd Cpre Feom &d&_‘,

Nearest downstre%turbance [.£ dd

Calcuiated by

\__‘._———""’"
SCHEMATIC OF SAMPLIKG LOCATION
TRAVERSE _ PRODUCTOF - TRAVERSE POIXT LOCATION |
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GAS VELOCITY AND VOLUMETRIC FLOW RATE

plant and City & - ,g/pomf Date !'_/i‘?/r-—/
Clock Time /-~

campling Location DT FZT

Run No. Lyebw o Fasel et Operator __Jf/p < )
garometric Pressure, in.Hg Static Pressure, in.H,0
Molecular wt., Dry pitot Tube, Cp

Moisture, %

stack Dimension, in. Diameter or Side 1 Side 2
FIELD DATA CALCULATIONS
TRAVEEST "Rb'ﬂﬁ-m‘ . ewos (- “20‘ . )B ‘Nyﬂ 1
POIN" - ‘ - STACK s T 1
WUME P Lt miatir TEme,, *f
- ! o ", RN s e AR ™!
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= R T i A A 2
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E? — ’s . 1h.HY
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T _ 2 vs-ss.u.cpxﬁ?.-‘,_ﬁa:—i-
- -/ ,\" 5 5
< - /2 f————
o/ ‘5 vs-as.u.( y x| )."v_._l_——
v [
14 — 5 Vo 11/s
i ..-/5:
A -/ B !
) -~ %
ra “‘-?f Q"VSKA‘IEO—%
x4 _—
[EN 2 e, * : 6D
[ actm
= [/ : .
= - 2 21 . P i
_— = 5“5 cs 3 17.“: & 1: 1 3 n —W )
[M’ DA c - _
7 W %, 2 10,647 x (- .
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GAS VELOCITY AND VOLUMETRIC FLOW RATE |
23,
plant and City _&~>=.=¢ P D s Date :(%z—-fl/,yé ;
sampling Location __ s~ /. Clock Time /2 75— I
Run No. _ S/~ Operator /£ /DS
,.—F . / p—
garometric Pressure, in.Hg 29. #5 Static Pressure, 1n.H20 3.31- l
Mpisture, % O Molecular wt., Dry _Z7 pitot Tube, Cp £¢
stack Dimension, in. Diameter or Side 1 S Side 2 l
e oy Aeer e TES
(:‘.,T();*_“f. /L-JZ/‘K & Mk "/_f— -g.--"l
2 ey
FIELD DATE CALCULATIONS _
¢ L] . “70 . “?D k3 I
oo G STALK UL AREES A
WMEER (oF, 1, . K0 ™™ ., *F . ‘ )
-/ Lo 5~ 29 £ " A i 1ol o0 ’ l
= o, X3 Tyl .
3 ¢ g0 Y0 _s¢ 5_‘/‘\ :
o, P 72 /Je8 . e (* ; '
‘Z- & L;s“- AR TERSE T Fro R e ("F * 460) I
2 0, St g JELT )
5 . TR R 1 A A i 2
z ¢_5Z @n Lis
g S ry .5 l
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/2 AL g2 ~
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GAS VELOCITY AND VOLUMETRIC FLOW RATE
Date _¢ /,1'_')'/ £
Clock Time /345~

operator _\JP /DS
Static Pressure, 1n.H20 -0, 7

P]ant and C‘ity 5-’_#/,:'(, o 0 s
sampling Location __ _2.7igZ

Run NoO. Ser =V
Barometric Pressure, in.Hg 29,45

B-7

oisture, ¥ =~ Molecular wt., Dry pd pitot Tube, Cp £/
’ 2 S A
. . . ) .
stack Dimension, 0. Diameter or Side 1 32" Side 2
FIELD DATE CALCULATIONS
TRAVFPL! vELDDI™ " no o (0 “70\ 1 ”?e 1
POIN WLAD STAL J JOURE AR ok
WMEE R (H”), \n.H?D THWr ., °F
S NS = "o o () o ) + 38—
2 /o | 5 & | "
2 \ /5 5 3 s
I%4 d - =
S ‘l t'l a?:" f—'): ~rl * F. R - {7F ¢ 8E0)
¢ \ A e )
- | RN oL R x VT
i | noof o o
7 | /& [ | Py n.Hg
4! | Y % : =
iy l‘ Lot 5. X'?..l ;;f‘?'
1 L, AT ¥ i e —
W~ I £ 58 £3 v,-ns.asnco.ﬁ.-v.,h__‘r
=l I r L € </ 0.3 5> s
3 | R R - —
[ | v Ik v, > 8549 5 ( yul ya T} ————
4 | g s & 3 |
L | YA 5 | :L' 11/3
> | ~ G el R
¥ \ c, 1/ & oo "
g ! A g ;2 - 5-%—.
L | £ s & A Q"VSI%IEP—;
/1 | 0 9L & 2
/o /[ 7 < <2 Q‘ . x 260
I Qi . actr
P [T o]
T PR 1687 2t 5 O - o )
o 1Y
e o= S5 7= G2 F
Q‘nu - 1 17,647 x {) - o
- fomared T el [T UERRE P € & 5 RN
57}‘2‘1‘,(_ Qlﬁtﬂ * ssctr




plant and City

GAS VELOCITY AND VOLUMETRIC FLOW RATE
Date -// - Y

sampling Location
Run No.

A} T:F‘ﬁ-w P Ty i
Sk T ' Clock Time /9\v
J R PR N Rl Bk 7 Operator *(/p/ <

Moisture, %

Barometric Pressure, in.Hg

Static Pressure, 1n.H20
Pitot Tube, Cp

Molecular wt,, Dry

Stack Dimension, in. Diameter or Side 1 Side 2
e lp\{)?”m t‘i
A bl e‘inﬁ D/
FIELD DATA AL ATIONS
TRAVERC| T ast - R0 W0 o
POIN o - STALK b HUER AR LN o
WUMETE (48] pr—tnitst ™. oF
H"‘/ — “5.( Y () - ) fo' )+ 1B ¢ o )
2 " i
.-f 0 N .
= z i . . . .
ot 14 ‘- f B« (F * 460)
A O .
) % AN )+ =y
£ -5
z = d P " n.ng
i 2 h
i/ ;7 Vﬂ_p .
i /'/ :
I~ | S v, - 85.45 1 Lp x ﬁ;'.l’/ 5 ‘-:
; L) ._rl_i .
b VB-BS,IDI( Ya( ) 2 .l )
=
2 V; * /s
S
x::r A‘ - [T
4
B0 s
/!(; R N
-'If;" QL . x 260
Cs * agdm
e € 2 1260 2 b a () - mgle
- 3 K. YA -
Ypge ? " )
Yo 2 17,647 2 . - .
—_— perME ,‘-'-',,-"DFK.. Tuln Ao T wes A .
- o T = Y TR e e TN — Q"uu' e
# —
MNEEPLE R.M-ES/’?IPE o= FALE.
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FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: ég Jﬂzﬁé CLIENT: &SEPp—EMEL
BAROMETRIC PRESSURE/(P,. ): 29.4.57in.Hg METER BOX NO. Fi -3

ORIFICE NO. __ & PRETEST Y: ¢©.977 _ aHe /.86 in.H,0
ORIFICE K FACTOR: __4.72&xz8™" AUDITOR: _ ()
e ——————— "
oOrifice Dry gas Temperatures Duration
manometer| meter Ambient Dry.gas meter of
reading reading ai/Taf’ Average injet Qutlet Average run
oM, ) Ve T | Ts/Tier | Toi/Torr | Tme o
in.H,0 ft3 °F °F °F °F °F
7.0 | 120 /19 - :
1.9 757 174 e |45 22.17
276 | /O VA4 // P 1S 36585

P ——r——

Dry gas Vm Vm
meter std’? act’ Audit, AH@ Devia-
Vm, ft3 fi3 ft2 Y tion, % in.H,0 tion, in.H,0

(2.5 | #n.215 /0.50 . — o/

17.647(V, ) (P, . + AH/13.6)

v _ =
Mstd = T+ 460) = ft?
v 1203( @ )( K ) (Pg,p) ) £t
act 1/2 -
(T. + 460)
a
Vm
. - act s - Audit Y - Pre-test Y _
Audit Y —V;r-_- Y deviation TSR] x 100 =
std

2

Audit OHE = (0.0317)(oH)(Py_ ) (T, + 460) \:ﬂv 1o b 73 6)_| - in.Hy0
m ar :

Audit Y must be in the range, pre-test Y x0.05 Y.
Audit AH@ must be in the range pre-test AHE =0.15 inches HZO'



FIELD AUDIT REPORT:

&/23/56

DRY GAS METER
BY CRITICAL ORIFICE

DATE: CLIENT: HIEPA— EM L
BARONETRIC PRESSURE (P, ):27-4S"in.Hg METER BOX N0, _ SA Y/
ORIFICE NO. _ & PRETEST Y: 978  aH® /:/¢ in.H,0
ORIFICE K FACTOR: 5. 377x /¢ - AUDITOR: @
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outiet Average run
O, Vi/:v,f’o Tar | Tii/Tigr | ToifTorr | T A
'in.Hzo tlsé °F °F °F °F °F
p AR | /27> /e R | /9 wt | e
. . _ , O )-d
L a0 [ 009 | (23 1129 | Gsn %/
Dry gas Vm Vm Y Audit '
meter std? act’ Audit, devia~ AHE, AHE@ Devia-
Vm, ft3 ft3 ft3 Y tion, % in.H,0 tion, in.H,0
- v’
1440 igel | i.0% | |.o? 177 | -.e8
v _ 17'647(Vm)(Pbar + AH/13.6) i s
std (Tm + 460) ‘
1203( 8 )( K )(P,, )
) _ bar _
(Ta + 460)
v
: - act _ e _ _Audit Y - Pre-test Y -
Audit Y = Vm , Y deviation AIGTTY x 100
std
| (4 p 17 inHo0
Audit LHG = (0'0317)(AH)(Pbar)(Tm + 460) Y_Ivm)(Pbar T D) /'.17/1n.H20

Audit Y must be in the range, pre-test Y 20.05 Y.
Audit AHG must be in the range pre-test AHG #0.15 inches H20.



THERMOCOUPLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date é/-"-.?/?é Indicator No. F%:’/ Operator @

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

No. signal* i eF b4
1 o -2 —_
2 Py /?? "o/{. o

>
3 vl 299 Nt
4 Lep £%9 09 s

’ L
. s

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

Percent difference:

(Equivalent temperature °R - Digital indicator temperature reading °R)(100%)
{Equivalent temperature °R)

Where °R = °F + 460°F

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

-l - SN M Il N N BN BN B Em . ' '
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THERMOCOUPLE DIGITAL INDICATOR

Date 4%4&%/6ﬂ5

AUDIT

Indicator No.

29

DATA SHEET

Operator (E;é)

Equivalent DigitéI jndicator
Test Point Millivolt temperature, | temperature reading, | Difference,
No. signal* o 2 °F %
1 -4 ~X 0 -/ -
2 Zrp /29 5
3 4 224 .23
4 62 Iyid 19

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

Percent difference:

(Equivalent temperature °R - Digital indicator temperature reading ®R)(100%)

Where °R = °F 4 460°F

(Equivalent temperature °R)

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

B-12




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: é/.,w/zé CLIENT:  cSEPA-EMB

BAROMETRIC PRESSURE (P, ): 27-#$7n.Hg METER BOX NO. 7/

ORIFICE NO. __ & PRETEST Y: .98/ _ AHE £ g3 in.K,0

ORIFICE K FACTOR: _ %.725" o~ ? AUDITOR:

orifice Dry gas Temperatures Duration

manometer| meter Ambient Dry gas meter of

reading reading ai/Taf’ Average Inlet Uutilet Average run
MH, V/Ves T | Tii/Tier | Toi/Tof? Too m?n

in.H,0 ft3 °F °F °F °f °F '

- e32.5 | 18 na 122 17 | g |/Tiosie

180 ooy | e | | sz | 1r o)

AH@ Devia-
ft3 ft? ft2 Y tion, % in.H,0 tion, in.H,0

17.647(Vm)(Pbar + AH/13.6)

v _ - 3 :
Metd (7_+ 460) ft ‘
v . 1203( ® )( K ) (Ppay) i f15
act 1/2
(Ta + 460)
VITI
pudit Y = st = Y deviation = —hudit Y - Pre-test Y 100 =
Vm Audit Y
std

= 1H.H20

| 2
Audit CHE = (0.0317)(8H) (P, )(Ty + 460) [y VP, L AH/13.6—J
m ar

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




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: G /[23 [Eé " CLIENT: KSEPA- EMA
BAROMETRIC ‘PRESSURE (P ): 27.#5  in.Hg METER BOX NO. _F&—9

ORIFICE NO. __ 3 PRETEST Y: _, 2¢C  AHB Z.¢% in.H,0
ORIFICE K FACTOR: S . 377 x /8~ AUDITOR: (&7
orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outiet Average run
Ay} VilVes Tar | Tai/Tier | ToilTorr | T 2
in.H,0 ft3 °F °F °F °F °F
207 45540 | /& 09 126 1/ s | S0
4495+ | HE /26 ’ve |\ /r343)
_—
Dry gas Vm Vm Y Audit
meter std’ act’ Audit, devia- AHE, AHB Devia-
Vm’ ft3 ft3 ft2 Y tion, % in.H,0 tion, in.H,0
v
14.] | 12.c84 12.253.| 9¢C | -2 AP e
Vm _ 17'647(Vm)(Pbar + AH/13.6) i s
std (Tm + 460)
A
r$33 ,5377"0
1203( @ )( K )(P,..)
v _ bar _
Mact * 17% = o
(T. + 460)
a
i
. _ act _ .. _Audit Y - Pre-test Y -
Audit Y = Vm ©.TL{ Y deviation YRR x 100

std

| 2
Audit GHE = (0.0317)(MH)(P,, ) (T + 460) [Y T P —— 6:\ = 2.60 in.Hy0
m ar *

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




ON-SITE AQDIT DATA SHEET

Date: C@Z?‘é Auditor: @

Audit Name: U SEAA -EmA
Reference Value Max. Allowable
Equipment Reference Value Determined | Deviation Deviation
FE-3 l0/ 72 -xP -t
Meter box -4 ASTM-3F at w5 sev -3-: 5°F
inlet thergﬁf ambient temp. | s¢% 04 i
L) el SNE r
Meter box~ =9 |ASTM-3F at o< 70 .,-‘,’-.o; g 5°F
outlet the;@é. ambient temp. e 01 rros
Ll y’. ¥ /90? d;‘F/ ‘w
Impinger i ASTM—BF at g - 2°F
thermometeﬁ__,; ambient temp. 57 A -/F
stack 2 /0/ |ASTM-3F at 79 73 -#°F 7°F
thermomedp#l$ |ambient temp. 44 68 -PF
or
Thermocouple |ASTM-3F at ' See table
# stack temp.
Orsat % 09 in 20.8% 0.7%
analyzer ambient air
Trip I0LM std. AOQ 0.5 grams
balance weight
Barometer Corrected* /Vﬁ% 0.20 in. Hg
NWS value
Reference temp. °F | 32-140 | 141-273 274-406 | 407-540 | 541-673 | 674-760
Max. deviation °F 7 9 N 13 15 17

* Correction

factor:

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

the reference barometer

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

If it is not feasible to perform the audit on any piece of equipment,

"N/A" in the space provided for the data.

record
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cr™6/Cr FIELD DATA SHEETS
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

plant oJeel

féﬁﬂe Sample date 4[11:[?‘

sample location Scanbbck /e Recovery da

Run number _ SZE = /

Recovered by

Filter number( s)

Impingers 2! Hr #3
Final volume (wt)b’/'a L38.3 ,{'géz.nﬂ(g) Final wt
{?ﬁ; L1350 L9003 m(g) Initial wt 750./

initial volume (w
Net volume (wt)

MOISTURE

Silica gel 2
fors

%.o' 240 £3mi(g) Netwt Y4 A

Description of impinger water /00 % spent
Total moistur( /et.c g
RECOVERED SAMPLE
Filter container number(s) /‘/4 Sealed
pescription of particulate on filter NR
Probe rinse Liquid level
container no. A/A marked "'l%"

blank
container no.

S R/ «

marked

Impinger contents Liquid level
Y¢75-A v

container no.

Noof{ blank
container no.

Liquid level \/ :

Y676 - A marked

Samples stored and locked

Remarks

Received by

o0 L

-M . e
Ahug;ei2;_4fL-z%;gaéﬁﬂéﬁggéé_égl-af;)éy :

LABORATORY CUSTODY

A{;M. M Date 74 /’ﬁ_/

Remarks

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

plant &7eel Heddfe sample date _ & /28/té

sample location _ Segubéed A /eT __ Recovery date g¢

Run number STc- 2 Recovered by

Filter number(s) /V}f N—
MOISTURE

Impingers * | 3 Moy a3 Silica gel gy

Final volume (wt) S22, 7201 (g)  Final wt 797.% 9

$BI] 5547 (S92ym(g)  Inttial wt _Z7L6H g

initial volume (W

Net volume (wt) 74/ g e.s Cmi(g) Net wt .9 g
pescription of jmpinger water - 74 /07 % spent
7 —%‘Lﬂé‘
Total moisture </ ‘/ g

RECOVERED SAMPLE
Sealed

NA-

Eilter container number(s) A//4

Description of particulate on filter

Liquid level

Probe rinse
container no. ‘/A' marked
blank Liquid level
container no. ‘//f' marked
Impinger contents Liquid level
container no. yerr-A marked "/
Wa O blank Liquid level ‘/

YWLT77-A marked -

container no.
Samples stored and locked

Remarks

/ LABORATDRY CUSTODY

Y o
yad //‘/ e ,4_5/////\_, Date 7/‘)7/4/

Received by
Remarks

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

Plant | m m Sample date ‘/ e

sample location 5&&‘/ (/s o Recovery date ‘c

Run number Srec-2 Recovered by
Filter number(s)

MOISTURE
R, st& | A Silica gel #4
g ml(g) Final wt 527, %

Initial volume (wt¥44 s Smg) Initial wt 7.6
Net volume (wt) /6.% m(g) Net wt 4.3 g

Description of impinger wé er fﬁiﬁ 4{ % spent
gz %!

Impingers
Final volume (wt)J 578

Tor7a(1 moisture g
RECOVERED SAMPLE
Filter container number(s) I/ﬂ' Sealed -
Description of particulate on filter —
Probe rinse Liquid level :
container no. Afﬁ' marked /'/f"

Liquid level

bilank
no AR marked WA

container no.
Liguid Tevel /

Impinger contents
container no. ~#80¢ -A marked
Wgoff blank Liquid level

v

Tontainer no. #L75 R marked

Samples stored and locked

Remarks

LABORATORY CUSTODY

o S vate T

Received by

Remarks

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

Plant Fee l e/, ‘Sample date c/A4 /0
sample location Seenbbeh Onll feT Recovery date é[a.g‘[“

Run number Sec~/ Recovered by
Filter number(s) A/A'
MOISTURE
Impingers é/ Silica gel
Final volume (wt) &34 m(g) Final wt "’é'ﬂ é
initial volume (M_}_‘ - Cml(g) Initial wt 737.9 g
Net volume (wt) 312 2511 ¢ mi(g) Netwt 4¢7 g
Description of impinger water—/Ltae/~_ /0D % spent
Total moisture Nf-"’ g

RECOVERED SAMPLE
Sealed

Filter container number(s) A/#'

Description of particulate on filter 444

Probe rinse Liquid level
MA marked //;4'

container no.

blank ’/A Liquid level /‘//9'

e —————
- container no. marked

Impinger contents Liquid level
' 4&577'7+ marked [;f”/,

container no.

MeOH _ blank Liquid level
container no. "/‘76’)4 marked . ._/

Samples stored and locked
/N

Remarks _ PA Chiukid -
Parle, AoacceTor lo-Yoanad #&ﬂ‘ colos’

LABORATORY CUSTODY

/ﬂ/ s Date 7é /ﬁc/

Received by " ZL{dce
Remarks

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

Plant M’ - Sample date Cf2f ZZ(-
__M—— _g/&ﬂ‘—é—

sample location Recovery date

particulate sampie recovery and integrity data sheet.

B-27

Run number Sel -+ Recovered by
l Filter number(s) P - -
MOISTURE
I Impingers * ( silica gel #¢
Final volume (wt) & 2m(g) Final wt 745, (> g
l initial volume (Wt $T723 $o¢.] s53.5m () Initial wt 748.2 g
Net volume (wt) 274 1797 18,2 mi(g) Netwt V7 3 g
I Description of impinger water i = /oD % spent
l Total moisture /0.9 g
I RECOVERED SAMPLE
Filter container number(s) N R Sealed
I Description of particulate on Filter NA '
Probe rinse Liquid level
l container no. I/#‘ marked
blank Liquid level
l Tontainer no. _ MHA marked
Impinger contents Liquid level /
' container no. #6350 -A marked
' Moo brank Liguid level /
l Container no. __ Ye78- A marked
samples stored and locked
I Remarks
I \é'/ _ LABORATORY CUSTODY
.-/ f/' ! -I ‘g’f / S . ’/’
l Received by _ /N7 i Il a LY Date — 73 O
Remarks ' '
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant __EM_MD | “sample date _ & /A2
Sample location _MQ&L Recovery date &

Run number - Spc-32 Recovered by
Filter number(s) W ~—
MOISTURE

Impingers + | #1 ) 3 Silica gel &4
Final volume (wt) ¢/f6)6 ¢ 1\ 95 4pm(g) Final wt 830 > g
Initial volume (wééz.ca boﬁ;,!?o,%ug) Initial wt 7¢277 g
Net volume (wt) _22.0) 2Z.A £3 mi(g) Net wt 47,3 g
Description of impinger water __(.‘_{gg 7o % spent

Total moisture %< g

RECOVERED SAMPLE

Filter container number(s) /A’ Sealed -_
pescription of particulate on filter il
Probe rinse Liquid level
container no. MA marked —
blank Liquid level R
container no. ﬁ/k marked
Impinger contents Liguid Tevel
container no. Y&p7 - A marked
blank Liquid level
container no. 7‘6 79-# marked l/
Samples stored and locked
Remarks _
A’j LABORATORY CUSTODY
, 17 - S
Received by TN g /,/ 7.//,//; Date 7/;*/(7
Remarks

Particulate sample recovery and integrity data sheet.
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PARTICLE SIZE DISTRIBUTION

(Gravimetric)
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET I

Plant D7 EL M EDDLE Sample date ,{/;‘-f//fé
Sample location (N E T Recovery date / ?f/f‘
Run number S/ PS ~/ Recovered by
RECOVERY SAMPLE
Cyclone particulate Liquid level
container number rMA marked
Cyclone and nozzle rinse Liquid level
container number HA marked

Nozzle (Qdf: inlet chamber) Liquid level /
rinse container number Y6 € ) A marked

Acetone blank Liquid level -
container number Y6y A marked L~

Filters

Stage Filter number Container number Container/sea]ed Comments
0 Ac + 9 Ye g/ 2

fes (2 | - iﬁ

|
1
i
1
1
o 2 [ — % i
Am 176 [ — ;L_;.gzl:* -.u.._l |
1
1
i
1
|
1
|

1

2

3 >

4 Ao 49 / ~

5 Ar vy / - v

6 Alps= f 5 !

7 A éb | B #ﬁ v
Backup A23Y N/ ~ | m-ﬁﬁ;ﬁ«@

Samples stored and locked !._i/

Remarks Lemp £ Fy reR Bpile e YLD S |

-

v LABORATORY CUSTODY
//U R EIAAN Date — '~y

Received by
Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

et St Aot

Sample date é'/-'-" ‘//J"l

Sample location Sexxbbec Tif/e7

Run number Sl Ps-2

Recovery date 2y /£6
Recovered by

RECOVERY SAMPLE

Cyclone particulate
container number

Cyclone and nozzle rinse
container number

Noiz]e (or inlet chamber)

Liquid level
marked

Liguid level
marked

-~

Liquid level

rinse container number YOI /f marked
Acetone blank - Liquid level
container number LY '/Q marked \,///
Filters
Stage Filter number Container number Container sealed Comments
0 Ao97 4134 £ “ _ Ao pienetis (o
] A o 8r ~ v
2 b C?E:‘ ’/i,f "
3 ooy < Py gkt
5 ,4'0 /0 : / 'Y} v
6 43Sl s "
7 _ Ao - Arphrea;dis
Backup A-257 ,/ 7&4&&_

Samples stored and locked

Remarks

3 > v
f/C . k{ Sl

Received by

LABORATORY CUSTODY

Date /"/ #/

Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant

SWecl ;ﬁ%;n@jz&;

sample location SCisdilea Y/
ST/ 8-3

Run number

Cyclone particulate
container number

RECOVERY SAMPLE

YL

marked

Liquid level

Sample date C{/’-ﬁ/"é

Recovery date
Recovered by

/777

Cyclone and nozzle rinse

container number

ai

marked

Liquid level

Nozzle (or inlet chamber
rinse container number

Acetone blank

' Hs0¢-A

Liquid level

Sl =R

marked

Liquid level

-
/

container number marked
Filters
Stage Filter number Container number Container sealed Comments
o pm-ll 4508~/ /j My v obite Lo
1 Am Yl , ~ v
2 Ame ol | o Baudy sl
3 AN-LD I - Vssaple
s Am-ef / > du.dots
> AO-2-8 / s n ono N
o AT / T
7 AowO L e e
rd 7y
Backup ,&,g,ﬁ; J/ T m_ﬁcﬂf‘-'_(’g
Samples stored and locked _Lgf///
Remarks /,/4,....1 Lot o Pl Comar; At
= %
J;‘ _LABORATORY CUSTODY .
. p: P // . S / s
Received by ity g LA e Date RS
Remarks
B-36
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant _J rmsr Hudbre Sample date ff/f“////?z

Sample location OU T LEl— Recovery date (e /_é%é
Run number So PS-/ Recovered by _@

RECOVERY SAMPLE

- Cyclone particulate ,_; Liquid leve)l
container number A marked
Cyclone and nozzle rinse Liquid level
container number N A marked

Nozzle (ér’ inlet chamber) Liguid level
rinse container number T L8 A marked

Acetone blank Liquid level

container number ’fé '7‘/ A marked "

Filters

Stage Filter number Container number Container sealed Comments

0 L0 03 7682 3 v Ao 2seble (m

.I A, e e Af / .o' )y 2,

2 fn 27 - v

3 fe o P - %

8 LF23 / il St Ll 475

5 _Am9L | o v T *

6 Ao (¢ g ~ Xfﬂt " 7

7 ArZY | - v /v

Backup Ao LE Ve // //" e ruu.ﬂu{o(
Samples stored and }ocked
Remarks  Abclons fawms P Cltae
/ ~ LABORATORY. CUSTODY )
Received by =/, ;. _ f e e P Date ~ 7
Remarks
B-38
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant 5&/ 4;& Sample date 6/"2-{/.{’4

Sample 1ocatxon Recovery date _ &/05 /€€

Run number 5/5 2 Recovered by /’75
RECOVERY SAMPLE

Cyclone particulate Liquid level

container number /74— marked —

Cyclone and nozzle rinse /1/)4/ Liquid level

container number marked

Nozzle (or inlet chamber) A Liquid level

rinse container number v 7200-R  narked /

Acetone blank L.iquid level

container number 7Y -R marked v

Filters

Stage Filter number Container number Container sealed (Comments

0 Ao¥s” 760 -18 e Some. At elile
1 R/ Y6 -~ 7 Z -
2 A'_.S_Z/ ) / / V4
3 4xo2 I/ 4 RN A
4 454/ < “en (
5 "/Eé ' //- o / .. Pt s 2 - l
6 _ar#s | - wy byl &% ]
7 ;4—/1-"& I[ - r y !
Backup #2237 . - - n fptandle
Samples stored and locked w L/ I
Remarks I
_/ ) L@BORATQRY_f CusSTODY -, I
Received by e ﬁ/.)c' L{é{\ Date A
Remarks ' ' l
B-40 '
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

Plant éﬁgﬂ Mﬁ Sample date ‘/?ﬂ;"_d

Sample location _aSchudban Lrewly Recovery date '6'/-‘571’5

Run number —ofs -3 Recovered by

RECOVERY SAMPLE

Cyclone particulate Ligquid level —
container number B marked

Cyclone and nozzle rinse emm—— Liquid Tevel

container number marked

Nozzle (or inlet chamber

) Liquid Tevel
rinse container number ‘V{ﬁ.;:'l marked l//

Acetone blank Here 4 Liguid level ¥ 24 -4 /

container number marked

Filters

Stage Filter number Container number Container sealed Comments

0 Aors Lrps -8 e Le J
4’[/5‘6{ . / - ry) /,
#ol/ / 7

#ASE i

#o99 / evon Lo
»

P
e
=
ApE2 _ ?;, A
RS 47 e ! ! ,_[?-_lg ' |
7 K5 \ L/ = 7
Backup A24 8 \ i 7

Samples stored and locked _

] P

[=A T & 5 B S TS A

Remarks

e LABORATORY CUSTODY .
Received by __ 7. . ,{%i/ . Date -7 5./Cy”
Remarks

B-42
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APPENDIX C
LABORATORY DATA SHEETS

c-1




PEI Associates, INC. | 5p0RATORY REPORT FORM '
Sample type: Stack samples I
Ciient: US EPA EMB Project no: 3615-22 l
Reguisition: 9494 —
Steel Heddle Company Received: 7/3/86 B
Sampled by: PE] l
Reported: 8/20/84
attn: e
Lab No. Run Number Fraction Chromium (V1) ,mg Total Chromium,mq
FT 338 81€-1 ligquid 13.3 12.6
FT 339 Si1c-2 liquid S.84 5.43
FT 340 S1C-3 liquid 5.48% 5.28
FT 341 soC-1 liquid 0.245 0.241
FT 342 s0c-2 liquid 0.276 0.263%
FT 343 S0C-3 liquid 0.293 0.299
FT 344 blank 51C-1,80C-1 liguid {0.006%* {0.020 %*x
FT 345 blank S8IC-2,3 liquid {0.006%% 0.020 %

so0c-2,3

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

#% Based on largest volume used for the samples

Submitted by: i}d ’B? o

PE]l Associates, Inc.

11499 Chester Road AV
Cincinnati, Ohio 45246 Tr
{513)-782-4700
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PEI Associates. InC. | ABORATORY REPORT FORM

Sample type: Particle size samples

Client: US EPA EME Project no: 34615-22

Requisition: 94946
Steel Heddle Company Received: 7/3/86

Sampled by: PE1
Reported: 8/20/848

attn:

Lab Number Run No Stage No. Chromium (VI),ug Total Chromium,uq

FT 248,278,288 SIPS 1-3 0 1.1 11.5

FT 269,279,289 1 1.5 13.8

FT 270,280,290 2 4.4 19.2

FT 271,281,291 K 13.7 29.5

FT 272,282,292 4 55.¢9 84.0

FT 273,283,293 9 32.6 54.1

FT 274,284,254 é 1.2 12.5

FT 275,285,295 7 0.5 11.2

FT 276.286,2%9¢6 back-up 1.1 18.0%

FT 277,287,297 acetones 840% 1810

FT 298,308,318 SO0PS 1-3 D 1.4 13.1

FT 299,309,319 i 1.7 11.7

FT 300,310,320 2 7.0 19.8

FT 301,311,321 3 26.3 44,6

FT 302,312,322 4 86.1 117 L

FT 303,313,323 3 23.3 55 .1 I

FT 304,314,324 é 1.6 17.0 ‘

FT 305,315,325 7 1.0 12.1

FT 304,316,324 back-up 1.7 12.3

FT 307,317,327 acetones 1.4 27 .1%

FT 308,318,328 Blank 0,2,4,46 0.9 11.0

FT 332,333,334 1,3,9,7 0.8 11.6

FT 336%% back-up 0.5 #=x b, b%x

FT 337 acetone 0.6 {2.0

Extraction , - {B.4 {2.0

%¥Spike recovery 105.8% for chromium VI.and 85.5/ and 89.4% for total chromium
SAMPLLES NOT BLANK CORRECTED
*% BlanK values must be multiplied by 3

Submitted by: ; .E
PEI Associates, Inc.
11499 Chester Road
Cincinnati, Ohio 45244
(313)-782-4700
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PEI Associates, Inc. | ABORATORY REPORT FORM

Sample type: PRocESSsamples

Client: US EPA EMB Project no: 3615-22
Reguisition: 2504

Steel Heddle Company Received: 7/3/8é
© Sampled by: PEI

Reported: 8/20/86

433  SIPS-1 tank | Tiquid 92000 97200

434  SIC-1 tank | liquid 97400 98400

435  SIC-2 tank 1 liquid 89900 94200

436 SIC-3 tank 1 liquid 20300 98400

437  SIPS-! tank 2 liquid 101900 106800

438 SIC-1 tank 2 liquid 95400 103400

439  SIC-2 tank 2 liquid 92400 103400

440 81C-3 tank 2 liquid 22100 104400

SIPS-1 tank 4 liguid 83800 92900

442  SIC-1 tank 4 liguid 82700 91100

443 SIC-2 tank 4 liquid 78700 87300 o
444  SI1C-3 tank 4 liquid 81700 90300 !
445  SIPS-1 scrubber liquid 16,3, 11.9 11.4, 10.2 l
446 SIC-1 scrubber liquid 6.63, 8,48 7.99, 7.80 I
447  S1C-2 scrubbper liquid 5.33, 4.97 .74, 46.38

448  SIC-3 scrubber liquid 7.45 7.53 I

133333333333 3337

%¥Spike recovery was 94.2% for chromium (V1) and 92.8% for total chremium

Submitted by: ? { M -
PEl Associates, Inc. l
11499 Chester Road

Cincinnati, Ohio 45244 e
(513)-782-4700 0
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Particle Size Distribution
(Gravimetric)
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PETHOD 5 BLANK ANALYTICAL DATA

Plant \5774’![ 79/544443: 4’. '

Sampie location

Relative humidity of laboratory e %
Density of acetone (pa) O, TP oy g/m
Sample Liquid level at mark
Blank type identifiable and/or container sealed
Acetone
Filter
Acetone blank container No. L, v 2 Lab No. ;77—337
Acetone blank volume (Va) w? </ K m o
Date and time of wt 2/, ./7Z 45" Gross wt GLTEGp . omg -
Date and time of wt ~ *,. /¢ ~EE Gross wt Ly R mg
' A\ferage Gross wt GL7 79 2 mg -
Tare wt GLrs, 5 mg -
Weight of blank (ma) Z mg -
Ca & —(m3) (78 )0 . __ o p<s0 mg

(va) (pa) Luu Iezrag
Note: In no case should & blank residue greater than 0.01 mg/g or 0.001% of
the blank weight be subtracted form the sample weight.

Filter blank container No. Lab No.
Filter blank No.
Date and time of wt Bross ‘wt mg
Date and time of wt - Gross wt mg
Average gross wt mg
Tare wt mg
Difference mg

Note: Difference must be less than 25 mg of 2% of total sampie weight,
whichever is greater.

Remarks ?ﬁ L. py '/’7..')

DTN L2 A f L AT dl'-/d,ﬂ £ !/ [’,/ﬁ{ o X i S 7/

s .-

é-" 287 ¢ /‘,. 47 f’,"’ St L, /‘ v Z\: /L. N
Signature of analyst Mo (RPN 1/“ o
Signature of reviewer Liid ///méb. -
C-6

v




I ANDERSEN IMPACTOR ANALYTICAL DATA |
(7 'y
Plant Sh/ S ///ﬂ (7, Run No. Lo/ i s
I Sample location
l Relative humidity S %
' Density of acetone (pa) . T8EY /
l Sample Sample Liquid level at mark
type jdentifiable and/or container sealed
I Acetone rinse o e
" filter(s) v L
I Acetone rinse container no. Ly T Lab No. 77:.:3’37 v
Acetone rinse volume (Vaw) 924 4‘ §/ m - v
I Acetone blank residue concentration (Ca) o/ mg/g
l Wa = Ca Vaw pa = (Chor) (2440 la7w99 = /93 Mg~ .
Date and time of wt '7//4,_/?4 ;,9 {Jﬂ Gross wt_95794,p mg- Y
. . o8 .
Date and time of wi e /L 6/_1 Gross wt_g£797 5 mg Y
Average Gross wt__ #5742 mg v
I Tare wt O 77,2 mg e
l Less acetone blank wt (Wa) /-9 mg -V
Weight of particulate in acetone rinse lopomg -
I Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
I 0 nL-37 7 7225 AR A AN /S E s e
1 pp- 37 209 Z - /o ./ -
I 2 pS— [ ¢ 332 12 S v )7 9 v 2,5 - v
3 &5"' z ‘:"J-:?Z /é-s;o - /é-:-?-é_f v 5"7‘1 M "_’
: 4 L= 3 EEY, [y R c % 7,
5 G Dw FL =23 ) 5 v g m ek T,
l 6 pe - EL 3 /52T T JTmlenS e 0 VAN
E 7 LPL L& 235 [P ES /<83 <
Backup H- a8 _23& a2l L2 _elDe 7/ il v
I ‘Weight of particulate in acetone rinse Lo 0
I Total c? ! /./(’| (;v/
l\“ /-" / it p
Signature of analyst N x__J;??“;.v Al ol
. - Yy / ¢ ’ "‘I 5
I Signature of reviewer_ A. ///lguif,'u\ 7 .
' c-7




ANDERSEN IMPACTOR ANALYTICAL DATA I
Plant /]74"51 ig/'p/czé é Run No. JZA25_ 7
Sample location I
Relative humidity Yo .
Density of acetone (pa) o, 7P44 / l
Sample Sample Liguid level at mark I
type identifiabie and/or container sealed
Acetone rinse v L I
filter(s) v " "
Acetone rinse container no. L/ L Py L Lab No. Z770 77 I
Acetone rinse volume (Vaw) /,-.'){-/ mi . -
Acetone blank residue concentration (Ca) sop ) MQIQ I
= Ca Vaw pa = (c.0r ) (2« ) (o294 = 0. 80 mg L :
/ /. 32—4' I
Date and time of wt 7// [ ey Gross wt ypprdo 5 Mg -
. 22
Date and time of wt_;r/z&/f..é /c,’/—f;‘%"p Gross Wt spos3.2, 0 Mg 7 I
Average Gross wt /upr20.0 Mg -
Tare wt_y/ppropy o mg - ¢ I
Less acetone blank wt (Wa) Joo Mg - v I
Weight of particulate in acetone rinse fo, =l Mg - o -
Filters I
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Lo -, 4 z"’Z:.ZéJ' /L Tk - / /& T e Ded = I
1 O~ &= =& 7 73 % -/ oAl -8,/ -
2 L= T 72 JLE D LK oS e B _
3 | A JZ: :254 2 -/ R4 —E. /. I
4 i =D ey LSt o Lo g
5 éﬂ/ — :,: :2 ﬁz 7-3 ﬁﬁ’, ‘z‘ //’ /7Ajlé - ‘/ -, --\J - '/_
6 =5 =27 [obige v Ll - ol 7I
7 d.17 - b ln ~2 75 foinl = S VY2 /./ -5,/ : e
Backup . ,a-n.e.:az D T e S KD Lo - a
Weight of particulate in acetone rinse Y- I
, ) Total /57 g I
Signature of analyst -;..‘-'-’_g £ L, '-,_r-.'lé\f pte) /1 ‘
i R ; 7 o
Signature of reviewer (. /. [l 6 il I
-8 |
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ANDERSEN IMPACTOR ANALYTICAL DATA

Plant -;_5?74;;/ ‘-cz,:(/é’/; '&, Run No. 325-,,;
sample location
Relative humidity S %
Density of acetone (pa) 788G
Sample Sample \ Liguid level at mark J
type identifiable and/or container sealed
Acetone rinse v ’ - J
filter(s) v \ v }
Acetone rinse container no. O Lo Lab No. -7,7;.2.57
Acetone rinse volume (Vaw) =L ml -
pcetone blank residue concentration (Ca) roos M3/g
Wa = Ca Vew pa = (o.2/) (25 ) (cfe9) = o 3¢ Mg -
Date and time of wt 7,’4'/ ‘1 -»g;";’f' Gross wt &J-C5¢Z./ mg - .
Date and time of wt Ll K /& ’};‘g Gross wt g0« g £mg- ,”

Average Gross wt

s p,0 Mg - v

Tare wt S5, 2 M3,
Less acetone blank wt (Wa) o3 mg -
Weight of particulate in acetone rinse L4 mg o/
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 AL=-a7 AT JETE - fETE T
1 L - TL D78 el G - 2 e
2 S0 G 25U sb Se2 TV fl lel “<_ -
3 2= o 25/ =2 g g [l Tt o
4 AR~ 4 ol £d e f G G ¢ -
5 YA L —~e=2 -/ Jol C 9 o ./ - 7
b Xy N PR STE e ¥ z, / -
7 ) S e R4 J G <
Backup o —ad S T Afe o, Gt S et Gr e’ Lol
Weight of particulate in acetone rinse L
Total g3 = J/
Signature of analyst \“1 TR \._{L.\L,-' iy i

Signature of reviewer__A.¢ /' .. fius




ANDERSEN IMPACTOR ANALYTICAL DATA

Plant %—g :’{_/ ‘v-‘-/,. AL /7, ' Run No. ZrZ27_ 3
Sample location
Relative humidity A
Density of acetone (pa) &, FILES ' 4
Sample Sampie Liguid level at mark
type jidentifiable and/or container sealed

Acetone rinse e o
filter(s) o s
Acetone rinse container no. 024 Lab No. ZBIG7 , -

Acetone rinse volume (Vaw) T2 m -,

Acetone blank residue concentration (Ca) - Loor m3/g .

= Ca Vaw pa = (cves ) (72 ) bomeg) = &, 57 mg -

™

Date and time of wt d// 2 3’5’ Gross Wt /o2 /z3.57 Mg v

f°

Date and time of wt ~ .’/ Zc itk Gross wt_s/po/p3. <A mg — v

N

Average Gross wt o2/ c5 /Mg -

~

Less acetone blank wt (Wa) O. ¢ mg oo
Weight of particulate in acetone rinse /0 mg - o
Filters
Stage - Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Bl =1L T T 55 (68 -/ _tel7-V 0./ 7
1 A=~ et s’ (4D Y - v pES. 5 S YA
2 CT*‘:'. - £/ .__)'2(7‘ £l ? 4 . /‘._:—':’__-\‘- - Laamd e
3 glfg—éo =) G/ [ 7 L)l o EWARES
4 A2 BEPVE R [68 5 7 fol v S -
5 A -=.J._r> =2 72 (LT -V Ly S - /7
: £L=C id  _eza oy _feTee s 27
7 VTl ) G L SR L e
Backup fP e D il D6 /Gy ./ /5 G ey oo f v
Weight of particulate in acetone rinse /& <
Total Y~ = 7
Signature of analyst RN t__,’/ N o Ao

Signature of reviewer /. /)'i“_/t;,.\ .
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ANDERSEN IMPACTOR ANALYTICAL DATA

' ! & Ty L7 - -
Plant N 4‘ 5:5-‘-/ b :-:;/_f,/.’:"'. C O, Run No._,_"_-:_Mé_._z,

Ssample location

. /
Relative humidity e

pensity of acetone (pa) £, _7’;5’47

Sample

type

Sample Liquid level at mark
jdentifiable and/or container sealed

Acetone rinse \ o \ - 4\
filter(s) \ L \ . \
Acetone rinse container no. L g Fad P Lab No. 27307 7

Acetone rinse volume (Vaw) 20 ml o

Acetone blank residue concentration (Ca) o.00 malg v’

Wa = Ca Vaw pa = (£e7/) (&£ ) (paf99) = O Ld Mg T

Date and time of wt _Z/4/ Log. =B Gross Wt //us .5 MY -

i

{

Date and time of wt 7/7-4/{% /0"—’59 Gross wt s,/ 2 0 8 M3 - ¥

Average Gross wt s//=4g e @ M7

Ly
~

Less acetone blank wt (Wa) A
Weight of particulate in acetone rinse 75 omg - v
Filters
Stage Filter No. Lab No. Gross, mg Tare, Mg Net, mg
0 2 — (3 T72. 55 JL ot - L Ll x,/-f/_' &
1 /2L AL WEZ4 ISD L 250, 8 o - 0. )
2 /9/”"""-71 d[fﬂ /-"/.? - /.‘3“/.-_.._2._/"/ AP A
3 ploh — St 20/ /3. 4/ N s 7
-4 =23 302 (580 /58377 e 7
: Lotz T T pewc s e ol
6 AR S L4k (5l L &ied = v 2.
7 R EY S e L e o
Backup D - L g 304 D 1% vy YWY R
Weight of particulate in acetone rinse ~z . S

Tota) e Ve

S A

Signature of analyst_— ' R A S R A Y S

. i rd
. v .'- - i - ’ - ﬁ
Signature of reviewer /u /.)"7“&«6;1_\’ ..

l Tare wt ///=252).2 Mg - v




ANDERSEN IMPACTOR ANALYTICAL DATA

Plant | \57%';«;& :/.‘Z’J‘/'/A_/{/. | ﬂ; Run Nz, \_‘?."/-\_.’—-\‘—2/

Sample location

Relative humidity | \5‘(“ 7./
Density of acetone (pa) L 2
Sample Sample Liguid level at mark
type jdentifiable _ and/or container sealed
Acetone rinse e —
filter(s) - —
Acetone rinse container no. ™ Lab No. -'.7."‘3’/7; .
Acetone rinse volume (.Vaw) o9 ml .
Acetone blank residue concentration (Ca) S, 00/ mg/g .
We = Co Vaw o = (cocr) (¢ ) buncsy) = C.55 mg- .
Date and time of wt -»), £ 3/_%* Gross wt /2490 .0mg - 7
Date and time of wt -:r.-,".r.g,i).; /["%ra Gross wt_,z3,.0.0.5 mg ',

Tare wt /n34/5.0.mg - v~ I

Average Gross wt /»n2,.07 «mg

Less acetone blank wt (Wa) ¢, 2. mg o
Weight of particulate in acetone rinse 2 mg -

Filters

Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 As e afs™ -'71235‘5) Lhm by B S Y7799 ~ L /.
1 D=~ L 309 2N N Y '
2 LS - s NP4 Sl Ao ..J
3 L _Aa—20 _S// 45 S e e o el
4 ' L5 - ) e S5 PER T 2
5 Py o L /.3 /e T 22l A o I
6 s 2y N [Et o v =

v
Backup O —wds3 s A /8L eI/, & o

7
z
7,
Ea
-
7 gy —eiey, 2/ £ sl 3 c: ¢
£y
Weight of particulate in acetone rinse & 7

, /. ) Total [ L2 Ve
- L /oy

Signature of analyst IR YA, e 4.

Signature of reviewer A . //’-’(,1 // ’ e




ANDERSEN IMPACTOR ANALYTICAL DATA

st AL L

RUn No. —'0/;"2-—-'”

Piant
sample location
Relative humidity G & %
pensity of acetone (pa) O 7884 Y
Sample Sample Liquid level at mark
type identifiabie and/or container sealed
Acetone rinse \ - \ L J
F‘Hter(s) \ e \ L J
Acetone rinse container no. 205 Lab No. FJZed7 v
pcetone rinse volume (Vaw) ey m -
pcetone blank residue concentration (Ca) o, 0/ mg/g .
Wa = Ca Vaw pa = (£n.27) () biored) = o g mg -
. Y-, =, L . '
Date and time of wt Fise /K \.J% Gross wt yo/ o7y M3~ -
4
v / £
pate and time of wi > gl 2L /0% Gross Wt /ool 9.9 M9 7 4
Average Gross Wt_sz/=. g7 p Mg -
/f
Tare Wt /2/a=) 4/ 9 ™3 7'
Less acetone blank wi (Wa) c.5 Mg -
Weight of particulate in acetone rinse__ <7 7 mg
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Bl 15 27.3/8 Ji23 4 _sefmer =l Lt 4
1 ffe = 4 577 12l =/ o AT A
2 Lo~ 1L 9L AR Jo S e T .
3 P f— 5K =22/ P ) o S pif o
4 fr=5% 22 Jo B S ade Vol
5 P = S 223 e/ _LEnsl - 4 o= Y,
6 p,.s" "(7 -._':;—'-",‘" ﬁ:‘o - / /J-ﬁf/ ¥ C": i . :‘.-,
7 Jify = 5 ¢ v P g fe2. -
Backup A g, S8 = OB E S YR I
. : . , ‘ e
Weight of particulate 1n acetone rinse ~ L
Total  SE S
. S/ /}( :
Signature of analyst NI N Nl A A s
/, 4 /J f -
Signature of reviewer 4 R
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APPENDIX D
SAMPLE AND ANALYTICAL PROCEDURES
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DETERMINATION OF Cr+6 AND TOTAL Cr EMISSIONS

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

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

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

following items:

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

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

sampling.

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

Thermocouple - Type-K thermocoupie capable of measﬁring stack gas tempera-
tures within 2 percent. It was attached to the probe.

Draft gauge - An inclined manometer made by Dwyer with a range of 0 to
10 1n.H20.

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

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

the fiber vane pump is made by Gast.

Barometer - Aneroid type to measure atmospheric pressures to within 22.5
mmHg (0.1 in.Hg).

) 40 CFR 60, Appendix A, Reference Method 13B, July 1985.

b-2
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Sampling Procedures

Prior to departure, all g]aésware used in this study was washed with
acid to minimize the potential for contamination. One hundred mi of 0.1 N
NaOH was placed in each of the first three impingers; 300 g of silica gel was
added to the fourth impinger. The train was set up with the probe as shown
jn Figure D-1. The sampling train was leak checked at the sampling site
prior to each test run by plugging the inlet to the nozzle and pulling a
15-in.Hg vacuum, and at the conclusion of the test by 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 3 or more inches of water is recorded
on the manometer and then capping the impact opening and holding it for 15
seconds to assure it is leak free. The static pressure side of the pitot
tube was leak checked using the same procedure, except suction will be used
to obtain the 3—1n.H20 manometer reading. Crushed ice was placed around the
impingers to keep the temperature of the gases leaving the last impinger at
20°C (68°F) or less.

During sampling, stack gas and sampling train data were recorded at each
sampling point and when significant changes in stack flow conditions occur.
Isokinetic sampling rates were set throughout the sampling period with the

aid of a programmable calculator.

Il B n BN I N A EE B o BN aa B B e

Sampling Recovery Procedures

| -

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

designated cleanup/recovery area located in the wastewater treatment building.
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1.9-2.5 cm
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1.8 ¢m (0.75-1 in.)
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. 100 m1 0.1 N NaOH
100 m1 0.1 N NaOH
100 m1 0.1 N NaOH
. 200 g SILICA GEL
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Figure D-1. Cr+6/Tota1 Cr sampling train.




Each impinger was weighed after each test to determine the amount of moisture
present. Sample fractions were recovered as follows:
Container No. 1 - A1l sample exposed surfaces prior to the first impinger
(nozzle and probe) were rinsed with 0.1 N NaOH and brushed with a nylon
brush. After they are weighed, the contents of each impinger were
placed in this container and the impingers and connecting glassware
rinsed with 0.1 N NaOH. This rinse was also placed in the container.
The container was then sealed, labeled, and packed for shipment.

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

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

Sample Analysis - Hexavalent Chromium

6 using analytical

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

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

heated to near boiling on a hot plate. The solution was stirred constantly

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

* Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd Edition.
July 1982, Method 3060.
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The solution was cooled and filtered through a 47-mm Teflon filter. The
beaker was rinsed with deionized, distilled (DI) water, which was then fil-
tered. The filtrate was transferred quantitatively from the filter flask to
a 100-m1 volumetric flask, and then brought to volume with DI water. Blank
filter samples were digested and prepared in a similar manner,

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

Sample Aralysis--~Total Chromium

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

sample analysis.

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

The following procedures were used to determine particle size distribu-

tion of Cr+6 and total Cr. The sampling train was assembled by PE!l personnel

and consisted of the following items:

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

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

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

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

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

Sampling Procedures--

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

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

The Andersen mark III impactor was assembled by alternating the stage

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

nearest 0.1 mg on an analytical balance.
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The samp]ihg train was assembled as shown in Figure D-2. It was leak
checked at the sampling site prior to each test run by plugging the inlet to
the impactor and pulling 2 10-in.Hg vacuum. When the desired vacuum was
reached, the leakage rate was checked at the dry gas meter for 1 minute. If
the leak rate was 0.02 ft3/min, the sampling train was used to obtain the
samples. Excessive leaks were corrected prior to samb]ing. The impactor was
then placed at the selected sampling point(s). Sampling times ranged between
75 and 90 minutes at the inlet location and 240 minutes at the outlet., A
post-test leak check was performed to avoid the possibility of dislodging the
particles on individual stages.

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

maintained throughout the sampling period.

Sampling Recovery Procedures-~

After eacﬁ test was compieted, the impactors were removed from the 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 I11: |

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

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

D-8
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Figure D-2. Andersen Mark 111 impactor sampling train.
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Gravimetric Analysis=--
Filters - Each glass fiber filter was desiccated in its respective
sample container for 24 hours to a constant weight and weighed to the
nearest 0.1 mg on an analytical balance.

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

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

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

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

weighings,

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

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

T Southern Research Institute. A Computer-Based Cascade Impactor Data
Reduction System. Prepared for U.S. Environmental Protection Agency under
Contract No. 68-022-131, Revised March 1980.
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particie size results are based on a particie density of 1 g/cm3, Data
reduction and intermediate results calculations for the impactors were per-
formed by the CIDRS programs, with moisture contents obtained from the Method

13B tests.

Cr+6 and Total Cr Analysis by Particle Sjze Fraction

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

Hexavalent Cr

After the gravimetric analysis was completed, the Andersen run samples
were prepped for Cr+6 by use of the alkaline digestion method (No. 3060
SWe46). The filters in the inlet runs were combined by stages and cut into
small pieces and p]aced-in beakers. The filters in the outiet runs weré
treated in the same manner. The acetone rinses were combined by adding a
small amount of acetone to the beakers and scraping the residue with a Tefion
spatula and rinsing it into a beaker. The acetone evaporated off, leaving
the combined residues. The blank Andersen filters were combined by taking
three filters with small spacing between the filter rings and combining them
in a beaker, and combining three filters with large spacing between filter
rings in ancther beaker. The backup filer and blank acetone rinse were
analyzed individually and then prepped in the same manner as the other
Andersen samplies. After the digestion was complieted, the contents of the
beaker was filtered using a 47-mm, 3.0-um pore size Tefion filter. The
filtrate was quantitatively transferred to a 100-m1 volumetric flask and

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

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

6 using the colorimetric method.

~ for Cr'

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

The total Cr_content of thé Andersen filters was 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 ml. The
filters and residue from the alkaline digestion of the impinger solution
solids and process samplie solids were digested in the same manner. The
digestates were analyzed for Cr using a Perkin Elmer Model Plasma II Induc-
tively Coupled Plasma Emission Spectrometer. The instrument was calibrated
and the calibration was‘checked using reference solution obtained from the
EPA (ICAP-19 Concentrate 1 WP1083); The samples were analyzed with spiked

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

the impinger contents and process samples were analyzed in the same manner.
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DETERMINATION OF cr™® AND TOTAL Cr CONTENT OF PROCESS SAMPLES

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

procedures previously described for the actual emission sampies.
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APPENDIX E
EQUIPMENT CALIBRATION PROCEDURES AND RESULTS
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CALIBRATION PROCEDURES AND RESULTS

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

the procedures outlined in Maintenance, Calibration, and Operation of

1sokinetic Source-Sampling Equipment.*

NOZZLE DIAMETER

The nozzles were calibrated by making three separate measurements with

different inside diameters and ca\cu\ating the average. If a deviation of

more than O. 004 inch was found, the nozzle was gither discarded or reamed out

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

are shown in Figure E-1.

The pitot tubes used in sampling were constructed Dy PEI1 Associates,

inc., and met all requirements of EPA Method 2 %% Therefore, @ baseline

coefficient of 0.84 was assigned to each pitot tube. Figures E-2Z and E-3
present the alignment requirements of Method 2, and Figures E-42 through E-4cC

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

the test program.

x
Office of Air Programs Publication No. APTD-0576.

x %

40 CFR 60, Appendix A, Reference Method 2, July 1985.
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Date é éz _/_ﬂ Calibrated b@

Nozzle
jdentification Dl’ in. D2, in.
number

D

D3, in. AD, 1in. avg

Gl #4112 28n | ~aso 257 | ooo |25/
D utlt Ha- 19 255 .28 Ty . ood |'RE3
rley #3118 0./37 p187 | 2497 | e.0 (0197

i
1
i
i
1
1
i
1
i
] o # 10 0.5 | 0.9 | 0.795 | s®/ | O./95
i
1
1
i
i
1
i
i
i

where:

Dl 5 3 = nozzle diameter measured on a different diameter, in.
rer=y Tolerance = measure within 0.001 in. .

AD = maximum difference in any two measurements, in.
Tolerance = 0.004 in.

Davg = average of Dl' Dz, and D3.

Figure E-1. Nozzle calibration data.
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TRANSYERSE
TUBE AXIS\\

1—X

FACE
™ OPENING —™
PLANES :

(a) ENDVIEW

A-SIDE PLANE

NOTE :

1.05 Dy, s P < 1.50 D¢

LONGITUDINAL -
—
TUBE AXIS gD A __’,// | Pa
N B \"
A '8
0.48 ecm < D, < 0.95 cm T
(3/16 in.) (3/8 in.) B-SIDE PLANE
(b)
- S N
A or B N

Figure E-2.

(c)

E-4

Properly constructed Type $ pitot tube, shown in:
face opening planes perpendicular to transverse axis; (b) top view; face open-
ing planes parallel to longitudinal axis; (c) side view; both legs of eqgual

length and centerlines coincident, when viewed from both sides.
coefficient values of 0.84 may be assigned to pitot tubes constructed this way.

{a) end view;

Baseline




TRANSVERSE
TUBE AXI

- —

LONGITUDINAL g B
TUBE AXIS _

Figure §-3. Types of face-opening misalignment that can result from field
use or improper construction of Type S pitot tubes. These will not affect
Cp so long as a1 and ap <10°, By and B? <5°, 2 <0.32 (1/8 in.) and w <0.08

em (1/32 in.).
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Pitot Tube No. 242

Date - 20 - 3.5 Inspector # W

NE1
o o 8 &
Degrees Degrees Degrees Degrees
/° /° /° 2o
<10° . <10° <5° <K®
Dt P 1.05 Dt 1.50 Dt
Inches Inches Inches Inches
. 376 985 . 395 S
0.185 < P <0.380 - - -
Y ¢’ Psin ('Y) Psin (d)
Degrees Degrees Inches Inches
OQ OD
- - <0.125 <0.03125
P P |Py - P,| Meet
1 2 1 2 R .
Inches Inches Inches specifications
R &t AIBD L0003 }//,/’/
<0.010

1.05 Dt <P.' <1.50 Dt

1.05 Dt <P2 <1.50 Dt

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

Figure E-4a,

E-6

Pitot tube inspection data sheet.




pitot Tube No. S04

pate /2 -30-£S  Inspector _%_M

3:
Degrees Degrees Degrees Degrees
Oo C)o /0 Oo
<10° <10° <b® . <5°
ﬁ—_— /
— —— e
D, p 1.05 D, \ 1.50 D,
Inches Inches Inches Inches
375 ). OO0 , 394/ | 563
0.185 < P, <0.380 - - | -
Y ¢ PS'if\ ('Y) \ psin (C)
Degrees Degrees Inches inches
O° . \ o° \ O.00 l 0.0
- | - \ <0.125 | <0.03125
P, P, P, - Pyl \ Meet
Inches Inches Inches specifications
.50/ HLP7 | . oor V///
1.05 D, <Py <1.50 D, | 1.05 D <Fp <1.50 D, | <0.010 |
ons.

Lower line in each table is limits for meeting specificati

Figure E-4b. Pitot tube inspection data sheet.
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Pitot Tube No, el Date /7- 7 FS_ Inspector /7 M{MZ/L/
’711 e’
w—_

Q] 32 . B] Bz
Degrees Degrees Degrees Degrees
/C -"-)70 g/ﬁ / o
<100 (100 <5b <50
Dt P 1.05 Dt 1.50 Dt
Inches Inches Inches Inches
3275 Sy
0.185 < Pt <(0.380 - - -
Y ¢ Pein (V) Peip (6)
Deorees Deorees Inches Inches
/v s 7 T7E e
- - <0.12% <0.03125
P P2 |P1 - P2| Meet
Inches Inches Inches specifications
LY 3 LT el /
_}.05 Dt <P1 <1.50 Dt 1.05 Dt <P2 <1.50 Di <0.010 !

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

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

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

calculated.

POST-TEST METER CALIBRATION CHECK

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

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

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

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

" 40 CFR 60, Appendix A, Reference Method 2, July 1985,
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U - TUBL
MANDMETER

4
+’GLASS TUBE
{ THERMOMETER

| ~
\
O I.HBILICAL'l

Ay

LI X 24 ’

| K: ,
METER BOX *_ %ESSURE WET TEST METER

- g -

CONTROL
VALVE I
Figure E-5. Calibration setup. I
DATE ' MZTIR BOX WO. :
BRARDMETRIC Pl.tssul.t.?b - in. Mg, DRY GAE NETER WO, I
Gas volume {r vOlume
Oritice wet test ary gas wet test Pry gas meter
Sancuster metar mater mter iniet | outlet | Average Tima
u::;nq Vu' Vd. tyt t‘". "dn' t‘. [
- Hy0 e, 1, oy b 4 oy -y min v | awe ’
.8 1 l
.0 5 -
.5 10 l ‘
.0 10
.0 10
r 7o l
Awvarags
Y ane I ‘
2
AN AH Vo Py M, 400) £.0317 am te, + 460) @
b P 4 = :
Vg 1Py * Y p) (t, ¢ 460) P, trg + 460) v, . I
0.% B.0360 )
1.0 £.0737 l
1.8 8.110
2.0 6.347 i
3.0 6.221 . "
4.0 G.2%4 .
v * Ratic of securacy of wet test meter to @ry test meter. Tolersnce = 4 0.0) I
ARG = Drifice of pressure gifferential that gives 0.75 £fn of air at I0°F and 29.92 inches of ’
marcury, 4n lzl- Tolerance = +0.15,
Figure E-6. Calibration data sheet. I
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DATE: 2-2& - $¢ KCTER BOX NO. £7-/
CALIBRATOR: & Yot BARDMCTRIC PRESSURL (P,) L2 5 T2 tn. Mg
J
Leak Checks:
Positive (mintmur & in, H20): /@ 9 K1 ! /7/.’.’ 4
hegative (witmir 3 in. Ho of sbsolute): o ( CC ctms 27 ¢ in. Hg
*Not to exceed 0.00 cfr, '
prifice volume volume Temperatures Duration | vacur
menometer | wet test (dry gas | Wel test Drv o2t meier of setting
setting meter meter | meter Tniet | Oullel | Average, test in
oK v, Yy Ty Ty To Tg n.-'in Hg e
in K0 £ g3 | er o o of M T
0.5 Bl Fes | JB 1 5o 33
S0 B s T eu 571 95|12 25| /0.0 | 76| 772
18559 7. 5 83 7? 29 9; -
. - — 00 e
C3, 563 705 | 8¢ | 27 P
1.5 - - il £ /1
/2.0 i3 yos|w el 7 185117 5 |/00 |93 "
YySz 7e.5 | S| ¥ N -
2.0 / 278 ) 47 98211 1.8258
4.0 pooyio| 7.8 |92 | Lo d /7 o2 /0.0
#6108 7c. S¢ | 27 25 . .
3.0 0 e 2%
10.0 fsr— e T o TR 8115|052 | /0.0 |7 1842
9230/8 70.¢ | 92 | £3 7
4.0 / - — 2L,
100 Gl 00 155 [ 8215005\ T2 |/00 |72 157
v must not deviate by more than +0.02 v, Avera > v
AHF must not deviate by more than 0.15 in H20. verage -93’/ 1Y 3

. ' AHE
I )(T, + 450) (0.on7)( a8 [ (1, + 480)(E1)?
U v, (P, + BH/IZE)(T, + 48D) ( P, )T, + 460) (v, )
T S c 28 9¢C TS/ 5 )
0.5 | I e TS %%{i—/ss;[ﬂ?%ﬂj
1.0 (/2. C Y 25.9¢ V(547 53 0317y 7.0 Y[ (2 S (.2/‘7";3\]‘
(/2.9¢7y1 29.039 y( S3D S (22961 854/ SyL /2.0 _
L. | /228 5 VS8 (o519)( /. S J"(S.Bu.sj(/?‘/i);]z
(/24N 25 C 20 VS 2059 (259 SY1LSYL L s2.¢
20 | LLZer ) 28 .96 1E¥3.78) (2e3N( 2.0 [ 1538) 778 )JZ
(H.SH Q2T 1CT7 NE30.S) (28 9L)(SY3 25 )L 14.¢/
3.0 ( /0.0y 28 F& VEH. 75 (e 3. 0 ) -(5'30.5)(/642_) ¢
(/0. 269)(29 /50 )(S30.5) (2 SWY75VLL s0.C
0 | L1 O 2T e VST IS ey 4.C )[(SSuC)(‘? /?—)JZ
L (ri %<9 N1 29 25 VS E ) i [ 25 9¢C ‘f<@‘ { _/=C;_(- -
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DATE:

0-8-36

BAROMETRIC PRESSURE (Pba

): 29.(din. Hg
Fe

METER BOX NO. X 1 -1

pRETEST v: 98] awe: (93

PLANT : l e PROJECT NO. ;SEQ\Q; PPN
PROJECT MANAGER: CALIBRATOR: . Neo
Orifice |Wet test|{Dry gas Temperatures Vacuum |Duration
manometer| meter meter [Wet test Ury gas meter setting| of run
setting |volume |volume | meter [lInlet | OutiefAverage
ZH Y Vg Tw Tai |Tai | - 0
in. B0 | F3 [#t | cF | eF |°F | °F [in. Hg | min vy | e
A
34050 "I 193176 .
0.0 {& L35 0 |
50 w3e3l 70 193 77 8| 5 {105 sy e
o833 T 192 197 "
3.0 - g5 0. -
100 §3s6961 71 193 |79 > |V &g
r
3.0 923qg /1193 |7% A L
200 bl 71 193 (96 5 |25 95|18
Post-test average*** 993 11.7¢
Y AHIE
(v, ) P, ) Ty+a60 ) | (0.0317)( M )[(T +460)( B ] °
(Vg )Py, + MH/I3.6)(T, + 460) | (P )(T, + 460 )|
([0 N 9861 Eas) soam LE%/ WA
(a2 2994 (53] ) (z%m;wnsv 3
(J0 ) 2Mex  Ns4C ) | (p3(30 ) LE?/)/OW 1
(p2p] I 32.9%  (83) ) | @en(5%s ) U
&Q@ W90 p2. ey ) | (pg9( 3 Eg; 5] 2
(6135 29.9% W53 ) ,2%7-)(5‘1‘6 ( )|

*To be the average AH used during the test series.

**To be the highest vacuum used during the test series.
***Ppst-test v must be within the range, pre-test vy +0.05y

Post-test AHB must be within the range, pre-test AHR +0.15

Figure E-7b.

Particulate sampling meter box post-test calibration.
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' wre: 1 L-U4-95 wrer sox w0, R UL
caLtsrator: 3 . WEESE BARDHETRIC PRESSURE (P,) @4 16 tn. W9
I Lepk Checks:
Positive (minimum 5 in. #20): /
megative (within 3 in. Mg of absolute): ,ézm e A 1O in. Mg
l "zot to exceed 0,000 cfm.
orifice Yolume Yolume Jemperatures Duration | vacuu
monometer | wel test | dry 9as wWel test Dry gas meter of setting
. set1ing meter meter | meter nTel | Dutlet | Average, test in
BH Vo Ve T Ty To T4 .ﬁn Hg ane
I in K0 £ g3 | eF o of o I T
T X C I HO [ 76 .
| o2 1 G qs.gi‘; £ At wm 8051242 | o [9851 L1
6. 01d 1 3.5 | 1 R
| o | O Feas T % s\ 10 |180|[.20
64131635 14 .
I s | o PRt esHe NBg| fo LT 43
0 |10 ISP LA 90 |I0vdi] 10 1976|LI
6led.S 194 ) '
i 20 | |0 ReGa8108.5 185 '7% 30-75&% o 197511-16
3 [68.S |BS 17 -1l
I v |0 BRAe B ¥ T o ikl
' In?“iﬁJ“k&i’élﬁ?ié’»’f&ié"i&%"a‘.’is*an H,0. Average 97% I Mv___
. aHg
R P: )T, + 460) (0.0m7) &n I[ (T, + 460)(B]}
I s TV, (R, sTEE(, ¢ 40) N )(Td*lso)[ v, )
: ) 175 25) .03 ) .
o5 | TP AT Fo e BT e[S gLt
I 1.0 0 . 53815 232 1.0 )[(5255) ;14.71_4,)]‘
. : rld-3'75n }q.%% 1(528.5 2976153975, L(_ 1D
L5 g_[o__u__lzi‘v_lﬁiﬁ L3I LS [ 182z UL );12
l * | JogonN29.2) WGBS ) 29761534200 10 N
,:- Lo | LI0 2776 NSHO ) 03171( .0 gs_gg.ggzg.ﬂa?
I L dpwmc29.9] Eags ) 1761540 O [0
- o 76 0. .03/ .0 5y (.38 P
| .0 9.76_1( 54 f-%fé%ﬁ” i[gSZS.S)(ZZZ)JZ
.37 0. . , {
l Figure E-7¢c. Particulate sampling meter. box initial calibration.
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*7o be the average AH used during the test series.
**To be the highest vacuum used during the test series.
***Ppst-test vy must be within the range, pre-test vy +0.05y
Post-test Ard@ must be within the range, pre-test AHE +0.15

Figure E-7d. Particulate sampling meter box post-test calibration.

DATE: /-9 -G4 METER BOX NO. $[R- I\
BAROMETRIC PRESSURE (P, . ):)4.62 in. Hg  preTesT v: Q7% awe: L1k |
PLANT: Stee) N PROJECT NO. 36(S - 22 'l
PROJECT MANAGER: (0 Zpiife CALIBRATOR: (3. Nog=o
Orifice |Wet test|Dry gas Temperatures Vacuum {Duration :I
manometer| meter meter [Wet test Dry gas meter setting| of run =
setting |volume |volume | meter [TInlet | QutiefAverage
W Y Vg Tw Tai |Tdi | Td * 0 'I
in. Hy0 | ft’ £t3 o °F |°F °F {in. Hg | min v | aHe I
wal T | |7 "
n75.417) ! 4 | T2 , l
2540 7] 9 ¢ -ZSL . o4
2S5 | Io B> 37185 |1T& | oalin) |
L Psxial 71 (9 | YO | o | qod | L1
ALY Bl 576 30 - . 0 | II
25 | (o — 1395 | 85 ¢ & a1l |
3s PRI ! Qg uE : I
Pbst-test average**+ 92 LI
Y AHE . I'.
(v, ) P ) Ty 4860 ) | (0.0317)( an ) [(T, +a60)( B )]
(Vg )Py, * AH/I3.6)(T, + 460) | (P )(T, + 460) |( v, )| I
(12 )0 2961 DEHSS) | mma< ) [631)Huey0 )] ¢ l
(15| 9%  aS3t ) |Peuskss L 12 L
(18 0 99.62 0557 | @unedS ) fssHu7.e7 0 ° 1
(0055 ) M 531 ) | WeagY) k(9 )|
(1o ) 2862 Meygg) | (AP A.5 ) (531009 ¢ J] ¢ |
(paR( ) S )NS3| ) | WedSYsI W 10 Y 1
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l pare: L9 Q- 5y METER BOX KO. T Lo A
CALIBRATOR: ) NS BARDMETRIC PRESSURE (P,) 2L UL in. Mg
l Leak Checks:
_ Positive (minimm 5 4n. H20): L/
negative (witmin 3 in. Mg of absotute): . {//[ cetm* J/0 in. Wy
l *xot to -exceed D.00% cfrm. =
" Orifice Yolume Yolume Temperatures Duration | Yacuum
sanometer | wet test | dry gas et test Dry gas wmeter of setting
l setting meter meter | meter nlet | Dutiet | Average| test in
: o v, v 1, 1, T, T4 -:n - Hg e
in Hy0 #3 g3 | er of oF o N T
e Tedks | 12 7% 19 —T7 7 24 .
1 ° 5 or gk Zf %5132 994{).0J
]95 13 5 -y r—=
| o || q3.3'7'7 7§ gé s DB\ & 94 12.07
. 38/ 1 £ 14 s O
s | 1O fad[ T 35' o7 976\ [5 2 ®e | [94
i Dnensl 12195 181 loaua /2 26
2o | |0 Jirtss ’;3 ;5;? 7 321122 BT 00
lif6 3280 /3 6127 0
i > 1[0 pEs oy g sl |9812.00
: 4.0 , 7 ,
1 [0 lizesel 13 110 [3¢ T v 957 11.0%
' jate b nan +0.02 v. A .
L e Tete. by more. than 0,15 in 0. verese 1 9%6 7 CX+
. Y AHE
” (v, By ), + 46D) (D.on7)( aH )| (T, * 4E0)(B)
I BN TV, (P, BR/T3EI(T, + 460) (P, )(1, + 460) (v, )
0.5 | s L4 550 ) 3/ 1 y
l I_EQ_'&(? Y 543 ) lj%.w %g’_t;(),( ;B—‘%
TR L AR 1Y 2N)9) 37 .0 [(c'z} 12/.,25))]
1.0 (Oarzy 1.0 )
, (5033 2942 yg33 1 (294 s ALl 1]
L | L0 2 F7H IESLIC) (0¥ 2 LS _1[1555 )(/5.49)
l (DY) 7959 833 ) (2« NGS/ 7530 (0
2.0 | 4 [0y 294! N382.79 (O3 7 2.0 )[15'33 )(/3_15{12
([ 48y 2966 1533 ) (@74 )E5e AL L0
l a0 | LSO M 799 )652.5) (03N 3.0 ) /./'32
: ({423 28 g% WNS55 ) (294 (LT TIL( ?
I o | LU 2 2941 w584 L0V TN YLD )[(5’%’3)(9’.7_4 2
. Yoy el (7
l Figure E-7e. Particulate sampling meter box initial calibration.
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DATE: __ 7 -G-84 METER BOX NO. T R-9
BAROMETRIC PRESSURE (Phar) 1 39 in. Hg  pReTEST Y: JR6 aMe: Q.04
PLANT: Steel le PROJECT NO. 3(IS-a2
PROJECT MANAGER: [ Ra QU CALIBRATOR: -~ Neose -
Orifice |Wet test|Dry gas Temperatures Yacuum |Duration
manometer| meter meter [Wet test Dry gas meter setting| of run
setting |[volume |volume | meter {[lnlet | OutlefAverage
o Vo Vq T Tai |Tai | Td b P
in. K0 | ft° £t3 °F °F [°F °F |4n. Hg | min y | aHe
\ % 10.0 213331 1199 (86 0}25 q /&gi
| N oyl 71199 |56 |7 @ 1 277|/92
1995¢] 71 199 |86 |
3 |10 B 425 o8
| | o33l 70 199 | % 1 .(5/60 A71143
2a| 7| 4 | YC - 21
1w 7199 3¢ 1977
Post-test average*** '?77 /%
Y BHE
(v, M P ) Ty+460 ) | (0.0317)( an ) [(T, +a60)( # )| ©
(Vg )Py .+ 8H/I3.6)(T, +460) | (P, (T, + 460) [( v, )|
(1o ) 263%  N652.€) | (o 13 ) ey ) fp4 )] ©
([0.6/0 ) 9844 )53 ) | Enissas)y U o !
(1L 29236 )£52.5) | @313 ) Nz 908 1) °
(JL679) 29.44 531 ) | s REsa <) LU /] L
(10 O 2435 Mgzas) | (0313 ) [lo3 jpug I °
(06l M 2949 531 ) | 0939a ) L )]
*To be the average AH used during the test series. .
**To be the highest vacuum used during the test series,
***post-test y must be within the range, pre-test vy +0.05y
Post-test AW@ must be within the range, pre-test AHE +0.15
Figure E-7f. Particulate sampling meter box post-test calibration.
E-16

[N



METER BOX ND. ‘T_R—g

wre: 10- o35 _
CALIBRATOR: Y. Neele BAROMETRIC PRESSURE (P,) . in. W
Leak Checks:
Positive (minimum 5 in. H20):
Negative (within 3 in. Hg of absolute): NelSW) et L% O in. Mg
"Not to exceed 0.00%L cfr.
Orifice Yolume ¥olume Temperatures Duration | Vacuum
manometer | wet test | dry gas | Wel test Dry gas meter of setting
setting meter meter | meter niet | butiet | Average, test in
o v, Ve T, 1, T, Tq ‘:n Wy e
in K0 #43 g3 | er o of 3 y 0
= - y 7
R 5*;:%?3&_7%53 @ZF T 170 ll%é 10 19751119
[3 l .
o | |0 Bl 101 Fmw; S \18.2! 10 1974|135
9023 e
B0 ELEn '%ag I Z -25'/-553 10 (9783
271 Q. Y
2o 110 Eﬂ.m loS 5T T 35 |22 10 719186
Y g .
2110 %9‘;3% ESLERL s o] o |Balll
. 3 ’70-5— > . /g
o | |0 leweqiToc 190 T30 §5 1922 |p 191311493
T e aiacs by more. than 015 in 0. werese 19771196

Figure E-7g.

. Y AHe
( v, (P, )T, + 460) (0.0317)( an [ (1, *+ 460)(B))
8| TV, J(F, + BATEE)(T, * 4E0) C P, )”u*“")[ (v )
T R U B30 J527. 1900 0.S .

“* | TEISC T 3438 1530 3%3 %] 1&9%_@5_5&
Lo | L1012 J30 15399 WOIATA (O ﬁl’sulguj
dodid.ye 23.37  y5X.8 MovsES Lt [0
s | L0 730 542,39 (03 7)) /.5’_1[(530.5-)(!4.7 ﬂz

) w3y 494! 8305 ) (293054225 L ( _ O
2o | L1020 9930 15435 £03/7)(2.0 )[(55951;[;2.2532
~ L doden J948 e300 (2930)5¢3. £ )L [0
a0 | L1012 9930 5445, (0317150 a[mm)]z
U037 2928 NS30< ) (22.3¢)(8¥¢. & YL (
o | (1O 2930 nE4E ) L Oy ¢0 _)[(S”.{)(f.alz
4 . £30 % 2230 s
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paTE:  7-8-36 METER BOX NO. TQR- 3
BAROMETRIC PRESSURE (P, ): Q9 3%4n. Mg PRETEST Y: 417 ae: | 3k

PLANT: Steo) Raldle !Bb]g Marks Ca. PROJECT NO. 3GI(C -2
pROJECT ManaGER: (. [2putley CALIBRATOR: J. (Nepce

Orifice |Wet test|Dry gas Temperatures Vacuum |Duration
manometer| meter meter [Wet test Ury gas meter setting| of run
setting |volume |volume | meter |[TInlet | OutiefAverage
* Vw Vg Tw Tai |Tai | Td - 4
B 3 3 -
in. HZO ft ft °F °F °F °F in. Hg | min Y AHE
509.913| 7! Y6 | 74 | |
1S | le0 3|3 |14 E o
oy 71 | % |6 © &0 | 1551130
g2 | 16 .
|5 ca0.432| ) | 215 | 3 I orr g
10.0 o v0d 11 199 197 |4 %5950 |19
s3niool 71 189177 & - 4o
1S a0 ) B3 %
' leuzo 70|29 |79 | ' %6 /44 192
Post-test average*** 955|141
n TRE
(v, )0 P, ) Ty+a80 ) | (0.0317)( sk ) [(T, +460)( B )] ¢
( V, (P + MW/13.6)(T, + 460) | (Pp, )(T, + 460) |( v, )
( Jo ) 2935 ONgdl ) | @3 1.5 ) [t53nuges )]
0.2 19.50 531 ) [ 93 S4 Yy U o X

()0 ) 2936 WGYaS ) | (ol LS ) 34730
(106t 2980 Mgzl ) | ¥y ) L [0 )\
' 2

(12 W 9929 eyl &) | (pg ([T ) [le3 U767 )
(127990 2950  gs) ) | 023sy3 eI K /2 )

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

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

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

DIGITAL INDICATOR FOR THERMOCOUPLE READOUT

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

temperatures were expressed in degrees Rankine. Calibration data are shown

in Figure E-Sa and E-9b.

DRY GAS THERMOMETERS AND IMPINGER THEMOCOUPLES

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

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

E-10c and E-1lla and E-11b.

BALANCE

The Mettler electronic balance was calibrated by comparison with Class-5S
standard weights and agreed within 0.5 g. A calibration is also performed

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

E-13.
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Date: l3/3l/8‘% Thermocouple No.: 10 |
1 i ]
calibrator: (3 TTheese Reference: 2T - 3E
Range: 12 - ol o
Reference _
Reference thermometer Thermocouple
point Source,* temperature, temperature, Difference,
No . °op of oy
] ‘ -t |27 o
2 1 \ 230 \ 33 \ S J
3 3 \ 210 | 20 | /5 \
: T T s, | 5o | s
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) 011 Bath

*xparcent difference

Reference temp. °R - thermocouple temp. °R % 1002
(Reference temp. °R) i

where °R = °F + 460

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

Figure E-8a. Thermocouple calibration data sheet.
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Date:

1&/30/3‘3 Thermocouple No.: /2
' /
(2 Tivess Reference:  ASTM-AC

Calibrator:

I Range: QR - LTI

Reference
Reference thermometer -Thermocouple _
point Source,™ temperature, temperature, Difference,
No. °F °F el
! 1 2 gIe ie C
2 | 27 34 L £

3 3 210 J 1L 23
s !

4 .4 “ X /(0 f

ice Bath

*Source: 1)
2) Ambient
3)

Water Bath
4) 011 Bath
=*parcent difference

| °8 - °
| Reference temp. °R - thermocouple temp. °R x 100%

(Reference temp. °R)

where °R = °F + 460

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

Figure E-8b. Thermocouple calibration data sheet.
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Date: nfan/%5s Thermocouple No.: _ 404
calibrator: (Tt eess Reference: AsTpn - 3F
Range: 3490
_ Reference

Reference thermometer Thermocouple B

point Source,* temperature, temperature, Difference,

NO. °F °F VA

! 2 | % \ X/ \ G J

2 ! \ 33 \ 32 \ 9 J
B s | s L2l e
| ¢ | 410 ey i

*Source: 1) lce Bath I
2) Ambient ‘
3) Water Bath I
4) 011 Bath

*%parcent difference

Reference temp. °R - thermocouble temp. R 100%
[Reterence temp. °R) "

where °R = °F + 460

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

Figure E-8c. Thermocouple calibration data sheet.

E-22




N B I B N D B BN S B B B BN B .

e cam cvabeasmws  =essssssesess-esSToooT

OPERATOR; ﬂ;x L/ BN sTO3
2 &

CALIBRATION DEVICE uo:mm .............. HANUFACTDRER:" { z% -----
S ———
TEST POIKT:  MILLIVOLT : TEWFERATURE, | TEMFEKRTURE READING, DIFFERENCE

o dosow 5 e E L e
------ ;m%--o.ee: 0 - | ;,O.ZZ
T e w ol HR
TV s w1 ool 015,
T hem w1 20 ey
""" R R
T e o T e o0,
e ool Lo0n,
T m o /3';;3"”5."555
e e 599.10.05.

Pescent differense suct be less than of equal to 0.5%
Pezcent difference:
(Equivalent tesperature, deg. R - Digital indicator tesperature, deg. R)(100%)

(Eyuivalent tesperature, e, B

Vhers, deg. R = def. F ¢ AED

Figure E-9a. Thermocoupie digital indicator calibration data sheet.
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DATLC: a. |4 -¢ < INDICATOR NO: “ 15_‘

_________ = e wmmme L
CrCRaToOR: G Teyess - SCRIAL ND:__Q_ﬂf_ﬁéﬁ_?;_'_@_______*
CALICRATION DCVICE ND:_____E-\ _____________ MAHUFACTUR‘ER:__—LL:IJJ _in ________ l
T AL bloiTaL Inbieares 1 STTTTTTTTT |
TEST POINT! MILLIVOLT TEMIMERATURD, | TCMICRATURD RTADING, | DIFFCRENCE I

e S . S S
R e
2o s e T . qqa 7
______ gmer we s s
4 6,092 200 30 | /3
B T S S TR AL
______ et s00 a1
______ A T S NN S o) X S S -
______ e e yzes o7
______ T O s SN S 32 A ___1_/_‘1___...,_i
10 l' 42.732 !' 1900 ; /?OA/ ! , 17 _
FPercent difference mucst be lecs than of equal te 0.5% I
Fercent difference: : =

(Equivalent températur-e, dea, R - Digital indicator temperature, deg. FI)UDO'/.I-

T T o I s i o T M e i e . L S S e e o . e e e Wk i ke i o oy S s = o . ga o e S —

Figure E-9b. Thermocouple digital indicator calibration data sheet.
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Date: 8'1(3?"%5_

Meter Box No.: ~¥7T_'l

Calibrator: T. }\EE§Q, Reference: P{STM"S‘F
Inlet
Referance Dry Qas
Reference thermometar thermometer
point source * temperature, tempsrature, | Pifference,
NO. L 3 .r Or.c
1 2 /0 70 0
2 1 30 27 |

3

3 200 14Q o

Outlet
Refarance Dry gas

Reference thermometer thermometer
point Source * temparature, temperature, pifference,
NO. (33 _ oy opes
1 2 70 7L o~
2 1 4321_ 372 l
3 3 A0 200 O

1) Ice bath
2) Ambient
3) Water bath

sSource:

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

Figure E-10a. Dry gas thermometer calibration data sheet.

. _
Il &N N = O . '
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pate: |2-4-35

Héter Box NoO.: FR- \\ |

calibrater z;- Neoose

Reference: ﬁTM- ;E

Inlet
Referance Pry gas
Reference thermometer thermometer
point Source * temparature, | temparature, pDifference,
No. *F °F epes
2 2 10 10 0
2 1 LY 5 O
3 3 80 |4 o}

g__—__—__-_——__———_——

Outlet '
Reference Pry gas
Reference thermometar thermometer
point source * temperature, temperature, pPifference,
uo. .r : .F ’ .!."I
1 2 70 J¥s L
2 2 Dok 33 \
3 2 (8¢ |34 -

____—____._—.__—_____—.__——-————-—-————______

1) lce bath
2) Ambient
3) wWater bath

*Source:
sepifference must be less than or egual to +5°F.

Figure E-10b. Dry gas thermometer calibration data sheet.
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DIY-"M -9

Meter Box No.: ;ﬂQ-CK

c-lihnt.or:;y; Q(QOSQ, Reference: AcTM- éF
Inlet |
Referance Dry Qas
Reference thermometer thermometer
point source * temperature, temperature, pifference,
No. *r bt 3 epee
! 2 7| 73 oL
2 2 32 35 3

3 3 70 | 169 |

Outlet
Referance Dry gas
Reference thsrmometer thermometer )
point source * temperature, | tempsrature, pifference,
| [-18 (33 oF opes
2 2 ™7 | 69 2
2 1 3oL 23 |
’—;’_LL_‘—";——_ML——__—_J__;_—L—S-
egource: 1) lce bath
2) Ambient
3) Water bath

sepifference must be less than or egual to

Figure E-10c.

+5°F.
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_pa;c: ‘2' 26-35

Meter Box No.:1FWE5'C3

Cllib:ltor:jsf h&ggﬁ?l

Reference: AQTM“_:_SF'

Inlet
Reference Dry gas
Reference therzmometer thermometer
point Source * temparature, tampsrature, | Difference,
No. .r .r .rli
1 2 T 70 A
2 1 90 34 O
3 3 | 83 | 99 O
Outlet
Reference Dry gas
Reference thermometer thermometer .
point Source * temparature, temperature, | Difference,
No. eF op *pree
3 2 79 7 |
2 2 27 32 O
3 3 (98 |99 1
*Source: 1) lce bath
2) Ambient
3) Water bath

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

Figure E-10d.

Dry gas thermometer calibration data sheet.
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ey

Thermocouple No: 5

pate: [ -y 8¢

Reference: ASTM - JF

Calibrator: J h)eébfv

Reference
point

Source’

Reference
thersometer

Thermocouple
temperature

Difference

No. "] temperature
deg. F deg. F deg. F''

1 1 74 73 /

1) Aabient
2) lee bath

*Source:

r'pitference must be less than 2 deg. F at both points

Figure E-1la. Impinger thermocouple calibration data sheet.
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Date: (?-1 -7‘5555

calibrator: Qisﬂ§¢\

—

Thermocouple No.: .L - |

Reference: f¥iff?1‘=?§ff

Range:
Reference
Reference thermometer Thermocouple
point Source,* temperature, temperature, Difference,
No. °F °F r S
‘ . ¢ 74 0.37
2 ‘ 37 35 0.40
3 : 146 197 015
4 4 3% 384 (0 36

*Source: 1) Ice Bath
2) Ambient
3) HWater Bath
4) 0i1 Bath

**percent difference

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

where °R = °F + 460

-4

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

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

Error must not exceed 0.5 grams at each point.

Figure E-12.
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Trip balance calibration data sheet.

Ba:«:r.‘ce Date Calibrator 5 g |Error| 509 Error | 100¢g [Error
194 | 3/e5/%e // %/M 5101|480z (7777
| /92 - 3/4#65%%,”%{ 52 |02 500 00 | 99 |0/
195 |32l | G el |50 |00 |58 |02 | 777 |03
pire JZ/—fS'f[ //;/W( soloo lsoeloo |997) 6/
Mefiler| Y26 [N Neese 50|00 |S00 |00 |joec|0 0
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WEIGHT TRACEABILITY
CERTIFICATE

Iz

LT~ T

P

- T0

iakes

p
[

1% 99 Chiiter B2
o Coran, Ohlo YS YL

The balances fisted below have besn serviced by our representative
on_ /077 £5 -

AL DA A

“This is to cerfify that the '\est"welghts used are traceable to the
National Bureau of Standards. , .o

¥
T

| . Analytical ~ " pracislon i%

Mettier ldenﬁ!icntion number of test weights used: i 3 . L5 -"’ ' ié
Mettier calibration date of iest weights used: LY f:‘: / /e -F éf Ef;
National Bureau 6! Standards |es|'number: ...7_-3 ;/ pe70 T?.f 23 /7/ 0620 ¥¢ t%
&

Mode! and serial number of balonces |.arvlccd; ?&"
CHisAR ¥ (25028 pPe oo Foyssrs 0 A
He3a ¥ oseee) pE Ap-2 * (5920 | ?_';
H3l *or¥3e3 - ¢
HISAR ¥ LLFolo _ | ,:,
£c #¥oo ™+ ¢ atL3vo - i:té
Mettier Sefyle Representative | N/ / A /sl B | i%
10-77-PS . o . Msitier Instrument Corporation ¥

Box 71, Hightstown, NJ 08520
Date of issve {609) 448-3000

bvbenmn

A |
r) . - 3
L OOALE S IOVUE DI LD BTR BT

 Figure E-13. weight traceability certificate.




RAROMETER
The field barometer was calibrated to within 0.1 in.Hg of an

NBS-traceable mercury-in-glass barometer before the test series. It was

checked against the reference after the test series to determine if it read

within 0.2 in.Hg. The barometer read within the allowable limits each time.

Calibration data are inciuded in Figure E-14.

ORSAT ANALYZER
The Orsat analyzer was calibrated before the test series by determining

the percentage of oxygen, carbon monoxide, and carbon dioxide in a calibrated

gas containing known percentages of each. The analyzer read within 0.5

percent of the known value for the gas. Calibration data are shown in Fig-

ures E-15a through E-15c.
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BAROMETER
NO.

PRETEST 5 545 %{{i
aeabne . | 27.5% [24.2% 30.0% |2957
REFERENCE

N 29.47_|30.0% |2474
DIFFERENCE* | O.00 | poy (00 | pJ2
DATE oY% | ke | /e o lv ke
CALIBRATOR Mese-
POST-TEST 706
READING 2997 |so.0s5 799/
REFERENCE

e 2999 12009 ki
DIFFERENCE**| (0. | .03 Lo/
DATE 62086 | (1756 75
CALIBRATOR | T Neese osl @_ 1

e ——

*Barometer is adjusted so that difference does not exceed 0.05 in. Hg.
**Barometer is not adjusted. If difference exceed 0.10 in. Hg, inform project
manager immediately.

Figure E-14. Barometer calibration log.
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PEI ASSOCIATES, INC. Reference Gas:

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

l Orsat No.: —. ‘5//'.12

Gas:
S

Matheson Gas Products, Inc.

. Cylinder No. 3828

Control No. 108-45979

Analysis: C02—1Q.03%
02-9 . 83%

C0-2.04%

determined

——————
l calibrator| Date | PN value

5//%3 s\ /8

dafse ) 19

"

|

Y
{

é% seis; )8

E-35

Figure E-15a. Orsat calibration data sheet




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

11499 CHESTER ROAD Cylinder No. 3828
CINCINNATL, OHIO 45246 Control No. 109-45979
(513) 782-4700 Analysis: C02—10.03%
02'9.83%
rn-2.04%
Orsat No.: 172523' Gas: 4;4532;
25 /0 105
. Value
Calibrator| Date PN determined

95t 7 ¢ Jee

/

/.
c;;%%;zggziwuvffnffzéaééfgffsi /0.0

éégzkf,gZZ;zaﬁ(”gaébdﬁs 78 i\

Figure E-15b. Orsat calibration data sheet.
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PEI ASSOCIATES, INC.
11499 CHESTER ROAD
CINCINNATI, OHIO 45246
(513) 782-4700

Reference Gas: Matheson Gas Products,

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

02'9 -83%
C0-2.04%
Orsat No.: C:%z
g & /03
. Value
calipbrator| Date PN ldetermined

? 5
| 4

7
Gt

7&

Figure E-1bc.

Orsat calibration data sheet.







APPENDIX F
PROJECT PARTICIPANTS AND SAMPLE LOG
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TABLE F-1. PROJECT PARTICIPANTS

Name

Title

Responsibility

. Bruffey

. Prohaska

. Scheffel

. Clay

. Strait

. Banker

PEI Project Manager

PEI Test Engineer

Environmental Scientist

Task Manager
U.S. EPA-EMB

MRI-NSPS Contractor

MRI-NSPS Contractor

Coordinated test activity;
Tiaison with EPA, MRI, and
plant personnel; calculations;
Cr'®/total Cr and particle
size recovery; process

sampie collection.

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

Assisted with all tests at
scrubber inlet and outiet.

Coordinated test activity.
Onsite data reduction and
calculations.

Monitored process operation
and coordinated test
activity.

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

Date
(1986)

Activity

sunday 6/22

Monday 6/23

Tuesday 6/24

wednesday 6/25

Test crew and equipment travel to Greenville, sC

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

impactors setup.

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

intet. Collected process samples.

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

DRAFT TEST METHOD FOR HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES
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Method - Determination of Hexavalent Chromium

Emissions from Stationary Sources

1. Applicability and Principle.

1.1 Applicability. This method applies to the determination of
hexavalent chromium (Crt0) emissions from specified stationary sources
only.

1.2 Principle. Particulate emissions are collected from the source
by use of Method 5 (Appendix A, 40 CFR Part 60). The collected samples are

digested in an alkaline solution and analyzed by the diphenylcarbazide

colorimetric method.

2. Range, Sensitivity, Precision, and Interferences.

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

5 pg Crt6/100 m1 to 250 ug crt6/100 m1., For a minimum analytical accuracy
of +10 percent, the lower limit of the range is 50 ug/100 m1. The upper

1imit can be extended by appropriate dilution.

2.2 Sensitivity. A minimum detection limit of 1 ug Crt6/100 m

has been ohserved.

2.3 Precision. The overall precision for sample collection and

anaiysis for Crtb was tested at a ferrochrome smelter, & chemical plant,

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

and low particulate loadings were analyzed. The relative standard

deviation was 4.4, 8.3, and 13.3 percent, respectively.
2.4 ‘lnterference. Very 1arge'quant1ties of iron, molybdenum,

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

was observed at the sources listed in Section 2.3.




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

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

3.3 Analysis. The following equipment is needed,

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

3.0 u pore size Teflon filters.

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

3.3.6 Spectrophotometer. 1o measure absorbance at 540 nm.

4. Reagents.

4.1 Sampling. Same as Method 5, Section 3.1.

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

4.3 Analysis. The following reagents are required.

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

4.3.2 Sodium Hydroxide. NaOH, analytical reagent grade.

4.3.3 Potassium Dichromate. Kz2(Crz07, analytical reagent grade.

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

analyst may eliminate the KMnO4 test for oxidizable organic matter.
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4.3.5 Digestion Solution. Dissolve 20.0 .g NaOH and 30.0 g NazCO03
in deionized distilled water in a l-liter volumetric flask and dilute to
the mark. Store the solution in a tightly capped polyethylene bottle and
prepare fresh monthly.

4.3.6 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of
dried K2Crp07 in deionized distilled water and dilute to 1 liter
(1 m = 50 yg Cr*6),

4.3.7 Potassium Dichromate Standard Solution. Dilute 10.00 ml
K,Crp0; stock solution to 100 m1 (1 ml = 5 3g Cr*®) with deionized
distilled water.

4.3.8 Sulfuric Acid, 10 Percent (v/v). Dilute 10 ml of reageﬁt grade
HS04 1o 100 ml in deionized distillied water.

4.3.9 Diphenylcarbazide Solution. Dissolve 250 mg of
1, 5-diphenylcarbizide in 50 ml acetone. Store in a brown bottle. Discard
when the solution becomes discolored.

4.3.10 Acetone. Same as Method 5, Section 3.2.
5. Procedure. |

5.1 Sampling. Same as Method 5, Section 4.1.

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

§.3 Preservation. Tests with the source samples described in
Section 2.3 demonstrated that crt6 is stable in particulate form.
Nevertheless, all samples should be protécted from extreme heat, and

should be analyzed within 1 month of collection.
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5.4 Sample Digestion and Preparation. Place the contents of
Container Number 1 (the filter) and Container Number 2 (the acetone probe
rinse) in a 250 m1 beaker. Evaporate 1o dryness. Add 40 m1 of digestion
solution (Section 4.2.5). Cover the beaker with the watchglass and heat to
near boiling on a hot plate with constant stirring for 30 minutes. Do not
allow the solution to evaporate to dryness.

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

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

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

5.7 Analysis.

5.7.1 Color Development and Measurement. Transfer 50 ml aliquot of
the prepared sample to a 100 ml volumetric flask. Add 2.0 mi of

diphenylcarbazide solution. Adjust the pH to 2 + 0.5 with 10 percent Hz2504
and dilute 1o volume with deionized distilled water. Allow the solution to
stand about 10 minutes for color development. Transfer a portion of the
sample 10 a l1-cm absorption cell and measure the absorbance at the optimum

wavelength (Section 6.2.1), using the blank solution as a zero reference.
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Dilute the sample and the blank with equal volumes of deionized distilled
water if the absorbance exceeds A,, the absorbance of the 250 g cr*b
cstandard as determined in Section 6.2.2. Use deionjzed, distilled water 1o
zero the instrument.

5.7.2 Check for Matrix Effects on the Cr*6 Resulis. Since the
analysis for Crtb 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 and
the absorbance of an aliquot of unspiked sample.

Next, calculate the Cr+6 concentration C, in ug/ml of the sample

solution by using the following equation:

A
= s . -l
Cg = Ca K;frﬁz Eg G
Where:
Cy = cr*6 concentration of the standard solution g/ml.
A = Absorbance of the sample solution.
Ay = Absorbance of the spiked sample solution.

Yolum

been made to the same final volume. Therefore, C; and C; represent Cr+6
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concentrations before dilutions. 1f the results of the method of additions
procedure used on the single source samplie do not agree 10 within 5 percent
of the value obtained by the routine spectrophotometric analysis, then

reanalyze all samples from the source using this method of additions

‘procedure.

6. Calibration.

6.1 Sampling Train. Perform all of the calibrations described in

Method 5, Section 5.

6.2 Spectrophotomeier Calibration.

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

measurement of the absorbance of the standards and samples.



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

6.2.2 Determination of Spectrophotometer Calibration Factor Kc. Add
0.0 m1, 10 m1, 20 m1, 30 m1, and 50 ml of the working standard solution
(1 m! = 5 ug Cr*b) to a series of five 100-m1 volumetric flasks. Analyze
these calibration standards as in Section 5.7.1. This calibration
procedure must be repeated on each day that samples are analyzed.

Calculate the spectrophotometer calibration factor as follows:

Z V)
Ay + A+ A3+ Mg
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= Catibration factor,

Fa
(o]
t

Absorbance of the 50 Cr*® standard.

I=
—
n

Absorbance of the 100 Cr*® standard.

= Absorbance of the 150 Cr*® standard.

>
[ 78
[l

A4 = Absorbance of the 250 Cr+6 standard.

7. Emission Calculations.

Il B N O
P
Lot
"

Carry out the calculations, retaining at least one extra decimal

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

calculations.
7.1 Total Cr*6 in Sample. Calculate m, the total ug Cr*b in each

sampie, as follows:
m = K¢ 2AF Eq. G -3

Where:

2 = Factor to correct 50 ml aliquot analyzed to 1U0 ml iona] sample.

A = Absorbance of sample.

F = Dilution factor (required only if sample dilution was needed 10
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.Z.

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

as Method 5, Sections 6.3, 6.4, and 6.5, respectively.
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7.4 Cr+6 Emission Concentration. Calculate C¢ (g/dscm), the Cr*s

concentration in the ctack gas, dry basis, corrected to standard

conditions, as follows:

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

7.5 Isokinetic variation, Acceptable Results. Same as Method 5,

sections 6.11 and 6.12, respectively.
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METHOD 3050
ACID DIGESTION OF SLUDGES

1.0 Scope and Application

1.1 Method 3050 is an acid digestion procedure used to prepare siudge-
type and soil samples for analysis by flame or furnace atomic absorption
spectroscopy (AAS) or by inouctively coupled argon plasma spectroscopy (1CP).
Samples prepared by Method 3050 may be analyzed by AAS or ICP for the
following metals:

Ant imony Lead ~ ’
Arsenic Nickel

Barium Selenium.~”

Beryllium Silverv”

Cadmium -~ Thallium

Chromium Zinc:

Copper

1.2 Method 3050 may also be applicable to the analysis of other metals

in sludge-type samples, However, prior to using this method for other
metals, it must be evaluated using the specific metal and matrix.

2,0 Summary of Method

2.1 A dried and pulverized sample is digested in nitric acid and
nydrogen peroxide. The digestate is then reiluxed with eitier nitric
acid or hydrochloric acid. Hydrochioric acid is used as the final reflux
" acid for the furnace analysis of Sb or the flame analysis of Sb, Ba, Be, Cd,
¢r, Cu, Pb, Ni, and 7n. Nitric acid is employed as the final reflux acid for
the furnace analysis of As, Ba, ge, Cd, Cr, Cu, Pb, Ni, Se, Ag, T1, and Zn oOr
the flame analysis of Ag and mn.

3.0 Interferences

3.1 Sludge samples can contain diverse matrix types, each of which may
present {ts own analytical challenge. Spiked samples and any relevant
standard reference material should be processed to aid in determining whether
Method 3050 is applicable to @ given waste. Nondestructive technigues such as

neutron activation analysis may also be helpful in evaluating the applicabil-
ity of this digestion method.

4,0 Apparatus_and Materials

4.1 125-ml conical Phillips' beakers.

4.2 Watch glasses.
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7.3 After the second reflux Step has been completed and the sample
has cooled, add 2 ml of Type 11 water and 3 ml of 30% hydrogen peroxide (H202)-
Return the beaker to the hot plate for warming to start the peroxide reaction.
Care must be taken to ensure that losses do not occur due to excessively
vigorous effervescence. Heat until effervescence subsides, and cool the
beaker.

7.4 Continue to add 30% H 0, 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% Hzoz.g

7.5 1f the sample is being prepared for the furnace analysis of Ag and
Sb or direct aspiration analysis of Ag, Sb, Ba, Be, Cd, Cr, Cu, Pb, Ni, T, and
In, add 5 ml of 1:]1 HC1 and 10 m1 of Type 11 water, return the covered beaker
to the hot plate, and heat for an additional 10 min. After cooling, filter
through Whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with
Type 11 water (or centrifuge the sample). The diluted sample has an approximate
acid concentration of 2.5% (v/v) HC1 and 0.5% (v/v) HNO3 and is now ready for
analysis.

7.6 If the sample is being prepared for the furnace analysis of As, Ba,
Be, Cd, Cr, Cu, Pb, Ni, Se, T1, and Zn, continue heating the acid-peroxide
digestate until the volume has been reduced to approximately 2 ml, add 10 ml
of Type 1l water, and warm the mixture. After cooling, filter through
Whatman No. 42 filter paper (or equivalent) and dilute to 100 m) with Type Il
water (or centrifuge the sample). Tnhe diluted digestate solution contains
approximately 2% (v/v) HNO3. For analysis, withdraw aliquots of appropriate
volume, add 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 1l
water and reagents) should be carried throughout the entire sample-preparation
and analytical process. These blanks will be useful in determining if
samples are being contaminated.

. 8.2 Duplicate samples should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate
the 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 2 new sample matrix is being analyzed.

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

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

4.5 Whatman No. 42 filter paper of equivalent,

5.0 Reagents

5,1 ASTM Type 11 water (ASTM D1193): Water should be monitored
for impurities,

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

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

5,4 Hydrogen peroxide (30%): Oxidant should pe analyzed to determine
level of impurities. If impurities are detected, all analyses should be
blank corrected. .

6.0 Sample Collection, Preservation, and Handling

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

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

6.3 Nonagqueous samples shall be refrigerated when possible, and
analyzed as soon as possible.

7.0 Procedure

7.1 Weigh and transfer to a 125-m! conical Phillips' beaker 3 1.0-¢
portion of sample which has been dried at 60° C, pulverized, and thoroughly
mixed.

7.2 Add 10 m of 1:1 nitric acid (HNO3), mix the slurry, and cover
with a watch glass. Heat the sample at 95° C and reflux for 10 min. Allow
the sample to cool, add 5 ml of conc, HNO3, replace the watch glass, and
reflux for 30 min. Do not allow the volume to be reduced to less than 5 ml
while maintaining a2 covering of solution over the bottom of the beaker.
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APPENDIX H
PROCESS DATA MONITORED DURING TESTS
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AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: SIC-1; QUTLET: SOC-1

TANK 1
Time ' Time
(24-h clock) interval, min Current, Ampere-hours

Inlet Qutlet Inlet Qutiet amperes Inlet Qutlet
08:27 08:33
08:35 08:35 2 1,000 133 33
08:40 08:40 5 5 1,000 83 83
Subtotal 13 7 | 216 116
08:54 08:54 |
09:05 09:05 11 11 1,500 275 275
09:15 09:15 10 10 1,500 250 250
09:25 09:25 10 10 1,500 250 250
09:35 09:35 10 10 1,400 233 233
09:45 09:45 10 10 1,500 250 250
09:54 09:54 9 9 1,500 225 225
Subtotal 60 60 , 1,483 1,483
10:17 10:18
10:25 10:25 8 7 3,000 400 350
10:35 10:35 10 10 2,750 458 458
10:45 10:45 10 10 3,000 500 500
10:55 10:55 10 10 2,900 483 483
11:05 11:05 10 10 2,900 -~ 483 483
11:14 11:14 9 9 2,900 435 435
Subtotal 57 56 2,759 2,709
11:25 11:25 '
11:35 11:35 10 0 2,900 © 483 433
11:45 11:45 10 10 2,800 467 467

11:48 0 3 2,800 0 140
Subtotal 20 23 950 1,090
TOTAL 150 146 5,408 5,398
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AMPERE-HOUR CALCULATIONS

TEST RUN NO.:
INLET: SIC-1; OUTLET: SOC-1
TANK NO. 2
Time Time
(24-h clock) interval, min Current, Ampere-hours

Inlet = Outlet Inlet Outlet amperes Inlet Qutiet
08:27
08:30 3 0 1,300 65 0
Subtotal 3 0 65 0
08:35 08:33
08:45 08:45 10 12 1,400 233 280
08:55 08:55 10 10 1,400 233 233
09:05 09:05 10 10 1,400 233 233
09:15 09:15 10 10 1,400 233 233
09:25 09:25 10 10 1,400 233 233
09:35 09:35 10 10 1,300 217 217
09:40 09:40 5 5 1,300 108 108
Subtotal 65 67 1,490 1,537
10:15 10:18 _
10:25 10:25 10 7 1,250 208 146
10:35 10:35 10 10 1,200 200 200
10:41 10:41 6 _6 1,200 120 120
Subtotal 26 23 528 466
10:45 10:45
10:55 10:55 10 10 1,400 233 233
11:05 11:05 10 10 1,350 225 225
11:15 11:15 10 10 1,300 217 217
11:25 11:25 10 10 1,300 217 217
11:35 11:35 10 10 1,300 217 217
11:45 11:45 10 10 1,300 217 217

11:48 0 3 1,300 _0 _65
Subtotal 60 63 1,326 1,391
TOTAL 154 153 3,409 3,394
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AMPERE-HOUR CALCULATIONS

TEST RUN NO.:
INLET: SIC-1; OUTLET: S0C-1
. TANK NO. 4
Time Time
(24-h clock) interval, min Current, Ampere-hours

Inlet Qutlet Inlet Qutlet amperes Inlet Qutiet
08:27 08:33
08:35 08:35 8 2 900 120 30
08:45 08:45 10 10 900 150 150
08:55 08:55 10 10 850 142 142
09:05 09:05 10 10 900 150 150
09:15 09:15 10 10 900 150 150
09:25 09:25 10 10 900 150 150
09:35 09:35 10 10 900 150 150
09:45 09:45 10 10 200 150 150
09:55 09:55 10 10 900 150 150
09:57 10:03 2 8 900 _30 120
Subtotal 90 90 1,342 1,342
10:15 10:18
10:25 10:25 10 7 900 150 105
10:35 10:35 10 10 900 150 150
10:45 10:45 10 10 900 150 150
10:55 10:55 10 10 900 150 150
11:05 11:056 10 10 900 150 150
11:15 11:15 10 10 200 33 33
11:25 11:25 10 10 900 150 150
11:35 11:35 10 10 900 150 150
11:45 11:45 10 10 900 150 150

11:48 0 3 900 _ 0 _45
Subtotal 90 90 1,233 1,233
TOTAL 180 180 2,575 2,575
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AMPERE-HOUR CALCULATIONS

TEST RUN NO.:
INLET: SIC-2; OUTLET: SO0C-2
TANK NO. 1
Time Time

(24-h _clock) interval, min Current, Ampere-hours
Inlet Outlet Inlet Outiet amperes Inlet Outiet
08:08 08:11

08:18 08:18 - 10 7 500 83 58
08:28 08:28 10 10 500 83 83
08:33 08:33 5 5 500 42 42
Subtotal 25 22 208 183
08:40 08:40

08:48 08:48 8 8 400 53 53
08:58 08:58 10 10 400 67 67
09:08 09:08 10 10 400 67 67
09:18 09:18 10 10 400 67 67
09:28 09:28 10 10 300 50 50
09:34 09:34 6 6 300 30 30
Subtotal 54 54 334 334
10:02 10:04

10:08 10:08 6 4 500 50 33
10:18 10:18 10 10 500 83 83
10:28 10:28 10 10 400 67 67
10:38 10:38 10 10 500 83 83
10:40 10:40 2 2 500 17 17
Subtotal 38 36 300 283
10:48 10:48

10:58 10:58 10 10 250 42 42
11:08 11:08 10 10 250 42 42
11:18 11:18 10 10 250 42 42
11:28 11:28 10 10 200 33 33
11:32 11:34 4 6 200 - 13 20
Subtotal a4 46 172 179
TOTAL 161 158 1,014 979
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AMPERE-HQUR CALCULATIONS ,
TEST RUN NO.: l
INLET: SIC-2; OUTLET: SOC-2
TANK NO., 2
Time Time : l
(24-h clock) interval, min Current, Ampere-hours
Inlet Outiet Inlet Outlet amperes Inlet Outlet '
08:08 08:11
08:18 08:18 10 7 1,100 183 128
08:28 08:28 10 10 1,100 183 183 l
08:38 08:38 10 10 1,100 183 183
08:45 08:45 7 7 1,100 128 128
Subtotal 37 34 677 622 I
08:50 08:50 : : I
08:58 08:58 8 8 1,400 187 187
09:08 09:08 10 10 1,400 233 233
09:18 09:18 10 10 1,400 233 233
09:28 09:28 10 10 1,400 233 233 I
09:38 09:40 10 12 1,400 233 280
Subtotal a8 50 1,119 1,166 l
10:02 10:04
10:08 10:08 6 4 1,100 110 73 l
10:18 10:18 10 10 1,200 200 200
10:28 10:28 10 10 1,200 200 200
10:38 10:38 10 10 1,200 200 200
10:46 10:46 8 8 1,200 160 160 l
Subtotal 44 42 870 833
10:50 10:50 I
10:58 10:58 8 8 1,100 147 147 _
11:08 11;08 10 10 1,100 183 183 l
11:18 11:18 . 10 10 1,100 183 183
11:28 11:28 10 10 1,100 183 183
11:32 11:34 | 4 6 ‘ 1,100 73 110 l
Subtotal 42 44 769 806
TOTAL 171 170 3,435 3,427 l
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AMPERE-HOQUR CALCULATIONS
l TEST RUN NO.:
INLET: SIC-2:; OUTLET: SOC-2
TANK NO. 4

I Time Time

(24-h clock interval, min Current, Ampere-hours
l Inlet Outiet _ Inlet Qutlet amperes Inlet Outlet

08:08 08:11

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

08:38 08:38 10 10 600 100 100

08:48 08:48 10 10 600 100 100
I 08:58 08:58 10 10 600 100 100

09:08 09:08 10 10 625 104 104

09:18 09:18 10 10 600 100 100

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

10:02 10:04

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

10:28 10:28 10 10 625 104 104

10:38 10:38 10 10 600 100 100

10:48 10:48 10 10 600 100 100
I 10:58 10:58 10 10 600 100 100

11:08 11:08 10 10 600 100 100

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

11:32 11:34 4 6 600 _40 _60
l Subtotal 90 90 904 904
' TOTAL 180 180 1,824 1,821
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AMPERE-HOUR CALCULATIONS
TEST RUN NO.: l
INLET: SIC-3; OUTLET: SOC-3
TANK NO. 1
Time ‘ Time I
(24-h clock) interval, min Current, Ampere-hours
Inlet Qutlet Inlet Outlet amperes Inlet Qutilet I
12:45 12:47 |
12:50 12:50 5 3 200 17 10
13:00 13:00 10 10 200 33 33 I
Subtotal 15 13 50 43
13:05 13:05 _ I
13:10 13:10 5 5 1,000 83 83
13:20 13:20 10 10 1,000 167 167
13:30 13:30 10 10 1,000 167 167
13:40 13:40 10 10 1,000 167 167
13:50 13:50 10 10 1,000 167 167
14;00 14:00 10 10 1,000 167 167 I
14:10 14:10 10 10 1,000 167 167
14:14 14:14 4 4 1,000 _67 _67
Subtotal 69 69 1,152 1,152 I
14:29 14:31
14:40 14:40 11 9 1,000 183 150
14:50 14:50 10 10 1,000 167 167
15:00 15:00 10 10 : 1,000 167 - 167
15:10 15:10 10 10 1,000 167 167 l
15:20 15:20 10 10 1,000 167 167
15:27 15:27 7 7 1,000 117 117
Subtotal 58 56 968 935 l
16:02  16:02 |
16:10 16:10 8 8 2,000 267 267 l
16:20 16:20 ) 10 10 2,000 333 333
16:30 16:30 1=+ 10 10 - 2,000 333 333
16:33 16:3% * 3 3 2,000 100 100 l
Subtotal 31 31 1,033 1,033 l X
TOTAL 173 169 ' 3,203 3,163
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AMPERE-HOUR CALCULATIONS
l TEST RUN NO:
INLET: SIC-3; OUTLET: SOC-3
TANK NO. 2

I Time Time

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

12:45 12.47
l 12:50 12:50 5 3 1,000 83 50

12:55 12:55 5 5 1,000 83 83
I Subtotal 10 8 166 133
' 12:58 12:58

13:10 13:10 12 12 1,200 240 240
I 13:20  13:20 10 10 1,200 200 200
- 13:30 13:30 10 10 1,200 200 200

13:40 13:40 10 10 1,200 200 200
I 13:50 13:50 10 10 1,200 200 200

14:00 14:00 10 10 1,200 200 200

14:10 14:10 10 10 1,200 200 200
I 14:15 14:17 5 7 1,200 100 140

Subtotal 77 79 1,540 1,580
l 14:29  14:31

14:40 14:40 11 9 2,000 367 300

14:50 14:50 10 10 2,000 333 333
I 15:00 15:00 10 10 1,800 300 300
_ 15:10 15:10 10 10 1,800 300 300

15:20 '15:20 10 10 1,800 300 300
I 15:28 15:28 8 8 1,800 240 240
3 Subtotal 59 57 1,840 1,773
l_ TOTAL 146 144 3,546 3,486
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AMPERE-HOUR CALCULATIONS :
TEST RUN NO: . l
INLET: SIC-3; OUTLET: S0C-3
TANK NO: 4 l
Time Time
(24-h clock) interval, min Current, Ampere-hours
Inlet Outiet Inlet Outlet amperes Inlet Outiet .
12:45 12:47
12:50 12:50 5 3 600 50 30 l
13:00 13:00 10 10 650 108 108
13:10 13:10 10 10 650 108 108
13:20  13:20 10 10 650 108 108 l
13:30 13:30 10 10 650 108 108
13:40 13:40 10 10 650 108 108
13:50 13:50 10 10 650 108 108 .
14:00 14:00 10 10 650 108 108 _
14:10 14:10 10 10 650 108 108
14:15 14:17 _5 7 650 54 76 l
Subtotal 90 90 968 970 __
14:29 14:31 I f
14:40 14:40 11 9 650 119 a8 .
14:50 14:50 10 10 650 108 108 ;
15:00 15:00 10 10 650 108 108 l ;
15:10 15:10 10 10 650 108 108 |
15:20 15:20 10 10 650 108 108
15:28 15:28 8 8 650 87 _87 l _
Subtotal 59 57 638 617 ;
16:02  16:02 I :
16:10 16:10 8 8 675 90 90 :
16:20 16:20 10 10 675 112 112 _
16:30 16:30 10 10 675 112 112 l '
16:33 16:35 3 5 700 35 58 .
Subtotal 31 33 349 372 I
TOTAL 180 180 1,955 1,959 -
H-10 l
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