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1ation Management Corporation P.O. Box 398704 Cincinnati, Ohio 45239-8704 (5]3) 738-6200

January 25, 1995

U. S. Department of Energy
Fernald Environmental Management Project
Letter No. C:EC:95-0014

Mr. Lee Gruber

Air Quality Management
Hamilton County Department
of Environmental Services
1632 Central Parkway

Cincinnati, Ohio 45210

Dear Mr. Gruber:

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT (FEMP) - STACK EMISSION TEST REPORT FOR
THE MINIMUM ADDITIVE WASTE STABILIZATION (MAWS) PROJECT

Enclosed for your information is the data regarding the performance test of the
Minimum Additive Waste Stabilization (MAWS) off-gas system.

As indicated in the Operable Unit 1 Minimum Additive Waste Stabilization Remedial
Design Bench-Scale Treatability Study Work Plan, Volume 1, for the MAWS project,
samples were collected and recovered from the off-gas effluent stream prior to
the stream exiting to the atmosphere. The enclosed test report from

- International Technology Corporation describes the tests and analyses performed
and the results of those tests.

The equipment used in the vitrification process is owned and was operated by GTS
Duratek, Inc. (Duratek). Although the detailed operating records were retained
by Duratek, FERMCO does have records of the types of materials processed through
the vitrification system during its operation, and of the number of hours of
operation of the off-gas ventilation system. This information is summarized in
the attached tables.
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Restoration Management Corporation

Mr. Lee Gruber
Letter No. C:EC:95-0014
Page 2

If you have questions regarding this submittal, please contact Kip Klee of my
staff at 738-8640.

Environmental Compliance

TDH:KOK :mhv

Enclosures:

1. Plant 9 MAWS Operation Summary
2. IT Test Report

c: With Enclosures

R..B. Allen, DOE-FN/MS45 - w/enclosure 1 only

W. J. Quaider, DOE-FN/MS45 - w/enclosure 1 only

S. H. Wolinsky, FERMCO/MS82-2 - w/enclosure 1 only
AR Coordinator, MS78 - w/enclosure 1 only

File Record Storage Copy 108.13 - w/enclosure 1 only
Project File 114.15

Without Enclosures

. Akglind(iz, FERMCO/MS82-2
Beckman, FERMCO/MS65-2
Frost, FERMCO/MS82-2
Garrett, FERMCO/MS73
Gimpel, FERMCO/MS82-2
Shanks, FERMCO/MS51
Skriba, FERMCO/MS82-2
Spotts, FERMCO/MS65-2
Williamson, FERMCO/MS82-2

OO XovX0X$O0O>xW»nN=2
MODOPOTITINX

G:\PR\KOK\MAWS\DOES-IT.LTR

000CO0<



6548

Dates

12/1/93 - 12/31/93

SUMMARY OF PLANT 9 MAWS OPERATION

Vitrifier Off-Gas

*

Ventilation System -

Hours of Operation

_W

Start-up - hours not

Material in Vitrifier

Non-radioactive Borosilicate

recorded glass :
1/3/94 - 1/8/94 98 hours Non-radioactive Fluoride
surrogate material
1/9/94 - 1/15/94 168 hours Non-radioactive Borosilicate
: glass
1/16/94 - 1/22/94 168 hours "
1/23/94 - 1/29/94 168 hours "
1/30/94 - 1/31/94 48 hours "
2/1/94 - 2/5/94 120 hours Non-Radioactive Borosilicate
’ glass
2/6/94 - 2/12/94 168 hours !
2/13/94 - 2/19/94 168 hours "
2/20/94 - 2/26/94 168 hours "
2/27/94 - 2/28/94 48 hours "
3/1/94 - 3/6/94 144 hours Non-Radioactive Borosilicate
glass
3/7/94 - 3/13/94 39 hours "
3/14/94 - 3/20/94 129.5 hours "
3/21/94 - 3/27/94 | 168 hours
3/28/94 - 3/31/94 96 hours "
4/1/94 - 4/7/94 82 hours Non-Radioactive Borosilicate
glass
4/8/94 - 4/14/94 82.5 hours ‘ "
4/15/94 - 4/21/94 158.5 hours "
4/22/94 - 4/28/94 35 hours "
4/29/94 - 4/30/94 48 hours "

G:\PR\KOK\MAWS\PLANTOP . KOK
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- SUMMARY OF PLANT 9 MAWS OPERATION

Dates Vitrifier Off-Gas * Material in Vitrifier
Ventilation System -
Hours of Operation
. |

5/1/94 - 5/7/94 143.5 hours Non-Radioactive Fluoride
surrogate material

5/8/94 - 5/14/94 168 hours Non-Radioactive Borosilicate
surrogate material

5/15/94 - 5/21/94 168 hours "

5/22/94 - 5/28/94 168 hours "

5/29/94 - 5/31/94 72 hours "

6/1/94 - 6/5/94 120 hours Non-Radioactive Borosilicate
surrogate material

6/6/94 - 6/12/94 168 hours "

6/13/94 - 6/19/94 168 hours "

6/20/94 - 6/26/94 168 hours "

6/27/94 - 6/30/94 96 hours "

7/1/94 - 7/3/94 72 hours Non-Radioactive Borosilicate
surrogate material

7/4/94 - 7/10/94 168 hours "

7/11/94 - 7/17/94 168 hours "

7/18/94 - 7/24/94 168 hours "

7/25/94 - 7/31/94 168 hours Radioactive material from
Waste Pit §

8/1/94 - 8/7/94 168 hours Radioactive material from
Waste Pit 5

8/8/94 - 8/14/94 168 hours Non-Radioactive borosilicate
surrogate material

8/15/94 - 8/21/94 8 hours _ "

8/22/94 - 8/28/94 0 hours No moiten material in the

- melter
8/29/94 - 8/31/94 | 0 hours "

0LLLU
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SUMMARY OF PLANT 9 MAWS OPERATION

e
Dates Vitrifier Off-Gas * Material in Vitrifier

Ventilation System -
Hours of Operation
- ||
9/1/94 - 9/4/94 58 hours - 1 Radioactive material from

Waste Pit 5

9/5/94 - 9/11/94 168 hours "
9/12/94 - 9/18/94 168 hours ’ "

9/19/94 - 9/25/94 168 hours "

9/26/94 - 9/30/94 120 hours ‘ "

10/1/94 - 10/7/94 134 hours Radioactive material from
Waste Pit 5 and Non-
Radioactive Borosilicate
surrogate material

10/8/94 - 10/14/94 0 hours No moiten material in the
melter

10/15/94 - 10/21/94 { 0 hours

10/22/94 - 10/28/94 | 140 hours Non-Radioactive Borosilicate
surrogate material
10/29/94 - 10/31/94 | 72 hours " | Non-Radioactive Borosilicate

surrogate material and
Radioactive material from

Waste Pit 5

11/1/94 - 11/5/94 120 hours Radioactive material from
Waste Pit 5

11/6/94 - 11/12/94 168 hours "

11/13/94 - 11/19/94 | 168 hours Non-Radioactive Borosilicate
surrogate material

11/20/94 - 11/26/94 [ 31.5 hours Empty

11/27/94 - 11/30/94 | 0 hours "

* The operational time does not‘directly correspond to the process material

feeding time, i.e., feeding is intermitent and the ventilation system was
in operation for longer period than the feeding period.

G:\PR\KOK\MAWS\PLANTOP . KOK 000005
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1.0 Intfoduction

On August 4 and 8, and Septémber 14, 1994, personnel from IT Corporation conducted atmo-
spheric emission tests at the Fernald Environmental Management Project (FEMP) in Fernald,
Ohio. This test program was conducted to collect data that will enable Fernald Environment
Restoration and Management Company (FERMCo) personnel to determine the compliance
status of the source with regard to Item D of the Clean Air Act section of the Federal Facili-
ties Compliance Agreement-and Section H of the National Emission Standards for Hazardous
Air Pollutants.* Testing was conducted at the Plant 9 vitrification system exhaust stack to
determine the concentrations and emission rates of particulate matter, metals, radionuclides,
nitrogen oxides (NO,), sulfur dioxide (SO,), total fluorides, hydrochloric acid (HCI), carbon
monoxide (CO), and total hydrocarbons (THC). Flow rate, temperature, moisture, and carbon
dioxide (CO,) and oxygen (O,) contents of the stack gas also were measured. The sampling
and analytical procedures followed the approved protocol, and included procedures described
in U.S. Environmental Protection Agency (EPA) Methods 1 through 6, 7A, 13B, 26**
114,*** and the BIF Methods Manual.**** Plant personnel monitored process

operations during each sampling run.

Messrs. Greg Thress and Brian Garls conducted the testing for IT. Mr. Dave Osterhout was
the IT Project Manager. Messrs. Dennis Williamson and Tim Miller coordinated the test

series for FERMCo.

* 40 CFR 61, Subpart H, July 1993.
** 40 CFR 60, Appendix A, July 1993.

~ *** 40 CFR 61, Appendix B, July 1993.

#+*+ Methods Manual for Compliance With BIF Regulations, EPA/530-SW-91-010, Decem-
ber 1990.

33233 1/Emis Tst Rep, Cmp Evl, Verif Syst, Pht 9, Femald/sm . 1-1
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2.0 Summary of Results

2.1 Stack Gas Conditions
Stack gas conditions are summarized in Table 2-1. The flow rates for a given day generally

compared well.

2.2 Filterable Particulate
Table 2-2 presents filterable particulate emission data collected during the sampling period.

Filterable particulate concentrations are reported in grains per dry standard cubic foot
(gr/dscf), and emission rates are reported in pounds per hour (Ib/h). The filterable particulate
emissions reported in Table 2-2 represent the material collected on the filter and in the probe,
which were maintained at a temperature of approximately 250°F during sample collection.

Filterable particulate concentrations averaged 0.0012 gr/dscf, which corresponds to an average
emission rate of 0.013 Ib/h. r

In these particulate samples, the total quantity of filterable material collected was 15.4, 4.3.,
and 2.1 mg. The last two values are near the blank level, and all three are near IT’s general
limit of quantitation for U.S. EPA Method 5 (10 to 15 mg.)

2.3 Total Metals

Total metals emissions are summarized in Table 2-3. Barium, lead, and mercury were detect-
ed in all three samples, while selenium was detected only in Run V-PM-1. The barium and
lead values were all less than five times the detection limit. Because of analytical inaccuracy,
results near the detection limit are less reliable than higher-level results.

2.4 Activity Levels and Total Uranium

Table 2-4 presents the data obtained by radiological analysis of the samples. The liquid frac-
tions (acetone and water) from each sample were combined for analysis; the filters were ana-
lyzed separately. No activity was detected in the liquid fractions. Alpha and beta activity
were detected in the filters, but the values were similar to the blank level. Gamma activity
detection limits are those of Cs-137. The values reported in Table 2-4 were determined by
adding the sample values or detection limits for the individual sample fractions to obtain total
activity per sample, and dividing by the sample volume, thus yielding the activity

332331/Emis Tet Rep, Cmp Evl, Vesif Syst, Pit 9, Femald/sm 2-1
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Table 2-1
Summary of Stack Gas Conditions
FEMP, Vitrification System (IT JTN 332331)

Stack Gas Flow Rate Carbon
Date Time a b Temperature  Moisture Dioxide® Oxygen©

Run No.  (1994) (24-h) acfm dscfm (°F) (%) (%) (%)

V-R-1 8/4 0933-1036 1140 930 136 6.1 0 21

V-R-2 8/4 1152-1255 1210 1010 135 4.6 0 21

V-R-3 8/4 1323-1426 1200 1000 137 4.2 0 21
Average 1180 980 136 49 0 21
V-PM-1 8/8 1000-1203 1410 1250 118 2.1 0 21
V-PM-2 8/8 1215-1422 1460 1280 125 . 19 0 21
V-PM-3 8/8 1510-1713 1530 1350 129 1.1 (0] 21
Average : 1470 1300 124 17 0] 21

V-F-1 9/14 1242-1347 1560 1360 125 2.8 0 21

V-F-2 9/14 1420-1525 1360 1140 134 4.8 0 21

V-F-3 9/14 1615-1720 1300 1100 136 ' 43 0 21
Average 1410 1200 132 4.0 0 21

a acfm = Actual cubic feet per minute at stack conditions.
b dscfm = Dry standard cubic feet per minute; standard conditions are 68°F and 29.92 in.Hg.

¢ Fyrite analysis, percentage by volume on a dry basis.

Table 2-2
Summary of Filterable Particulate Emissions
FEMP, Vitrification System, August 8, 1994
(IT JTN 332331)

Run No. Time (24-h) Concentration (gr/dscf)a Emission Rate (Iblh)b
V-PM-1  1000-1203 0.0020 0.022
V-PM-2  1215-1422 0.0011 0.012
V-PM-3  1510-1713 0.0005 - 0.005
Average 0.0012 0.013

a gr/dscf = Grains per dry standard cubic foot.
b Ib/h = Pounds per hour.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pt 9, Femald/sm 2'2
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Table 2-3

Summary of Total Metals Emissions
FEMP, Vitrification System, August 8, 1994 (IT JTN 332331)

6548

Run No. V-PM-1 Run No. V-PM-2 Run No. V-PM-3 Average

Concen- Emission Concen- Emission Concen- Emission Concen-  Emission

tration Rate tration Rate tration Rate tration Rate
Metal (ng/dNm’*)@ (Ib/m)P (ng/dNm?) (Ib/h) (ng/dNm®) (Ib/h) (ng/dNm®) (Ib/h)
Arsenic <1.5 <7.1x10° <2.9 <1.4x10°® <25 <1.3x10° <23 <1.1x10°
Barium 0.91° 4.2x10%° 15° 7.4x10%° 155 76x10°° 13 6.3x10°
- Beryllium <0.15 <7.1x107 <0.29 <1.4x10* <025  <1.3x10°* <0.23 <1.1x10°®
Cadmium <0.75 <3.5x10°* <1.5 <7.1x10°* <1.3 <6.4x10* <1.2 <5.7x10°*
Chromium <1.5 <7.1x10* <2.9 <1.4x10° <25 <1.3x10°° <23 <1.1x10°
Lead 0.30° 1.4x10°° 088°  43x10%° 076°  3.8x10%° 0.65 3.2x10°
Mercury 20 9.5x10° 5.2 2.5x10° 0.70 3.6x10° 27 1.3x10°*
Selenium 3.0 1.4x10° <0.59 <2.8x10%° <050  <2.5x10°® <1.4 <6.5x10°
Silver <0.75 <3.5x10°® <1.5 <7.1x10°* <13 <6.4x10°* <1.2 <5.7x10°*

2 png/dNm3 = Micrograms per dry normal cubic meter.

b
Ib/h = Pounds per hour.

¢ Less than five times the detection limit.

Table 2-4

Summary of Activity Levels and Total Uranium Emissions
FEMP, Vitrification System, August 4, 1994 (IT JTN 332331)

Activity Concentration (pCiIdscf):'l

Total Uranium Emissions

Concentration (ugIde’)b

Emission Rate (Ibh)°

Run No.  Time (24-h) Alpha Beta Gamma
V-R-1 0933-1036 <0.16 <0.07 <0.43 <36 <1.2x10°5
V-R-2 1152-1255 <0.14 <0.09 <0.51 <33 <1.3x10°5
VR3 13231426 <016 <008 <049 <34 <1.3x10°5
Average <0.15 <0.08 <0.47 <34 <1.2x10°0
a pCidscf = Picocuries per dry standard- cubic foot.
b ug/dNm® = Micrograms per dry normal cubic meter.
¢ ib/h = Pounds per hour.
332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pht 9, Femald/sm 2’3
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concentration for each sample in picocuries/dscf. Less-than-or-equal-to symbols (<) were
used when activity was detected in one fraction but not in the other. The uranium emission
values in Table 2-4 were obtained in the manner described above, except on a mass basis.

Because the acetone and water volumes were not recorded for these samples, in order to cal-

culate the activity and mass of uranium in each sample, the volumes were estimated based on
notes on the Chain-of-Custody forms. Since all values were less than the detection limits or

near the blank levels, and the detection limits for the liquids are significantly less than those

for the filters, the data are not considered to be affected.

2.5 Total Fluorides
Total fluoride emissions are summarized in Table 2-5. Total fluoride concentration averaged

7.6 ppm, with an average emission rate of 0.027 1b/h as fluoride.

Table 2-5
Summary of Total Fluoride Emissions
FEMP, Vitrification System, August 8, 1994 (IT JTN 332331)

Run No. Time (24-h) Concentration (ppm)@ Emission Rate (Ib/h)P

V-F-1 1242-1347 6.1 0.025
V-F-2 1420-1525 8.6 0.029
V-F-3 1615-1720 8.1 0.026
Average 7.6 0.027

2 parts per million by volume as fluoride on a dry basis.
b Pounds per hour as fluoride.

2.6 Hydrochloric Acid

HC] emissions are summarized in Table 2-6. HCI was not detected in any of the samples.
The detection limit corresponds to an average concentration of 1.4 ppm and an average emis-
sion rate of 0.009 Ib/h.

2.7 Nitrogen Oxides
Table 2-7 summarizes NO, emissions. NO, was not detected in any of the samples. The de-

tection limit corresponds to an average concentration of 9 ppm and an emission rate of
0.1 Ib/h.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pht 9, Femaldsm 2-4
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Table 2-6
Summary of HCI Emissions
FEMP, Vitrification System, August 4, 1994 (IT JTN 332331)

Run No. Time (24-h) Concentration (ppm)@ Emission Rate (Ib/h)b

V-C-1 1242-1347 <1.3 <0.010
V-C-2 1420-1525 <1.3 <0.008
V-C-3 1615-1720 <1.5 . <0.009
Average <14 <0.009

@ parts per million by volume on a dry basis.
b Pounds per hour.

Table 2-7
Summary of NO, Emissions
FEMP, Vitrification System, August 4, 1994 (IT JTN 332331)

Run No. Time (24-h) Concentration (ppm)a Emission Rate (Ib/h)b
V-N-1A 0943 <8 <0.1
V-N-1B 0958 <9 ' <0.1
V-N-1C 1015 <9 <0.1
V-N-1D ' 1030 <9 <0.1
Average <9 <0.1
V-N-2A 1202 <9 : <0.1
V-N-2B 1217 <10 <0.1
V-N-2C 1232 <7 <0.1
V-N-2D 1247 <9 <0.1
Average <9 <0.1
V-N-3A 1335 <7 . <0.1
V-N-3B 1350 <8 <0.1
V-N-3C 1405 <8 <0.1
V-N-3D 1420 <8 <0.1
Average <8 <0.1
Overall average <9 <0.1

@ Concentration in parts per million by volume on a dry basis.
beIh = Pounds per hour.

332331/Emis Tst Rep, Cmp Evl, Verif Sys;, Pit 9, Fernald/sm 2'5
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2.8 Sulfur Dioxide
Table 2-8 summarizes SO, emissions. SO, was found only at levels below the specified de-

tection limit of 1.3 ppm. This corresponds to an emission rate of 0.016 1b/h.

2.9 Carbon Monoxide and Total Hydrocarbons
CO and THC emissions are summarized in Table 2-9. CO concentrations averaged 10 ppm,

which corresponds to an average emission rate of 0.044 Ib/h. THC concentrations averaged
9.3 ppm (as propane), which corresponds to an average emission rate of 0.063 1b/h (as pro-

pane). CO and THC data were consistent.

2-6

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pht 9, Fernald/sm
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Table 2-8
Summary of SO, Emissions

6543

FEMP, Vitrification System, August 8, 1994 (IT JTN 332331)

Run No. . Time (24-h) Concentration (ppm)a Emission Rate (Ib/h)b
V-S-1A 1000-1020 <1.3 <0.016
V-S-1B 1030-1050 <1.3 <0.016
Average <1.3 <0.016
V-S-2A 1100-1120 <1.3 <0.016
V-S-2B 1130-1150 <1.3 <0.016
Average ‘ <13 <0.016
V-S-3A 1215-1235 <13 <0.017
V-S-3B 1245-1305 <1.3 <0.017
Average <1.3 <0.017
Overall average <1.3 <0.016

@ Concentration in parts per million by volume on a dry basis.

b Ib/h = Pounds per hour.

Table 2-9

Summary of CO and THC Emissions
FEMP, Vitrification System, August 4, 1994 (IT JTN 332331)

Concentration (ppm)a

Emission Rate (Ib/h)?

C C
Run No. Time (24-h) co THC ole THC
V-HC-1  0935-1035 12 9.5 0.049 0.061
V-HC-2  1152-1255 8 9.0 0.035 0.062
V-HC-3  1323-1426 1 9.5 0.048 0.065
Average . 10 9.3 0.044 0.063

@ Concentrations in parts per million by volume on a dry basis.

" b pounds per hour; (ppm)(MW)(dry standard cubic feet per minute)(60) .

(385.3)(10°)

MW, = 28.01; MW, . ... = 44.09.

CAs propane.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pt 9, Femaldsm
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3.0 Quality Assurance

Routine standard reference method quality control (QC) procedures were followed throughout
this test series. Sampling equipment, reagents, and analytical procedures used in this test se-
ries were set up to meet all necessary guidelines set forth for achieving accurate test results.
All manual method sampling equipment was calibrated within the limits described in U.S.
EPA Method 5. These calibration data are summarized in Table 3-1. All isokinetic sampling
rates were within the limits specified in Method 5 (90 to 110 percent).

3.1 Particulate
Table 3-2 outlines the results obtained from the filter and acetone blank analyses. Sample re-

sults were not corrected for blanks.

3.2 Metals

Table 3-3 summarizes quality assurance/quality control (QA/QC) data for the stack sample
metals analyses. A field blank was obtained by assembling and leak-checking the sampling
train and recovering and analyzing it as a sample. No blank corrections were applied to the
emissions data. The barium and selenium values for the field blank were near the detection
limit. The values for all three metals detected in the field blank were near the sample values.

3.3 Radionuclides
No alpha, beta, or gamma activity was detected in the acetone/water blank. Alpha and beta

activities were detected in the filter blank at levels near the sample values. No gamma activi-
ty was detected in the filter blank. No alpha, beta, or gamma activity was detected in either
of two laboratory quality control blanks. Laboratory control spike analysis results show 128
and 93 percent recovery for alpha activity, 109 and 95 percent recovery for beta activity, and
101 and 105 percent recovery for gamma activity.

Total uranium was not detected in the filter blank, but was detected in the acetone/water blank
at a level less than two times the detection limit. This is insignificant since uranium was not
detected in any sample fractions. Uranium was not detected in either of two laboratory quali-
ty control blanks. Laboratory control spike analysis results show 114 and 119 percent recov-

ery for total uranium.

33233 1/Emis Tt Rep, Crmp Evl, Verif Syst, Pht 9, Femaldim 3-1
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Table 3-1
. _Field Equipment Calibration
FEMP, Vitrification System (IT JTN 332331)
(page 1 of 2)

Calibration Actual
Equipment ID No. Device Allowable Variance Variance Comments
Meter box FT-5 Wet test meter Y +0.02 0.010 Pretest (maximum deviation)
AH@ +0.15 0.01 Pretest (maximum deviation)
(Y 2005 Y 0.010 Pre- versus posttest
: posttest)
Critical orifice Y £0.05 0.027 Checked on site prior to testing
AH@ +0.15 0.1 Checked on site prior to testing
FT-8 0.009 Pretest (maximum deviation)
0.05 Pretest (maximum deviation)
0.018 Pre- versus posttest
0.010 Checked on site prior to testing
0.06 Checked on site prior to testing
FT-9 0.005 Pretest (maximum deviation)
0.07 Pretest (maximum deviation)
0.008 Pre- versus posttest
0.008 Checked on site prior to testing
0.02 Checked on site prior to testing
FT-11 0.006 Pretest (maximum deviation)
' 0.05 Pretest (maximum deviation)
0.000 Pre- versus posttest
0.007 Checked on site prior to testing
0.05 Checked on site prior to testing
Pitot tube 002 Geometric a  a Visually inspected on site
300 specifications a Visually inspected on site
502 a Visually inspected on site
Digital indicator FT-5 Millivolt signals +0.5% 0.2% Pretest (maximum deviation)
. 0.2% Checked on site prior to testing
FT-8 0.5% Pretest (maximum deviation)
0.3% Checked on site prior to testing
FT-9 - 0.5% Pretest (maximum deviation)
0.2% Checked on site prior to testing
FT-11 : 0.4% Pretest (maximum deviation)
0.2% Checked on site prior to testing
Stack thermo- 100 ASTM-3F +1.5% . 04% Pretest (maximum deviation)
couple 425 0.2% Pretest (maximum deviation)
432 0.5% Pretest (maximum deviation)
Impinger ther- I-1 ASTM-3F +2°F 2°F Pretest (maximum deviation)
mocouple -6 2°F Pretest (maximum deviation)
1-97 1°F Pretest (maximum deviation)
Balance 421 Type-S weights +05¢g - 03g9 Pretest
Barometer 431 NBS-traceable $0.10 in.Hg 0.01 inHg Pretest
barometer (£0.20 in.Hg, (0.05 inHg)  Posttest
posttest) 0.00 inHg  Pretest
(0.01 in.Hg) Posttest
332331/Emis Tst Rep, Cop Evl, Vesif Syst, Pit 9, Femaldsm 3-2
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Calibration Actual
Equipment 1D No. Device Allowable Variance Variance Comments
Dry gas ther- FT-5 ASTM-3F +5°F 2°F Inlet (pretest, maximum deviation)
mocouple 2°F Outlet (pretest, maximum deviation)
FT-8 2°F Inlet (pretest, maximum deviation)
2°F Outlet (pretest, maximum deviation)
FT-9 2°F Inlet (pretest, maximum deviation)
3°F Outlet (pretest, maximum deviation)
FT-11 2°F Inlet (pretest, maximum deviation)
2°F Outlet (pretest, maximum deviation)
Probe nozzle 5-102 Caliper Dn +£0.004 in. 0.001 in, Maximum deviation
5-104 0.000 in. Maximum deviation
5-107 0.001 in. Maximum deviation
5-110 0.001 in. Maximum deviation
G-101 0.002 in. Maximum deviation
G-411 0.001 in. Maximum deviation
G-420 0.000 in. Maximum deviation
a See Appendix E.
332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pht 9, Femald/sm 3.3
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Table 3-2
Filter and Reagent Blank Analyses
FEMP, Vitrification System (IT JTN 332331)

Blank Type Blank Value
Filter 1.9 mg
Acetone -0.0018 mg/ga

a Maximum allowable blank correction is 0.01 mg/g; no
correction was made for the acetone blank.

Table 3-3
Summary of Stack Sample Metals QA/QC Data
FEMP, Vitrification System (IT JTN 332331)

, Field Blank Method Detection

Metal Method® Composite (.g) Blank (.g) Limit (.g)
Arsenic AA NDP ND 5.0
Barium ICP 25 ND 1.0

Beryllium ICP ND ND 0.5 -
Cadmium ICP ND ND 2.5
Chromium  ICP ND - ND 5.0
~ Lead AA ~ ND ND 1.0
Mercury  CVAA ND,C 2.59 1.38 ND 0.2
Selenium AA 3.0 - ND 1.0
Silver icP ND ND 2.5

2 AA = Atomic absorption spectroscopy; ICP = inductively coupled plasma
spectroscopy; CVAA = cold-vapor atomic absorption spectroscopy.

b ND = Not detected.

€ Metals composite.

d Potassium permanganate solution.
€ HCl rinse.

332331/Emis Tst Rep, Cmp Evl, Varif Syst, Pht 9, Femaldsm 34
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3.4 Total Fluorides
Fluorides were not detected in the reagent blank. All sample values were within 2.5 times the

_estimated quantitation limit.

3.5 Hydrochloric Acid
HCI was not detected in the samples or reagent blanks. Analysis of a laboratory control sam-

ple showed 92 percent recovery.

3.6 NO,
NO, was not detected in samples, the reagent blank, or the method blank.

3.7 SO,
SO, was not detected in the samples or reagent blanks at a level above the specified detection

limit.

3.8 CO and THC :
The instruments used to analyze bag samples for CO and THC were calibrated before and

after the analyses were performed.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pit 9, Fernald/sm 3'5
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4.0 Process Description and Operation

The vitrification system uses a joule-heated melter capable of melting a wide range of low-
conductivity waste materials with minimal additives at moderate temperatures and designed to
produce a consistent stabilized glass with minimal effluent. The melter is lined with high-
temperature refractory bricks and generally operates in the range of 1050 to 1200°C, although
1t is designed to operate at 1400°C. The unit includes Inconel 690 electrodes. The
300-kg/day system has a nominal operating volume of about 60 liters of molten glass.

During melter operation, air is introduced into the lift tube to lift the glass to the exit cham-
ber. The molten glass is fed to a "gem"-making machine to produce flattened glass hemi-
spheres about 1 to 2 cm in diameter that can be stored in drums or boxes. Melter and melt
chamber temperatures are controlled by power adjustments to the joule heater and supplemen-

tal area heaters.

An off-gas system is used to treat the effluent gases from the melter. The system is com-
posed of standard industry components and includes a quencher to reduce the melter off-gas
temperature, a scrubber, a demister, a heater, a high-efficiency particulate air (HEPA) filter,
and a blower. The off-gas is discharged to the atmosphere via a stack with an isokinetic sam-

pler.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Ph 9, Femald/sm 4'1
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5.0 Sampling Location and Test Methods

Sampling was conducted in the exit stack following the emission control system that treats the
exhaust gases from the vitrification system. A stack diagram is shown in Figure 5-1. Two
sampling ports were located 5.0 stack diameters downstream and 1.9 stack diameters upstream
from the nearest flow disturbances in the 13-inch inside-diameter stack. Twenty-four sam-
pling points (12 per port) were used to traverse the cross section of ‘the stack for the particﬁ-
late/metals and radionuclides tests. NO,, SO,, and bag samples were collected at a single
point in the stack. The sampling point locations are shown in Appendix B.

A cyclonic flow check was conducted prior to testing; the flow was found to be acceptable.
‘The test methods used are described briefly in the following subsections. Detailed descrip-
tions of the sampling and analytical procedures are presented in Appendix D.

5.1 Gas Velocity and Temperature
Stack gas velocity was measured with a Type-S pitot tube and a 0- to 10-inch inclined ma-

nometer. Procedures described in EPA Method 2 were used to measure velocities at each
sampling point across the stack. Temperatures were measured at each point by a thermo-

couple and digital readout.

5.2 Molecular Weight
The stack gas composition and molecular weight were determined by EPA Method 3. A

Fyrite gas analyzer was used to conduct analyses for determining CO and O, content.

5.3 Moisture
The stack gas moisture content was determined by EPA Method 4. Testing was conducted si-

multaneously with particulate/metals and radionuclide testing.

5.4 Particulate/Metals
Particulate/metals samples were collected as specified in Subsection 3.1 of the BIF Methods

Manual. The sampling train used to collect the stack samples consisted of a glass nozzle, a
heated glass-lined probe, a heated 3-in.-diameter quartz-fiber filter (Pallflex 2500 QAT-UP),
and a series of six Greenburg-Smith impingers. The first two impingers contained a nitric
acid/hydrogen peroxide solution, the third was empty, the fourth and fifth contained a potas-
sium permanganate/sulfuric acid solution, and the sixth contained silica gel.

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pit 9, Fernald/sm 5'1
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At the end of each test, the nozzle, probe, and filter holder portions of the train were rinsed
with acetone and 0.1 N nitric acid into separate containers. To determine the particulate con-
centration, the acetone rinse was dried at room temperature, and this residue and the par-
ticulate caught on the filter media were desiccated to a constant weight and weighed on an
analytical balance. Total filterable particulate matter was determined by adding these two val-
ues. Upon completion of the gravimetric analysis, the filter, probe rinse residue, and nitric
acid/hydrogen peroxide impinger solution were digested in accordance with method proce-
dures. The digestates were combined and an aliquot was analyzed for barium, beryllium, cad-
mium, chromium, and silver by inductively coupled plasma spectroscopy (ICP). Separate ali-
quots were analyzed for arsenic, lead, and selenium by atomic absorption spectroscopy (AA).
An additional aliquot was further digested and analyzed for mercury by cold vapor atomic ab-
sorption spectroscopy (CVAA). The potassium permanganate/sulfuric acid impinger solution
and 8 N HCI impinger rinse were digested and analyzed for mercury by CVAA.

5.5 Radionuclides
Samples for radionuclide analysis were collected in accordance with procedures described in

EPA Method 5. A sampling train consisting of a stainless steel nozzle, a heated glass-lined
probe, a heated 3-in.-diameter glass-fiber filter (Whatman Reeve Angel 934 AH), and a series
of Greenburg-Smith impingers was used for each test. Sampling was conducted isokinetically
by regulating the sampling rate relative to the flue gas velocity as measured by the pitot tube
attached to the sampling probe. The filter was recovered; the ndzzle, probe, and filter holder
portions of the sampling train were acetone-rinsed; and the water in the impingers was recov-
ered at the end of each test. The sample fractions were combined and analyzed for gross
alpha, gross beta, and gamma activity and total uranium in accordance with procedures de-
scribed in EPA Method 114. Gross alpha and beta activity were determined by gas flow pro-
portional counting (Methods A-4 and B-4, respectively), gamma activity was determined by
high-resolution germanium gamma spectroscopy (Method G-1), and total uranium was deter-
mined by laser phosphoremetry. Although laser phosphoremetry is not mentioned in EPA
Method 114, it is an EPA-approved method.

5.6 Total Fluorides
Samples for total fluoride analysis were collected in accordance with procedures described in

EPA Method 13B. A sampling train consisting of a stainless steel nozzle, a heated glass-lined
probe, a series of Greenburg-Smith impingers, and a 3-in.-diameter paper filter (Whatman
No. 1) was used for each test. Sampling was conducted isokinetically by regulating the

332331/Emis Tst Rep, Cmp Evl, Verif Syst, Pit 9, Femald/sm 5'3
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sampling rate relative to the stack gas velocity as measured by the pitot tube attached to the
sampling probe. At the end of each test, the water in the impingers was recovered, the filter
was placed in the container with the water, and all sample-exposed surfaces were rinsed with

" water into the same container. The samples were analyzed by specific ion electrode.

5.7 Hydrochloric Acid
HCI sampling was conducted in accordance with procedures described in EPA Method 26. A

sampling train consisting of a heated glass-lined probe, a heated 3-in.-diameter quartz-fiber
filter (Pallflex 2500 QAT-UP), and a series of Greenburg-Smith impingers was used for each
test. Sampling was conducted at a single pdint at a constant rate. At the end of each test, the
0.1 N sulfuric acid in the impingers was recovered and the impingers were rinsed with water
into the same container. The samples were analyzed by ion chromatography.

5.8 Nitrogen Oxides
NO, sampling was conducted in accordance with procedures described in EPA Method 7A.

Three tests were conducted, each consisting of four grab samples. The samples were collect-
ed in evacuated flasks containing a dilute sulfuric acid-hydrogen peroxide absorbing solution.

NO, was measured by ion chromatography.

5.9 Sulfur Dioxide
SO, sampling was conducted in accordance with procedures described in EPA Method 6.

Three tests were conducted, each consisting of two 20-minute sampling runs. After a sample
was collected, the train was purged for 10 minutes with ambient air. The samples were ana-

lyzed by the barium-thorin titration method.

5.10 Carbon Monoxide and Total Hydrocarbons
Bag samples were collected for CO and THC analysis. The bag samples were analyzed for
CO using a hand-held analyzer with an electrochemical sensor, and for THC using a portable

flame-ionization analyzer.

332331/Emis Tst Rep, Cmp Evi, Verif Syst, Pit 9, Femald/sm 5'4

0GaC<?



APPENDIX A
CALCULATIONS

Nomenclature and Equations
Particulate/Metals
Radionuclides

Total Fluorides

HCI

SO,

NO,

6543

Page

A-2
A-14
A-20
A-27
A-32
A-33
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Title: __NOM __
Date: 8/26/94
Page _1_of _4

Nomenclature and Dimensions

0
]

C’s =
Cso, =
%C =
%CO =

Generic.app(Laserjet

00069

Cross-sectiohal area of sampiing nozzle, sq. ft.

Cross-sectional area of stack, sq. ft.

Proportion by volume of water vapor in the gas stream, dimensionless
Effluent gas concentration as measured, dry basis, ppm/%

Effluent gas concentration calibration corrected, dry basis, ppm/%

Average of initial and final system calibration bias check responses for the
upscale calibration gas, ppm/% '

Actual concentration of the upscale calibration gas, ppm/%
NO, concentration, ppm (manual method)

Nitrogen oxides concentration as NO,, pounds per dry standard cubic foot

‘(Ib/dscf), manual method

Average of initial and final system calibration bias check responses for the
zero gas, ppm/%

Effluent gas concentration oxygen corrected, ppm volume dry
Average THC concentration indicated by gas analyzer, wet basis, ppm
Pitot tube coefficient, dimensionless

Concentration of pollutant matter in stack gas - dry basis, grains per stan-

‘dard cubic foot (gr/dscf)

Concentration of pollutant matter in stack gas - dry basis, micrograms per
normal cubic meter (ug/m?3)

Concentration of sulfur dioxide, ppin volume (manual method)
Amount of Cl’ in sample, milligrams per liter (mg/L)
‘Percent weight of carbon in fuel, dry basis

Percent of carbon monoxide by volume, dry basis

M/NOM/sm
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Title: ___NOM _ 6
Date: 8/26/94 5 4 3
Page _2 of _4

Percent of carbon dioxide by volume, dry basis :

Sampling nozzle diameter, in.

Factor representing a ratio of the volume of dry gases generated to the
calorific value of the fuel combusted, dry standard cubic feet per million

Btu of heat input (dscf/10 ® Btu)
Gross calorific value of the fuel on dry basis, Btu/lb
Percent weight of hydrogen in fuel, dry basis

Average pressure drop across the sampling meter flow orifice, inches of
water (in. H,0)

Higher heating value on an as-received basis, Btu/Ib

Percent of Isokinetic sampling rate, percent

Incinerator feed rate, wet tons’h

Maximufn acceﬁmble leakage rate for either a pretest leak check or for a
leak check following a component change; equal to 0.020 cubic foot per
minute or 4% of the average sampling rate, whichever is less

Dry molecular weight, Ib/lb-mole

Fuel firing rate (measured coal to boiler), 1b of coal per hour

Total ‘amount of pollutémt matter collected, mg

Total amount of pollutant matter collected, micrograms (ug)

Molecular weight of stack gas (wet basis), 1b/Ib-mole

Molecular weight, 1b/lb-mole

Normality of titrant, eq/liter

Percent weight of nitrogen in fuel, dry basis

%N, = Percent of nitrogen by volume, dry basis

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

Generic.app(Laserlet II/NOM/sm



Title: __NOM
Date: 8/26/94
Page _3 of _4

AP = Velocity head of stack gas, in.H,0

Barometric pressure, inches of mercury (in.Hg)

o
g
o

P, and P; = Initial and final flask pressure, measured as vacuum, in.Hg

P, = Absolute stack gas pressure, in.Hg

o)
]

Static pressure of stack gas, in.H,O

P,; = Gas pressure at standard conditions, in.Hg (29.92 in.Hg)
ppm = Parts per million

pmr = Pollutant mass _emission rate, poﬁnds' per hour (Ib/h) |

pmr’ = Pollutant mass emission rate, pounds per million Btu of heat input
(10° Btu) '

pmr,y, = Pollutant mass emission rate, pounds per 100 pounds of feed (I1b/100)
= Micrograms NO,, ug (manual method)
Qy = Total heat input, 10° Btu/h

Volumetric flow rate - stack conditions, actual cubic feet pef minute
(acfm) '

L
I

Q, - = Volumetric ﬂoﬁv rate - dry basis at standard conditions, dry standard cubic
feet per minute (dscfm)

%S = Percent weight of sulfur in fuel, dry basis

Initial and final flask te:mperamre, °F

il
E

-
n

T, = Average temperature of dry gas meter, °R
T, = Average temperature of stack gas, °R
T,; = Temperature at standard conditions, (528°R)

V., = Volume of aliquot titrated, milliliters (mL)

..‘<'
i

Flask volume, mL
Generic.app(Laserdet I/NOM/sm
A4
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Title: __NOM___
Date: __8/26/94

Page _4_of _4
Total volume of liquid collected in impingers imd silica gel, mL -
Volume of dry gas sampled at meter conditions, cu. ft.
Volume of dry gas sampled at standard conditions, cu. ft.
NO, sample volume, mL (manual method)
Average stack gas velocity at stack conditions, feet per second (ft/s)
Volume of sample collected, liters (L)
Volume of sample solution, mL
Volume of titrant used, mL
Volume of titrant used for blank, mL
Volume of water vapor at standard conditions, scf
Dry gas meter calibration factor, dimensionless

Total sampling time, minutes

NOTE: Standard conditions = 68°Fand 29.92 in.Hg

Generic.app(Laseriet IT)/NOM/sm
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Liue; __riow
Date: 8/26/94

Page 1 of _2_
Example Calculations for Pollutant Emissions
1. Volume of dry gas samples corrected to standard conditions.
Note: V_, must be corrected for leakage if any leakage rates exceed L.
Py + AH
V. =17647xV, xY|— 136
s Tm
2. Volume of water vapor at standard conditiohs, f.
Vo, =0:04707 x lf,'c
3. Moisture content in stack gas, volume fraction.
B, = i
" (‘(Vnd * and)
4. Dry molecular weight of stack gés.

M, =044 x %CO, +0.32 x %0, +0.28 x (%N, + %CO)

5.  Molecular weight of stack gaS.
M =M;x(1 -B,) +18 x B,

6. Stack velocity at stack conditions, ft/s.

PxM

s S

T,
V, =8549 x C x (avg VAP) x 2

7. Stack gas volumetric flow rate at stack conditions, acfm.
Note: A, = square feet.
0, =60 xV,x4
8. Dry stack gas volumetric flow rate at standard conditions, dscfm.
P,
Q. = 17647 x Q, x -fx 1-B,,)

Generic.app(Laseriet I)/Flow/sm

7000033



Title: __Flow 6
Date: _8/26/94 5 4 3
Page 2 _of _2

Correction Factors

17.647 = [E.‘d_]
iV
0.04707 = [ﬁ‘3 HZO' vafpor]
mL liquid

0.44 = molecular weight of CO,/100
0.32 = molecular weight of 0,/100
0.28 = molecular weight of N,/100

18 = molecular weight of water (H,0)

v2°
8549 = I (Ib/1b - mole )(in.Hg)
second (°R)(in.H,0)
* 40 CFR 60, Appendix A, Method 2.
Generic.app(LaserJet II)/Flow/sm
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Title: Pollutant (Ib/h)
Date: 8/26/94

Page _1 of _1

Pollutant Emission_Rate, Ib/h

la. Concentration in gr/dscf. Note: M, in milligrams.

M
C, =0.01543 x —*
v, -
sud
1b.  Concentration in microgram per cubic meter, ug/m® Note: M-, in micrograms.
M,, ug
v

m g

C/ =35315 x

2a.  Pollutant mass emission rate, Ib/h. Note: C, in gr/dscf.

C N
mr = f_x x 60
P 7000~ e

2b.  Pollutant mass emission rate, Ib/h. Note: C°,in pg/m>.
pmr =C/x (6243 x10M)x Q,  x 60

3. Isokinetic sampling rate, %.

v
100 x T, x F0.002669 xV) + [T_“'x Yx [Pw . ;‘E_] ”
| i |

ISO =
60x 0x V. x P, x4

Correction Factors

0.01543 = grains per milligram (gr/mg)
35.315 = cubic feet/cubic meter
7000 = grains per pound (gr/Ib)

11 Ib \ m’ N
6.23x 107 = (Gs36x10° @ * 531582 )

_ (inHg) ()
0.002669*  ="ml) Ry

* 40 CFR 60, Appendix A, Method 5.
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Title: ppm 6
Date: _11/8/94 5 4 3

Page _1_of _1_
Concentration, ppm

1 Concentration in parts per million by volume (ppmv).

Note: M, inmg; V. . in fi®

M x 24.04
ppm =
Vo, X 0.028317 x MW
2. Emission rate, lb/h.
ppm x MW x Q. x 60
pmr = =
385.3 x 10°
Correction Factors
0.028317 = cubic meters per cubic feet
24.04 . = molar volume, milliliters per millimole
108 = microliters per liter
385.3 = molar volume, cubic feet per pound-mole
Generic.app(LaserJetI)/ppm/sm
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Page _1 of _2

Sulfur Dioxide

1. Mass of sulfur dioxide collected in sample, mg.
V.
M, =3203 x Nx (V - V,) x ==
a
2. Sulfur dioxide conCentratibn, ppm volume.
Co = 4245 x (V, - Vo) x Nx V.
std

3a.  Sulfur dioxide mass emission rate, Ib/h. Note: Cso, in ppm.
Cso,* O, , X 60 x 64.06
385.3 x 10¢

pmr =

3b. Sulfur dioxide mass eniission rate, 1b/h.

M, . 60 min/h X0,
|4 453,600 mg /b o

m 4y

pmr =

4a.  Sulfur dioxide mass emission rate, 1b/10° Btu.

pmr! = A —_—
0. x60 209 - %0,

Ssu

pmr xe‘[ 209

4b.  Sulfur dioxide mass emission rate, 1b/10°¢ Btu.

pmr! = F 20.9
v, 453,600 mg/lb {209 - %O,
w -
Generic.app(LaserJetll)/SO2(Manual)/sm
A-10
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lite: SU, (Manual)

Date: 8/26/94 £ 5 4 3

Page 2 of 2

Correction Factors

_ 32.03¢g Y g-mole ) 24.041,)( ft3 )(lOOOmL)

424.5 Equivalent ~* 64.06g " g-mole = 28.317L L
64.06 = molecular weight of sulfur dioxide, 1b/Ib-mole

385.3 = molar volume, cubic feet per Ib-mole

F* = F-f&ctor, dscf/10° Btu Bituminous coal - 9780

0il - 9190
Natural gas - 8710

* 40 CFR 60, Appendix A, Method 19.
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Date: 8/26/94

Page _1 of _2

Nitrogen Oxides

1. Nitrogen oxide sample volume, mL.

T +460

P, -P
T + 460 i

P, -P
K,ox=17.647x(Vf-25)x[ 2 ] -[
. f

2, Nitrogen oxides concentration, ppm volume.

5225 x Py,

Ci. =
NO, Y o,

3. Nitrogen oxides concentration, Ib/dscf.

(6243 x 10°) x Py,

/

NO

X VNO .

4a.. Nitrogen oxides emission rate, Ib/h. Note: C’NO in 1b/dscf.
. X

pmr = C/NOX xQ  x60

4b.  Nitrogen oxides emission rate, Ib/h. Note: CNO in ppm.
X

Cro, X O, x 60 x 46.01

pmr =
385.3 x 10°

5a.  Nitrogen oxides emission rate, 1b/10° Bru. Note: C’NO in Ib/dscf.
X

5b. Nitrogen oxides emission rate, 1b/10° Btu.

! o pmr xe[ 209 ]

pmr'= £ __ —_—
0, x60 209 - %0,

Generic.app(Laserietl)/NOx(Mamual)/sm
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Date: 8/26/94 @ & 4 3

Page _2 of _2
Correction Factors
5225 - (24.04 ul/ yg-mole) (1000 mI/1)
(46.01 pg/ ug mole)
o5 _ (28317 ml/ftd)

6.243x 10 (10° pg/g) x (453.6 g/lb)
~ 46.01 = molecular weight of NO,

385.3 = molar volume, ft*/1b-mole

F* = F-factor, dscf/106 Btu Bituminous coal - 9780

Oil - 9190
Natural gas - 8710

® 40 CFR 60, Appendix A, Method 19.

Generic.app(LaserJetll/NOx(Manual)/sm



INTERNATIONAL
TECHNOLOGY .
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
FIELD DATA
Plant: FEMP Date: 8/8/94
Sampling location: Vitritication stack . Run number: V-PM-1
Test time (start-stop): 1000-1203
Sample type: Particulate/metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 28.70 Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interval (min.): 5.0
Filter number(s): 8470019 Nozzle dia. (in.): 0.373
Stack dia. or width (in.): 13.00 ~ Stack length (if rectangular) (in.):
Pitot tube coeff.: 0.84 . » Number of traverse points: 24
Total H20 collected (ml): 3.0 _ % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orlfice drop
time reading head actual : Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
Start 0.0 lInitial:  740.635 | (in. H20) (in. H20) (°F) intet outlet

- o 0.210 3.19 112 72 72
i 0.200 3.03 115 74 74
0.220 3.34 116 76 74
0.200 3.04 116 76 74
0.200 3.04 116 76 74
0.180 2.74 17 80 74
0:160 2.43 118 80 74
0.160 2.43 118 80 74
0.180 2.74 118 82 76
0.180 2.74 118 82 76
0.180 2.74 118 82 76
0.180 2.76 118 84 80
0.200 3.08 114 84 80
0.200 3.08 117 86 80
0.200 3.07 118 86 80
0.210 3.22 118 86 80
0.180 2.76 119 86 80
0.180 2.76 120 88 80
0.160 2.45 121 88 80
0.160 " 2.45 121 88 80
0.180 2.75 _ 122 88 80
0.180 2.75 122 88 82
0.180 2.75 122 88 82
0.180 2.76 122 88 84
Stop 120.0 _ Final: _ 864.149
120.0 123.514 0.186 2.84 118 83 78
31y
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CORPORATION

IT AIR QUALITY SERVICES

6543

validated 8/3/94

EMISSION TEST REPORT
FIELD DATA
Plant: FEMP Date: 8/8/94
Sampling 'location: Vitrification stack Run number: V-PM-2
Test time (start-stop): 1215-1422
Sample type: Particulate/metais Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.70 Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interva! (min.): 5.0
Filter number(s): 9470018 Nozzle dia. (in.): 0.260
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.): 0.00
Pitot tube coeff.: 0.84 ‘Number of traverse points: 24
Total H20 collected (ml): 25.0 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Veloclty Orifice drop
time reading head actual Stack Dry gas meter
{min) {cu. ft.) AP AH Temp. temp. (°F)
Start 0.0 Initial: 864.457 | (in. H20) (in. H20) (°F) inlet outlet
‘* o 0.220 0.81 118 92 88
0.250 0.91 122 92 90
0.240 0.88 123 92 90
0.220 0.80 124 92 90
0.200 0.73 124 94 90
0.180 0.66 124 94 g0
0.160 0.58 125 94 90
0.180 0.66 "125 94 90
0.180 0.66 125 84 90
0.160 0.58 125 94 90
0.170 0.62 124 94 90
0.170 0.62 124 94 90
0.230 0.85 118 94 90
0.250 0.92 120 .94 90
0.240 0.87 125 94 90
0.230 0.83 127 « 94 90
0.200 0.73 127 94 90
0.180 0.65 127 94 90
0.200 0.72 128 94 90
0.210 0.76 128 94 90
0.200 0.72 128 94 90
0.180 0.65 127 94 90
R 0.150 0.55 127 94 92
SRR 0.150 0.55 127 24 92
Stop  120.0 Final:  929.395
120.0 64.938 0.198 0.72 125 94 90
301
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CORPORATION _ IT AIR QUALITY SERVICES : validated 8/3/94

EMISSION TEST-REPORT

__FIELD DATA _
Pliant: FEMP Date: 8/8/94

Sampling location: Vitrification stack Run number: V-PM-3
Test time (start-stop): 1510-1713
Sample type: Particulate/metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.70 "~ Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interval (min.): 5.0
Filter number(s): 9470017 : Nozzle dia. (in.): 0.275
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.): 0.00
Pitot tube coeff.: 0.84 Number of traverse points: 24.
Total H20O collected (ml): 16.0 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) {cu. ft.) AP AH Temp. temp. (°F)
Start 0.0 Initial: ©929.681 | (in. H20) {in. H20) (°F) inlet outlet
e 0.250 1.14 124 94 92
0.260 1.18 127 94 92
0.260 1.18 128 94 . 92
0.240 1.09 129 94 92
0.220 1.00 129 94 92
0.210 0.95 129 94 92
0.180 0.82 129 94 92
0.210 . 0.95 130 94 92
0.210 0.95 129 94 92
0.200 0.91 129 96 92
0.180 0.82 _ ’ 128 96 92
0.180 0.82 128 ' 96 92
0.250 1.14 127 96 92
0.260 . 1.17 131 96 92
0.220 1.00 128 96 92
0.200 0.91 : 129 96 94
0.190 0.86 129 96 94
0.180 0.82 129 96 94
0.180 0.82 129 96 94
0.220 1.00 129 96 94
0.220 1.00 129 96 96
0.220 1.00 129 96 - 96
0.220 1.00 129 96 96
0.230 1.05 129 96 96
Stop 120.0 Final: 1005.953 '
120.0 76.272 _0.216 0.98 : 129 95 93

30(14
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6543
ITh e

CORPORATION IT AIR QUALITY SERVICES . validated 8/3/94

EMISSION TEST REPORT
TEST RESULTS
Plant: FEMP Test date(s): 8/8/94 8/8/94 8/8/94
Sampling location: Vitrification stack
Run Numbers 3-Run
V-PM-1 V-PM-2 . V-PM-3 AVERAGE

o Net time of test (min) .... ' 120.0 120.0 120.0
NP Number of sampling POINS .............cerreereresceeen " 24 24 24
Y Meter calibration factor ... 0.970 0.970 0.970
Dn Sampling nozzle diameter (in) ..............ccovrivieinennrnnressssressessens 0.373 0.260 0.275
e Pitot tube coefficient .. 0.84 0.84 0.84
AH Average orifice pressure drop (in. H20) .. '2.84 . 0.72 0.98 1.5
vm Volume of dry gas sampled ..................... - 123.514 64.938 76.272 88.24

at meter conditions (cu. ft.)
Tm Average gas meter temperature (°F) 80.3 91.9 94.2 88.8
Vmstd Volumeof dry gas sampled ... 117.038 5§9.928 70.142 82.37

at standard conditions (scf)
Vie Total H20 collected in impingers .. §3.0 25.0 16.0 31.3

and silica gel (ml)
Vwstd Volumeofwatervaporat .............ccoeiveomenenenmenerenecrircnncas 2.495 1.177 0.753 1.47

standard conditions (scf)
Bws Percent moisture by volume, as measured 2.09 1.93 1.06 1.69

Percent moisture by volume, at saturation ............cc..cccveevreennivnnnnna. 11.01 13.18 14.65 12.95

Percent moisture value used in calculations ... 2.09 1.93 1.06 1.69
Fmd Mole fraction of drygas 0.979 - 0.981 0.989 0.983
%C0O2 Percent CO2 by volume (dry) 0.0 0.0 0.0 0.0
%02 Percent O2 by volume (dry) 21.0 21.0 21.0 21.0
%00 Percent CO by volume (dry) : 0.0 0.0 0.0 0.0
*%6N2 Percent N2 by volume (dry) ' 79.0 79.0 79.0 79.0
Md Molecular weight - dry stack gas 28.84 28.84 28.84 28.84
Ms Molecular weight - stack gas 28.61 28.63 28.72 28.66
Pbar Barometric pressure (in. Hg) 29.70 29.70 29.70 29.70
Psl Static pressure of stack gas (in. H20) -0.10 -0.10 -0.10 -0.10
Ps Stack pressure - absolute (in. Hg) 29.69 29.69 29.69 29.69
Ts Average stack gas temperature (°F) » 118.2 1247 128.6 123.8
Vh Average square root of velocity head (in. H20) .......ccccecneeeininnnnes 0.4307 0.4435 0.4642 0.4461
Vs Average stack gas velocity (feet/sec.) 25.51 26.41 27.69 26.54
As Stack area (sq. in.) 132.7 132.7 132.7 132.7
Qs Actual stack flow rate (acfm) 1,411 1,461 1,531 1,468
Qsstd Stack flow rate - dry (scfm) 1,252 1,284 1,349 1,295
IS0 ~ Percent isokinetic 94.6 97.2 96.8 96.2
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TT i
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94

EMISSION TEST REPORT
TEST RESULTS
Plant: FEMP Test date(s): 8/8/94 8/8/94 8/8/94
Sampling . location: Vitrification stack
Run Numbers 3-Run
V-PM-1 V-PM-2 V-PM-3 AVERAGE
Mass of poliutant = 15.4 4.3 2.1
If below detection limits, replace 0 with 1. 0 0 0
Mn Filterable particulate Mass mg 15.4 43 2.1
Cs Concentration gr/dsct 2.030E-03 1.107E-03 4.620E-04 1.200E-03
Pmr Emission rate Ib/h 2.179E-02 1.21BE-02 5.341E-03 1.310E-02
Mass of pollutant = 5.0 5.0 5.0
If below detection limits, replace 0 with 1. 1 1 1
Mn Arsenic Mass 17 <5.0 <5.0 <5.0
Cs Concentration Hg/m3 <1.509E+00 <2.946E+00 <2.517E+00 <«2.324E+00
Pmr Emission rate Ib/h <7.075E-06 <1.417E-05 <1.272E-05 «1.132E-05(
Mass of pollutant = 3.0 2.5 3.0
If below detection fimits, replace 0 with 1. ) 0 0
Mn Barium Mass rg 3.0 25 3.0
Cs Concentration ng/m3 9.052E-01 1.473E+00 1.510E+00 1.2QGE+00
Pmr Emission rate ib/h 4.245E-06 7.085E-06 7.631E-06 6.320E-06
Mass of pollutant = 0.5 0.5 0.5
If below detection limits, replace 0 with 1. 1 1 1
Mn Beryllium Mass 1T ] <0.5 <0.5 <05
Cs Concentration Hg/m3 <1.509E-01 <2.946E-01 <2.517E-01 <2.324E-01
Pmr Emission rate ib/h <7.075E-07 <1.417E-06 <1.272E-06 <«<1.132E-06
Mass of pollutant = 25 2.5 2.5
If below detection limits, replace 0 with 1. 1 1 1
Mn Cadmium Mass Ho <25 <25 <25
Cs Concentration ng/m3 <7.543E-01 <1.473E+00 <1.259E+00 «<1.162E+00
Pmr Emission rate ib/h <3.538E-06 <7.085E-06 <6.359E-06 «5.661E-06

000045

@ \\l«{l‘h’

A-18




6543

INTERNATIONAL :
TECHNOLOGY :
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
TEST RESULTS ‘
Plant: FEMP Test date(s): 8/8/94 8/8/94 8/8/94

Sampling ‘location: Vitrification stack .
Run Numbers 3-Run

V-PM-1 V-PM-2 V-PM-3 AVERAGE

Mass of pollutant = 5.0 5.0 5.0
If below detection ‘limits, replace 0 with 1. 1 1 1
Mn Chromium Mass [TY.) <5.0 <5.0 <5.0
Cs Concentration Hg/m3 <1.509E+00 <2.946E+00 <2.517E+00 <2.324E+00
Pmr Emission rate Ib/h  <7.075E-06 <1.417E-05 <1.272E-05 «1.132E-05
Mass of pollutant = 1.0 1.5 1.5
If below detection limits, reptace 0 with 1. 0 0 0
Mn Lead Mass 1Y) 1.0 1.5 1.5
Cs Concentration pg/m3 3.017E-01 8.839E-01 7.552E-01 6.470E-01
Pmr Emission rate Ib/h 1.415E-06 4.251E-06 3.815E-06 3.160E-06
Mass of pollutant = 6.7 8.9 1.4
If below detection limits, replace 0 with 1. 0 0 0
Mn Mercury Mass uo 6.7 8.9 1.4
Cs Concentration ng/m3 2.022E+00 5.245E+00 7.049E-01 2.657E+00
Pmr Emission rate Ib/h 9.481E-06 2522E-05 3.561E-06 1.275E-05
Mass of poliutant = 10.0 1.0 1.0
If below detection limits, replace 0 with 1. 0 1 1
Mn Selenium Mass e 10.0 <1.0 <1.0
Cs Concentration ug/m3 3.017E+00 «<5.893E-01 «<5.035E-01 1.370E+00
Pmr Emission rate Ib/h 1.415E-05 «<2.834E-06 <2.544E-06 6.S09E-06
Mass of pollutant = 25 25 25
if below detection limits, replace 0 with 1. 1 1 1
Mn Siiver Mass %) <2.5 <25 <25
Cs Concentration Hg/m3 <7.543E-01 <1.473E+00 «1.259E+00 «1.162E+00
Pmr : Emission rate - tb/h <3.538E-06 <7.085E-06 <«6.359E-06 «5.661E-06
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TECHNOLOGY :
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
_FIELD DATA _
Plant: FEMP Date: 8/4/94
Sampling location: Vitrification stack Run number: V-R-1
Test time (start-stop): 0933-1036
Sample type: Radionuclides Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.45 Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interval (min.): 2.5
Filter number(s): 8410094 Nozzle dia. (in.): 0.314
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.): |
Pitot tube coeff.: 0.84 Number of traverse points: 24 |
Total H20 collected (ml): 47.6 % CO2 by volume (dry): 0.0 '
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Oritice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
2 00  Initial: 620,468 |__(in. H20) (in. H20) (°F) inlet outlet
o e S 0.120 1.07 138 90 92
: 0.100 0.88 135 92 92
0.090 0.80 138 92 92
0.110 0.98 136 92 92
0.110° 0.97 135 92 92
0.100 0.89 135 92 92
0.100 0.89 136 92 92
0.120 1.06 136 92 91
0.140 1.24 136 92 91
0.150 1.33 136 92 91
0.150 1.33 135 92 92
0.140 1.24 135 92 92
0.100 0.88 135 92 92 -
0.100 0.88 134 92 92
0.100 0.88 133 92 92
0.100 0.88 133 92 92
0.120 1.06 135 92 92
0.110 0.97 135 92 92
0.100 0.89 136 92 92
0.100 0.89 137 92 92
0.110 0.98 137 92 92
0.120 1.06 137 92 92
0.130 1.15 137 92 92
0.130 1.16 137 92 92
Stop 60.0 658.380 '
60.0 37.912 0.115 1.01 136 92 _92
. 1 8/17/84,13;
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6543

I}
OORPORATION IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
FIELD DATA
Plant: FEMP Date: 8/4/94
Sampling location: Vitrification stack Run number: V-R-2
Test time (start-stop): 1152-1255
Sample type: Radionuclides Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.45 " Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interval (min.): 2.5
Filter number(s): 94100983 " Nozzle dia. (in.): 0.313
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.): 0.00
Pitot tube coeff.: 0.84 Number of traverse points: 24
Total H20 collected (m!): 37.8 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity ' Oritice drop
time reading head actual Stack ' Dry gas meter
(min) {cu. ft.) AP AH Temp. temp. (°F)
Start 0.0 Initial: 658 802 (in. H20) (in. H20) (°F) inlet outlet
. 0.100 0.87 134 92 92
0.110 0.96 134 92 92
0.110 0.96 ' 133 92 92
0.120 1.05 134 92 92
0.120 1.05 ) 134 92 92
0.100 0.87 135 94 92
0.120 1.05 136 94 92
0.130 1.14 136 94 92
0.160 1.40 137 94 92
0.170 1.48 136 94 92
0.160 1.40 136 94 92
0.160 1.40 136 94 92
0.110 0.96 134 94 92
0.120 1.04 133 04 92
0.120 1.04 133 94 92
0.140 1.21 133 96 ' 92
0.140 1.22 135 96 92
0.150 1.30 136 96 94
0.130 1.13 137 96 94
0.120 1.05 137 96 04
0.120 1.05 138 96 94
0.130 1.13 138 96 94
0.150 1.31 137 - 96 94
0.160 1.39 137 96 94
Stop 60.0  Final: _ 699.579 '
_60.0 40.777 0.131 1.14 135 94 93

ﬂ%h\
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ONAL

GORPORATION IT AIR QUALITY SERVICES validated 8/3/9
EMISSION TEST REPORT
FIELD DATA
Plant: FEMP Date: 8/4/94
Sampling location: Vitrification stack Run number: V-R-3
Test time (stan-stop): 1323-1426
Sample type: Radionuclides Volume correction (cu. fi.): 0.000
Bar. press. (in. Hg): 29.45 Meter calibration factor: 0.970
Static press. (in. H20): -0.10 Data interval (min.): 2.5
Filter number(s): 9410069 Nozzle dia. (in.): 0.314
Stack dia. or width (in.): 13.00 Stack length (it rectangular) (in.): 0.00
Pitot tube coeff.: 0.84 Number of traverse points: 24
Total H20 coliected (m!): 34.0 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
Stan 0 0 Initial: 699 816 i (in. H20) {in. H20) (°F) inlet outiet
e i ; 0.100 0.88 133 96 96
"0.100 0.88 137 86 26
0.100 0.88 137 86 96
0.100 0.88 137 96 96
0.110 0.97 138 96 26
0.110 0.97 138 96 96
0.130 1.15 138 96 96
0.150 1.32 138 96 96
0.160 1.41 138 97 97
0.160 1.41 138 97 97
0.160 1.41 137 97 97
0.150 1.32 136 97 97
0.120 1.05 134 97. 97
0.120 1.05 137 98 98
0.130 1.14 137 28 o8
0.140 1.23 137 98 98
0.140 1.23 138 98 98
0.110 0.97 138 98 98
0.110 0.97 138 98 98
0.110 0.97 139 98 98
0.130 1.15 139 28 98
0.130 1.14 138 28 98
0.150 1.32 139 98 28
0.150 1.32 139 98 98
Stop 60.0 Final:  740.446
60.0 40.630 0.128 1.13 137 97 97
™ 3091
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6543

A'HONAL
OLOGY
IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
TEST RESULTS
Plant: FEMP Test date(s): 8/4/94 8/4/94 8/4/94
Sampling. location: Vitrification stack
Run Numbers . 3-Run
V-R-1 V-R-2 V-R-3 ~ AVERAGE

] Not time of 188t (MIN) ......ccoeeverrirrecereerreree e eeee et svesessesesesennans 60.0 60.0 60.0
NP Number of sampling points 24 24 24
Y Meter calibration factor .. 0.970 0.970 0.970
Dn Sampling nozzle diameter (iN) ..........c.ccouccuvccemeenensiininscenes 0.314 0.313 0.314
Cp Pitot tube coefficient 0.84 0.84 0.84
AH Average orifice pressure drop (in. H20) ...........cocveernieiccsnecnsiennen. 1.01 - 1.14 1.13 1.1
Vm Volume of dry gas sampled ...t 37.912 40.777 40.630 39.77

at meter conditions (cu. ft.)
Tm Average gas meter temperature (°F) ...... 91.9 . 93.5 97.1 84.2
Vmstd Volume of dry gas sampled ........coceemiiemmneicrceceeseenc et 34.717 37.248 36.867 36.28

at standard conditions (scf)
Vic Total H20 collected in impingers 47.6 37.8 34.0 39.8

and silica gel (ml) .
Vwstd Volume of water vapor at 2.241 1.779 1.600 1.87

standard conditions (scf)
Bws Percent moisture by volume, as measured . 6.06 4.56 4.16 4.93

Percent moisture by volume, at saturation 17.84 17.68 18.65 18.06

Percent moisture value used in calculations ...............ccccceuevereerene.. 6.06 4.56 4.16 4.93
Fmd Mole fraction of dry @as ..........cccceeermmrecmrerreenreesesenrnsre e enaens 0.939 0.954 0.958 0.951
%C02 Percent CO2 by volume (dry) 0.0 0.0 0.0 0.0
%02 Percent O2 by volume (dry) 21.0 21.0 21.0 21.0
%00 Percent CO by valume (dry) 0.0 - 0.0 0.0 0.0
%2 Percent N2 by volume (dry) 79.0 79.0 79.0 79.0
Md " Molecular weight - dry stack gas 28.84 28.84 28.84 28.84
Ms Molecular weight - stack gas 28.18 28.35 28.39 28.31
Pbar  Barometric pressure (in. Hg) 29.45 29.45 29.45 29.45
Psi Static pressure of stack gas (in. H20) -0.10 -0.10 -0.10 -0.10
Ps Stack pressure - absolute (in. Hg) 29.44 29.44 29.44 29.44
Ts Average stack gas temperature (°F) 7 135.7 135.4 137.4 136.2
Vh Average square root of velocity head (in. H20) ............ccccceveecsceireenns ~ 0.3376 0.3612 0.3565 0.3518
Vs Average stack gas velocity (feet/sec.) 20.54 21.91 21.64 21.36
As Stack area (sq. in.) 132.7 132.7 132.7 132.7
Qs Actual stack fiow rate (acfm) 1,136 1,212 1,197 1,182
Qsstd  Stack flow rate - dry (scfm) 931 1,009 998 979
ISO Percent isokinetic 106.6 106.1 105.6 106.1

page 4 8/17/94,13:45
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INTERNATIONAL

TECHNOLOGY ' ‘ _
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94
EMISSION TEST REPORT
TEST RESULTS
Piant: FEMP Test date(s): 8/4/94 8/4/94 8/4/94
Sampling. location: Vitrification stack
Run Numbers 3-Run
V-R-1 V-R-2 V-R-3 AVERAGE
Mass of pollutant = 35 3.5 3.5
if below detection limits, replace 0 with 1. 1 1 1
Mn Total uranium ~ Mass ng <3.5 <3.5 <35
Cs Concentration pg/m3 <3.560E+00 <3.31BE+00 <3.353E+00 «3.410E+00
Pmr Emission rate Ib/h <1.241E-05 <1.254E-05 «1.253E-05 «1.249E-05
o)
- page 5 11721184 9:06
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6543

Uranium Mass Calculations

Sample fraction
Liquid Filter
Uranium Total Total Total
conc. in uraniumin  uraniumin uraniumin
fraction, Volume,mi fraction, fraction, sample,
Run no. pQ/J Acetone Water  Total ug ug ug
V-R-1  <«1.00 200 300 500 <0.50 <3.00 <3.50
V-R-2 <1.00 200 300 500 <0.50 <3.00 <3.50
V-R-3 <1.00 200 300 500 <0.50 <3.00 <3.50

Liquid volume (total)=volume(acetone+water)
Total uranium (liquid fraction)=uranium conc. (liquid fraction)*(total liquid volume/1000)

Total uranium (sample)=total uranium (liquid+filter)
4
«f2t f
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TTfE ~
ON IT AIR QUALITY SERVICES validated 8/3/94

EMISSION TEST REPORT

FIELD DATA
Plant: FEMP Date: 9/14/94
Sampling location: Vitritication stack ' } Run number: V-F-1
Test time (stan-stop): 1242-1347
Sample type: Total fluorides Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.73 Meter calibration factor: 0.951
Static press. (in. H20): -0.10 Data interval (min.): 2.5
Filter number(s): NA Nozzle dia. (in.): 0.312
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.):
Pitot tube’ coeff.: 0.84 Number of traverse points: 24
Total H20 collected (ml): 27.6 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
{cu. ft.) AP AH g Temp. temp. (°F)
403.436 | (In. H20) (in. H20) (°F) inlet outlet
S e 0.240 1.86 116 84 83
0.260 2.01 119 84 84
0.270 2.08 o121 84 84
0.270 2.08 121 84 84
0.280 2.16 121 84 84
0.300 2.31 122 85 . 84
0.270 2.08 122 86 84
0.280 2.16 122 87 85
0.310 2.39 123 88 85
0.330 2.55 123 89 85
0.350 2.70 ) 123 90 - 88
10.350 2.7 123 92 86
0.170 1.32 123 94 88
0.150 1.16 124 94 88
0.140 1.09 125 94 89
0.150 1.16 127 94 89
0.150 1.16 127 94 89
0.160 1.24 128 95 90
0.150 1.16 129 96 90
0.150 1.16 129 96 90
0.170 1.31 130 96 90
0.190 1.46 131 97 91
0.200 1.54 131 - 98 T 92
v 0.200 1.54 131 98 92
Stop 60.0 453.60
60.0 50.164 0.229 1.77 125 21 87
\Dlwﬁ ¥
F page 1 $/20/94,13:50
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Iy ‘
ON IT AIR QUALITY SERVICES validated 8/3/8¢

EMISSION TEST REPORT
_FIELD DATA _
Plant: FEMP Date: 9/14/94
Sampling location: Vitrification stack Run number: V-F-2
Test time (start-stop): 1420-1525
Sample type: Total fluorides Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.73 Meter calibration factor: 0.851
Static press. (in. H20): -0.10 . : Data interval (min.): 2.5
Filter number(s): NA : ' Nozzle dia. (in.): 0.312
Stack dia. or width (in.): 13.00 Stack length (if rectangular) (in.): 0.00
Pitot tube coeff.: 0.84 : Number of traverse points: 24
Total H20 collected (ml): 41.8 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 ’ " % CO by volume (dry): 0.0
Sample Gas meter Veloclty Orltice drop
time reading head actual Stack Dry gas meter
{(cu. ft.) AP AH Temp. temp. (°F)
Initial: 453.934 [__(in. H20) (in. H20) (°F) inlet outiet
e T 0.140 1.08 132 95 95
0.130 1.00 132 95 95
0.130 1.00 134 95 95
0.140 1.08 134 95 95
0.140 1.08 134 95 " 95
0.130 1.00 135 95 895
0.150 1.15 . 135 97 85
0.180 1.38 135 87 . 95
0.200 1.54 135 o8 95
0.200 1.54 134 99 95
0.200 1.54 134 100 95
0.210 1.62 134 ' 100 85
0.150 1.16 134 102 96
0.130 - 1.01 134 102 96
0.120 0.93 134 102 96
0.140 1.08 135 102 97
0.140 1.08 136 103 97
0.160 1.24 136 103 97
0.190 147 135 103 97
0.200 1.55 ' 135 104 98
0.200 1.55 : 135 104 98
0.200 1.55 134 105 98
0.210 1.64 133 105 99
% SR 0.210 1.63 135 106 - 99
Stop 60.0 497.634 ' '
60.0 43.700 0.167 1.29 : 134 100 96
F A-28 page 2 0/29/84,1359
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ON IT AIR QUALITY SERVICES : validated 8/3/94

EMISSION TEST REPORT
_FIELD DATA
Plant: FEMP Date: 9/14/94
Sampling " location: Vitrification stack Run number: V-F-3
Test time (start-stop): 1615-1720
Sample type: Total fluorides Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.73 Meter calibration factor: 0.951
Static press. (in. H20): -0.10 Data interval (min.): 2.5
Filter number{s): NA "~ Nozzle dia. {in.): 0.312
Stack dia. or width (in.): 13.00 Stack length (if .rectangular) (in.): 0.00
Pitot tube coeft.: 0.84 Number of traverse points: 24
Total H20 collected (ml): 36.0 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orlfice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
Start 0.0 Initial 503.627 | (in. H20) (in. H20) (°F) inlet outiet
- - 0.120 0.93 133 100 99
0.120 0.93 135 99 98
0.130 1.00 136 99 99
0.130 1.00 136 99 29
0.140 1.08 136 99 99
0.150 1.16 136 99 99
0.160 1.23 ) 136 99 99
0.160 1.23 137 99 99
0.190 1.47 136 100 99
0.200 1.55 136 102 99
0.220 1.71 134 103 100
0.200 1.55 136 104 100
0.130 1.01 134 105 100
0.140 1.09 134 105 100
0.140 1.09 135 105 100
0.130 1.01 135 105 100
0.130 1.01 136 1086 100
0.120 0.93 136 106 100
0.140 1.09 136 106 100
0.150 1.16 136 106 101
0.170 1.32 ' 136 107 101
0.170 1.32 136 107 101
0.180 1.40 135 107 101
B 0.180 1.40 136 107 101

Stop 60.0 i Final: 545.814
60.0 42.187 0.154 1.19 136 103 100

e

£ page 3 972094,1359
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IT |t

IT AIR QUALITY SERVICES

validated 8/3/94

EMISSION TEST REPORT
‘ TEST RESULTS
Piant: FEMP Test date(s): 9/14/94 9/14/94 9/14/94
Sampling location: Vitrification stack
Run Numbers 3-Run
V-F-1 V-F-2 V-F-3 AVERAGE

o Net ime of tESt (MIN .....cccceenirerereirerece e enrsens 60.0 60.0 60.0
NP Number of sampling POINTS ............cccvveeererereenserncrerieenerres e ssreenesssens 24 24 24
Y MOLET CANIBIBON FACION <....eceeeereeecmmreeeeeseessessesssesssssscosemeeseseses e 0.951 0.951 0.951
Dn Sampling nozzle diameter (in) ... 0.312 0.312 0.312
Cp POt tUbe COBHGIONE ......ccovaevnerrenemarinssmsssssmmssessens s sssssssssassnssnees 0.84 0.84 0.84
AH Average orifice pressure drop (in. H20) ..........ccccciinmnccnnrcininesnnn. 1.77 1.29 1.19 1.4
Vm Volume of dry gas sampled ... 50.164 43.700 42.187 45.35

at meter conditions (cu. ft.)
Tm Average gas meter temperature (°F) 89.1 98.1 101.4 96.2
Vmstd Volume of dry gas sampled ..............cceeeereveecnrinnineciesminesnsesssssssensens 45.784 39.190 37.603 40.86

: at standard conditions (scf) :

Vie: Total H20 collected in IMPINGErS ........ccccvvereereveerenmscimmarrereseseseesesrasnns 27.6 41.8 36.0 35.1

and silica gel (ml)
Vwstd Volume of water vapor at .- cereeesit st st assasebees 1.299 1.968 1.695 1.65

standard conditions (scf)
Bws Percent mdisture by volume, as measured . 2.76 4.78 4.31 . 3.95

Percent moisture by volume, at saturation ...............cccoeceemreuernrnnrrenens 13.15 17.08 17.87 15.92

Percent moisture value used in calculations 2.76 4.78 4.31 3.95
Fmd Mole fraction of dry gas 0.972 0.952 0.957 0.960
%CO2 Percent CO2 by volume (dry) 0.0 0.0 0.0 0.0
%02 Percent O2 by volume (dry) 21.0 21.0 21.0 21.0
%00 Percent CO by VOIIME (GrY) ........coccoowmeuremmrreessmenenessessssssseessssssssssene 0.0 0.0 0.0 0.0
%N2 Percent N2 by volume (dry) 79.0 79.0 79.0 79.0
Md Molecular weight - dry stack gas 28.84 28.84 28.84 28.84
Ms Molecular weight - stack gas 28.54 28.32 28.37 28.41
Pbar Barometric pressure (in. Hg) 29.73 1 29.73 29.73 29.73
Psl Static pressure of stack gas (in. H20) -0.10 -0.10 -0.10 -0.10
Ps Stack pressure - absolute (in. Hg) 29.72 29.72 29.72 29.72
Ts Average stack gas temperature (°F) 124.6 134.3 135.5 131.5
Vh Average square root of velocity head (in. H20) ...........ccocoveeeevcennane 0.4727 0.4063 0.3911 0.4234
Vs Average stack gas velocity (feevsec.) ........ 28.18 24.52 '23.60 25.43
As Stack area (sq. in.) 132.7 132.7 132.7 132.7
Qs Actual stack flow rate (acfm) 1,558 1,356 1,305 1,407
Qsstd  Stack flow rate - dry (scim) 1,360 1,140 1,100 1,200
1SO Percent isokinetic 97.4 99.5 8.9 98.6 -

page 4 $/20/04,1359
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6543

INTERNATIONAL ‘
TECHNOLOGY .
CORPORATION IT AIR QUALITY SERVICES ' validated 8/3/94
EMISSION TEST REPORT ' )
TEST RESULTS
Plant: FEMP Test date(s): 9/14/984 9/14/94 "9/14/94
Sampling .location: Vitrification stack
Run Numbers 3-Run
V-F-1 V-F-2 V-F-3 AVERAGE
Mass of pollutant = 6.3 7.5 6.8
If below detection limits, replace 0 with 1. 0 0 0
Mn Total fiuorides Mass mg 6.3 7.5 6.8
PPMv MW= 19,00 Concentration PPMv 6.148E+00 8.551E+00 8.080E+00 7.593E+00
Cs Concentration gridsct  2.123E-03 2.953E-03 2.790E-03 2.622E-03 |
Pmr Emission rate Ib/h 2.474E-02 2.884E-02 2.631E-02 2.663E-02

@ \\l‘{ (Q\(

page S 11/484,1502
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HCl Emissions

Validated 41/91
Plant: FEMP Date: 9/14/94
' Site: Vitrification stack
H20
Run Vm Pbar AH Tm Vmstd Collected H20 Qsstd
No. cu-ft Y in. Hg in. H20 °F scf ml % dscfm
V-C-1 47592 0.975 29.73 181 92 44.300 0.00 1360
V-C-2 46.676 0.975 29.73 181 99 42.903 44.0 4.61 1140
V-C-3 4861 0.975 29.73 1.81 101 44,522 47.8 4.81 100
4,7
Average St 200
Run No. Average
V-C-1 V-C-2 V-C-3
mass of pollutant = 2.50 2.40 2.80
if below detection limits, replace 0 with 1.’ 1 1 1
HC1 mass mg <5 2.4 <2.8
HCl concentration gr/idsef <8.71E-04 <8.63E-04 <9.70E-04 9.014E-04
HCl emission rate Ib/hr <1.02E-02 <8.43E-03 <9.15E-03 9.245E-03
MW=  36.47 ppm <1.31E+00 <1.30E+00 <1.46E+00 1.360E+00
§ |\H(Q Y
11/4/94 14:59
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Sulfur Dioxide Emissions

Validated 41/81
Plant: FEMP Date: 8/8/94
Site: Vitrification stack
' H20
Run Vm Pbar AH Tm Vmstd Collected H20 Qsstd
No. cu-ft Y in. Hg in. H20 °F scf ml % dscfm
V-S-1A 16.993 0.946 29.70 1.34 74 14.899 0.00 1252
V-S-1B 15.612 0.946 29.70 1.34 80 14.382 0.00 1252
- V-S-2A 15.757 0.946 29.70 1.34 84 14.409 0.00 1252
Average 0.00 1252
Run No. Average
V-S-1A V-S-1B V-S-2A
mass of pollutant = 14.00 . 15.00 20.00
if below detection limits, replace 0 with 1.
S02 mass ug 14.00 15.00 2000
802 concentration pg/m3 3.318E+01 3.683E+01 4.902E+01 3.968E+01
S02 emission rate Ib/hr 1.556E-04 1.727E-04 2.298E-04 1.860E-04
MW=  64.07 ppm 1245E-02 1.382E-02 1.839E-02 1.489E-02

MDL= 13 ppon —7 0,010 b fw

®
\E’e Lb/w

10/25/94 10:16
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Sulfur Dioxide Emissions Validuted 4191

Plant: FEMP Date: 8/8/94
Site: Vitrification stack
‘ H20
Run Vm Pbar AH Tm Vmstd Collected H20 Qsstd
No. cu-ft Y in. Hg in. H20 °F scf ml % decfm
V-S-2B 165.891 0.946 29.70 1.34 90 14.373 ~0.00 1252
V-S-3A 16.989 0.946 29.70 1.34 90 14.462 0.00 1284
V-S-3B 15.93 0.946 29.70 1.34 - 94 '14.304 0.00 1284

Average 000 1273

Run No. Average
V-S-2B V-S-3A V-S-3B
mass of pollutant = 16.00 20.00 24.00
if below detection limits, replace 0 with 1.
S02 . mass ng 16.00 20.00 24.00
S02 concentration pg/m3 3.931E+01 4.884E+01 5.925E+01 4.913E+01
S02 emission rate Ib/hr  1.843E-04 2.349E-04 2.849E-04 2.347E-04
MW=  64.07 ppm  1475E-02 1.833E-02 2.223E-02 1.844E-02

MHL = /'3??"‘—;0'0'7%
@

@ 1oferlio

1072594 10:21
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APPENDIX B
FIELD DATA

Equipment Audits

Sampling Location and Measurements
Particulate/Metals

Radionuclides

Total Fluorides

HCI

SO,

NO,

CO and THC

6543

Page

B-2
B-10
B-12
B-19
B-25
- B-31
B-37
B-49
B-50
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FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: -394 CLIENT: _ Formeo
BAROMETRIC PRESSURE (Pbar) Q. NMZ-in.Hg METER BOX NO. _ FT-S
ORIFICE .NO. + (7— PRETEST Y: Qu £ AHR /. 3‘{ 1n H,0
ORIFICE K FACTOR: 409 x 10~ AUDITOR: G
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outlet Average run
bH, Vi/vf’ Ta’ Tii/Tif’ Toi/Tof’ Tm’ m?n
in.H,0 ft3 °F °F °F ) °F °F
GloS00| Q0 1 X% & _ /:ui
/HG4005 A0 16 1 73
Dry gas Vm Vm Y Audit
meter std’ act? Audit, devia- AHE, AH@ Devia-
Vo, ft? ft3 fts Y tion, ¥ in.H,0 tion, -in.H,0
. 017 i@
1775 16.317 | 18,00 | 411 2zt | 195 M
M. 3¢
17.647(v_)(P + AH/13.6)
v _ m’‘ bar _
Mstd (T_+ 460) =163 fe2
S52.9%
21 15
1203( @ ){ K )(P
v _ bar - .
Mact 1/2 jgoo ft?
(T + 460)
' 7345
vm
ity = —act .. _ Audit Y - Pretest Y o
Audit Y T 0,919 Y deviation Pretest V x100 = -2, %
std
z’.)'s

n4 2
. _ 2 _ .
Audit 4He = (0.0317)(8H) Py, ) (T, + 460) l} UM v AH/13.37} =4S inH

Audit Y must be in the range, pretest Y x0.05 Y.
-Audit AH@ must be in the range pretest AH@ *0.15 inches HZO‘

B-2
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DIGITAL INDICATOR AUDIT
DATA SHEET

INTERNATIONAI

TECHNOLOGY

CORPORATIO:
Indicator No._  E‘T-5
Client | =
Date -3 -9

6543

Project No._ 233575

Operator

(A l)‘wc&(

Test Point No. Equivalent Digital Indicator % Difference
Temperature F Temperature F
1 100 100 o¢
2 ~ 00 A0 | ]
3 209 301 K
4 4o Hoo 00

Percent Difference Must Be Less Than or tEqual To 0.5%

Percent Difference:

—(tguivalent Temperature - Digital Indicator Temperature){100)

(Equivalent Temperature + 460)

B-3

000065



FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: G-3-54 _ CLIENT: Foxns
BAROMETRIC PRESSURE (Pbaf):éﬂtji,-in.Hg METER BOX NO. _fF7-%
ORIFICE NO. # 3 PRETEST Y: Q710  AH@ [.§3% in.H,0
ORIFICE K FACTOR: 4-8% X107%  AUDITOR: &T
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outlet Average run
oH, Vi/vf’ Ta' Tii/Tif’ Toi/Tof" Tm’ m?n
in.H,0 ft3 °F °F | °F °F °F
LS 603000 QO Q- | 494 q y oy
. , o PR
txo.o0o| G Cic) J4 Qe -2 &0
Dry gas vm Vm ) Y Audit
meter std’ act’ Audit, devia- AHG, AH@ Devia-
Vi fts3 fts3 ft3 Y tion | 1in.H,0 tion, in.H,0
Woor | o 35 | a4y | Teo 00 5 00
" ~9.9 5
Vm i 17'647(Vm)(Pbar + AH/13.6) e g3
std (T, + 460) « /G, 35&
553 .5
jud
' - 1203( 9 ) K )P, . .)
v _ bar o
Mact = 172 =q. 149 ft?
(Ta + 460)
545
, v, :
. _ act  _ ..o _ _Audit Y - Pretest Y .
Audit Y = v 0.7(& Y deviation ~—Pretest V x 100 = 40
std
[ fad 2

Audit LHE = (0.0317)(AH) (P )(T_ + 460) [v T B AH/13.6)—| =)sq 1inH0
m ar |

" Audit Y must be in the range, pretest Y #0.05 Y.
Audit AHG@ must be in the range pretest AH@ +0.15 inches H20.

B4
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6543

INTERNATIONAI

TECHNOLOGY

CORPORATIO!

DIGITAL INDICATOR AUDIT
DATA SHEET
Indicator No.__ F 1-& Project No._ 357331
Client Ectwnc 0 Operator l{at
Date
Test Point No. Equivalent Digital Indicator % Difference
Temperature F Temperature F

1 ) i N 7-2

2 Xe 10C 00

3 =200 20/ AS

Percent Difference Must Be Less Than or Equal To 0.5%

Percent Difference:

—(tquivalent Temperature - Digital Indicator Temperature)(100)

(Equivalent Temperature + 460)

000867, ;!



FIELD AUDIT REPORT:

DRY GAS METER

BY CRITICAL ORIFICE

DATE: G-13 -9 CLIENT: Fesvc o
BAROMETRIC PRESSURE (P,..): 25.5>1in.Hg METER BOX NO. FT=&19
ORIFICE .NO. 4 3 PRETEST Y: _ A= |  AHE .69  in.H,0
ORIFICE K FACTOR: 5.4Y< 0 4 ;n—~Y  AUDITOR: Co Thve< 3
Orifice Dry gas Temperatures Duration
manometer| meter . Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outlet Average run
LM, VilVes Ta" TiilTigs | Toi/Tof Tne m?n
in.H,0 ft3 °F °F °F °F °F
3§5.200| T4 AN 2
A | . 5.2 34
koz.oo| 75 |78 22 | .25 LQ__)(’_?
Dry gas v v, : Y Audit
meter std’ act’ Audit, devia- AHB, AH@ Devia-
Ve ft3 fts3 - ft3 Y tion,/%/ in.H,0 tion, in.H,0
) ' 00| b 07
7% 4975 | le4$6 | 943 | =% [T 0.9¢ -
& pG
A9.GS
17.647(V_)(P + AH/13.6)
) _ m’‘ bar L.
Mstd = (T_+460) =[.47% fts
. 53%\"'15
1203( 90 K )P )
) - bar _ :
mact - 1/2 - /C ,"(ig ft3
(T, + 460)
23%.19 '
Vi ' -
ity= —2ct - s _ _Audit Y - Pretest Y )
Audit Y . .‘)43 Y deviation Pretest V. x 100 ) g
std :
14.$7 )
=1, 6L in.Hy0

Audit AHG = (0.031‘7)(AH)(Pbar)(Tm + 460) [v‘

f

Audit Y must be in the range, pretest Y #0.05 Y.
Audit AHG must be in the range pretest AH@ #0.15 inches HZO'

000088 .
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6543

INTERNATIONAL

TECHNOLOGY

CORPORATION

DIGITAL INDICATOR AUDIT
DATA SHEET
Indiczslor No. ET-X Project No. 22}33(
Clien: | FIPrC) QOperzior Co
Date 9-13-99_
Test Point %o. Eguivelent 10i1gital Incicator ¢ Difierence
Temperature f Temperature T

1 0 0 o

2 100 /0t AT

3 A60 A6 | JS

4 300 300 0

Percent Difterence Must Be less Than or fquzl Te C.5%

Porceny Difizrence:

-(fauiyailent Temperature - Dicital Indicator Tempergiure) (1CD)

(Equivaltent Tempera

ture + 4690)

B-7
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FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE:

CLIENT:

F:'C_J‘ waAL O

A P{L(

~ BAROMETRIC PRESSURE (P
- ORIFICE NO.

): 29.%s in.Hg METER BOX NO. _Ppr- (L

bar

X 9

PRETEST Y: _ 975 AHe /@[ in.H,0

ORIFICE K FACTOR: 4687 x;0 " AUDITOR: CTyes
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf’ Average Inlet Outlet Average run
i BTATE T | Tii/Tier | Toi/Tof o
in.H,0 ft3 °F °F °F °F
h7 3uo oo | 1% 29 |73
-, 7% 7515 | (142
/ 352--000 | )& g 17 ©
Dry gas Vm Vm | Y . Audit
meter std? act? Audit, devia- AHG, AH@ Devia-
Vm’ fts3 fts3 ft3 Y tion, % in.H,0 tion, in.H,0
_ 00
.1 10.%§ e1 | 992 Al ¢ %@(
N (_jé)
(v, )( 2 hs.6)
17.647(Vv_)(P + AH/13.6
v _ bar Y
Mstd ~ (r +260) = 1039 fte
53%.S
473 %
y 1203( 9 )( K ) (Fryr) |
mact = 1/2 = 'O\ bﬁ ft3
(Ta + 460)
13.1a4%:
V .
m . _
Audit ¥ = ——23St = Q91 Y deviation - _Audit Y -Pretest ¥ . .44,
Vm : Pretest Y ,
std
14.713
i = p = i .
Audit &HE (0’0317)(AH)(Pbar)(Tm + 469)[} (vﬁ)(Pbar T /T3 6) L6 in.Hy0
2418

Audit Y must be in the range, pretest Y +0.05 Y.
Audit AH@ must be in the range pretest AH@ +0.15 inches H20

B-8
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INTERNATIONAL
TECHNOLOGY
.CORPORATION

F1- I\

fndiczlor No.

DIGITAL INDICATOR AUDIT

DATA SHEET

Client Fﬂw e &LD

Date a/i3/ay

Project No. 33233 /

6543

Operzior )25 ]

[oigital Incicator

$ Difierence

Test Point &o.°

Eguivalent

Temperature T

Temperature F
1 2 [€] O
2 100 R4 14
3 ADD D0 a
4 373 119 13

Percen: Difierence Must Be Less Than ar fquil Te .33

Percent Difisrence:

Dicital lndicatar Temneraiure) (1CQ)

-(fauivilent Temperature -

(Equivalent Temperature + 46J)
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

__Plant Eevrome c

Date 5’/ 3/a4
Sampling location _Pl.-+ & M, jde. ve Tt
Inside of far wall to outside of nipple __ /4 34

Inside of near wall to outside of nipple (nipple length):

| 3/

Stack inside diameter, inches /3

Distance downstream from flow disturbance (Distance B):
6 S inches / diameter = 50 &

Distance upstream from flow disturbance (Distance A):

2545 inches/ diameter = l.9 dd

Calculated by BLa- \5

S~
5 * e IJ ’I+¢0u'n)
V L1

SCHEMATIC OF SAMPLING LOCATION

TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2AND3 {‘é;g#ﬁ FROM OUTSIDE OF NIPPLE
NUMBER OF STACK I.D. STACK 1.D. (TO NEAREST 178 INCH) (SU¥ OF COLUMNS 4 & S)

| 0.0z E 0.273 | A | 20235 2%

> 0.067 0.57 ) | 2z >y

3 0.11§ 1.534 [ 3

4 0, 1272 2.301 o

S 0.25 0 3,25 S

£ 0.35¢ 4.62§ 677

7 0. 64 $.322 /10

o 0.750 Q.25 )1 2z

9 0.£23 /0. 499 [z

L0 0.F¥ 2 11.46¢& 13 %

" 0.933 12.129 A 1277 ;
2 0.974 d 12,7222 v 19477 2i4 %]

*The first and last points must be no closer than 1 in. from the stack wall for stack d_iameters >24in.
or no closer than 0.5 in. from the stack wall for stack diameters <24 in.
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GAS VELOCITY AND VOLUMETRIC FLOW RATE
Date -394

Plant and City Feruaco
Sampling Location Uttt et ion oty 1L Clock Time _ /¢ 6Q2
Run No. V-t - Operator A R6
Barometric Pressure, in.Hg 3G .41 Static Pressure, 1n.H20 S—t f
Moisture, 3 S iolecular wt., Dry Pitot Tube, Cp _. K¢
Stack Dimension, in. Diameter or Side 1 13" Side 2
FIELD DATA C_"‘\‘ © cALCcuLATIONS
i © H,0 0
TRAVERSE veLocy srack L_us s x (1 - ) ¢ 18 (s
NUMBER “Ps)' in.Hzo TEMP., °F
A LD 13 A oMt )x (- TOC e8¢ 00
2 L2 12y o7, .
) . &0 12 & o"s
)
; ‘.]% _ l’%-—‘!i é T, oF s °R « (°F + 460)
3 A9 30 3%, .p L8P
L 47 RYw) Q"s'b‘m'( R kN
5 N5 N ° 4
X 22 131 sje P " in.Hg
1o . Q\S I 1 V'
I g..é& < REY) > -
s 3 o /
8 1 LA 129 Oov '8549xCpx‘J_Px‘y
A fESYa
3 ) 130 |° _ f
N ,17 | 2 gv-8549x( ) x| ) x 1_..—
S Jd 130 L-|°
£ 1S 3 Iy - ft/s
7 A% 2 ,35‘7
d L 3T 3} 15t - 2
b A 3] 15°
10 Y2 1% 1 5%, = v, x A x 803
{2 24 131 47°
12 A 13) ‘SDQS- x x 60
qQ - acfm
H 0 ]
stzd-o x17647x1-x(]-—1-°—)
Q’std - x 17.647 x x (1 -
and . dscfm
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INTERN
TECHNOLOGY
CORPORATION

PARTICULATE/METALS TRAIN
SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Commnton : Sample date___ /3 /1
Sample location______ - Recovery date i/}/j‘:{
Run number Euled Bl Recovered by A
Filter number(s) 449051
MOISTURE
Impingers Condensate 1st 2nd 3rd 4th 5th
Contents Empty _5%HNO3/10%H0, KMnO, Silica gel
Finalwt/vol _]JO0 g Do g _© g 106 g 106 g 200 g
Initial wt/vol [Tolo) g (0D g @) g _140 g _JQO0O g _200 g
Net Gain 0 g_o0 g Q g 6 g 6 g o g
Description of impinger water
Total moisture g
RECOVERED_SAMPLE

Filter container number(s) _ Q453 R Sealed __ |~
Description of particulate on filter —

Sample solution/rinse | Sealed/liquid

container numbers level marked B
Acetone probe rinse O 4354+
5%HNO3/10%H50,
solution and
0.1N HNO; rinse 0459 4 e
KMnO, solution | :
and rinse 049585 A ‘ 7
8N HCI rinse 045 A e

Samples stored and locked
Remarks

B-12
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INTERNATIONAL
TECHNOLOGY
CORPORATION

PARTICULATE/METALS TRAIN
SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Ferpmen

Sample date
Recovery date
Recovered by

Sample location VdeScation  poX
- Run number Y-fm - 1
Filter number(s) a47100 {9
MOISTURE
Impingers Gendenseate 1st 2nd

Contents €mpty _5%HNO3/10%H,05

3rd
4% KMnOy4 /B4y  Silica gel

4th

Final wt/vol S g 10> g 2 12 g _ 00 g _432 ¢
Initial wt/vol j0b g _i0% g o i00 g _100 g AoV g
Net Gain N 3 g 2 2 g 0 3L ¢
Description of impinger water a3 clce 45 Ouck Guegin .

Total moisture _ £ g @

ECOVERED SAMPLE

Filter container number(s) 03868 Sealed
Description of particulate on filter —
Sample solution/rinse Sealed/liquid
4 container numbers level marked
Acetone probe rinse Q44 1 A
5%HNO3/10%H,0,
solution and
- 0.1N HNOg rinse Q 444 1/
KMnOy, solution
and rinse 0DBS A v/
8N HCl rinse OQO3F6A \V/
Samples stored and locked l/
Remarks "
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le o]

ERNATIONAL
TECHNOLOGY
CORPORATION

PARTICULATE/METALS TRAIN :
SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Ferwc.o Sample date___ §-%-5 y
Sample location__ |/ .t b co X0~ Recovery date__ €- ¢~<4
Run number. V-Fm-3 Recovered by___#{7
Filter number(s) Q4700{7
MOISTURE
Impingers Cofrgenséte 1st 2nd 3rd 4th 5th
Contents ty  _5%HNO3/10%H0, 4%KMnO,4_H,50Y  silica gel
Final wt/vol jod g _jod g 29 _/09 g ___10009 & g
Initial wi/vol Jjov_ g _Jo0 g oo g 408 g _(00 g 200 g
Net Gain 4 g e g 1. g = g o g 10 g
Description of impinger water ___ ¢lear 1,22  Coarbn 4 ¢
Total moisture /& g v ‘Q@
RECOVERED SAMPLE
Filter container number(s) 0404 & Sealed _ Y
Description of particulate on filter Lo \hiaklar i
Sample solution/rinse Sealed/liquid
container numbers level yrked
Acetone probe rinse 0403 A
5%HNO3/10%H,0,
solution and
0.1N HNOj rinse 04044 1/
KMnO, solution
and rinse 04 OS-A L/
8N HClI rinse 0406 A \/
Samples stored and locked
Remarks
2127192

06007s
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PARTICULATE_SAMPLE_RECOVERY_AND_INTEGRITY SHEET

Plant Foruie Sample date <.d-qY
Sample location by .1 o ot Recovery date -G
Run number \U. R -2. Recovered by Czi_ﬂ;n¢$:5
Filter number(s) q4{ D023 '

MOISTURE
Impingers Silica gel
Final volume (wt) 2430 mi(g) Final wt S07.X
Initial volume (wt) bo mi(g) Initial wt —“ob
Net volume (wt) GYe) mi(g) Net wt 2179 g

P

—

}
% spent Qﬁf)

Description of impinger water .~ !..ur

Total moisture

32 4718 g@

RECOVERED SAMPLE

Filter container number(s)

049 7 3

Sealed Vv

Description of particulate on filter

A I WA b n_

Probe rinse

‘marked

container no. Cd %74
é]':-.:l-!, blank ,
container no. g2s44

- Impinger contents

container no. 04%s% A
F{ O blank
con%ainer no. Y 2 A

Samples stored and locked

Liquid level

y,

~

Liquid Tevel
marked

!

Liquid level
marked

Liquid level
marked

sl

RV4

Remarks

v

LABORATORY CUSTODY

Received by

Date

Remarks

000C80
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__PARTICULATE SAMPLE..RECOVERY. AND_INTEGRITY SHEET .

Plant Fevw~co | Sample date T-4-74
Sample location Uteficatiaonr O Het Recovery date _ F-T¥
Run number V- i Recovered by & ThesSS
Filter number(s) qQ41009S '
MOISTURE

Impingers -Silica gel
Final volume (wt) AN mi(g) Final wt A0S. L g
Initial volume (wt) 200 mi(g) Initial wt 200 g
Net volume (wt) 45 mi(g) Net wt 5S¢ g
Description of impinger water C lea~ ' Z~ % spent

Total moisture 47 6 g@

RECOVERED SAMPLE )
Filter container number(s) 0330 R Sealed \/

Description of particulate on filter No U Scdnte
Probe rinse Liquid level /
container no. C 3F0A marked _ .
Ac oAoblank Liquid Tevel

~ container no. 0394 A marked \/
Impinger contents Liquid Tevel , ,
container no. 038 3~/l marked L

HID blank Liquid level /
contairer no. 03B A marked 1
Sample: stored and locked
Remarks
LABORATORY CUSTOQDY

Received by Date
Remarks

000082 B-20
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INTERNATIONAL
TECHNOLOGY
CORPORATION

PARTICULATE/METALS TRAIN
SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Eervaco Sample date__ g -5-9Y
Sample location___ \rtlicotbiomo it Recovery date ?}?4‘1
Run number \-pm-3 Recovered by J
Filter number(s) G400 "

MOISTURE
Impingers Cendensate 1st 2nd 3rd th 5th
Contents <Empty  _5%HNO3/10%H0,_ @A KMnO, #fhse;  Silica gel
Finalwtvol _I@® g _100 g _ & g _wo 9 _i00 g #15 ¢
Initial wt/vol _19p g _10® g _© g _I0o g _100 g 20° g
NetGain @9 g_0 g_B8 g_6 g_0O0 g_I3 g

Description of impinger water Clanr 1,23 [IPRECES

Total moisture 25 97
ECOVERED SAMPLE |

Filter container number(s) __ 0 Y077& Sealed )'/-
Description of particulate on filter AN visecbia

Sample solution/rinse _ Sealed/liquid

container numbers level marked -
Acetone probe rinse QUOTA
5%HNO3/10%H50,
solution and \/
0.1N HNOg rinse 04QO0A '
KMnO,4 solution
and rinse Q4o 1A ‘ \/
8N HCI rinse QYQRA V4

Samples stored and locked

Remarks

B-16
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PARTICULATE SAMPLE_RECOVERY_AND_INTEGRITY_SHEET

Plant E>inaco Sample date %~ H- 7Y
Sample location 1L4?.¥\(4;%‘aﬁ~. ot Recovery date 9- -5
Run number V-R- 3 Recovered by
Filter number(s) a4 100 049
MOISTURE

Impingers Silica gel
Final volume (wt) Salo ml(g) Final wt 0%
Initial volume (wt) 26 6 mi(g) Initial wt 2.0
Net volume -(wt) ol mi(g) Net wt O
Description of impinger water & [.ci/ S % spent

Total moisture 3¢.0 g J@

RECOVERED SAMPLE

Filter container number(s) O4&q ES Sealed \/

Description of particulate on filter

I\L U'\‘_‘x(yt‘ A

“Probe rinse i

Liquid level

container no. 0439 A marked L/
A g blank - Liquid level //
container no. 0334 A marked \ :
Impinger contents _ Liquid level //
container no. 044904 marked g

Ha0  blank Liquid level
container no. 03 A marked \~//
Samples stored and locked v

Remarks

Received by

LABORATORY CUSTODY
Date

Remarks
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METHOD 138 SAMPLE RECOVERY AND INTEGRITY SHEET

ol Sample date CI/N , (-(

Plant rirm e
Run No. \y-F-1 Recovered by (‘,jtm_sé Recovery date
MOISTURE |
Impingers - Silica gel
Final volume (wt) 21D ml (g) Final wt Al o
Initial volume (wt) 200 ml (g) Initial wt 20 0
Net volume (wt) 1O ml (g) Net wt 1.6
Total moisture 2.6 g<@ 2 % spent
Description of impinger water Cloar~ :
RECOVERED SAMPLE

Impinger Nos. 1, 2, and 3 ' Liquid level » /

contents Container No. H44¢ A marked Y
Impinger No. 4 contents Liquid level

Container No. ' NA marked
Deionized water blank/FiHee Liquid level

Container No. i 4914 marked : /
0.1 N NaOH blank . Liquid level

Container No. NOA | marked
Samples stored and 1o§:ked 1/
Remarks - '

LABORATORY CUSTODY

Received by _ ' Date
Remarks '
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METHOD 138 SAMPLE RECOVERY AND INTEGRITY SHEET

Yo

Plant Eoco - Sample date
Run No. _ y-p_o Recovered by Ca:u;!,‘:, Recovery date
| MOISTURE
Impingers Silica gel
Final volume (wt) A0 O ml (g) Final wt 211K
Initial volume (wt) ~—z 0.0 ml (g) Initial wt - o0 g
Net volume (wt) 20 .0 ml (g) Net wt 1\ g
Total moisture - Y] q /@ 2.0 % spent
Description of impinger water Cloc -

Impinger Nos. 1, 2, and 3
contents Container No.

Impinger No. 4 contents
Container No.

Deionized water blank/F. f.
Container No.

0.1 N NaOH blank
Container No.

Samples stored and locked

RECOVERED SAMPLE
Liquid level

4474 marked
Liquid level

(\41\ marked
Liquid level

471 A marked

Liquid Tevel
marked

INA

/

N

\

Remarks

Received by

LABORATORY CUSTODY
- Date

Remarks

000G30
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 METHOD 13B SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Fum Sample date Q//q'/é{é/
Run No. y-§f-3 Recovered by Co Theee < Recovery date
MOISTURE

Impingers - Silica gel _

Final volume (wt) 834 .0 mt (g) Final wt 2110

Initial volume (wt) 4.0 ml (g) Initial wt' 200

Net volume (wt) ad o ml (g) Net wt )2 g
Total moisture - 3¢ .0 g/a@ 20 % spent

Description of impinger water Cle o '

RECOVERED SAMPLE

Impinger Nos. 1, 2, and 3 Liquid level Z/
contents Container No. Y4 ¥ AN marked
Impinger No. 4 contents Liquid level —
Container No. I\JA marked
Deionized water b]ank/F.'lH.- Liquid level
Container No. Ul A marked L
0.1 N NaOH blank ' - Liquid level
Container No. N marked —
Samples stored and locked \ 7
Remarks v
LABORATORY CUSTODY
Received by Date
Remarks

000092 . B-30
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INTERNATIONAL
TECHNOLOGY
CORPORATION

m(:lcuz( TRAIN

SAMPLE RECOVERY AND INTEGRITY SHEET

Plant |2 Sample date 419 /04
Sample location__ Vdedic o tisn 0.4t Recovery date__ /5 /2
Run number V-&- | Recovered by (4]
Filter type AEE
, MOISTURE
Impingers Condensate 1st 2nd _ 3rd 4th
Contents Empty 0.1N H2SO04 Snllca gel
Finalwtvol _ \/ g 11D g _i105 g _Q \7 g
Initial wt/vol ___ X g 100 g _10C g = : g 200 g
Net Gain /v g i g _ S8 g (9 g / \ g g
Description of impinger water Clear
Total moisture . g
RECOVERED SAMPLE
Sample solution/rinse Sealed/liquid
container numbers level marked
0.1N H2SO4
solution and /
DI water rinse 3954 L
0.1N NaOH '
solution and

DI water rinse

73A

0.k 4 .50, 422 A

Samples stored and locked

"Remarks

- 0000941 B-32
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INTERNATIONAL
TECHNOLOGY
CORPORATION

;-lfchup/z/ TRAIN

SAMPLE RECOVERY “AND INTEGRITY SHEET

Plant Feoencs . Sample date 4-14-4%
Sample location____/dy,Bcadian v At Recovery date___ #.;5-9¢
Run number Y-8 ' Recovered by &
Filter type TFE
MOISTURE
Impingers Condensate 1st 2nd 4th 5th
Contents Emp 0.1N H2SO4____ eTtN-NeBT_ 7  Silica gel
Final wt/vol g_Jo g _{lo o g /g 229 ¢
Initial wt/vol g _100 g _JOod g _( g __ X g _20% g
Net Gain JY g _20 g 10 S g_V\N ag_J1Y g
Description of impinger water _¢ 1., _ '
Total moisture c}/¢o g /é@
RECOVERED SAMPLE
Sample solution/rinse Sealed/liquid
container numbers level marked

0.1N H2SO4

solution and
DI water rinse 49 4

v

0.1N NaOH
solution and
Dl water rinse

H, 0 27t

o
¢«

Samples stored and locked

Remarks

000035 B
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INTERNATIONAL
TECHNOLOGY
CORPORATION

c:% TRAIN

/H
SAMPLE REC’g\éRY AND INTEGR

(e NioN(o]

ITY SHEET

Plant Forwco Sample date___ 9-/4-14
Sample location - Y Recovery date__ 4,5 -9
Run number 1-8-3 Recovered by 7
Filter type 1FE

: MOISTURE
Impingers Condensate 1st 2nd 3rd 4th 5th
Contents Emp __0.1N H2SOq4___ “BHN-NaoH- Silica gel
Final wt/vol g _@i20 9 _ 1w 9_a 9_ 179 Ans
Initial wi/vol Y g _ 1w g _0 g_6 g g 21>
Net Gain g 26 g 0o - g_o g _/ g __i2.8
Description of impinger water R OW N4 Ct

Total moisture 41.%

RECOVERED SAMPLE

Sample solution/rinse Sealed/liquid
container numbers level marked

0.1N H2SO4

solution and /

DI water rinse 470 A L. ‘

0. 1N-NaQH

solution and

DI water rinse —

' H734)

Samples stored and locked

Remarks

. B-36
000038
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SO.,—TRAIN-SAMPLE RECOVERY_AND_INTEGRITY SHEET

2
Plant Fevvmco Sample date ﬂ"/jq e
Sample 1oca‘t1'on /’75 [{e.- Recovery date Jf/scjﬁj .
Run number [/-S50Z2-]A Recovered by R L e~ s

MOISTURE

Ist i'mpinger 2nd impinger 3rd impinger Silica gel

Final wt 8y 1 Q |22 \Q 103 Q 2.2 ¢ Jf'f;('
Initial wt 0w\ % JO0C~1 X% /00 ~\N _ 200 9 ‘Zii.%
Net wt 32 ..L_k 9 - \ 3. R .2 9

Total moisture JI.T g

RECOVERED SAMPLE

H202 blank - Liquid level
container no. 3a4 4 marked [
Impinger contents - Liquid level :
container no. 3574 marked v
H20 blank A Liquid level
container no. 23¥2h marked

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by ‘ ' Date

Remarks

060260 B-38
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TRAIN SAMPLE RECOVERY AND INTEGRITY SHEET

Plant _ Ferwco Sample date ___ & /7/“Y
Sample location Mo |dev Recovery date [f/s:/é, J
Run number J_[—SOJ - 13 Recovered by BbGe. [5

MOISTURE ,
1st impinger 2nd impinger 3rd impinger Silica gel
Final wt bl wl N [19_alX 124 g 2014 g
Initial wt 100 | N [60] X 1061 Y _20c 9
Net wt —34 aly 14 mly 24~1 Y 14 9

Total moisture 15.9 g

RECOVERED SAMPLE.

\

H202 blank Liquid level

container no. 3944 marked Ve
Impinger contents Liquid level

container no. 3FT N marked vl
H20 blank Liquid level

container no. Iy A marked [

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by ' ' Date

Remarks

060162
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502 TRAIN SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Feamce Sample date c?,/;f/“vv"

sample location _ Me [fev Recovery date __ &/8/5
| Run number - UV -5z-24 Recovered by Bé“, /s

MOISTURE
1st impinger 2nd impinger 3rd impinger Silica gel

Final wt 60 ~| 9 ley ~Iyw /C‘LM,Q 213 .4 g4 _3_&
Initial wt joc |l 9 __ico mly _t0C m[ & _2€CC g

Net wt ~4C | 9 > mly 9 sl 434 g

Total moisture ~9.L g

RECOVERED SAMPLE

H202 blank : Liquid level
container no. 3944 marked v
Impinger contents ) Liquid level
container no. 369 4 marked v
H20 blank Liquid level
‘container no. 3524 marked [l

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by . ' Date

Remarks

000164 | b2
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TRAIN SAMPLE RECOVERY AND INTEGRITY SHEET

502
Plant Fenco Sample date /8'/5’(/‘\"(
Sample 1o§ation Mo (e Recovery date &/a /4
Run number Y -S0z-2 R | Recovered by BG .oy 15 |
MOISTURE

1st impinger . 2nd impinger | 3rd impinger Silica gel
Final wt ' £y w18 J 1 X wlo (1061 § z11,5" g 30z, ¥
Initial wt ]O Gl B J0O 1 9 _/OUmIJ 2elC g E-,';.’Sz'
Net wt 32 X% 1§ ~1 g 6| g 1.5 g

| Total moisture 3.5 g

RECOVERED SAMPLE

Hp02 blank Liquid level -

container no. 3a4 s marked v
Impinger contents Liquid level

container no. 3904 marked o

Hp0 blank Liquid level |
container no. 3524 marked "

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by ' Date

Remarks

000166 B-44
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SO, _TRAIN SAMPLE RECOVERY AND INTEGRITY SHEET

i——- ——— 2 ——— e el

Plant Fermce Sample date J:/g/"%/
Sample location Mg [{e. Recovery date 5”/{/’7"/

Run number V-52 -3 Recovered by Blo /s

MOISTURE

1st impinger 2nd impinger 3rd impinger Silica gel

Final wt 26 1% )04 W) N\ 102:ml § 1S €, 9 2o
1Se Lt

Initial wt [ECeml N [6 €l Y (€Ll § _ 266 9

Net wt 24 ) W 41 Y AESY I | 0.1 g

Total moisture . ~12.4 g

RECOVERED SAMPLE

H202 blank Liquid level
“container no. 344 4 marked e
Impinger contents Liquid level
container no. 39| A marked v
H20 blank ‘ Liquid level
container no. T4 marked —

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by ' ‘ Date

Remarks

000208 . : ~ BA46
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302~IRALN\§AMEL§ RECOVERY AND INTEGRITY SHEET

Plant . Frouac g Sample date __ 5/8/af
Sampie location (Mg (4o Recovery date éj/33/4‘/
Run number V=$¢2z - 33 Recovered by Bloe.1s
MOISTURE
1st impinger 2nd impinger 3rd impinger Silica gel
Final wt 3‘7.-]‘( 95 Ml& lcé""lx zC49 .} g 7—“‘1;’&3
Initial wt 106\ Ceeml Y _[CE th 2€C 9
Net wt “emlg "z W\ N € 1Y Y4 g
Total moisture “2.¢ g
RECOVERED SAMPLE
Eggia?lzckno. 3944~ hgaﬁ;g fevel e
Impinger contents Liquid level ,
container no. 39272 A marked ' "
H20 blank Liquid level
container no. 38524 - marked —
Samples stored and locked |
Remarks
LABORATORY CUSTODY
Received by Date

Remarks
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6543

. VOC EMISSIONS DATA

Plant Ferom~co City Fernald

Screening Personnel BC €T Instrument ID  oOvA  [0og
Process Unit _ Pelde, (Plata) Date &/4/q4
7 7

] , Cav\cepffm*‘an
Run N, Time ppm /
V- RHC -3 | 1323-)42¢ 9.5
V-THC - 2 |[lts2-)255 9.0
V-THC- ) |0ass-ic» 5 9,5

B-51 000113
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6543

CO EMISSIONS DATA

Plant Fermco City F,,,..J,/ Ut
Screening Personnel 5(, . T Instrument ID _og122Y
Process Unit M. lte.. Date 51‘//%9

. C—UKCQAWV\\O“)
Run No, Time ppm

V-cac0-| g3s5-1035s | | (/ZN’“>
v-cu- 2 [s2-1255 =5 (3/°f"7)
V-C0-3 1323-42¢ | T Z [/’J/”‘“)

B-53 | 000115
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APPENDIX C
LABORATORY DATA

Page
Particulate/Metals - : C-2
Radionuclides C-16
HCI and Total Fluorides : C-67
SO, C-72
NO, C-76

C-1
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Quanterra

Environmental

Services
Quanterra Incorporated
5815 Middlebrook Pike
Knoxville-Tennessee-37921

615 588-6401 Telephone
615 584-4315 Fax

IT Air Quality Services November 3, 1994
11499 Chester Road

Cincinnati, OH 45246

Attn: Dave Osterhout

Job Number: 1501

This is the Certificate of Analysis for the following samples:

Client Project ID: FERMCO/332331
Date Received by Lab: August 18, 1994
Number of Samples: Twenty-six (26)
Sample Type: Air

I. Introduction

On August 18, 1994, twenty-six (26) air samples arrived at Quanterra Environmental Services,
Knoxville, Tennessee from IT Air Quality Services, Cincinnati, Ohio. The list of analytical tests
performed, as well as date of receipt and analysis, can be found in the attached report.

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of data will include
sample identification information and the analytical results.

The total particulate of the samples was determined based on EPA method 5.

Reviewed and Approved:

L.

Kenneth Mueller
Project Manager

000117
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(1))
: wuanterra
IT Air Quality Services : ( u Environmental
November 3, 1994 : Services
Client Project ID: FERMCO\332331] Job Number: 1501

II. Anélytical Results/Methodology (continued)

The samples were analyzed for requested metals by cold vapor atomic absorption spectroscopy (CVAA),
graphite furnace atomic absorption spectroscopy (GFAA) and inductively coupled argon plasma
spectroscopy (ICP) based on EPA methods 7470 (Hg), 7421 (Pb), 7740 (Se), 7060 (As) and 6010 (ICP

metals).

1. Quality Control

Routine laboratory level I QC was followed.

C-3
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Quanterra

11/3/84 Method 5 Blank Analytical Data Envionmentl
Plant: FERMCO
Density of Acetone 0.7899 g/mi (pa)
Sample Liquid tevel at mark
Blank Type identifiable and/or container sealed
Acetone YES YES
Filter YES YES

Acetone Blank Container No. 0384A

Volume of Acetone:

138 ‘ml. (Va)

Blank Value used for Calculations:

Lab #: AC 2185

-0.0018 mg/g

Date & Time of Wt. 10/13/94 15:15 Beaker Gross Wi.. 110034.1 mg.
Date & Time of Wi. 10/14/94 09:20 Beaker Gross WA.. 110034.5 mg.
Average Gross Wt.. 110034.3 mg.
(ma) Beaker Tare Wt.: 110034.5 mg.
Ca,(mg/qg) (Va) (pa) Beaker Net WA.: -0.2 mg.(ma)
Acetone Blank Value: -0.0018 mg/g (Ca)

Filter#: 9470020 Lab #: AC 2184

Date & Time of Wt.  10/12/94 08:30 Filter Gross Wt.: 3129 mg
Date & Time of WL.  10/12/94 18:00 Filter Gross WA.: 312.8 mg
' Average Gross Wt.: 3129 mg
Filter Tare Wt.: 311.0 mg
- Difference: 1.9 mg

Remarks

Signature of Analyst: Date:

Signature of Reviewer: ’MM_ Date: 2, 2_72

‘ C4
000419 .
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)
. wuanterra
11/3/94 Method 5 Analytical Results (' Environmental
. Services
Plant: FERMCO Run No.: V-PM-1
Sample Location Density of Acetone 0.7899 g/mi
Sample Sample Liquid level at mark
Type Identifiable and/or container sealed
Acetone ' YES YES
Filter YES YES
Acetone Blank Residue Conc. 0.0000 mg/g ~ Lab# AC 2161
Acetone Volume: 175 ml.
Date & Time of Wt.  10/13/94 15:15 Beaker Gross WA.: 102254.2 mg
Date & Time of Wt. 10/14/94 09:20 . Beaker Gross Wt.: 102254.7 mg

Average Gross Wt.. 102254.5 mg
Beaker Tare Wi.: 102241.1 mg

Less acetone blank wi.: 0.0 mg
Particulate Wit.: 13.4 mg

Filter# 9470019 Lab #: AC 2160
Date & Time of Wt.  10/12/94 08:30 Filter Gross WA.: " 316.8 mg
Date & Time of Wt. 10/12/94 18:00 Filter Gross Wit.: 316.8 mg

Average Gross Wt.. 316.8 mg

Filter Tare Wt.: 314.8 mg

Weight of Particulate on Filter: 20 mg

Weight of Particulate in Acetone Rinse: 134 mg

Total WA. of Particulate: 154 mg

_ Signature of Analyst: Date:

Signature of Reviewer: MM Date: ,:é£f¢

0060120°



Quanterra

134 Method § Analytical Results Environmenal
Plant: FERMCO : Run No.: V-PM-2
Sample Location Density of Acetone 0.7899 g/ml
Sample Sample Liquid level at mark
Type Identifiable and/or container sealed
Acetone YES YES
Filter YES YES -
Acetone Blank Residue Conc. 0.0000 mg/g Lab#: AC 2169

Acetone Volume: 106 ml.

Date & Time of Wt.  10/13/94 15:15 ~ Beaker Gross WA.. 103808.9 mg
Date & Time of Wt.  10/14/94 09:20 Beaker Gross Wt.: 103809.2 mg

Average Gross Wt.: 103809.1 mg
Beaker Tare Wi.: 103806.5 mg

Less acetone blankwt.. 0.0 mg
Particulate Wt.: 26 mg

Filter# 9470018 Lab#: AC 2168

Date & Time of Wt.  10/12/94 08:30 Filter Gross Wt.: | 317.2 mg
Date & Time of Wt.  10/12/94 18:00 Filter Gross Wt.: 3171 mg

Average Gross Wi.. 3172 mg

Filter Tare Wt.: 3155 mg

Weight of Particulate on Filter: 1.7 mg

Weight of Particulate in Acetone Rinse: 26 mg

Total WA. of Particulate: 43 mg

Signature of Analyst: Date:

Signature of Reviewer: _}MM : Date: E’f‘/’/

000121 c6
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(1)
11734 _  Quanterra
Method 5 Analytical Results Environmenrs!
Plant: FERMCO | Run No.: V-PM-3
Sample Location Density of Acetone 0.7899 g/ml
Sample Sample Liquid level at mark -
Type Identifiable - and/or container sealed
Acetone YES : YES
Filter YES YES
Acetone Blank Residue Conc. 0.0000 mg/g Lab #: AC 2177

Acetone Volume: 187 mi.

Date & Time of Wt.  10/13/94 15:15 Beaker Gross Wit.:
Date & Time of Wt.  10/14/94 09:20 Beaker Gross Wit.:
Average Gross Wt.:
Beaker Tare Wt..
Less acetone blank wt.:
Particulate Wit.:
Filter# 9470017 Lab#: AC 2176
Date & Time of Wt.  10/12/94 08:30 Filter Gross Wi.:
Date & Time of Wt.  10/12/94 18:00 Filter Gross WA.:
Average Gross Wt.:
Filter Tare WA.:

. Weight of Particulate on Filter:
Weight of Particulate in Acetone Rinse:

Total WA. of Particulate:

Signature of Analyst: ' _ Date:

Signatdre_ of Reviewer: M /%ZL Date: /,A/ff
. Lol

112368.7 mg

112369.0 mg

112368.9 mg

112369.0 mg
0.0 mg
0.0 mg

310.6 mg

310.7 mg
310.7 mg

308.6 mg
21 mg

0.0 mg

21 mg

0002225
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IT Air Quality Services ' (' uanEfn?onmemal

November 3, 1994 : Services

Client Project ID: FERMCO\332331 : | Job Number: 1501

METALS ANALYSIS
Results in total ug

Sample Matrix: Air

Client Sample ID: Method Blank COMPOSITE V-PM-FB
Lab Sample ID: _ PBF101A AC2155
arsenic 500 U 500 U
barium 1.00 U - 250 +
beryllium 0500 U 0.500 U
cadmium 250 U 250 U
chromium 500 U 500 U
lead ‘ 1.00 U .00 U
mercury ' 0.100 U 0.200 U

© selenium . ' 1.00 U 3.00 +
silver A 250 U 250 U

Digestion Date: 10/18/94
Analysis Date: 10/21/94 (ICP), 10/19/94 (CVAA)

+ - Positive result.
U - Compound was analyzed for but not detected. The number is the detection limit for the sample.

C-8
0001<3
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IT Air Quality Services Eoviranmenta
Novelnber 3, 1994 ] . Services

Client Project ID: FERMCO\332331 , ’ Job Number: 1501

METALS ANALYSIS
Results in total pg

Sample Matrix: Air

.

Client Sample ID: COMPOSITE V-PM-| COMPOSITE V-PM-2  COMPOSITE V-PM-3

Lab Sample ID: AC2164 AC2172 AC2180

arsenic : 500 U 5.00 U : 5.00 | U
barium 3.00 + 250 + 3.00 +
beryllium . 0.500 U 0.500 U | 0.500 U
cadmium 250 U 250 U 2.50 U
chromium 500 U 500 U 500 U
lead .00 + 150 + 150 +
mercury 0200 U 0.200 U 0.200 U
selenium 10.0 + 1.00 U 1.00 U
silver 250 U 0] 250 U

2.50

Digestion Date: 10/18/94
Analysis Date: 10/21/94 (ICP), 10/19/94 (CVAA)

+ - Positive result.
U - Compound was analyzed for but.not detected. The number is the detection limit for the sample.

0001243



—— Client"Project ID: FERMCO\332331

IT Air Quality Services
November 3, 1994

Quanterra

Environmental
Services

METALS ANALYSIS

Results in total ug

Sample Matrix: Air

Client Sample ID: METHOD BLANK V-PM-FB HCL

Lab Sample ID: CPBW1018 AC2156

mercury 0.020 U 1.28 +
Analysis Date: 10/18/94

+
U

- Positive result.

Job Number: 1501

V-PM-FB KMNO04/H2504
AC2157 Tkl
V-PH

252 + 319‘

- Compound was analyzed for but not detected. The number is the detection limit for the sample.

000125 C-10
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IT Air Quality Services (' uangfmmm
November 3, 1994 : Senvices
Client Project ID: FERMCO\332331 , Job Number: 1501

METALS ANALYSIS
Results in total ug

Sample Matrix: Air

Client Sample ID: V-PM-1 HCL V-PM-1 KMNO4/H2S04 V-PM-2 HCL
Lab Sample ID: AC2165 AC2166 ;r,g | Ac2in

5

mercury 0.337 + 6.37 + 0.570 +

Analysis Date: 10/18/94

+ - Positive result. :
U - Compound was analyzed for but not detected. The number is the detection limit for the sample.

“t . o001zs



IT Air Quality Services
November 3, 1994

Quanterra

Environmental
Services

—Client Project ID: FERMCO\332331

METALS ANALYSIS
Results in total pg

Sample Matrix: Air

Client Sample ID: V-PM-2 KMN04/H2504 V-PM-3 HCL

Lab Sample 1D: AC2174 o AC2181
v-PM-2
mercury 835 + P19 0.074 U
Analysis Date: 10/19/94

+
U

- Positive result.

Job Number: 1501

V-PM-3 KMNO4/HZSO4T
AC2182
Acu®

.44 + 14

)

- Compound was analyzed for but not detected. The number is the detection limit for the sample.

C-12
0001<7
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n
o _ Quanterra
IT Air Quality Services ' Environmental
Services

November 3, 1994

Client Project ID: FERMCO0\332331 Job Number: 1501

METALS ANALYSIS
Results in total pug

Sample Matrix: Air

Client Sample 1D: METHOD BLANK 0381 A KMNO04/H2504
Lab Sample ID: CPBW1019A AC2189
mercury 0.020 U 0.074 +

Analysis Date: 10/18/94

+
U

- Positive result.
- Compound was analyzed for but not detected. The number is the detection limit for the sample.

C-13
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Quanterra

Environmental
Services

Quanterra Incorporated
5815 Middlebrook Pike

Knoxville, Tennessee 37921

615 588-6401 Telephone
615 584-4315 Fax

IT Air Quality Services November 16, 1994
11499 Chester Road
Cincinnati, OH 45246
Attn: Dave Osterhout

Job Number; 1498

This is the Certificate of Analysis for the following samples:

Client Project ID: " FERMCO0/332331
Date Received by Lab: August 18, 1994
Number of Samples: Twelve (12)

Sample Type: Liquid - eight (8); Filter - four (4)
1. Introduction | »
On August 18, 1994, eight (8) liquid samples and four (4) filter samples afrived at Quanterra

Environmental Services, Knoxville, Tennessee, from IT Air Quality Services, Cincinnati, Ohio. The list
of analytical tests performed, as well as date of receipt and analysis, can be found in the attached report.

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of data will include
sample identification information and the analytical results.

The samples were transferred to Quanterra Environmental Services St. Louis laboratory for
radiochemical analyses. A copy of their report is attached.

Reviewed and Approved:

A,

Kenneth Mueller
Project Manager

000132 e



IT Air Quality Services
November 16, 1994

Client Project ID: FERMCO/332331

III. Quality Control

Quanterra 6543

Environmental
Services .

Job Number: 1498

Table I is a cross reference between client sample IDs and laboratory sample IDs.

Table 1

Client Sample ID

Knoxville Lab Sample ID

St. Louis Lab Sample ID

V-R-1 Filter Run 1 380B ACl411 6363-001
V-R-1 Acetone Run 1 380A AC1412 6363-005
V-R-1 H,0 Run 1 383A AC1413 "
V-R-2 Filter Run 2 487B ACl1415 6363-002
V-R-2 Acetone Run 2 487A ACl1416 6363-006
V-R-2 H,0 Run 2 488A ACl1417 "
V-R-3 Filter Run 3 489B AC1419 - 6363-003
V-R-3-Acetone Run 3 489A AC1420 6363-007
I V-R-3 H,O Run 3 490A AC1421 "

Blank Filter 459B ACl1423 6363-004
Blank Acetone 384A ACl1424 6363-008
Blank H,0 382A AC1425 "

2

C-17

0060132
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Quanterra

Environmental
Services

Quanterra Incorporated
13715 Rider Trail North

Earth-City, Missouri-63045

314 298-8566 Telephone

314 298-8757 Fax
CERTIFICATE OF ANALYSIS

Quanterra

5815 Middlebrook Pike

Knoxville, TN 37921

. Ken Mueller
October 14, 1994

Page 1 of 3
PROJECT NUMBER: 552.03
DATE RECEIVED: October 3, 1994
NUMBER OF SAMPLES: Eight (8)
. SAMPLE MATRIX: Four (4) Filter

Four (4) Liquid

I. Introduction A

On October 3, 1994, eight (8) samples were received at Quanterra Environmental Services at St.
Louis from Quanterra at Middlebrook. The list of analytical tests performed, as well as receipt
and analysis, can be found in the attached report. The samples were labeled as follows:

MIDDLEBROOK ST. LOUIS
SAMPLE ID SAMPLE ID
ACl1411 6363-001
ACl415 6363-002
AC1419 6363-003
AC1423 . 6363-004
ACl1412 & ACI1413 6363-005
ACl416 & AC1417 6363-006
AC1420 & ACl1421 6363-007
AC1424 & AC1425 6363-008
C-20
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(‘_/uanterra 65 4 3

Emvironmental
Services

Quanterra
Project Number: 552.03
October 14, 1994

Page 2 of 3
II. Analytical Results/Methodology

The analytical results for this report are presented by analytical tests. Each set of data will
include sample identification information, the analytical results, and the appropriate detection

limits.

The analyses requested include: Gross Alpha/Beta by standard method 7110, Gamma Isotopic
by method HASL 300 4.5.2.3 for filters and EPA method 901.1 for liquids, and Total Uranium

by KPA
III. Quality Control

The QA/QC information can be found immediately following the analytical data. This QA/QC
data are used to assess the laboratory's accuracy and precision during the analytical procedure.

Iv. Comménts/Nonconformances

Total volumes of acetone and water were composited and analyzed for samples 6363-005, -006, -
007, and -008. The samples composited are indicated in the introduction above.

PCI/FIL = picocuries per filter
PCI/L = picocuries per liter
ND = non detect
%REC = percent recovery
Gross Alpha/Beta
There are no comments or nonconformances associated with this analysis.
Tota] Uranium
There are no comments or nonconformances associated with this analysis.

Gamma Spectroscopy

There are no comments or nonconformances associated with this analysis.

C-21
000136



(/uanterra

Environmental
Services

Quanterra

Project Number: 552.03
October 14, 1994
Page 3 of 3

I certify that this Certificate of Analysis is in compliance with the terms and conditions of the
contract, both technically and for completeness, for other than the conditions detailed above.
Release of the data contained in this hardcopy data package has been authorized by the laboratory
manager or his designee, as verified by the following signature.

Reviewed and approved:
e R vl

Robert E. White"
Project Manager

C-22
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gg??t:ir;:lebrook Pike | Q/}‘uanterra 6 5 4 3

Knoxville, TN 37921-5947

Environmental
Project: 552.03 Services
Category: Gross Alpha/Bets ’ Report Date: 10/13/94
Method: STD Method 7110 Date Sampled: 08/04/94

Matrix: Filter Date Received: 10/03/9%

Client Quanterra Prep Date 2 Sigma

1D 10 Parameter Date Anslyzed Result Units Error MDA
+/-)

AC1411 6363-001 Gross Alpha 10/10/94 10/11/94 4.51 PCI/FIL 0.75 0.53

AC1411 6363-001 Gross Beta 10/10/94 10711794 1.07 PCI/FIL 0.27 0.50

V-F[ P ler

C-23 '
.000348



Category: Gross Alpha/Beta
Method: STD Method 7110

Quanterra

5815 Middlebrook Pike

Knoxville, TN 37921-5947

Project: 552.03

' 1)
Quanterra
Environmental
Services

Report Date:  10/13/94
Date Sampled: 08/04/94
Date-Received:-10/03/94—

Matrix:___Filter

Client Quanterra Prep Date 2 Sigma
] 1D Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1415 6363-002 Gross Alpha 10/10/94 10/11/94 4.70 PCI/FIL ' 0.73 0.43
AC1415 6363-002 Gross Beta 10710794 1071179 1.73  PCI/FIL 0.32 0.47
V-R-2 Filter
C-24
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gg??t:'i.;:lebrook Pike 36 5 4 3

1)1
Knoxville, TN 37921-5947 Q//uanterr
’ Environmental
. Project: 552.03 Services
Category: Gross Alpha/Beta Report Date: 10/13/94
Method: STD Method 7110 Date Sampled: 08/04/94
Matrix: Filter . Date Received: 10/03/94
Client Quanterra Prep Date - 2 Sigma
10 ID Parameter Date Analyzed Result Units Error MDA
(+/+)
AC1419 v 6363-003 Gross Alpha 10/10/94 10/11/94 4.99 PCI/FIL 0.79 0.48
AC1419 ) 6363-003 Gross Beta 10/10/94 10/11/94 1.42 PCI/FIL 0.30 0.49

V-1-3 Fver

©2 0060140



Quanterra

5815 Middlebrook Pike Y
Knoxville, TN 37921-5947 Q//ua"ter ra
Environmental
Project: 552.03 Services
Category: Gross Alpha/Beta . Report Date: 10/13/94
Method:  STD Method 7110 Date Sampled: 08/04/94
Matrix: Filter . Date Received: 10703794
Client Quanterra ' Prep Date 2 Sigms
10 \ 10 Parameter Date Analyzed Result Units Error MDA
: (+/-)
AC1423 6363-004 Gross A!.pha 10/10/94 10/11/94 4.95 PCI/FIL 1.00 0.85
AC1423 6363-004 Gross Beta 10/10/94 10/11/94 1.846 PCI/FIL 0.53 0.94

Blank Flber

C-26
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Quanterra

6543

5815 Middlebrook Pike (})Y
Knoxville, TN 37921-5947 Q//uanterra
Environmental
Project: 552.03 Services
Category: Gross Alpha/Beta Report Date:  10/13/94
Method: STD Method 7110 Date Sempled: 08/04/94
Matrix: Liquid Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
10 ) {+] Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1412 & AC1413  6363-005 Gross Alpha 10/12/94 10/13/94 ND PCI/L 1.75
AC1412 & AC1413  6363-005 Gross Beta 10/12/94 10/13/94 T ND PCI/L 2.82
\/‘ TZ’ l A‘t‘l / H 20
C-27
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Quanterra

5815 Middlebrook Pike )Y '
Knoxville, TN 37921-5947 (r/_/uanter ra
Environmental
Project: 552.03 Services
Category: Gross Alpha/Bets Report Date: 10/13/94
Method:  STD Method 7110 Date Sampled: 08/04/94
Matrix: Liquid Date Received: 10703/94
Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
’ (+/<)
AC1416 & AC1417  6363-006 Gross Alpha 10/12/94 10/13/94 ND PCI/L 1.33
AC1416 & AC1417  6363-006 Gross Beta 10/12/94 10/13/94 ND PCI/L 2.93
V’/'Z“L Au / I-{;O
C-28
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“ategory: Gross Alpha/Beta
lethod: STD Method 7110
datrix: Liquid

Quenterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

N
Quanterra
: Environmental
Services

Report Date: 10/13/94
Date Sampled: 08/04/94
Date Received: 10/03/94

lient Quanterra Prep Date 2 Sigma
D 10 Parameter Date Analyzed Result Units Error MDA
’ . (+/-)
\C1420 & AC1421  6363-007 Gross Alpha 10/712/94 10/13/94 ND PCI/L 1.63
\C1420 & AC1421  6363-007 Gross Beta 10/712/94 10/13/94 ND PCI/L 2.73
\/"]21- 3; ,Q1:‘~//i{l‘7
C-29
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— Method:

Category: Gross Alpha/Beta

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

1)1
Quanterra
Environmentsal
Services

Report Date: 10/13/94

STD-Method-7110
Matrix: Liquid

Client : Quanterra Prep Date Z.Sigma
ID 1D Parameter Date Analyzed Result Units Error MDA
(+/)
AC1424 & AC1425  6363-008 Gross Alpha 10/712/94 10/13/94 ND PCI/L 1.55
AC1424 & AC1425 6363-008 Gross Beta 10/12/94 10/13/94 ND PCI/L 2.74
’BlW/L A&L/Iv(lo
C-30
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Category: Gross Alpha/Beta
Method: STD Method 7110
Matrix: Filter

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

65483

111
Quanterra
Environmental
Services

Report Date:
Date Sampled: N/A
Date Received: N/A

Client Quanterra Prep Date 2 Sigma
0 10 Parameter Date Analyzed Result Units Error MDA
) (+/-)
NA QCBLK47681-1 °  Gross Alpha 10/10/94 10/11/94 ND  PCI/FIL 0.20
NA QCBLK47681-1  Gross Beta 10/10/96  10/11/9% ND  PCI/FIL 0.16
C-31 - 000145

10/13/9%



Category: Gross Alpha/Beta

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

119
Quanterra
Environmental
Services

Report Date: 10/13/94

Method: STD Method 7110 Date Sampled: N/A

MatTixs Date Received: N/A

Client Quanterra Prep Date 2 Sigma

ID 10 Parameter Date Analyzed Result Units Error MDA
(+/-)

NA QCBLK48013-1 Gross Alpha 10/12/94 10/13/94 ND PCI/L 1.44

NA QCBLK48013-1  Gross Beta 10/12/96  10/13/9% NO  PCI/L 2.63

000147 .

C-32



Category: Gross Alpha/Beta

Quanterre
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

1)1
Quanterra
Environmental
Services

Report Date: 10/13/9%

Date Sampled: N/A

Method: STD Method 7110
Matrix: Filter Date Received: N/A
Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
NA QCLCS47681-1 Gross Alpha 10/10/94 10/11/94 128 XREC
NA o - QCLCS47681-1 Gross Beta 10/10/94 10/11/94 109 %REC
C-33 000148 .



Quanterra

5815 Middlebrook Pike 1)
Knoxville, TN 37921-5947 Q’/"anter ra
Egvironmental
Project: 552.03 Services
Category: Gross Alpha/Beta Report Date: 10/13/9¢
Method: STD Method 7110 Date_Sampled:_ N/A__
Matrix: Liquid Date Received: N/A
Client Quanterra Prep Date 2 Sigma
ID 10 Parameter Date Analyzed Result Units Error MDA
. (+/-)
NA QCLCS48013-1 Gross Alpha 10712796  10/13/94 93 %REC
NA QCLCS48013-1 Gross Beta 10/12/94 10/13/94 95 XREC
000149 C-34



Quanterra 6 5 4 3

5815 Middlebrook Pike N
Knoxville, TN 37921-5047 (”{"aﬂter ra
' Environmental
Project: 552.03 ) Services
Category: Gamma Spec. Report Date:  10/14/94
Method:  HASL 300 Date Sampled: 08/04/94
Matrix: Filter . ’ Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
1] 10 Parameter Date Analyzed Result Units Error MDA
. (+/-)
AC1411 6363-001 Cesium 137 10/10/94 10/12/94 ND  PCI/FIL 1.5
ACH411 6363-001 Lead 212 10/10/94 10/12/94 18.5 PCI/FIL 15.0 17.8
VR-1 e
)

C-35 000150..



Method:

Quanterra

5815 Middiebrook Pike : )Y
Knoxville, TH 37921-5947 - (r/_/uanterra
Environmental

Project: 552.03 i Services

Category: Gamma Spec. ) Report Date: 10/14/94
KASL_300 Date_Sampled:_ 08/04/94_
Matrix: Filter : Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
. (+/-)

AC1415 6363-002 Cesium 137 10/10/94  10/12/9% ND  PCI/FIL 14.7
"AC1415 6363-002 Potassium 40 10/10/94 10/12/94 396 PCI/FIL 120 138

VB2 Filer

L C-36
000151



Category: Gammas Spec.
Method:  HASL 300
Matrix: Filter

Quanterra
5815 Middlebroock Pike
Knoxvilte, TN 37921-5947

Project: 552.03

dhmnﬂum;sséls

Environmental

Services
Report Date:  10/14/94
Date Sampled: 08/04/94
Date Received: 10/03/94

Client Quanterra Prep Date : 2 Sigma
(1] 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1419 6363-003 Cesium 137 10/10/94 10/12/94 ND  PCI/FIL 13.9
V'K‘g ﬁ N—(/
C-37 0002152



Quanterra

5815 Middlebrook Pike 1Y
Knoxville, TN 37921-5947 wuanterra
Environmental
. ) Project: 552.03 Services
Category: Gamma Spec. ) Report Date: 10/14/94
Method:  HASL 300 Date Sampled: 08/04/94
Matrix:  Filter Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
- 10 Parameter ) Date Analyzed Result Units Error MDA
(+/-)
AC1423 6363-004 Cesium 137 10/10/94 10/12/94 ND  PCI/FIL 1.7
Bk F e
1
C-38
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Category: Gamma Scan
Method: EPA 901.1
Matrix: Liquid

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

1)1
Quanterra
’ Environmental
Services

Report Date: 10/14/96
Date Sampled: 08/04/94
Date Received: 10/03/94

Client Quanterra Prep Date 2 Sigma
1D ID Parameter Date Analyzed Result Units Error MDA
i (+/-)
AC1412 & AC1413  6363-005 Cesium 137 10/50/94 10/11/94 ND PCI/L 6.90
V- flee[H;0
C-39 _15@;



Quanterra

5815 Middlebrook Pike MY
Knoxville, TN 37921-5947 Q/uanterra
Environmental
Project: 552.03 _ Services
Category: Gamma Scan ] Report Date: 10/14/94
Method: EPA 901.1 : Date Sampled: 08/04/94
Matrix: Liquid Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
1D 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
‘AC1416 & AC1417  6363-006 Cesium 137 10/10/94 10/11/94 ND PCI/L 8.44
AC1416 & AC1417  6363-006 Potassium 40 10/10/94 10/11/94 209 PCI/L - T 97

V-2-Z e [0

000155 C-40



Category: Gamma Scan
Method: EPA 901.1
Matrix: Liquid

Quanterra
5815 Middliebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

1}Y
Quanterra
. Environmental
Services
Report Date: ~ 10/14/94

Date Sampled: 08/04/94
Date Received: 10/03/94

Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1420 & AC1421  6363-007 Cesium 137 10/10/94 10/11/94 ND PCI/L 8.04
\/':FZ "2; f§Cz_./l(;,C?
AY 2 Y8
C-41 060238 .



Category: Gamma Scan

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

1Y .
Quanterra
Environmental
Services
Report Date: 10/14/94

Date Sampled: 08/04/94

Method:  EPA 901.1
Matrix: Liquid Date Received: 10703794
Client Quanterra Prep Date 2 Sigma
D 10 Parameter Date Analyzed Result Units Error MDA
. ) (+/-)

\

AC1424 & AC1425 6363-008 Cesium 137 10710794 10/11/94 ND PCI/L 7.88
‘K&WL~41/H;O
>
C42
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Category: Gamma Scan

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

(1))
Quanterra
Emvironmental
Services

Report Date: 10/14/94

Date Sampled: N/A

Method: EPA 901.1
Matrix: Liquid Date Received: N/A
Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed- Result Units Error MDA
(+/-)
NA QCBLK47670-1 Cesium 137 10/10/94 10/12/94 ND PCI/L 7.98
C43 000158



Category: Gamma Spec.

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: - 552.03

1)9
Quanterra
Environmental
Services

Report Date: 10/14/9

Date Sampled: N/A

Method: ~ HASL 300
Matrix: Filter Date-Received:—N/A— —
Client Quanterra Prep Date 2 Sigma
{] 1D Parameter Date Analyzed Result Units Error MDA
. : (+/-)
NA QCBLK47676-1 Cesium 137 10/10/94 10/12/94 ND  PCI/FIL 12.5
-~
060139 C-44



6543

guanter-ral ‘ n
815 Middlebrook Pike
Knoxville, TN 37921-5947 wuanterra
Envn'_mnmental
Project: 552.03 Services
Category: Gamma Scan Report Date: 10/14/94
Method: EPA 901.1 Date Sampled: N/A
Matrix: Liquid Date Received: N/A
Client Quanterra Prep Date 2 Sigma
1D 10 Parameter Date Analyzed Result Units Error MDA
(+/-)

NA QCLCS47670-1 Americium 241 10/710/94 10713/94 98 %REC
NA QCLCS47670-1 Cesium 137 10/10/94 10/13/94 101 %REC
NA QCLCS47670-1 Cobalt 60 10/10/94 10/13/94 100 %REC

C-45 :
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________ Method:

Quanterra

5815 Middlebrook Pike &)
Knoxville, TN 37921-5947 Q//uanterra
. Environmental
Project: 552.03 i Services
Category: Gamma Spec. Report Date: 10/14/94
HASL_300 Date Sampled: N/A
Matrix: Filter Date Received:—N/A——
Client Quanterra Prep Date 2 Sigma
10 ’ 10 Parameter Date Analyzed Result Units Error MDA
. : (+/-)
NA QCLCS47676-1 Americium 241 10/10/94 10/13/94 96 XREC
NA 0CLCSA7676-1 Cesium 137 10/10/94 10/13/94 105 XREC
NA QCLCS47676-1 Cobalt 60 10710794 10/13/94 101 XREC

000161 a6



Quanterra

6543

5815 Middlebrook Pike M
Knoxville, TN 37921-5947 Q/(uanterra
Environmental
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94
Hethgd: A§TN 5174-91 Date Sampled: 08/04/94
Matrix: Filter Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
1D 1D Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1411 6363-001 Uranium, Total 10/12/94 10/12/94 ND PCI/FIL 2.12 :300
ol ._ /ﬂ

V-R-| Fi Ner

Note: The coversion of pg of uranium to pCi of uranium is based on the O

factor of 0.706 pCl/ug.

Cc-47

OT (48CFR173.434) conversion

00016<



Category: TOTAL URANIUM (KPA)

Quanterra :
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

1}Y R
Quanterra
Environmental
Services
Report Date:  10/14/94

Date Sampled: 08/04/94

Method: ASTM 5174-91

Matrix:—Filter Date Received: 10703794

Client Quanterra Prep Date 2 Sigma

10 10 Parameter Date Analyzed Result Units  Error MDA

: (+/-)

AC1415 6363-002 Uranium, Total 10/12/94 10/12/94 ND  PCI/FIL 2.12 _’3 0

V-R-Z Fifer o o
\
C-48
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Category: TOTAL URANIUM (KPA)
Method: ASTM 5174-91
Matrix: Filter

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

6543

()Y
Quanterra
Environmental
Services
Report Date:
Date Sampled:

10/14/94
08/04/94

Date Received: 10/03/94

Client Quanterra Prep Date 2 Sigma
] 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1419 . 6363-003 Uranium, Total 10/12/94  10/12/9% ND  PCI/FIL 2.12
—— m
706~ -
7 \.

V-T-% FiNer

C49
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Category: TOTAL URANIUM (KPA)

)

Quanterra
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

)9
Quanterra
Environmental
Services
Report Date:  10/14/94

Method:  ASTM 5174-91% Date Sampled: 08/04/94

Matrix:— Filter Date Recéived: 10703794

Client Quanterra Prep . Date 2 Sigma

1D 1] Parameter Date Analyzed Result Units Error MDA

' (+/-)

AC1423 6363-004 Uranium, Total 10/12/94 10/12/94 ND  PCI/FIL 2.12 :3_"

706 .
e

Blomk F Her

000163

C-50



Quanterra

6543

5815 Middiebrook Pike 1)} .
knoxville, TN 37921-5947 Q/uanter ra
Envi.mnmemal
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94
Method: . ASTM 5174-91 Date Sampled: 08/04/94
Matrix: Liquid Date Received: 10/03/94
Client Quanterra ’ Prep Date 2 Sigma
10 10 : Parameter Date Analyzed Result Units Error MDA
. (+/-)
AC1412 & AC1413  6363-005 Uranium, Total 10/10/94 10/12/94 ND PCI/L

VRl feefH20

C-51

000168

0.71
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Category: TOTAL URANIUM (KPA)

Quanterra .
5815 Middlebrook Pike
Knoxville, TN 37921-5947

Project: 552.03

(1)
Quanterra
Environmental
Services
Report Date: 10/14/94
___Date_Sampled:__08/04/94__

__ Method:___ASTM_5174-91
Matrix: Liquid

Date Received: 10/03/94

Ctient Quanterra Prep Date 2 Sigma
10 1{+] Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1416 & AC1417  6363-006 Uranium, Total 10/10/94 10/12/94 ND PCI/L 0.71 =10
‘ S0
V-L-Z Au/HZO @
C-52
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Quanterra

6543

5815 Middlebrook Pike (1)
Knoxville, TN 37921-5947 Q//uanterra
Environmental
Project: 552.03 ‘Services
Category: TOTAL URANIUM (KPA) Report Date: 10/714/94
Nethgd: A§TM'5174-91 Date Sampled: 08/04/9
Matrix: Liquid Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma
ID : 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
\C1420 & AC1421 6363-007 Uranium, Total 10/10/94 10/12/94 15.4 PCI/L 2.24 0.71
—_—c
706

V-3 free [0

C-53
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Quanterra

5815 Middlebrook Pike (1) .
Knoxville, TN 37921-5947 wuanterra
- Environmental
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94
Method: ASTM 5174-91 Date_Sampled:__08/04/94_
Matrix: Liquid Date Received: 10/03/94
Client Quanterra Prep Date 2 Sigma :
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
AC1424 & AC1425 4363-008 -Uranium, Total 10/10/94 10/12/%94 1.28 PCI/L 0.14 0.71 =/
ey X
| | - 706
/w3 AOL/H 20 G
0GUZLRY. - C-54



Quanterra

6543

5815 Middlebrook Pike (1))
Knoxville, TH 37921-5947 Q/_/uanterra
Environmental
’ Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date:  10/14/94
‘Method:  ASTM 5174-91 Date Sampled: N/A
Matrix: Liquid Date Received: N/A
Client Quanterra Prep Date 2 Sigma
1o 1D Parameter Date Analyzed Result Units Error MDA
(+/-)
NA QCBLK47641-1 Uranium, Total 10/10/94 10/12/94 ND PCl/L 0.71 ,
- 706~ 9%
C-55 000170 "



Quanterra

0001

3

ped

¢

@,

C-56

5815 Middlebrook Pike 1Y
Knoxville, TN 37921-5947 Q//uanfe" ra
Environmental
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date:  10/14/94
Method:  ASTM 5174-91 Date Sampled: N/A
Matrix: Filter Date Received: N/A
Client Quanterra ) Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
NA QCBLK47842-1 Uranium, Total 10/12/94 10/12/94 ND . PCI/FIL 2.12 ,3
0%~
'



Quanterra 4 3 '
5815 Middlebrook Pike ()Y 6 5
Knoxville, TN 37921-5947 Q//uanterra
Environmental
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94
Method:  ASTM 5174-91 Date Sampled: N/A
Matrix: Liquid Date Received: N/A
Client Quanterra Prep Date 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
. (+/-)
NA QCLCS47641-1 Uranium, Total 10/10/94  10/12/94 114 %REC

C-57

000172
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Quanterra ™
5815 Middlebrook Pike
Knoxville, TN 37921-5947 Q’_/"a"ter ra
Environmental
Project: 552.03 Services
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94
Method: ASTM 5174-91 Date Sampled: N/A
Matrix: Filter Date Received: N/A
Client Quanterra Prep Date ‘ 2 Sigma
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
NA ' QCLCS47842-1 Uranium, Total 10/12/94 10/12/94 119 %REC
C-58
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6543

- QPuanterra
Environmental
Services
Quanterra Incorporated
5815 Middlebrook Pike
Knoxville, Tennessee 37921
615 588-6401 Telephone
615 584-4315 Fax

IT Air Quality Services October 31, 1994
11499 Chester Road ' .
Cincinnati, OH 45246

Attn: Dave Osterhout

Job Number: 1538

This is the Certificate of Analysis for the following samples:

Client Project ID: FERMCO

Date Received by Lab: September 27, 1994
Number of Samples: Nine (9)

Sample Type: Air

I. Introduction
On September 27, 1994, nine (9) air samples arrived at Quanterra Environmental Services, Knoxville,

Tennessee, from IT Air Quality Services, Cincinnati, Ohio. The list of analytical tests performed, as
well as date of receipt and analysis, can be found in the attached report.

B

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of data will include
sample identification information and the analytical results. '

-The samples were analyzed for hydrochloric acid based on method BIF 9057.

The samples were analyzed for fluoride by Ross Analytical Services, Inc., Strongsville, Ohio.

Reviewed and Approved:

i

Kenneth Mueller
Project Manager

C-65 |
000180



T .
IT Air Quality Services Q”"a"g,e,fmﬁﬂ

OCtOber 31, 1994 . i © Services

Client Project ID: FERMCO Job Number: 1538

III. Quality Control

Routine laboratory level I QC was followed.

C-66
000481



6543

(1)
IT Air Quality Services Q”"’"gﬁﬂfﬂ
October 31, 1994 : Services
Client Project ID: FERMCO ' Job Number: 1538

HYDROCHLORIC ACID ANALYSIS
Results in mg

Sample Matrix: Air

Client Sample ID Lab Sample ID ' Result - Qualifier Detection Limit
Method Blank AC3701 ' 2.5 . u 2.5
V-¢-2Z 0469 ACI797 2.4 : U 2.4
V-C~1 0395 ACI1800 2.5 U 2.5
v-C-3 0470 ACI180] 2.8 U 2.8
1,9, ol 0472 ACI802 3.2 U 3.2
Hy 0 Wlank 0473 AC1803 4.5 U 4.5

Analysis Date: 10/18/94

U - Compound was analyzed for but not detected. The number is the detection limit for the sample.

C-67
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IT Air Quality Services

Quanterra

Environmental

October 31, 1994 Services
Client Project ID: FERMCO Job Number: 1538
LABORATORY CONTROL SAMPLE % RECOVERY
Results in mg
Sample Matrix: Air

Client Sample ID: LCS
Lab Sample ID:  AC3703

Compound ’ Blank Result LCS True Value LCS Result % Recovery

hydrochloric acid 25 U 12 ' 1 92
Prep Date: 10/18/94
Analysis Date: 10/18/94 -
U - Compound was analyzed for but not detected. The number is the detection limit for the sample.

C-68
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IT Air Quality Services
October 31, 1994

Client Project ID: FERMCO

FLUORIDE ANALYSIS

Sample Matrix: Air

Client Sample ID Lab Sample ID
V-F-32 o448 ACI810
v-F-| 0446 ACI811
Y-F-7 0447 ACI1812
H,0 baunk 0471 ACI813
EQL - Estimated Quantitation Limit.

Results in mg

Result
6.8
6.3
7.5

<EQL

C-69
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Quanterra

Environmental
Services

Job Number: 1538

EstimaFed Quantitation Limit
3.0
3.0
3.0
1.5

000184
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o - Quantesra

Environmental
Services

Quanterra Incorporated

5815_Middlebrook_Pike

Knoxville, Tennessee 37921

615 588-6401 Telephone
615 584-4315 Fax

IT Air Quality Services _ October 21, 199«
11499 Chester Road

Cincinnati, OH 45246

Attn: Dave Osterhout

Job Number: 1500

This is the Certificate of Analysis for the following samples: -

Client Project ID: FERMCO/332331
Date Received by Lab: August 18, 1994
Number of Samples: Eight (8)

Sample Type: Water

I. Introduction
On August 18, 1994, eight (8) water samples arrived at Quanterra Environmental Services, Knoxville,

Tennessee, from IT Air Quality Services, Cincinnati, Ohio. The list of analytical tests performed, as
well as date of receipt and analysis, can be found in the attachéd report.

II. Analvtical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of data will include
sample identification information and the analytical results.

The samples were analyzed for sulfur dioxide based on EPA method 6.
Review proved:

Kenneth Mueller
Project Manager

S c-72
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n | 6543
IT Air Quality Services Q”uan:fofn:::az
October 21, 1994 Services

Client Project ID: FERMCO/332331 Job Number: 1500

II. Quality Control

Routine laboratory level I QC was followed.

C-73 009183



X (1)
IT Air Quality Services Ql/uan:ﬁf:g

October 21 s 1994 ) Services

Client Project ID: FERMCO/332331 Job Number: 1500

SULFUR DIOXIDE ANALYSIS
Results in mg

Sample Matrix: Air

Client Sample ID °  Lab Sample ID * Result Ist Run Result 2nd Run Average Amount Detection Limit

387A (Run V-S-1A) AC1427 0.007 0.020 _ 0.014 0.007
388A (Run.V-S-1B) AC1430 0.008 0.022 0.015 0.007
389A (Run V-S-2A) ACl1431 0.020 0.020 0.020 0.007
390A (Run V-S-2B) AC1432 0.023 0.008 0.016 : 0.008
391A (Run V-S-3A) AC1433 0.020 0.020 | 0.020 0.007
392A (Run V-S-3B) ACl1434 0.024 0.024 10.024 0,608
394A (H.O,Blank) AC1435 0.008 0.022 0.015 0.007
382A (H.O Blank) AC1437 0.071 0.071 ‘ 0.071 0.024
Analysis Date: 10/19/94
C-74
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Quanterra

Environmental
Services

Quanterra Incorporated

5815-Middlebrook_Pike

Knoxville, Tennessee 37921

615 588-6401 Telephone
615 584-4315 Fax

IT Air Quality Services ' October 17, 1994
11499 Chester Road _
Cincinnati, OH 45246

Attn: Dave Osterhout

Job Number: 1411

This is the Certificate of Analysis for the following samples:

Client Project ID: FERMCO/332331
Date Received by Lab: ~ August 18, 1994
Number of Samples: Thirteen (13)
Sample Type: - Air

I. Introduction
On August 18, 1994, thirteen (13) air samples arrived at Quanterra Environmental Services, Knoxville,

Tennessee, from IT Air Quality Services, Cincinnati, Ohio. The list of analytical tests performed, as
well as date of receipt and analysis, can be found in the attached report.

| II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of data will include
sample identification information and the analytical results.

The samples were analyzed for nitrogen oxides based on EPA method 7A.

Reviewed and Approved:

MM

Kenneth Mueller
Project Manager -

| C-76
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IT Air Quality Services Wuan:ﬁfng

October 17, 1994 . Services

Client Project ID: FERMCO0/332331 Job Number: 1411

" M. Quality Control

Routine laboratory level I QC was followed.

C-711 |
- 000132



| : , N .
IT Air Quality Services Q{/uaﬂtef ra

Environmental

OC[Ober l 7, 1 994 _ Services

Client Project ID: FERMCO/332331 B Job Number: 1411

NITROGEN OXIDE ANALYSIS
Results in ug

Sample Matrix: Air

Client Sample ID Lab Sample ID Result 1st Run Result 2nd Run

Method Blank AC2104 25 U 25 U
396A (Run V-N-1A) ‘ ACO0196 25 U 25
397A (Run V-N-1B) AC0197 25 U 25 U
398A (Run V-N-1C) " ACO198 25 U 25 U
399A (Run V-N-1D) AC0199 25 U 25 U
460A (Run V-N-2A) AC0200 25 U 25 U
.461A (Run V-N-2B) ' AC0201 25 U 25 U
462A (Run V-N-2C) AC0202 ' 25 U 25 U
463A (Run V-N-2D) AC0203 25 U 25 U
464A (Run V-N-3A) AC0204 25 U 25 U
465A (Run V-N-3B) AC0205 25 U 25 U
466A (Run V-N-3C) AC0206 25 U 25 U
467A (Run V-N-3D) AC0207 25 U 25 U
468 (Reagent Blank) AC0208 25 U 25 U

_ Analysis Date: 10/04-05/94

U - Compound was analyzed for but not detected. The number is the detection limit for the sample.

o - C-78
000493 "



#§HE VOWN

6z -SUBWIWLIOY

(-~
- -awly . (uoneqyy /sumeubis) Bwi) : {uoneiyy /aumeubig)
= :31eQ Aq panaoay ‘g :a1eQ Aq paysinbuiay ‘g
v awln] (uonesyyy /aumeubig) nug,/  Bawlj Gé 7/ \“‘N (uoneyyy /aumeubig)
O T e Aq paniaoay ‘2 53/ 97/2¢ =eqg W\ /7 \\m Aq paysinbuiay ‘2
Cz:6, Buny Ms3p (uoneyyy/aumeuBis) oSg/ Buy . S5 (uonenyyy/aumeuis)
\wN\M.\,\wi”mumD gz Ag panieday '\ | 7b=a/~£ meq /2 2 Z i gz Aq paysinbuiay |
== '(Aoads) oyoadg 08lodg . Lm gt F g — [ushd [ fewJoN
. ~. 4z 18781 0D gz ‘PaJinbay awij punodeudn}
('sow) — anyouy XJhen Aq jesodsig [)3usi] 03 uumay 7 umowiun [ guosiod [T ey ung ) aiqewwely pJezey-uonN
. ¢z -lesodsig ajdweg vz [UOIIEOIIIUBP| PJeZEH 3|qISSOd
gz -SUO0ONJISU} |e1oadg

.«Mﬁ\.&v vVE9h

=
=

N\ A\ A

_ . U-0-N) yene
r~ - B S A\NOJ s.Q_hﬂA‘IV A.QJ.\\..N
. I-t-A
‘\6.7\?&32 Tﬁ\«\ TNNW Aé/h)e 02 - 79bE
‘o[ pJoday adiasay weaboug anensas| awnjop adky | pa3oaj0) edk}/uondssag Joquinpy
ze jesodsig |z uo uotpuoy 0z Buiysa) pajsanbay 61 “o4d m-o_nEam F..«:._un.:enu o—oEEouun Gl ojdweg " ajdwesg
ddd C J U S [, @1eq Moday paJnbay
— S Q@ﬁwfomgf c1 ON lahepn/Jarue] 9 ON Jap.Q aseyoung
oy = £, 9uoyd/1oejuor) 103loug L7 . Jabeuepy 108louy
QWY f~ y oSl =51 : b av K

6 10BIU0] ge ‘ “ N\.ﬂ\M ¢ "ON 483uaQ Wo.d
/

g uoneunsag ge Q\@ 2 SJaquisiy wes ajdweg
509 lig , 9eQ wawdys sadweg \ M.M“\“ \\OQ@P ‘ON/3wep 308loudg

7 jo | abed ~ »QHOD3H AQOLSND 40 NIVHD NOLLYIORIOD
/$6 1Y "oN wawnab sousueley , Ll4) ONV 1SINOIY SISATYNY ififdiease: L A20ToNmoaL

000134

C-79



\, \\: A
y L | T | Gorpbhog)
IR MBI | Fajms | 2 Ay
‘O pJoday adiasay weaboig aneasas | awnjop adAj pa3dajey | - edAg/uonduasag
2z 1esodsig |2 Uo uorIpuo) oz Buirsa) passanbay 6194d  [g1ajdweg |, H1outeIu0g |, awyy/a3eq | G| ojdwesg 1 8jdweg
w2 % ANIT d3d YINIVLINGD INO

ooh.,\.\:\&\é\\% ajeq wawdiyg sajdweg

defa

|

777 S
|

abed
aJajay

156765 ™

M
:2\%

«("3u03) AHOJ3H AOLSNI 40 NIVHD
anNv 1S3N03d SISATVNY

oz

awep 308loug

dIO0D

ADOTONHDIL
TYNOLLYNYILNI

0GO1SS

1Q

Q



6543

APPENDIXD

SAMPLING AND
ANALYTICAL PROCEDURES
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SAMPLING AND
ANALYTICAL PROCEDURES

The sampling and analytical procedures for this test program are summarized in Table 1.

Table 1
Sampling and Analytical Plan
* Sampling and Analysis Number and Duration
Parameter Method Reference of Tests

Radionuclides EPA Methods 5% and 114° 3 1-hour
Filterable particulate and - EPA Method 5/BIF multi- 3 2-hour
metals (As, Ba, Be, Cd, metals method®
Cr, Pb, Hg, Se, Ag)
Total fluorides - EPA Method 13B 3 1-hour
Hydrogen chloride EPA Method 26 3 1-hour
Sulfur dioxide EPA Method 6 3 (6 20-minute samples)
Nitrogen oxides EPA Method 7A® 3 (12 grab samples)
Carbon dioxide and EPA Method 3,° Fyrite 3 1-hour
‘oxygen |
Carbon monoxide Bag sample, personal 3 1-hour

carbon monoxide analyzer
Total hydrocarbons Bag sample, organic 3 1-hour

vapor analyzer

@ 40 CFR 60, Appendix A, July 1992.
b Total activity and total uranium; 40 CFR 61, Appendix B, July 1992.

c Methodology for the Determination of Metals Emissions in Exhaust Gases From
Hazardous Waste Incineration and Similar Combustion Processes (Section 3.1 of
the Methods Manual for Compliance with the BIF Regulations, EPA/530-SW-91-
0100, December 1990).

Following particulate analysis, the sample fractions were digested, the digestates were com-
bined, and the solution was analyzed for metals.

332331\S&APum - D'2
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For radionuclides, the sample fractions were composited and analyzed for total activity and
total uranium using procedures that generally follow EPA Method 114, with the exception of
analysis for total uranium by laser phosphoremetry, which is not included in Method 114.
The radionuclide analysis procedures are summarized in Table 2.

Table 2
Summary of Radiological Analysis Methods
and Detection Limits

Parameter Method® Detection Limits

Total uranium LP 1 pgffilter
Total activity '
» Gross alpha GPC 10 pCiffilter
» Gross beta - GPC 10 pCiffilter
» Gamma isotopic GS 20 pCiffilter

4 GS = Gamma scan; LP = Laser phosphoremeter; GPC =
Gas flow proportional counting.

IT's standard procedures for the test methods and a copy of EPA Method 114 are
presented on the following pages.

33233 1\S&AP\sm D'3
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Title: __ PMM
Date: 3/15/93

DETERMINATION OF PARTICULATE AND METAL EMISSIONS

Sampling for fitterable particulate matter and total metals (particulate and gase-
ous) emissions was conducted in accordance with the Me thodology for the Determina-

tion of Trace Metal Emissions in Exhaust Gases From Stationary Source Combustion
Processes* and that in Subsection 3.1 of the Methods Manual for Compliance with

BIF Regulations.** The particulate determination in this method is consistent with
EPA Method 5.*** '

Sampling Apparatus

The sampling train used in these tests is assembled by ITAQS personnel and
meets all design specifications established by the U.S. EPA. The sampling apparatus '
consists of:

Noz2zle - Borosilicate glass with an accurately measured round opening.

Probe - Borosilicate glass with a heating system capable of maintaining a mini-
mum gas temperature of 250°F at the exit end during sampling. .

Pitot Tube - A Type-S pitot tube that meets all geometric standards is used to
measure gas velocity during each sampling run.

Jemperature Gauge - Type-K thermocouple attached to the pitot tube in an
interference-free arrangement to monitor stack gas temperature with a digital
readout to within 1.5 percent Rankine.

Filter Holder - Pyrex glass with a heating system capable of maintaining a filter
temperature of 250° +25°F. A Teflon filter support is used.

FEilter - 87-mm (3-in.)-diameter, Paliflex Type 2500 QAT-UP ultra-pure fitter.

* EPA Draft Protocol, July 1988.
** EPA/530-SW-91-010, December 1990.
*** 40 CFR 60, Appendix A, July 1990.

. D-4
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Title: __PMM
Date: 3/15/93 6 54 3

Draft Gauge - An inclined manometer made by Dwyer with a readability of
0.01 in.H,0 in the 0- to 10-in.H,0O range is used. ,

Impingers - Five Greenburg-Smith design impingers connected in series with
glass ball joints. The first, third, and fifth impingers are modified by removing
the tip and extending the tube to within 1.3 cm (0.5 in.) of the bottom of the
flask. For gas streams with high moisture contents, an optional empty impinger
may be used before the first impinger as a condensate collector. An optional
empty impinger may also be used as a condensate collector between the sec-
ond and third impingers to avoid carryover into the permanganate solution.

Metering System - Vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 2.8°C (5°F), calibrated dry gas meter, and
related equipment to maintain an isokinetic sampling rate and to determine
sample to volume. The dry gas meter is made by Rockwell, and the fiber vane
pump is made by Gast. .

Barometer - Aneroid tube type to measure atmospheric pressures to
+2.5 mmHg (£0.1 in.Hg).

Sampling Procedure

Pallflex filters are desiccated for at least 24 hours and weighed to the nearest
0.1 mg on an analytical balance. One hundred mL of 5 percent nitric acid/10 percent
hydrogen peroxide solution are placed in each of the first two impingers; if mercury is
to be determined, the third and fourth impingers contain 100 mL of acidic potassium
permanganate solufion--otherwise the third and fourth impingers are not used; and the
last impinger contains 200 to 400 g of silica gel.

The train is set up with the probe as shown in Figure PMM-1. If used, the
empty condensate collector is placed before the first impinger or after the second
impinger. The sampling train is 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 con-
clusion 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 are leak-checked at the test site prior to and at the
conclusion of each test run. This check is 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 ensure that it is leak
D-5
000ZCG0
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Title: __PMM
Date: 5215295 5 4 3

free. The static-pressure side of the pitot tube is leak-checked by the same proce-
dure, except suction is used to obtain the 3-in.H,0 manometer reading.

Cruéhed ice is placed around the impingers to keep the temperature of the gas
leaving the last impinger at 68°F or less. During sampling, stack gas and sampling
train data are recorded at each sampling point. Sampling rates are determined with
the aid of a programmable calculator, and all sémpling data are recorded on the Emis-
sion Testing Field Data Sheet.

Recovery Procedures

Upon completion of each sample run, the sampling train is allowed to cool and
is then disassembled into sections. The probe and impinger sections are sealed and
carefully transported to the cleanup area.

The amount of moisture 'collected is determined volumetri'cally using a graduat-
ed cylinder or by weighing.each impinger before and after the sample run. After being
weighed, the silica gel is discarded. Figure PMM-2 is a schematic of the sample re-
covery performed on the different sample fractions. The sémples are recovered as
follows:

Container No. 1 - The filter is placed into a petri dish, sealed, and labeled.

Container No. 2 - The filter holder, probe, and nozzle are rinsed with acetone to
recover particulate. A nylon brush is used to remove particulate. The rinse is
recovered in a glass jar. '

Container No. 3 - The nozzle, probe, and filter holder front halves are rinsed
with 0.1 N HNO, into a leak-free polyethylene container.

The contents of the first two impingers (and condensate collector if used) and a
0.1 N HNO, rinse of the filter holder backhalf and connecting glassware are
placed in the same leak-free polyethylene container. The container is sealed
and labeled, and the liquid level is marked.

Container No. 4 - The contents of the third and fourth impingers and an acidi-
fied potassium permanganate rinse are placed in an amber glass container. A
final rinse with Type |l water is added to the same container. The container is
sealed and labeled, and the liquid level is marked. To prevent pressure buildup
in the container, one of the following two procedures is used: 1) a small hole is
drilled in the container lid (~1/16 in. dia.), or 2) the lid is left approximately

D-7
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Title: __PMM
Date: 3/15/93

) Probe liner . Filter hoider and Impingers Last
Filter nozzie impingers 1 & 2 3&4 Impinger
{and condensate
collector if used)
Brush & rinse
acetone
Container #2
' Glass
! ! — ! !
Remove filter with Rinse with , Measure impinger Measure impinger Weigh
teflon coated 0.1 N HNO3 : contents contents silica gel
tweezers and
place in petri dish
Recover contents Recover contents )
andrinsewith | | andrinse with Discard
0.1 N HNO3 4% KMnOu/10%H2504
then rinse with
Type H water
[ Container #4
pre——efe—  Amber glass
' . ' bottle
1
Container #1 Container #3 '
Plastic Polyethylene Rinse with 15 mL
petri dish bottle 8 N HCl to
remove any
resiiue, then with
Type it water
Container #5
Polyethylene
bottie

Figure PMM-2. Multimetals train recovery procedures.
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Title: PMM
pate: 3/15/536 54 3

one-quarter turn from closed and is taped in position. In either case, the con-
tainers should be packed to maintain them in an upright position.

Container No. 5 - If a brown residue remains in the third and fourth impingers
following the water rinse, 15 mL of 8 N HCI is measured in a graduated cylin-
der. Then 200 mL of Type II water is put in the empty polyethylene container.
One impinger is rinsed with the HCI until the residue is removed, then the rinse
is poured into the other impinger using a funnel. When the residue is removed,
the HCI rinse is added to the water in Container 5. Both impingers are again
rinsed with Type 1l water into Container 5.

Blanks of each reagent are taken in the field for preparation and analysis in a
manner identical to that for the samples. The blanks consist of one or more of the
following, depending upon the specific project requirements:

1) Field blank - A sampling train is set up, leak-checked, recovered, and
: analyzed as a sample.

2) Reagent biank - A sample of each reagent used is taken and analyzed
either separately or by combining them in the same proportion as that
used for samples.

3) Blank spike - A set of blank reagents is taken and combined in the same
proportion as was used for the samples. Prior to analysis, the blank set
is spiked with a known amount of each metal.

A diagram illustrating sample preparation and analysis procedures for each of
the sample train components is shown in Figure PMM-3.

Sample Preparation and Analysis, Particulate

Container No. 1 - The filter and any loose particulate matter from this sample
are placed into a tared weighing dish, desiccated for 24 hours to a constant
weight, and weighed to the nearest 0.1 mg.

Container No. 2 - The acetone washings aré transferred to a tared beaker and
evaporated to dryness at ambient temperature and pressure, desiccated for
24 hours to a constant weight, and weighed to the nearest 0.1 mg.

Sample Preparation and Analysis, Metals

Container Nos. 1 and 2 - The filter with its filter catch and the acetone residue
are divided into portions containing approximately 0.5 g each and placed into
the analyst's choice of either individual microwave pressure-relief vessels or

D-9 .
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Title: _PMM _
Date: 3/15/93
CONTAINER 1 CONTAINER 2 HNSOQ’ Tg'lNEB 3 CONTAINER 4 C?a/ T:C”IVEZ 5
. . 3 Acid Impingers ) an
Filter Acetone Rinse and RinsF; KMnO«/HSO« Impingers Water Rinses
Desiccate and Evaporate, desiccate, Acidity sample to pH 2 Digest with acid and Digest with acid and
weigh to 0.1 mg weigh to £ 0.1 mg with Conc. HNO3 permanganate at 95°C| Jpermanganate at 95°C
for 2 hours and for 2 hours and
' analyze for Hg by analyze for Hg by
CVAA CVAA
Reduce volume to
near dryness and
digest with HNOa
and H202
N
Divide into 0.5 g
sections and digest
each section with
Conc. HF and HNO3
using pressure reliet
microwave digestion
procedure (or Parr
Bomb)
Filter and dilute to
known volume - - -
Remove 5010 100 mi | | Digest with acid and

aliquot for Hg

permanganate at

95°C in a water bath

!

Analyze by ICAP
for metals

0002065

‘analysis by CVAA for 2 hours
Analyze by AAS )
for metals Analyze aliquot for

Hg by CVAA

Figure PMM-3. Sample preparation and analysis scheme.
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Title: _ PMM__
Date: 3/15/93 6 5 4 3

Parr® Bombs. Six mL of concentrated nitric acid and 4 mL of concentrated
hydrofluoric acid are added to each vessel. For microwave heating, the sample
vessels are microwaved for approximately 12 to 15 minutes (in intervals of 1 to
2 minutes) at 600 Watts. For conventional heating, the Parr Bombs are heated
at 140°C (285°F) for 6 hours. The samples are then cooled to room tempera-
ture and combined with the acid-digested probe rinse.

Container No. 3 - If necessary, the pH of this sample is lowered to 2 with con-
centrated nitric acid. After pH adjustment, the sample is rinsed into a beaker
-with water, and the beaker is covered with a ribbed watchglass. The sample
volume is reduced to approximately 20 mL by heating on a hot plate at a tem-
perature just below boiling. The sample is then digested as follows:

a) 30 mL of 50 percent nitric acid is added to the sample, and the
solution is heated for 30 mlnutes on a hot plate at a temperature
just below boiling. ,

b) 10 mL of 3 percent hydrogen peroxide is added, and the solution
is heated for an additional 10 minutes.

() 50 mL of hot water is added, and the solution is heated for an
additional 20 minutes.

~ After digestion, the remaining sample is combined with the contents of Con-
tainer 1. This combined solution of the acid-digested filter, probe, and probe
rinse and the impinger contents is filtered by using Whatman 541 filter paper.

The filtered solution is then divided into three fractions. The first fraction is an-
alyzed by inductively coupled argon plasma emission spectroscopy (ICAP) in
accordance with EPA Method 200.7 (40 CFR 136, Appendix C) which is the
same as Method 6010 from SW 846.* The second fraction is analyzed by
graphite furnace atomic absorption spectroscopy (AAS). The third fraction is
then digested and analyzed for mercury by cold vapor atomic absorption
(CVAA) spectroscopy.

The following list shows the methods normally used for each metal. The listed
detection limits are shown in micrograms per sample; actual detection limits will
vary depending on blank levels, any dilutions made to account for high levels of
metals, or interferences. The detection limit for mercury includes the permanga-
nate fraction. ‘

* Test Methods for Evaluating Solid Waste: PhysicaI/CHemical Methods, SW 846,
Third Edition, September 1988.
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Title: _PMM __

Date: 3/15/93
Normal procedure Optional alternate procedure
Nominal detec- Nominal detec-
-Metal Method  No.* tion limit, ug Method  No.* tion limit, ug
Antimony 1CAP 6010 30 AA 7041 2
Arsenic AA 7060 0.3 - - -
Barium ICAP 6010 0.5 - - -
Beryllium ICAP 6010 0.7 - - -
Cadmium ICAP 6010 1 - - -
Chromium ICAP 6010 3 - - -
Copper - - - ICAP 6010 3
Lead AA 7421 0.4 ICAP 6010 60
Nickel - - - ICAP 6010 10
Manganese - - - ICAP 6010 1
Mercury M - 7470 0.2 - - -
Selenium - - - AA 7740 0.5
Silver AA 7761 0.1 - - -
Thallium ICAP 6010 120 AA 7841 0.7
Zinc - - - _ICAP 6010 4

Container No. 4 - A known aliquot of the sample is taken and diluted to approxi-
mately 120 mL with mercury-free water. Approximately 15 mL of 50 percent
potassium permanganate solution, 5 mL of 50 percent nitric acid, 5 mL of con-
centrated sulfuric acid, and 9 mL of § percent potassium sulfate are added to
the sample. The sample is then heated for 2 hours at 95°C in a convection
oven or water bath. After cooling, 5 mL of hydroxylamine hydrochloride solu-
tion is added and mixed with the sample. Then 7 mL of stannous chloride is
added and the sample is analyzed for mercury by CVAA spectroscopy.

Container No. 5 - Analysis of this sample for mercury depends on project re-
quirements; it may be retained for potential analysis, it may be combined with
the same fraction from other runs for one analysis, the sample from one run
may be analyzed to confirm the absence of mercury, or each sample may be
analyzed for mercury. If analyzed, the procedures are the same as for Contain-

er 4.

NOrvmal analytical_ quality assurance measures include daily full instrument cali-
bration (ICAP is a zero and standard; AAS is a zero and minimum three standards),
analysis of a method blank, analysis of a laboratory control sampie (LCS, a method
blank spiked with a known quantity of each metal), analysis of one sample by ICAP in
duplicate, performance of all AAS analyses in duplicate, and performance of a post-
digestion spike for each metal analyzed by AAS. For specific projects, a matrix spike

may be designated for. mercury in the permanganate fraction.

* Test Methods for Evaluating Solid Waste: PhysucaI/Chemncal Methods, SW 846,
Third Edition, September 1988.
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Te: _msen 6543
Date: __3/15/93

DETERMINATION OF PARTICULATE EMISSIONS BY EPA METHOD 5
WITH BACK-HALF ANALYSIS

The sampling procedures followed during this test program are those described
in EPA Method 5,* but modified to include analysis of the impinger solution.

Sampling Apparatus

The particulate sampling train used at the exit stack during these tests meets
design specifications established by the Federal EPA. Assembied by ITAQS person-
nel, it consists of the following:

~ 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 248 +25°F at the exit end during sampling.

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

Filter Holder - Pyrex glass with a heating system capable of maintaining a filter
temperature of 248 +25°F.

Filter - Whatman Reeve Angel 934 AH glass-fiber, 3-in.-diameter.

Draft Gauge - A dual-inclined manometer made by Dwyer with a readat ility of
0.01 in.H,O in the 0- to 1-in. range and 0.1 in.H,O in the 1- to 10-in. range.

Temperature Gauge - Type-K thermocouple attached to the pitot tube in an
interference-free arrangement to monitor stack gas temperature with a digital
readout to within 1.5 percent Rankine.

* 40 CFR 60, Appendix A, July 1890.
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Title: MSBH

Date: __3/15/93
Impingers---Four- |mp|ngers connected.in_series_with glass ball joints. The first,

third, and fourth impingers are of the Greenburg-Smith design, 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
sample volume. The dry gas meter is made by Rockwell and the fiber vane
pump is made by Gast.

Barometer - Aneroid type to measure atmospheric pressure to +0.1 in.Hg.

Sampling Procedure

After the sampling site and the minimum number of traverse points are selected,
the stack pressure, temperature, composition (percent C(")2 and percent O, by vol-
ume), moisture, and range of velocity head are measured according to procedures
described in EPA Methods 1 through 4.

Approximately 200 grams of silica gel is weighed and placed in a sealed im-
pinger prior to each test. Glass-fiber filters are desiccated for at least 24 hours and
weighed to the nearest 0.1 mg on an analytical balance. One hundred milliliters (mL)
of distilled water is placed in each of the first two impingers; the third impinger is initial-
ly empty; and the fourth impinger contains silica gel. The train is set up with the probe
as shown in Figure M5BH-1. The sampling train is 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 reac 1ed during the test run.

The pitot tube and lines are leak-checked at the test site prior to and at the
conclusion of each test run. The check is made by blowing into the impact opening of
the pitot tube until 3 or moré 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 is leak-checked by the same procedure,

* 40 CFR 60, Appendix A, July 1990.
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Title: M5BH
Date: __3/15/93

placed around the impingers to keeb the temperature of the gases leaving the last
impinger at 68°F or less.

During sampling, stack gas and sampling train data are recorded at each sam;
pling point and whenever significant changes occur in stack flow conditions. Isokinetic
sampling rates are set throughout the sampling period with the aid of a calculator. All
sampling data are recorded on the Particulate Field Data Sheet.

Sample Recovery Procedure

The sampling train is moved carefully from the test site to the cleanup area.
The volume of water from the first three impingers is measured, and sample fractions

are recovered as follows:

Container No. 1 - The filter is removed from its holder and placed in a petri dish
and sealed.

Container No. 2 - Loose particulate and acetone washings from all sample-
exposed surfaces prior to the filter are placed in a polyethylene or amber glass
container, sealed, and labeled. Particulate is removed from the probe with the
aid of a nylon brush. The liquid level is marked after the container is sealed.

Container No. 3 - Distilled H,O in the impinger section of the sampling train is

placed in a polyethylene or amber glass container. The impingers and

connecting glassware are rinsed with distilled H,0O, and this rinse is added to

the container for shipment to the laboratory.

The silica gel from the fourth impinger is weighed, and this value is recorded on
the Sample Recovery and Integrity Sheet along with other pertinent data. An unused
fiter and a minimum of 200 mL each of acetone and distilled water are taken as

blanks.

‘ D-16
000<ik
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~ Title: M5BH
Date: __3/15/93

Analytical Procedures

The analytical procedures followed during this program are those described in
EPA Method 5.

Container No. 1 - The filter and any loose particulate matter from this sample
container are placed in a tared glass weighing dish, desiccated for 24 hours to
a constant weight, and weighed to the nearest 0.1 mg.

Container No. 2 - The acetone washings are transferred to a tared beaker and
evaporated to dryness at ambient temperature and pressure, desiccated for
24 hours to a constant weight, and weighed to the nearest 0.1 mg.

Container No. 3 - The contents of this container are transferred to a tared beak-

er and evaporated to dryness at 105°C, desiccated for 24 hours to a constant

weight, and weighed to the nearest 0.1 mg. .

The filter, acetone, and water blanks are analyzed in the same way as their
respective sample fractions.

The term “constant weight" means a difference of no more than 0.5 mg or
1 percent of total weight less tare weight, whichever is greater between two consecu-
tive readings, with no less than 6 hours of desiccation between weighings. All analyti-
cal data are recorded on the Analytical Particulate Data Sheet. Acetone blank data are
recorded on the Acetone Blank Data Sheet. Water blank data are recorded on the

Water Blank Data Sheet.

* 40 CFR 60, Appendix A, July 1990.
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8.2 Add 20 ml of 1 M HCl to each of
six 150 ml beakers.
8.3 Add 1.0 m! of lanthanum carrier,

— _  _0.L.mg lanthanum_per_ml, to_the_acid_so-_

lution in each beaker.

8.4 Add 1.0 ml of the ‘actinide solution
from Section 8.1 to cach beaker.

8.5 Add 5.0 ml of 3 M HF to each
beaker.

8.6 Cover beakers and allow solutions
1o stand for 2 minimum of 30 minutes.

8.7 Filter each solution through a filter
membrane using the suction filter appara-
tus.

8.8 After each filtration, wash mem-
brane with 10 m! of distilied water and §
ml of ethanol.

8.9 Allow filter membrane to dry on
filter apparatus.

8.10 Carefully remove filter membrane
and mount with doubleside tape on the
inner surface of a planchet. Mount filter
with filtration side up.

8.11 Place planchet in internal propor-
tional counter and count for 100 minutes.

8.12 The counting efficiency of the in-
ternal proportional counter is determined
as follows from the six samples:

Ce—Co
22 AT

Es = Eq. 1118

where:

Ei=counting efficiency of proportional
counter, counts per minute per disintegra-
NN per minute.

s=gross counts of standard.

Ce=gross counts of procedure back-

ground.

2.22=disintegrations per minute per

picocurie.

Aa=picocuries of actinide added.
=counting time in minutes, specified in

Section 8.11 as 100 minutes.

8.13 Determine the average countmg
efficiency of the six determinations.

9.0 Quality Assurance

9.1 General Requirements.

9.1.1 All analysts using this method are
required to demonstrate their ability to
use the method and to define their respec-
tive accuracy and precision criteria.

9.2 Specific Requirements.

9.2.1 Each sample will be analyzed in
duplicate.

9.2.2 Every tenth sample will be an ex-
ternally prepared performance evaluation
sample submitied by the Quality Assur-
ance Officer.

4-30-93
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" 9.2.3 Duplicate measurements are con-
sidered acceptable when the difference
between them is less than two standard

deviations_as described in EPA_600/4-77-

001 or subsequent revisions.

METHOD 114—TEST METHODS FOR
MEASURING RADIONUCLIDE EMISSIONS
FROM STATIONARY SOURCES

1. Purpose and Background

This method provides the requirements
for: (1) Stack monitoring and sample col-
lection methods appropriate for ra-
dionuclides; (2) radiochemical methods
which are used in determining the
amounts of radionuclides coliected by the
stack sampling and; (3) quality assurance
methods which are conducted in conjunc-
tion with these measurements. These
methods are appropriate for emissions for
stationary sources. A list of references is
provided.

Many different types of facilities re-
lease radionuclides into air. These ra-
dionuclides differ in the chemical and
physical forms, half-lives and type of radi-
ation emitted. The appropriate combina-
tion of sample extraction, collection and
analysis for an individual radionuclide is
dependent upon many interrelated factors
including the mixture of other ra-
dionuclides present. Because of this wide
range of conditions, no single method for
monitoring or sample collection and anal-
ysis of a radionuclide is applicable to all
types of facilities. Therefore, a series of
methods based on “principles of measure-
ment” are described for monitoring and
sample collection and analysis which are
applicable to the measurement of ra-
dionuclides found in effluent streams at
stationary sources. This approach pro-
vides the user with the fiexibility to choose
the most appropriate combination of mon-
itoring and sample collection and analysis
methods which are applicable to the efflu-
ent stream to be measured.

2. Siack Monitoring and Sample Col-
lection Methods

Monitoring and sample collection
methods are described based on “princi-
ples of monitoring and sample collection™
which are applicable to the measurement
of radionuclides from effluent streams at
stationary sources. Radionuclides of most
elements will be in the particulate form in
these effiuent streams and can be readily
collected using a suitable filter media. Ra-
dionuclides of hydrogen, oxygen, carbon,

 FEDERAL REGULATIONS

nitrogen, the noble gases and in some cir-
cumstances iodine will be in the gaseous
form. Radionuclides of these elements

‘will require cither the use of an in-line or

off-line ‘monitor to directly measure theé

radionuclides, or suitable sorbers, con-
densers or bubblers to coliect the ra-
dionuclides. v

2.1 Radionuclides as Particulates. The
extracted effluent stream is passed
through a filter media to remove the par-
ticulates. The filter must have a high effi-
ciency for removal of sub-micron parti-
cles. The guidance in ANSI N13.1-1969
shall be followed in using filter media to
collect particulates (incorporated by ref-
erence-sce §61.18).

2.2 Radionuclides as Gases.

2.2.1 The Radionuclide Tritium (H-3).
Tritium in the form of water vapor is col-
lected from the extracted effluent sample
by sorption, condensation or dissolution
techniques. Appropriate colleciors may
include silica gel, molecular sieves, and
ethylene glycol or water bubblers.

Tritium in the gaseous form may be
measured directly in the sample stream
using Method B-1, coliected as a gas sam-
ple or may be oxidized using a metal cata-
lyst to tritiated water and coliected as de-
scribed above.

2.2.2 Radionuclides of Todine. lodine is

collected from an extracted sample by
sorption or dissolution techniques. Appro-
priate collectors may include charcoal,
impregnated charcoal, metal zeolite and
caustic solutions.

2.2.3 Radionuclides of Argon. Krypton
and Xenon. Radionuclides of these ele-
ments are either measured directly by an
in-line or off-line monitor, or are collected
from the extracted sample by low temper-
ature sorption techniques, Appropriate
sorbers may include charcoal or metal ze-
olite.

2.2.4 Radionuclides of Oxygen, Car-

-bon, Nitrogen and Radon. Radionuclides

of these elements are measured directly
using an in-line or off-line monitor. Ra-
dionuclides of carbon in the form of car-
bon dioxide may be collected by dissolu-
tion in caustic solutions.

2.3 Definition of Terms

In-line monitor means a continuous
measurement system in which the detec-
tor is placed directly in or adjacent to the
effluent stream. This may involve either
gross radioactivity measurements or spe-
cific radionuclide measurements. Gross

[Part 61, Appendix B, Method 114} -
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measurements shall be made in conform-
ance with the conditions specified in
Methods A-4, B-2 and G-4.

Off-line monitor means a measurement
system in which the detector is used to
continuously measure an extracted sam-
ple of the effluent stream. This may in-
volve either gross radioactivity measure-
ments or specific radionuclide measure-
ments. Gross measurements shall be
made in conformance with the conditions
specified in Mcthods A4, B-2 and G4.

Sample collection means a procedure
in which the radionuclides are removed
from an extracted sample of the effluent
using a coliection media. These coliection
media include filters, absorbers, bubblers
and condensers. The collected sample is
analyzed using the methods described in
Section 3.

" 3. Radionuclide Analysis Methods

" A series of methods based on “princi-
ples of measurement™ are described
which are applicable to the analysis of
radionuclides collected from airborne ef-
fluent streams at stationary sources.
These methods are applicable only under
the conditions stated and within the limi-
tations described. Some methods specify
that only a single radionuclide be present
in the sample or the chemically separated
sample. This condition should be interpre-
ted to mean that no other radionuclides
are present in quantities which would in-
terfere with the measurement.

Also identified (Table 1) are methods
for a selected list of radionuclides. The
listed radionuclides are those which are
most commonly used and which have the
greatest potential for causing dose to
members of the public. Use of methods
based on principles of measurement other
than those described in this section must
be approved in advance of use by the Ad-
ministrator. For radionuclides not listed
in Table 1, any of the described methods
may be used provided the user can dem-
onstrate that the applicability conditions
of the method have been met.

The type of method applicable to the
analysis of a radionuclide is dependent
upon the type of radiation emitted, i.c.,
alpha, beta or gamma. Therefore, the
methods describeu below are grouped ac-
cording to principles of measurements for
the analysis of alpha, beta and gamma
emitting radionuclides.

3.1 Methods for Alpha Emitting Ra-
dionuclides

4-30-93

3.1.1 Method A-1, Radiochemistry-Al-
pha Spectrometry.

Principle: The element of interest is
separated from other elements, and from
the sample matrix using radiochemical
techniques. The procedure may involve
precipitation, ion exchange, or solvent ex-
traction. Carriers (elements chemically
similar to the element of interest) may be
used. The element is deposited on a
planchet in a very thin film by electrode-
position or by coprecipitation on a very
small amount of carrier, such as lantha-
num fluoride. The deposited element is
then counted with an alpha spectrometer.
The activity of the nuclide of interest is
measured by the number of alpha counts
in the appropriate energy region. A cor-
rection for chemical yield and counting
efficiency is made using a standardized
radioactive nuclide (tracer) of the same
element. If a radioactive tracer is not
available for the element of interest, a
predetermined chemical yield factor may
be used.

Applicability: This method is applica-
ble for determining the activity of any al-
pha-cmitting radionuclide, regardless of
what other radionuclides are present in
the sample provided the chemical separa-
tion step produces a very thin sample and
removes all other radionuclides which
could interfere in the spectral region of
interest. APHA-605(2), ASTM-D-
3972(13). ‘

3.1.2 Method A-2, Radiochemistry-Al-
pha Counting.

Principle: The element of interest is
separated from other elements, and from
the sample matrix using radiochemistry.
The procedure may involve precipitation,
ion exchange, or solvent extraction. Carri-
ers (elements chemically similar to the el-
ement of interest) may be used. The ele-
ment is deposited on a planchet in a thin
film and counted with a alpha counter. A
correction for chemical yield (if neces-
sary) is made. The alpha count rate mea-
sures the total activity of all emitting ra-
dionuclides of the separated element.

Applicability: This method is applica-
ble for the measurement of any tlpha-
emitting radionuclide, provided no other
alpha emitting radionuclide is present in
the separated sample. It may also be ap-
plicable for determining compliance,
when other radionuclides of the separated
element are present, provided that the cal-
culated emission rate is assigned to the

radionuclide which could be presﬁl |§ the
sample that has the highest dose conver-
sion factor. IDO-12096(18).

3.1.3 Method A-3, Direct Alpha Spec-
trometry.

Principle: The sample, collected on a
suitable filter, is counted directly on an
alpha spectrometer. The sample must be
thin enough and collected on the surface
of the filter so that any absorption of al-
pha particle energy in the sample or the
filter, which would degrade the spectrum,
is minimal.

Applicability: This method is applica-
ble 10 simple mixtures of alpha emitting
radionuclides and only when the amount
of particulates collected on the filter pa-
per are relatively small and the alpha
spectra is adequately resoived. Resolu-
tions should be 50 keV (FWHM) or bet-
ter, ASTM-D-3084(16).

3.1.4 Mcthod A-4, Direct Alpha Count-
ing (Gross alpha determination).

Principle: The sample, collected on a
suitable filter, is counted with an alpha
counter. The sample must be thin enough
so that self-absorption is not significant
and the filter must be of such a nature
that the particles are retained on the sur-
face.

Applicability: Gross alpha determina-
tions may be used to measure emissions of
specific radionuclides only (1) when it is
known that the sample contains only a
single radionuclide, or the identity and
isotopic ratio of the radionuclides in the
sample are well-known, and (2) measure-
ments using either Method A-1, A-2 or A-
$ have shown that this method provides a
reasonably accurate measurement of the
emission rate. Gross alpha measurements
are applicable to unidentified mixtures of
radionuclides only for the purposes and
under the conditions described in section
3.7. APHA-601(3), ASTM-D-1943(10).

3.1.5 Method A-5, Chemical Determi-
nation of Uranium.

Principle: Uranium may be measured
chemically by either colorimetry or fluor-
ometry. In both procedures, the sample is
dissolved. the uranium is oxidized to the
hexavalent form and extracted into a suit-
able solvent. Impurities are removed from
the solvent layer. For colorimetry,
dibenzoylmethane is added, and the ura-
nium is measured by the absorbance in a
colorimeter. For fluorometry, a portion of
the solution is fused with a sodium fluo-
ride-lithium fluoride flux and the uranium

{Part 61, Appendix B, Method 114]
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is determined by the ultraviolet activated
fluorescence of the fused disk in a Auo-
““rometer:

Applicability: This method is applica-
ble 10 the measurements of emission rates
of uranium when the isotopic ratio of the
uranium radionuclides is well known.
ASTM-E-318(15), ASTM-D-2907(14).

3.1.6 Method A-6, Radon-222-Continu-
ous Gas Monitor.

Principle: Radon-222 is measured di-

_rectly in a continuously extracied sample
siream by passing the air stream through
a calibrated scintillation cell. Prior 10 the
scintillation cell, the air stream is treated
to remove particulates and excess mois-
ture. The alpha particles from radon-222
and its decay products strike a zinc sulfide
coating on the inside of the scintillation
cell producing light pulses. The light
pulses are detected by a photomultiplier
tube which generates electrical pulses.
These pulses are processed by the system
electronics and the read out is in pCi/l of
radon-222.

Applicability: This method is applica-
ble 10 the measurement of radon-222 in
cflluent streams which do not contain sig-
nificant quantities of radon-220. Users of
this method shouid calibrate the monitor
in a radon calibration chamber at least
twice per year. The background of the
monitor should also be checked periodi-
cally by operating the instrument in a low
radon environment. EPA 520/1-89-
009(24).

3.1.7 Method A-7, Radon-222-Alpha
Track Detectors

Principle: Radon-222 is measured di-
rectly in the effluent stream using alpha
track detectors (ATD). The alpha parti-
cles emitted by radon-222 and its decay
products strike 2 small plastic strip and
produce submicron damage tracks. The
plastic strip is placed in a caustic solution
that accentuates the damage tracks which
are counted using a microscope oOr auto-
matic counting system. The number of
tracks per unit area is correlated to the
radon concentration in air using a conver-
sion factor derived from data generated in
a radon calibration facility.

Applicability: Prior approval from
EPA is required for use of this method.
This method is only applicable 10 effluent
streams which do not contain significant
quantities of radon-220, unless special de-
tectors are used to discriminate against
radon-220. This method may be used only

4-30-93
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when ATDs have becn demonstrated to
produce data comparable 10 data obtained

with-Method- A-6.-Such _data_should_be_

submitied 10 EPA when requesting ap-
proval for the use of this method. EPA
520/1-89-009(24). .
3.2 Methods for Gaseous Beta Emittin
Radionuclides.
3.2.1 Method B-1, Direct Counting in
Flow-Through lonization Chambers.
Principle: An ionization chamber con-
taining a specific volume of gas which
flows a1 a given flow rate through the
chamber is used. The sample (effluent
stream sample) acts as the counting gas
for the chamber. The activity of the radio-
nuclide is determined from the current
measured in the ionization chamber.
Applicability: This method is applica-
bie for measuring the activity of a gaseous
beta-emitting radionuclide in an effluent
stream that is svitable as a counting gas,
when no other beta-emitting nuclides are
present. DOE/EP-00%96(17), NCRP-
58(23).
3.2.2 Method B-2, Direct Counting
With In-line or Off-line Beta Detectors.
Principle: The beta detector is placed
directly in the effluent stream (in-line) or
an extracted sample of the efluent stream
is passed through a chamber containing 2
beta detector (off-line). The activities of
the radionuclides present in the effluent
stream are determined from the beta
count rate, and a knowledge of the ra-
dionuclides present and the relationship of
the gross beta count rate and the specific
radionuclide concentration.
Applicability: This method is applica-
ble only to radionuclides with maximum
beta particle energies greater then 0.2
MeV. This method may be used to mea-
sure emissions of specific radionuclides

only when it is known that the sample .

contains only a single radionuclide or the
identity and isotopic ratio of the ra-
dionuclides in the effluent stream are well
known. Specific radionuclide analysis of
periodic grab samples may be used to
identify the types and quantities of ra-
dionuc'ides present and 1o establish the
relatioship between specific radionuclide
analys:s and gross beta count rates.

This method is applicable to unidenti-

fied mixtures of gaseous radionuclides on- -

ly for the purposes and under the condi-
tions described in section 3.7.

3.3 Methods for Non-Gaseous Beta
Emitting Radionuclides.

3.3.1 Method B-3, Radiochemistry-Be-

ta Counting.
_ _Principle:_The element of interest is
separated from other elements, and from
the sample matrix by radiochemistry.
This may involve precipitation, distilla-
tion, ion exchange, or solvent extraction.
Carriers (elements chemically similar to
the element of interest) may be used. The
element is deposited on a planchet, and
counted with a beta counter. Corrections
for chemical yield, and decay (if neces-
sary) are made. The beta count rate de-
termines the total activity of all ra-
dionuclides of the separated element. This
method may also involve the radiochemi-
cal separation and counting of a daughter
element, after a suitable period of in-
growth, in which case it is specific for the
parent nuclide.

Applicability: This method is applica-
ble for measuring the activity of any beta-
emitting radionuclide, with a2 maximum
energy greater than 0.2 MeV, provided no
other radionuclide is present in the sepa-
rated sample. APHA-608(5).

3.3.2 Method B-4. Direct Beta Count-
ing (Gross beta determination). )

Principle: The sample, collected on a
suitable filter, is counted with a beta
counter. The sample must be thin enough
so that self-absorption corrections can be
made.

Applicability. Gross beta measure-
ments are applicable only to radionuclides
with maximum beta particle energies
greater than 0.2 MeV. Gross beta mea-
surements may be used 1o measure emis-
sions of specific radionuclides only (1)
when it is known that the sample contains
only a single radionuclide. and (2) mea-
surements made using Method B-3 show
reasonable agreement with the gross beta
measurement. Gross beta measurements
are applicable 10 mixtures of ra-
dionuclides only for the purposes and un-
der the conditions described in section
3.7. APHA-602(4), ASTM-D-1890(11).

3.3.3 Method B-5, Liquid Scintillation
Spectrometry.

Principle: An aliquot of a collected
sample or the result of some other chemi-
cal separation or processing technique is
added to a liquid scintillation cocktail”
which is viewed by photomultiplier tubes
in a liquid scintillation spectrometer. The
spectrometer is adjusted 1o establish a
channel or window" for the pulse energy
appropriate L0 the nuclide of interest. The
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activity of the nuclide of interest is mea-
sured by the counting rate in the appro-
priate energy channel. Corrections are
made for chemical yield where separa-
tions are made.

Applicability: This method is applica-
ble to any beta-emitting nuclide when no
other radionuclide is present in the sam-
plc or the separated sample provided that
it can be incorporated in the scintillation
cocktail. This method is also applicable
for samples which contain more than one
radionuclide but only when the energies
of the beta particles are sufficiently sepa-
rated so that they can be resolved by the
spectrometer. This method is most appli-
cable 10 the measurement of low-encrgy
beta emitters such as tritium and carbon-
14. APHA-609(6), EML-LV-539-17(19).

3.4 Gamma Emiting Radionuclides

3.4.) Method G-1, High Resolution
Gamma Spectrometry.

Principle: The sampie is counted with a
high resolution gamma detector, usually
cither a Ge(Li) or a high purity Ge detec-
tor, connected 1o a multichannel analyzer
or computer. The gamma emitting ra-
dionuclides in the sample are measured
from the gamma count rates in the energy
regions characteristic of the individual ra-
dionuclide. Corrections are made for
counts contributed by other radionuclides
to the spectral regions of the ra-
dionuclides of interest. Radiochemical
separations may be made prior to count-
ing but are usually not necessary.

Applicability: This method is applica-
ble to the measurement of any gamma
emitting radionuclide with gamma ener-
gies greater than 20 keV. It can be ap
plied 10 complex mixtures -of ra-
dionuclides. The samples counted may be
in the form of particulate filters. absorb-
ers, liquids or gases. The method may also
be applied 10 the analysis of gaseous gam-
ma emitting radionuclides directly in an
cflluent stream by passing the stream
through a chamber or cell containing the
detector. ASTM-3649(9). IDO-
12096(18).

3.42 Method G-2, Low Resolution
Gamn.a Spectrometry. )

Prii ciple: The sample is counted with 2
low resolution gamma detector. a thalli-
um activated sodium iodide crystal. The
detector is coupled 10 a photomultiplier
tube and connected to a multichannel an-
alyzer. The gamma emitting ra-
dionuclides in the sample are measured

4-30-93

from the gamma count rates in the energy

regions characteristic of the individual ra--

dionuclides. Corrections are made for
counts contributed by other radionuclides
to the spectra) regions of the ra-
dionuclides of interest. Radiochemical
separation may be used prior (o counting
to obtain less complex gamma spectra if
needed.

Applicability: This method is applica-
ble 10 the measurement of gamma emit-
ting radionuclides with energies greater
than 100 keV. It can be applied only to
relatively simple mixtures of gamma
emitting radionuclides. The samples
counted may be in the form of particulate
filters, absorbers, liquids or gas. The
method can be applied to the analysis of
gaseous radionuclides directly in an efflu-
ent stream by passing the gas stream
through a chamber or cell containing the
detector. ASTM-D-2459(12). EMSL-LV-
0539-17(19). .

3.4.3 Method G-3, Single Channcl
Gamma Spectrometry.

Principle: The sample is counted with a
thallium activated sodium iodide crystal.
The detector is coupled 1o a photomulti-
plier tube connected 10 a single channe!
analyzer. The activity of 2 pamma emit-
ting radionuclide is determined {rom the
gamma counts in the energy range for
which the counter is set.

Applicability: This method is applica-
ble 10 the measurement of a single gam-
ma emitting radionuclide. 1t is not appli-
cable 10 mixtures of radionuclides. The
samples counted may be in the form of
particulate fillers, absorbers. liquids or
gas. The method can be applied to the
analysis of gaseous radionuclides directly
in an effluent stream by passing the gas
stream through a chamber or cell contain-
ing the detector.

3.4.4 Method G-4, Gross Gamma
Counting.

Principle: The sample is counted with a
gamma detector usually a thallium acti-
vated sodium iodine crystal. The detector
is coupled to a photomultiplier tube and
gamma rays above a specific threshold en-
ergy level are counted.

Applicability: Gross gamma measure-
ments may be used to measure emissions
of specific radionuclides only when it is
known that the sample contains a single
radionuclide or the identity and isotopic
ratio of the radionuclides in the effluent
stream are well known. When gross gam-

ma measuréments are used lo dcteﬁir§
emissions of specific radionuclides period-
ic measurements using' Methods G-1 or
G-2 should be made to demonstrate that
the gross gamma measurements provide
reliable emission data. This method may
be applied 10 analysis of gaseous ra-
dionuclides directly in an eflluent stream
by placing the detector directly in or adja-
cent to the effiuent stream or passing an
extracted sample of the effluent stream
through a chamber or cell containing the
detector.

3.5 Counting Methods. All of the above
methods with the exception of Method A-
5 involve counting the radiation emitted

- by the radionuclide. Counting methods

applicable 16 the measurement of alpha,
beta and gamma radiations are listed be-
fow. The equipment needed and the
counting principles involved are described
in detail in ASTM-3648(8).

3.5.1 Alpha Counting:

® Gas Flow Proportional Counters.
The alpha particles cause ionization in the
counting gas and the resulting electrical
pulses are counted. These counters may
be windowless or have very thin windows.

e Scintillation Counters. The alpha
particles transfer energy to a scintillator
resulting in a production of light photons
which strike a pholomultiplier tube con-
verting the light photons to electrical
pulses which are counted. The counters
may involve the use of solid scintillation
materials such as zinc sulfide or liquid
scintiliation solutions.

e Solid-State Counters. Semiconduc-
tor materials, such as silicon surface-bar-
rier p-n junctions. act as solid ionization
chambers. The alpha particles interact
which the deiector producing electron
hole pairs. The charged pair is collected
by an applied electrical field and the re-
sulting efectrical pulses are counted.

® Alpha Spectrometers. Semiconduc-
tor deteclors used in conjunction with
multichannel analyzers for energy dis-
crimination.

3.5.2 Beta Counting:

® Jonization Chambers. These cham-
bers contain the beta-emitting nuclide in
gascous form. The ionization current pro-
duced is measured.

® Geiger-Muller (GM) Counters-or
Gas Flow Proportional Counters. The be-
1a particles cause ionization in the count-
ing gas and the resuling electrical pulses
are counted. Proportional gas flow coun-
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ters which are heavily shielded by lead or
other metal, and provided with an anti-
coincidence shield to reject cosmic rays,

e . Scintillation Counters. The beta
particies transfer energy to a scintillator
resulting in a production of light photons,
which strike a photomultiplier tube con-
verting the light photon to electrical
pulses which are counted. This may in-
volve the use of anthracene crystals, plas-
tic scintillator, or liquid scintillation solu-
tions with organic phosphors.

e Liquid Scintillation Spectrometers.
Liquid scintillation counters which use
two photomultiplier tubes in coincidence
to reduce background counts. This coun-
ter may also electronically discriminate
among pulses of a given range of energy.

3.5.3 Gamma Counting:

® Low-Resolution Gamma Spectrome-
ters. The gamma rays interact with thal-
lium activated sodium iodide or cesium
iodide crystal resulting in the release of
light photons which strike a photomulti-
plier tube converting the light pulses to
clectrical pulses proportional to the ener-
gy of the gamma ray. Multichannel ana-
lyzers are used to separate and store the
pulses according to the energy absorbed
in the crystal.

¢ High-Resolution gamma Spectrome-
ters. Gamma rays interact with a lithi-
um<drifted (Ge(Li)) or high-purity ger-
manium (HPGe) semiconductor detectors
resulting in a production of electron-hole
pairs. The charged pair is collected by an
applied electrical field. A very stable low
noise preamplifier amplifies the pulses of
electrical charge resulting from the gam-
ma photon interactions. Multichannel an-
alyzers or computers are used 10 separate
and store the pulses according to the ener-
gy absorbed in the crystal.

e Single Channel Analyzers. Thallium
activated sodium iodide crystals used with
a single window analyzer. Pulses from the
photomultiplier tubes are separated in a
single predetermined energy range.

3.5.4 Calibration of Counters. Counters
are calibrated for specific radionuclide
measurements using a standard of the ra-
dionuclide under either identical or very
similar conditions as the sample to be
counted. For gamma spectrometers a se-
ries of standards covering the energy
range of interest may be used to construct
a calibration curve relating gamma ener-
gy to counting efficiency.

4-30-93
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In those cases where a standard is not
available for a radionuclide, counters may
be calibrated using a standard with ener-
the radionuclide to be measured. For
gross alpha and beta measurements of the
unidentified mixtures of radionuclides, al-
pha counters are calibrated with a natural
uranium standard and beta counters with
a cesium-137 standard. The standard
must contain the same weight and distri-
bution of solids as the samples, and be
mounted in an identical manner. If the
samples contain variable amounts of
solids, calibration curves relating weight
of solids present to counting efficiency are
prepared. Standards other than those pre-
scribed may be used provided it can be
shown that such standards are more appli-
cable to the radionuclide mixture mea-
sured.

3.6 Radiochemical Methods for Select-
ed Radionuclides. Methods for a selected
list of radionuclides are listed in Table 1.
The radionuclides listed are those which
are most commonly used and which have
the greatest potential for causing doses to
members of the public. For radionuclides
not listed in Tabie 1, methods based on
any of the applicable “principles of mea-
surement™ described in section 3.1
through 3.4 may be used.

3.7 Applicability of Gross Alpha and
Beta Measurements to Unidentified Mix-
tures of Radionuclides. Gross alpba and
beta measurements may be used as a
screening measurement as a part of an
emission measurement program to identi-
fy the need to do specific radionuclide
analyses or to confirm or verify that unex-
pected radionuclides are not being re-
leased in significant quantities.

Gross alpha (Method A-4) or gross be-
ta (Methods B-2 or B4) measurements
may also be used for the purpose of com-
paring the measured concentrations in the
effluent stream with the limiting “Con-
centration Levels for Environmental
Compliance™ in Table 2 of Appendix E.
For unidentified mixtures, the measured
concentration value shall be compared
with the lowest environmental concentra-
tion limit for any radionuclide which is
not known to be absent from the effluent
stream.

TABLE 1—LIST OF APPROVED METHODS

FOR SPECIFIC RADIONUCUDES

P sclich A d of

Y

gy characteristics as similaras possible to ™ <

e | A1, A2,
. | B-1. 8-2, G-1, G-2, G-3. G4
G-1.G-2. G-3,
.1G-1.G-2. 63
B-1, 8-2, G-1. G-2, G3, G4
85

.G-2,G-3. G4

.G-2, G-3.G4
.G-2.G3. G4

e |B1.8285 61,

.. | 81, B-2, G-1, G-2.
.82, G-1. G2,
. 6-2.G3,G4
.G-2 63,64
.82 G-1.G-2
. B-2.G-1, G-2,
, B4, B-5

. B4, B-5

-1, A2, A3, A4

-1, A-2, A3, A4

-1, A-2, A-J, A4

-1, A2, A3, A4

-1, A2, G-1,G-2

K87 .......
Kr-88 ..

g8 28 8
?2 29 2

4. Quality Assurance Methods

Each facility required to measure their
radionuclide emissions shall conduct a
quality assurance program in conjunction

- with the radionuclide emission measure-

ments. This program shall assure that the
emission measurements are representa-
tive, and are of known precision and accu-
racy and shall include administrative con-
trols to assure prompt response when
emission measurements indicate unex-
pectedly large emissions. The program
shall consist of a system of policies, orga-
nizational responsibilities, written proce-
dures, data quality specifications, audits,
corrective actions and reports. This quali-
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ty assurance program shall include the
following program elements:

4.1 The organizational structure, func-
tional responsibilities, levels of authority
and lines of communications for all activi-
ties related to the emissions measurement
pcl;ogram shall be identified and document-
ed. :

4.2 Administrative controls shall be
prescribed to ensure prompt response ‘in

the event that emission levels increase due -

10 unplanned operations.

4.3 The sample collection and analysis
procedures used in measuring the emis-
sions shall be described including where
applicable:

4.3.1 Identification of sampling sites
and number of sampling points, including
the rationale for site selections.

4.3.2 A description of sampling probes
and representativeness of the samples.

4.3.3 A description of any continuous
monitoring system used to measure emis-
sions, including the sensitivity of the sys-
tem, calibration procedures and frequen-
cy of calibration.

4.3.4 A description of the sample col-
lection systems for each radionuclide
measured, including frequency of collec-
tion, calibration procedures and frequen-
¢y of calibration.

4.3.5 A description of the laboratory
analysis procedures used for each radio-
nuclide measured, inciuding frequency of
analysis, calibration procedures and fre-
quency of calibration.

4.3.6 A description of the sample flow
rate measurement systems or procedures,
including calibration procedures and fre-
quency of calibration.

4.3.7 A description of the effiuent flow
rate measurement procedures, including
frequency of measurements, calibration
procedures and frequency of calibration.

4.4 The objectives of the quality assur-
ance program shall be documented and
shall state the required precision, accura-
¢y and completeness of the emission mea-
surement data including a description of
the procedures used to assess these pa-
rameters. Accuracy is the degree of
agreement of a measurement with a true
-or known value. Precision is a measure of
the agreement among individual measure-
ments of the same parameters under simi-
lar conditions. Completeness is a measure
of the amount of valid data obtained com-
pared to the amount expected under nor-
mal conditions. .
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4.5 A quality contro! program shall be
established to evaluate and track the qual-
ity of the emissions measurement data
against preset criteria. The program
should include where applicable a system
of replicates, spiked samples, split sam-
ples, blanks and control charts. The num-
ber and frequency of such quality control
checks shall be identified.

4.6 A sample tracking system shall be
established to provide for positive identifi-
cation of samples and data through all
phases of the sample collection, analysis
and reporting system. Sample handling
and preservation procedures shall be es-
tablished to maintain the integrity of sam-
ples during collection, storage and analy-
sis.

471 Periodic internal and external au-
dits shall be performed to monitor compli-
ance with the quality assurance program.
These audits shall be performed in accor-
dance with written procedures and con-
ducted by personnel who do not have re-
sponsibility for performing any of the op-
erations being audited.

4.8 A corrective action program shall
be established including criteria for when
corrective action is needed, what correc-
tive actions will be taken and who is re-
sponsible for taking the corrective action.

4.9 Periodic reports to responsible man-
agement shail be prepared on the perfor-
mance of the emissions measurements
program. These reports should include as-
sessment of the quality of the data, results
of audits and description of cor-ective ac-
tions.

4.10 The quality assurance program
should be documented in a quality assur-
ance project plan which should address
each of the above requirements.
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METHOD 115—MONITORING FOR RA-
DON-222 EMISSIONS

This Appendix describes the monitor-
ing methods which must be used in deter-
mining the radon-222 emissions from un-
derground uranium mines, uranium mill
tailings piles, phosphogypsum stacks, and
:ther piles of waste material emitting ra-

on.

1. Radon-222 Emissions from Under-
ground Uranium Mine Vents

1.1 Sampling Frequency and Calcula-
tion of Emissions. Radon-222 emissions
from underground uranium mine vents
shall be determined using one of the fol-
lowing methods:

1.1.1 Continuous Measurement. These
measurements shall be made and the
emissions calculated as follows:

(a) The radon-222 concentration shall
be continuously measured at each mine
vent whenever the mine ventilation sys-
tem is operational.

(b) Each mine vent exhaust flow rate
shall be measured at least 4 times per
year.

(c) A weekly radon-222 emission rate
for the mine shall be calculated and re-
corded weekly as follows:

Av= C)QT, + CQ:T2 + ... CQT:
Where:
A.=Total radon-222 emitted from the
mine during week (Ci)
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1.2.1 Test Method 1 of Appendix A to
part 60 shall be used to determine velocity
traverses. The sampling point in the duct

vent i(m*/hr) -

T;=Hours of mine ventilation system
operation during week for mine vent
i(hr)

(d) The annual radon-222 emission rate
is the sum of the weekly emission rates
during a calendar year.

1.1.2 Periodic Measurement. This
method is applicable only to mines that
continuously operate their ventilation sys-
tem except for extended shutdowns.
Mines which start up and shut down their
ventilation system frequently must use the
continuous measurement method describe
in Section 1.1.1 above. Emission rates de-
termined using periodic measurements
shall be measured and calculated as fol-
lows: .

(a) The radon-222 shall be continuous-
ly measured at each mine vent for at least
one week every three months. -

(b) Each mine vent exhaust flow rate
shall be measured at least once during
each of the radon-222 measurement peri-
ods.

(c) A weekly radon-222 emission rate
shall be calculated for each weekly period
according to the method described in Sec-
tion 1.1.1. In this calculation T=168 hr.

(d) The annual radon-222 emission rate
from the mine should be calculated as fol-
lows:

52 - W,
A= T (et Ase 4 . Aw)

n

Where:

Ay=Annual radon-222 emission rate
from the mine(Ci)

Awi=Weekly radon-222 emission rate
during the measurement period i
(Ci)

n=Number of weekly measurement pe-
riods per year _

W,=Number of weeks during the year
that the mine ventilation system is
shut down in excess of 7 consecutive
days, i.e. the sum of the number of
weeks each shut down exceeds 7 days

1.2 Test Methods and Procedures

Each underground mine required to

test its emissions, unless an equivalent or
alternative method has been approved by
the Administrator, shall use the following
test methods:

shall-be—either-thecentroid-of~the—cross
section or the point of average velocity.

1.2.2 Test Method 2 of Appendix A to
part 60 shall be used to determine velocity
and volumetric flow rates.

1.2.3 Test Methods A-6 or A-7 of Ap-
pendix B, Method 114 to part 6] shall be
used for the analysis of radon-222. Use of
Method A-7 requires prior approval of
EPA based on conditions described in Ap-
pendix B.

1.2.4 A quality assurance program shall
be conducted in conformance with the
programs described for Continuous Ra-
don Monitors and Alpha Track Detectors
in EPA 520/1-89-009. (2)

2. Radon-222 Emissions from Urani-
um Mill Tailings Piles

2.1 Mecasurement and Calculation of
Radon Flux from Uranium Mill Tailings
Piles.

2.1.1 Frequency of Flux Measurement.
A single set of radon flux measurements
may be made, or if the owner or operator
chooses, more frequent measurements
may be made over a one year period.
These measurements may involve quar-
terly, monthly or weekly intervals. All ra-
don measurements shall be made as de-
scribed in paragraphs 2.1.2 through 2.1.6
except that for measurements made over
‘a one year period, the requirement of
paragraph 2.1.4(c) shall not apply. The
mean radon flux from the pile shall be the
arithmetic raean of the mean radon fiux
for each measurement period. The weath-
er conditions, moisture content of the tail-
ings and area of the pile covered by water
existing at the time of the measurement
shall be chosen so as to provide measure-
ments representative of the long term ra-
don flux from the pile and shall be subject
to EPA review and approval.

2.1.2 Distribution of Flux Measure-
ments. The distribution and number of ra-
don flux measurements required on a pile
will depend on clearly defined areas of the
pile (called regions) that can have signifi-
cantly different rzdon fluxes due to sur-
face conditions. "he mean radon flux
shall be determinod for each individual
region of the pile. Regions that shall be
considered for operating mill tailings piles
are:

(a) Water covered areas,

(b) Water saturated areas (beaches),
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Title: M6
Date: 10/15/92

DETERMINATION OF SULFUR DIOXIDE EMISSIONS BY EPA METHOD 6

Sampling procedures used during this test program follow those described in
EPA Method 6.* '

Sampling Apparatus

The SO, train used in these tests meets design specifications establishe.d by the
U.S. EPA. Assembled by ITAQS personnel, it consists of the following:

Probe - Borosilicate glass with a heating system capable of maintaining a gas
temperature of approximately 250°F at the exit end. A plug of glass wool is
placed in the end of the probe to remove particulate matter.

Impingers - Four impingers connected in series with glass ball joints. The first
and third impingers are of the Greenburg-Smith design. The second and fourth
impingers are modified by replacing the tip with a %-in.-i.d. glass tube extend-
ing to within % in. from the bottom of the flask. Glass wool is placed in the first
U-joint to prevent sulfuric acid mist carryover. '

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 a constant sampling rate and to determine
total sample volume.

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

Water - Deionized, distilled to conform to ASTM specifications D1193-74,
Type 3.

Isopropanol, 80%

Hydrogen Peroxi %

* 40 CFR 60, Appendix A, July 1892.
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Analytical Reagents

Water - Deionized, distilled.

Isopropanol, 100%
Thorin Indicator - 0.2 percent 1-(o-arsonophenylazo), 2-naphthol, 3,6-disulfonic
acid, disodium salt. -

‘Barium Perchlorate Solution, 0.01 N
Sulfuric Acid Standard, 0.0100 N
Ammonium Sulfate Standard, 0.0100 N

Sampling Procedure

After the sampling site and the required traverse points are selected, the stack
pressure, temperature, moisture, and range of velocity head are measured according

to procedures described in U.S. EPA Methods 1 through 4.*
One sampling point is chosen and the train is assembled as follows: 100 mL of

80 percent isopropanol in the first impinger, 100 mL of 3 percent hydrogen peroxide in
both the second and third impingers, and 200 g of silica gel in the fourth impinger. A
- portion of each reagent is retained for use as a blank. The train is assembled as
shown in Figure M6-1. The sampling train is leak-checked at the sampling site before
each test by plugging the inlet to the probe and pulling a 10-in.Hg vacuum. The post-
test leak check is conducted in the same manner except at the highest vacuum
reached during the sampling run. All leaks are corrected before sampling begins.
The probe heater is set to maintain a minimum temperature of 25C5°F. Crushed ice is
placed around the impingers and more ice is added during the test to keep the tem-
perature of the gases leaving the last impinger at 68°F or less.

At the completion of each test, the train is removed from the stack and the
impingers are removed from the ice bath. The train is then purged with ambient air for

15 minutes at a rate of 0.75 cfm.

¢ 40 CFR 60, Appendix A, July 1992.
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Sample Recovery

The contents of the first impinger are measured and discarded. The cont.ents
of the second and third impingers are measured and placed in a leak-free polyethyl-
ene container. The second and third impingers and connecting glassware are then
rinsed with distilled, deionized water and this rinse is added tc the same polyethylene
container. The container is sealed and identified, and the liquid level is marked.

Analytical Procedures

The volume of each sample is recorded and diluted to 1000 mL with deionized,
distilled water. An appropriate aliquot of this solution is pipetted into a 250-mL Erlen-
meyer flask. Déionized, distilled water is added to bring the volume to 20 mL.
Eighty mL of 100 percent isopropano! and two to four drops of thorin indicator are
added. The solution is titrated to a'pink end point using 0.01 N barium perchlorate. A
blank is titrated in the same manner as the samples.

Quality Control

Titrant is standardized daily using standard sulfuric acid solution. As an internal
audit, a sample of ammonium sulfate standard solution is analyzed prior to each set of -
samples. The result must be within +5 percent of the expected value before analysis
is continued. U.S. EPA audit samples for SO, are analyzed with each batch of sam-
ples when provided by EPA personnel. Audit results are also required to agree with
the reference concentration within 5 percent.

All analyses are conducted in duplicate, and duplicate titrations must agree
within 1 percent or 0.2 mL, whichever is greater.

_000223 . D-28
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DETERMINATION OF NITROGEN OXIDE EMISSIONS

This test program follows the sampling procedures described in EPA Meth-
od 7A.*

Sampling Apparatus

The nitrogen oxide (NO,) sampling train used in these tests meets design speci-
fications established by the Federal EPA. Assembled by ITAQS pérsonnel, it consists

of the following:

Probe - Borosilicate glass tubing with a heating system capable of maintaining a
gas temperature of approximately 250°F at the exit end to prevent water con-
densation. A glass-wool plug is placed in the end of the probe to remove par-
ticulate matter, as shown in Figure 7A-1. ‘

Collection Flask - Two-liter borosilicate, round-bottom flask, with short neck and
24/40 standard taper opening, protected against implosion or breakage.

Flask Valve - Two-way stopcock connected to a 24/10 standard taper joint.

Manifold - Two- and three-way Tefion stopcock and connected 24/10 standard
~ taper joints. .

Temperature Gauge - Dial-type thermometer capable of measuring 2°F intervals
from 25° to 125°F.

Vacuum Line - Tubing capable of withstanding a vacuum of 3 in.Hg absolute
pressure, with “T" connection and T-bore stopcock.

Vacuum Gauge - U-tube manometer, 36 in.Hg with 0.1-in. divisions.

Pump - Capable of evacuating the collection flask to a pressure equal to or less
than 3 in.Hg absolute.

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

* 40 CFR 60, Appendix A, July 1990.
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Sampling Procedure

Following the selection of the sampling site and minimum number of traverse
points, the stack pressure, temperature, moisture, and range of velocity head are mea-
sured according to procedures described in EPA Methods 1 throUgh 4.*

One sampling point, representing the average flow rate, is chosen. The sam-
pling flask is charged with 25 mL of absorbing solution (made by mixing 1 liter of dis-
tiled water, 2.8 mL of concentrated H,SO,, and 6 mL of 3 percent H,0,). A portion of
the reagent is retained for use in preparing the calibration standards.

With the sample valve closed, the flask valve open, and the pump/manometer
valve open to pump, the flask is evacuated to less than 3 in.Hg absolute pressure.
Flask vacuum is determined by moving the pump/manometer valve to manometer.
Leakage is checked by observing the manometer for pressure fluctuation. Any varia-
tion greater than 0.4 in.Hg over a 1-minute period is corrected before sampling.

- With the flask closéd, the sample valve open, and the pump/manometer valve
turned to pump, the sampling apparatus is purged for § minutes. The probe heater
setting is adjusted to prevent any visible condensation. With the sample valve closed
and the pump/manometer valve open to manometer, an initial flask vacuum is deter-
mined by opening the flask valve. The sample valve is then slowly opened, allowing
stack gas to enter the flask. The vacuum is aliowed to drop to 3 in.Hg (approximately
15 seconds), and then the sample flask valves are closed. The flask is shaken for
5 minutes to ensure contact between the sample and absorbing solution.

Sample Recovery Procedure

The collection flasks are transported to the laboratory for sample recovery. The
flasks are set aside for a minimum of 16 hours. At the erid of the period, the flasks
are shaken for 2 minutes and the final flask pressure and temperatures are measured.
All pertinent data are recorded on the recovery data sheets.

* 40 CFR 60, Appendix A, July 1990.
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The contents of the flask are measured volumetricélly and transferred to a polyé

ethylene container. The flask is then rinsed with two Separate 5-mL portions of deion-
ized, distilled water, and the solution is added to the same container.

Analytical Procedure

The volume of absorbing solution is recorded and diluted to 50 mL with de-
ionized, distilled water. A 5-mL aliquot of this solution is pipetted to a volumetric flask
and diluted to 50 mL with deionized water. The samples from the second dilution are
analyzed by ion chromatography. A calibration curve of ug NO, versus peak area re-
sponse is prepared using standards of known concentration. |

06G0x <7
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DETERMINATION OF HCI EMISSIONS

This sampling procedure is based on a draft protocol, proposed Method 26,
published by the U.S. EPA.* The sampling train consists of a heated glass probe, a
Teflon filter, and a series of Greenburg-Smith impingers. The first two impihgers
contain acidified water (0.1 N H,SO,) to collect HCI and separate the chlorine (Cl,)
fraction. The next impinger contains 0.1 N NaOH to trap Cl,. The acidified water us
analyzed by ion chromatography (IC) in accordance with EPA Method 300.0.**

Sample Apparatus
The sampling train is shown in Figure 26-1. It consists of:

Probe - Borosilicate glass with a heating system capable of maintaining a gas
temperature of 248° +25°F at the exit end during sampling.

Filter Holder - Pyrex glass with a heating system capable of maintaining a filter
temperature of 248° +25°F.

Filter - 87-mm (3-in.) -diameter, Teflon mat filter, Paliflex® TX 40H175 or equiva-
lent.

Draft Gauge - A dual inclined manometer made by Dwyer with a readability of
0.01 in.H,0 in the O- to 1-in. range and 0.1 in.H,0 in the 1- to 10-in. range.

Impingers - Four impingers connected in series with glass ball joints. The sec-
ond impinger is of the Greenburg-Smith design; the others are modified by
replacing the tip with a %-in.-i.d. glass tube extending to within % in. of the bot-
tom of the flask.

* The Determination of HC Emissions From Stationary Sources. August 1989.

** The Determination of Inorganic Anions in Water by lon Chromatography,
EPA-600/4-84-017, March 1984.
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Metering System - Vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 5°F, a dry gas meter with 2 percent accuracy,
and related equipment. The dry gas meter is made by Rockwell and the fiber
vane pump is made by Gast. '

Barometer - Aneroid barometer capable of measuring atmospheric pressure
within £0.1 in.Hg.

Sampling Procedures

Prior to each test run, the stack pressure, velocity, temperature, and composi-
tion (O, and CO,) are measured according to procedures described in EPA Methods 1
through 3.* Gas moisture content is determined during each test run by using
procedures described ih EPA Method 4.* Sampling is conducted at a single point
near the center of the duct. '

The train is assembled as shown in Figure 26-1. One hundred mL of 0.1 N
H,SO, is placed in each of the first two impingers; the third impinger contains 0.1 N
NaOH; and the fourth contains 300 g of silica gel. The sampling train is leak-checked
at the sampling site before and after each test. The initial leak check is conducted by
plugging the inlet to the probe and pulling a 15-in.Hg vacuum. A pretest leakage rate
in excess of 0.02 ft*/min is corrected prior to sampling. The posttest leak check is
conducted at the highest vacuum recorded during the run.

Crushed ice is placed around the impingers to keep the temperaturé of the
gases leaving the last impinger at 68°F or less.

Sampling is conducted at a constant rate. All sampling data are recorded on
the Field Data Sheet.

Sample Recovery Procedures

The volume of liquid from the first three impingers is measured, and sample

fractions are recovered as follows:

*40 CFR 60, Appendix A, July 1990.
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Container-No—1—=Thecontents of the first-and second impingers are measured
and placed along with a distilled water rinse of the glassware into a 1-liter poly-
ethylene container. The container is labeled for HCI analysis. The contents of
the third impinger are measured and discarded.

The silica gel from the fourth impinger is weighed, and this value is recorded on

‘the Sample Recovery and Integrity Sheet along with other pertinent data.
Blank samples of the H,SO, and DI water used in rinsing are also submitted for

analysis.
Analysis Procedures

Analytical procedures followed during this program are those described in EPA
Method 300.0.

Container No. 1 - An aliquot of the impinger solution is taken for HCI analysis
by IC. A Waters IC with Model 431 conductivity detector or equivalent is used
for the HCI analysis. Calibrating standards are prepared from reagent grade or
better chemicals and diluted in IC eluent. A minimum three-point plus blank
calibration curve is generated and a reference solution is analyzed to verify the
calibration prior to analysis of any samples. Each sample is analyzed by direct
injection. If a sample value is determined to be higher than the highest calibra-
tion value, the sample is diluted with IC eluent and reanalyzed. Quantitation is
based on a linear regression of the calibration data. The H,SO, and DI water
blanks are analyzed using the same procedure.

D-36
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SAMPLING AND ANALYTICAL PROCEDURES T

DETERMINATION OF TOTAL FLUORIDE EMISSIONS BY EPA METHOD 13b

The sampling procedures followed during this test program are those described
in EPA Method 13b.*
Sampling Apparatus

The sampling train used at the exit stack during these tests meets design speci-
fications established by the Federal EPA. Assembled by ITAQS personnel, it consists
of the following:

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 248 +25°F at the exit end during sampling.

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

Filter Holder - Pyrex glass. If the filter is placed between the probe and the first
impinger, the filter support must be a 20-mesh stainless steel or Teflon screen.
A glass frit cannot be_ used.

Filter - Whatman No. 541 paper filter, 3-in. diameter.

Draft Gauge - A dual-inclined manometer made by Dwyer with a readability of
0.01 in.H,0 in the O- to 1-in. range and 0.1 in.H,O in the 1- to 10-in. range.

Impingers - Four impingers connected in series with glass ball joints. The first,
third, and fourth impingers are of the Greenburg-Smith design, modified by
replacing the tip with a %-in.-i.d. glass tube extending to %%-in. from the bottom
of the flask. The second is a standard Greenberg-Smith type.

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

* 40 CFR 60, Appendix A, July 1991.
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sample volume. The dry gas meter is made by Rockwell and the fiber vane
pump is made by Gast.

Barometer - Aneroid type to measure atmospheric pressure to +0.1 in.Hg.

Sampling Procedure

After the sampling site and the minimum number of traverse points are selected,
the stack pressure, temperature, composition (percent CO, and percent O, by vol-
ume), moisture, and range of velocity head are measured according to procedures
described in EPA Methods 1 through 4.*

Approximately 200 grams of silica gel is weighed and placed in a sealed imping-
er prior to each test. One hundred milliliters (mL) of distilled water is placed in each of
the first two impingers; the third impinger is initially empty; and the fourth impinger
contains silica gel. The train is set up with the probe as shown in Figure M13-1. As
an option, the filter may be placed between the probe and the first impinger and heat-
ed to 248° +25°F. The sampling train is 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 leak check is accepta-
ble if the leakage rate is less than 0.02 ft*/min or 4 percent of the average sampling
rate, whichever is lower.

The pitot tube and lines are leak-checked at the test site prior to and at the con-
clusion of each test run. The check is 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 cap-
ping the impact opening and holding it for 15 seconds to assure it is leak-free. The
static pressure side of the pitot tube is leak-checked by the same procedure, except
suction is used to obtain the 3-in.H,0 manometer reading. Crushed ice is placed
around the impingers to keep the temperature of the gases leaving the last impinger at
68°F or less.

- * 40 CFR 60, Appendix A, July 1991.
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During sampling, stack gas and sampling train data are recorded at each sam-
pling point and whenever significant changes occur in stack flow conditions. Isokinetic
sampling rates are set throughout the sampling period with the aid of a calcujator. All
sampling data are recorded on the Particulate Field Data Sheet. .

Sample Recovery Procedure

The sampling train is moved carefully from the test site to the cleanup area.
The volume of water from the first three impingers is measured, and sample fractions

are recovered as follows:

Container No. 1 - Distilled H,0 in the impinger section of the sampling train is
placed in a polyethylene container. The impingers, connecting glassware,
probe, and nozzle are rinsed with distilled H,O, and this rinse is added to the
container for shipment to the laboratory. A nylon brush is used to remove par-
ticulate from the probe and nozzle fractions and the stem of the first impinger if
needed. The filter is also added to this container.
The silica gel from the fourth impinger is weighed, and this value is recorded on
the Sample Recovery and Integrity Sheet along with other pertinent data. An unused

fiter and a minimum of 200 mL each of distilled water are taken as blanks.
Analytical Procedures

The analytical procedures followed during this program are those described in
EPA Method 13b.* Analsis is conducted by specific ion electrode.

The sample is initially filtered. The filtered solids are then combusted in the
presence of CaO to prevent loss of fluorine. The ash is then fused with crushed
NaOH and quantitatively mixed with the filtrate. The filtrate solution is acidified and
distilled. The distillate is diluted, buffered, and analyzed by specific ion electrode. The
ion electrode is calibrated with five standards between 0.1 and 10.0 mg/liter. If no
-fluoride is detected, the reported detection limit is 0.1 mg/liter.

* 40 CFR 60, Appendix A, July 1991.
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CALIBRATION PROCEDURES AND RESULTS

All of the equipment used is calibrated in accordance with the procedures out-

lined in the Quality Assurance Handbook for Air Polluti_on Measurement Systems, Vol-

ume lil.* The following pages describe these procedures and include the data
sheets.

*EPA 600/4-77-027b.
E-2
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Nozzle Diameter

Each nozzle used in these tests is calibrated by making three separate mea-
surements and calculating the average. If a deviation of more than 0.004 inch is found
between any two measurements, the nozzle is either discarded or reamed out and
remeasured. A micrometer is used for measuring. These calibration data are shown

in the folIoWing Nozzle Calibration data sheet(s).

E-3 | 000238
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NOZZLE CALIBRATION

Cliet_ Tevac o Project No___ 232373 |
Date -4 Calibrated By
Nozzle  1.D. D1 in. 02 in. D3 -n. &D . D avg.
TR EYIRN 314 314 00 ( Bl
S- 10 = PhI T D% 313 Q0 | L34
£- 105 2203 DS L 31X 000 33

Where:
D1,2,3 = nozzle diameter measured on a different diameter, in.
Tolerance = measure within 0.001 in.
&D = maximum diflerence in any two measurements, in.
Tolerance = 0.004 in.
D awg. = average of D1, D2 and D3

060239 E4




6543

IT i
NOZZLE CALIBRATION

Project No._ 332 33 |

Calibrated By_3 Corr o |5

Client % - NE

Date 5;/57’/"-"1'

Nozzle 1.D. D1 in D2 in D3 n. &0 in. D avg.
G100 0 274 o352 0373 | o000z c 323 |7
C-1v2 Cc_3L9 0.2372 O EE ©.0c3 c.37¢
(z =1L 3> 0. 3722 G 374 . 374 o0.00 2 .32 32
& -1y 0,374 C. 35749 £. 373 0. cp i 0. 274
G-<1L__|o0.200 20 2L0O 00/ | 0.36> ?
G-qav oNg 225 o) . 0GO 278
Where:

D1,2,3 = nozzle diameter measured on a different diameter, in.

Tolerance = measure within 0.001 in.

&0 = maximum difference in any two measurements, in.
Tolerance = 0.004 in.

D avwg. = a-erage of D1, D2, and B3
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NOZZLE CALIBRATION

Client__ Ferwme Project No. 337-‘332
Date GI/iS A4 ‘ Calibrated By___ Gt
Nozzie 1D, D1 o D2 n 3% o 3D in. D avo.
s-lo ¥ 372 (31720 1 .31 800 32
S-1077 313 22 312 - 00| 212
Where:
D1,2,3 = nozzke diameter measured on a different diameter, in.

~ Tolerance = measure within 0.001 .

&D = maximum difference in any two measurements, in.
Tolerance = 0.004 n.

D awg. = average of D1, D2, and D3
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Pitot Tube Calibration

Each pitot tube used in sampling is constructed by ITAQS and meets all re-
quirements of EPA Method 2, Section 4.1.% Therefore, a baseline coefficient of 0.84
is assigned to each pitot tube. The following pages show the alignment requirements
of Method 2 and the Pitot Tube Inspection Data Sheet(s) for each pitot tube used
during the test program.

*40 CFR 60, Appendix A, July 1989.
ET7 000242
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(e)

Types of face-opening misalignment that can result from field use or improper
construction of Type S pitot tubes. These will not affect Cp as long as a; and a, are
<10°, B, and B, are <5°, zis <0.32 (1/8 in.), and wis <0.08 cm (1/32 in.).
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TRANSVERSE
TUBE AXIS\\
FACE
~— OPENING —*
PLANES !
(2) ENDVIEW
A-SIDE PLANE
LONGITUDINAL | -— 1 - NoTE:
TUBE AXIS 0D, - 4"117- 3P froso cpcrson,
0 * 8 ; Pg Pa = Pg
0.48 cm < 9y < 0.95 cm
(3/16 1n.) © " (3/8 1n.). B-SIDE PLANE

(b)

% AorB '{::?23 )
(c) '

Properly constructed Type S pitot tubes shown in: (a) end view, face opening
planes perpendicular to transverse axis; (b) top view, face opening planes parallel to
longitudinal axis; (c) side view, both legs of equal length and centerlines coincident
when viewed from both sides. Baseline coefficient values of 0.84 may be assigned to

pitot tubes constructed this way.

E9 00044



LLI&CHNOLO%L
PITOT TUBE INSPECTION DATA SHEET

Pitot Tube No. _/ DA Date 12-28-93 Inspector CAROL A. MILLER
(y (12 [} 2
degrees degrees degrees degrees
A / . o)
<10° <10° <5° <5°
D, P 1.05 Oy 1.50 D,
inches inches inches inches
25 /v 394 503
0.185 < P; <0.380 - - -

Y ¢ Psin(Y) Psin(¢)
degrees degrees inches inches
®) 0 ) O
- - <0.125 <0.03125
. P P2 [Py - Py Meet
inches inches inches specifications
L S/F L S/E 2, L
1.05 Dy <P <1.50 Dy | 1.05 Dy <P2 <1.50 Dy <0.010
Lower line in each table is limits for meeling specifications.
Checked by a”l/] Date jl/}Q/LB
7 [J

000<4%3
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INTERHATIONAL
m&cm« lg‘
PITOT TUBE INSPECTION DATA SHEET
Pito! Tube No. _, ﬁkz Date 12~-28-93 Inspector _ CAROL A. MILLER
(14 (12 [ P
degrees degrees degrees degrees
<10° <10° <5° <5°
D, P 1.05 Dy 1.50 Dy
inches inches inches inches
+ I75 . G5 294 1 5&4
0.185 < P <0.380 - - .

7 9 Psin(Y) Psin(¢p)
degrees degrees inches inches
b, / e, : 076
- - <0.125 <0.03125
Py P2 [Py - P Meet
inches inches inches specifications
54 . PO L OO v
-1.05 Dy <P1 <1.50 D { 1.05 Dy <P2 <1.50 Dy <0.010

Lower line in each table is limils for meeting specifications.

Checked by (L{]

7t

E-11

Date [2/29/93
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PITOT TUBE INSPECTION DATA SHEET

Pitot Tube No. _, jZ)g Date 12-28-93 Inspeclor _ CAROL A. MILLER
(3 (12 i {2
degrees degrees degrees degrees
X | O -/ /
<10° <10° <5° ‘ <5°
D | P : 1.05 Dy 1.50 Dy
inches inches inches inches
/77 /D70 . 393 S/
0.185 < Py <0.380 - - ' .

Y ¢ Psin(Y) Psin(¢p)
degrees degrees inches inches
/ %, .5 O
- - <0.125 <0.03125
P4 P2 IPy- Pyl Meet
inches inches inches specifications
.57 3 V2% L O0CR s
1.05 Dy <Py <1.50 Dy | 1.05 D; <P3 <1.50 Oy <0.010

Lower line in each table is limits for meeting specilications.
Checked by C/L}/] Date /9/74/55
I 7
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Title: E-2
Date: 3/23/92

Dry Gas Meter and Orifice Meter

The following page shows the Calibration 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 is used. The pump is run for approximately 15 minutes at an orifice
manometer setting of 0.5 in.HZO to heat up the pump and wet the interior surface of
the wet-test meter. The information in the following example Calibration Data Sheet is
gathered for the initial calibration; the ratio of accuracy of the wet-test meter to the dry-
test meter and the AH@ are then calculated.

Post-Test Meter Calibration Check

A post-test meter calibration check is made on each meter box used during the
test to check its accuracy against the last calibration check. This post-test calibration
must be within £5 percent of the initial calibration. The initial calibration is performed
as described in APTD-0576. The post-test calibration is performed by the same :
method. Three calibration runs are made by using the average orifice setting obtained
during each test run and setting the vacuum at the maximum value obtained during
each test run. The post-test calibration check indicated that all three runs for each
meter box were within the * 5 percent range allowed by EPA Method 5.*

The Particulate Sampling Meter Box Initial Calibration and Post-Test Calibration
data sheets are included in the following pages.

* 40 CFR 60, Appendix A, July 1990.

- 000248



METER BOX

\\\

O

Q

)
~A

PRESSURE
CONTROL
VALVE

GLASS TUBE

_{]_U-TUBE

‘WET TEST METER

Calibration setup.

Title: E-2
Date: 3/23/92

MANOMETER

DATE

BAROMETRIC PRESSURE, P p= _
_——

— i Hg.

METER BOX NO
DRY GAS METER NO.

ORIFICE GASVOLUME | GAS VOLUME DRY GAS METER
MANOMETER WET TEST DRYGAS [WETTEST
SETTING METER METER METER INLET | OUTLET AVERAGE TME
AH Vi Vg, Tw. i . tdn. td. Q.
inHy0 fiy fty ¥ F F ¥ min. | Y sH@
0.5 5
1.0 5
1.5 10
2.0 10
3.0 10
4.0 10
AVERAGE
I D A Y
. Vw P {td +460) 0.0317 aH tw+ 4600 |’
s | TE | Ve Poepe) Gura) Pbllg + 40 Vau
0.5 § 0.0368 B -
1.0 | 0.0737
1.5 | o110
20 ] o0.147
3.0 } 0221
40 | 0.204

Y = Ratio of accuracy of wet test meter to dry test meter. Tolerance = £ 0.01
AH@ = Orifice of pressure differential that gives 0.75 cfm of air at 70° F and 29.92 inches of
mercury, inHg ). Tolerance = £0.15. ’

Calibration data sheet.

QGO<Z4Y E-14
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Title: E-2
Date: 3/23/92

Stack Thermocouples

Each thermocouple is calibrated by comparing it with an ASTM-3F thermometer
at approximately 32°F, ambient temperaturé, 100°F, and 500°F. The thermocouple
read within 1.5 percent of the reference thermometer throughout the entire range when
expressed in degrees Rankine. If the stack gas is saturated with moisture, the thermo-
couple is calibrated at 10° intervals between 70° and 180 °F using a water bath. The
thermocouple agreed within +2°F of the reference thermometer over the entire range.
The thermocouples may be checked at ambient temperéture at the test site to verify
the calibration. Calibration data are included in the following Thermocouple Calibration -

Data Sheet(s).

£ 3 000255



‘E NEERN&%ONJ\I.
! TIO:z!

 THERMOCOUPLE CALIBRATION DATA SHEET

100

Date: /2/’27/73 Thermocouple No:
. 7 '
Calibrator: ___}/-/Bo t//{/ Reference: Bs7Tm- 3/~
Range: _
Reference
thermometer | Thermocouple
Reference temperature temperature Ditference
point no. Source’ °F °F %'
1 2 6§ 69 (9
2 1 32 29 1/
3 3 | 3¢ 1377 A7
4 4 Hys qy2 <37
* Source: 1) Ice bath
2) Ambient
3) Water bath
4) Oil bath

** Percent difference.

o _ ,-\ or
Reference temp. °R - thermocouple temp. “R 190,

(Reference temp. °R)

where °R = °F + 460

0/

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

Checked b@% | Date _/// 9\
7 M_L

v

o [‘9
00C=< E-24
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THERMOCOUPLE CALIBRATION DATA SHEET

—

Date: ’2/27!73 Thermocouple Mo:
Calibrator: H e S5 Reference: AT M~ )~
Range:
Reference
thermometer | Thermocouple
Reference temperature temperature - Difference
point no. Source’ °F °F %"
1 2 0 7| —19
2 1 33 39 -.20
A
3 3 /&6 )58 | +. /s
4 4 P7 | 430 |- 1/
* Source: 1) Ice bath
2) Ambient
3) Water bath
4) QOil bath

** Percent difference.

Reference temn. °R - thermocouple temp. °R 100%
(Reference temp. °R)

where °R = °F + 460

o/
270,

Each percent difference must be less than or equal 1o

Date é/]j’#’f_&%_

000260

Checked by O"ﬁ‘l
J
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THERMOCOUPLE CALIBRATION DATA SHEET

Da;e: /7/27/93 L}3l

Thermocouple No:

7 —
Calibrator: H' Kn/ //S Reference: ns7M- 3/°
Range:
Reférence _
- thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ °F °F %'
1 2 yoR ) —
2 1 32 3Y -.q/
3 3 162 | /&5 |-.Y7
4 4 904 40y |27
* Source: 1) Ice bath
2) Ambient
3) Water bath
4) Qil bath

** Percent difference.

Reference temp. °R - thermocouple temn. ‘R x 100°%
(Reterence temp. °R)

~ where °R = °F + 460

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

L
Checked by Q[I Date _[//59%
’ /

V

‘ ¢ riﬁd
000<h2 E-26
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Title: E-2
Date: 3/23/92

Digital Indicators for Thermocouple Readout

A digital indicator is calibrated by feeding a series of millivolt signals to the input
and comparing the indicator reading with the reading the signal should have gene-
rated. Error did not exceed 0.5 percent when the temperatures were expressed in
‘degrees Rankine. Calibration data are included in the following Thermocouple Digital

Indicator Calibration Data Sheet(s).

000262, .
E-27



DIGITAL INDICATOR CALIBRATION

B DATA_ SHEET -

pate: A -2 - 43

INDICATOR: ¥T - g

OPERATOR: =) . &Q%SQ

Test Point | Temperature, °F | Temperature. °F | Difference,’
Number Te Tqi %
! ° | 22
2 100 \00 O
3 200 20 | Nl
4 300 60 O
5 400 gqq !
6 500 501 ,'IO
7 1000 [00 i\ | | U
8 1300 I’SO [ 06
9 1600 |60 A e
10 1900 - MO/ 04

*PERCENT DIFFERENCE MUST BE LESS THAN OR EQUAL TO 0.5%

(Tg. °F - Ty °F)
Ty, °F + 460)

% DIFFERENCE =

000<863

x 100

Checked By :7 | Date "/"/"

E-28
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T
DIGITAL INDICATOR CALIBRATION
: DATA SHEET
DATE: 13-39-93 noicator: _F 1~ 8
oPEraTOR: _J. Neese
Equivalent Digital Indicator
Test Point Temperature, °F | Temperature, °F |Difference,*
Number Te - Tai %
1 0 O O‘
2 100 93 3b
3 200 go, s
4 - 300 9\0(8’ YA
5 400 3(?‘7 | 135/
6 s00 | 4q'] 3]
7 ' 1000 C(‘QQ 7
8 1300 { 16( 3 40
9 1600 /573_ ;c’
10 1900 | 899 "y

"PERCENT DIFFERENCE MUST BE LESS THAN OR EQUAL TC 0.5%

(Te. °F - Ty °F)
% DIFFERENCE = x 100
(T,. °F + 460)

heck ﬂ,]vg |
Checked By MO oe ’300464
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DATE;

IT)E

DIGITALINDICATOR CALIBRATION

DATA SHEET

1-35-74

oPeRATOR: ) . NeeSe

inpicaTor: £ T1-9

Equivalent Digital Indicator -

Test Point Temperature, °F | Temperature, °F Difference,’

Number Te Tai %
1 0 O O
2 100 qq | |9
3 200 20 | 15
4 300 A9 ¢ A
5 400 3 q g o 13
6 500 qu 7 Y
7 1000 O\O\ (O ;7
8 1300 1293 U
9 1600 PN ?)Q
10 1900 /XS’? 4

"PERCENT DIFFERENCE MUST BE LESS THAN OR EQUAL TC 0.5%

% DIFFERENCE =

QGOZ585

(Tg. °F - Ty °F)

(Ty. °F + 460)

X 100

1/ j‘ /.
: -
Checked CL/ Da:e'zzzr’:; 1A

E-30
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ITfEst e
DIGITAL INDICATOR CALIBRATION
DATA SHEET
pate: | -25-9Y4 INDICATOR: J:_T' ||
OPERATOR: . -MQQSQ
Equivalent Digital Indicator
Test Point Temperature, °F | Temperature, °F |Difference,*
- Number Te Tai %
‘ ; | B
2 100 :
9% 36
3 200 20’ ‘{5‘

‘0 300 393 2%
; 400 34 /13
5 500 4497 .3l
R M

8 1300 |95 , 28
o 1600 1G9 , /Cf
10 | 1900 1993 30
"PERCENT DIFFERENCE MUST BE LESS THAN OR EQUAL TO 0.5%
% DIFFERENCE = —& 1 ™)

x 100

(To. °F + 460)

E-31




Title: E-2
Date: 3/23/92

Dry Gas Thermocouples and Impinger Thermocouples

The dry gas thermocouples are calibrated by comparing them with an ASTM-3F
thermometer at approximately 32°F, ambient temperature, and a higher temperature
between approximately 100? and 200°F. The thermocouples agreed within 5°F of the

| reference thermometer. The impinger thermocouples are checked in a similar manner
at approximately 32°F and ambient temperature, and they agreed within 2°F. The
thermocouples may be checked at ambient temperature prior to the test series to

. verify calibration. Calibration data are included in the following Dry Gas Thermometer
and Impinger Thermocouple Calibration Data Sheet(s). |

000Z 57 E-32



IT ) e
CORPORATION
' DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET

Date: .0\' X C\3

Calibrator: 3 _ N €250

6543

= [)‘
Thermocouple No: T | -

. Reference: f\g—l /‘4

inlet
Reference
thermometer | Thermocouple |
Reference temperature temperature Difference
point no. Source’ °F °F of*
1 1 Gg o Ca
> 2 36 25 |
3 3 |4y | -2 *
Outlet
Reterence )
thermometer | Thermocouple
Reference - temperature temperature Difference
point no. Source’ °F - °F oF**
1 1 0% G /
5 2 36 3z 0
3 3 44 [< - H
* Source: 1) Ambient
2) lce bath
3) Water bath
** Difference must be less than 5°F at both points.
Checked by __ /* I Date /s %0 7

000265
E-33 T
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"DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET

Date: -\3' 30’93

Calibrator: J- Meﬂ%

7.
Thermocouple No: ]’T’ 8

Reference: /4 STf 4

Inlet
Reference
thermometer | Thermocouple
Reference temperature | temperature Difference
point no. Source’ °F °F oF**
1 1 63 GO 4l
2 2 3 32 o,
3 3 190 [(A2- X
Outlet
Referehce
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ - °F oF of
1 1 6% G \
2 2 32 3 O
3 3 Q0 1§€ L

Source: 1) Ambient
2) Ice bath
3) Water bath

** Difference must be less than 5°F at both points.

\’\va) Date \ II?\lﬁd

- Checked by

060269 .
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CORPORATION

DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET

Date:

92974

Calibrator: J.)\)fese'

Thermocouple No: FT‘C]

6543

Reference: AST/V\ - 3F

Inlet
Reference
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ °F °F of*
: 1 1 69 /
2 2 J¢ 35 l
3 3 Pz [5Y A
Outlet
Reference
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ - - °F °F °F**
1 1 Qg Gq /
2 2 74 35 l
3 3 /S ‘55 3
* Source: 1) Ambient
2) lce bath

** Difference must be less than 5°F at both points.

Checked by /()7//

3) Water bath

il

E-35
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Cr

DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET

Thermocouple No: FT’ / /

Date:

[-35-9%

Calibrator: J. NECSE

Reference:. 4 STM

Inlet
Reference
thermometer | Thermocouple
Reference temperature temperature | . Difference
point no. Source’ °F °F °F*
1 1 7L 10 pon
2 2 .| 3¢ 2Y O
3 3 ] 5% |5 i O
Outlet
Reference
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source® - °F | oF of*
1 1 T 70 S
2 2 3¢ 24 O
~
3 3 159 [5G /
* Source: 1) Ambient
2) Ice bath

3) Water bath

** Difference must be less than 5°F at both points.

Checked by'__Mgé@r_ Date _ /~25-7¢

: 0002?‘1 . E-36
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} IMTERHATIONAL

ECiile
WECRATICHT

IMPINGER THERMOCOUPLE CALIBRATION DATA SHEET

Date: /)—/27/ 17 Thermocouple Mo: I-l A
Calibrator: H- éd‘-//dd Reference: ASTm - JF
Reference
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ of oF of**
1 1 TE | 7~ | =
2 2 39 35 | =

Source: 1) Ambient

2) Ice bath

** Difference must be less than 2°F at both points.

Checked by ?l/] Date GM‘

0007 - .
E-37
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ONFCAATIOT

IMPINGER THERMOCOUPLE

CALIBRATION DATA SHEET

Date: /2/27/43 Thermocouple No: I’ é
Calibrator: H- 60k//cd Reference: /9571”7 -3F
Reference '
thermometer | Thermocouple
Reference _ temperature temperature Difference
point no. Source’ °F °F ofF""
1 1 2 74 Z-
2 2 3 3 Y /
* Source: 1) Ambient
2) lce bath

** Difference must be less than 2°IF at both points.

Checked by %
v

000<73. .,

Date

E-38
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6543

IMPINGER THERMOCOUPLE CALIBRATION DATA SHEET

Date: 2 20 ’ﬂ“'/

Calibrator: .J Neese,

Thermocouple No: I'Q 7

Reference: ASTM

Reference
thermometer

Thermocouple

- Reference temperature | temperature Difference
point no. ' Source’ of oF o
! ! /0 71 [
2 2 24 34 O

L J

Source: 1) Ambient
2) Ice bath

-

Difference must be less than 2°FF at both points.

Checked by #MLM Date _3-22-

E-39



Title: E-2
Date: 3/23/92

Trip Balance

The trip balance is calibrated by comparing it with Class-S standard weights,
and it agreed within 0.5 g. Calibration data are shown in the following Trip Balance
Calibration Data Sheet(s). .

000275
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TRIP BALANCE CALIBRATION DATA SHEET

Mass determined for

Balance
No. Date Calibrator 5g | Error | 50g | Error | 100 g| Error

4as- [fesfas| J.NRRS@ 4G fo.1 |50.0[0.0 |i00.0[00

Melfler |\asfa| T Neese  [5.0 | 0.0 |¢0.0 [0-0 |j00.0 |00
09 |i[sd| 3 Neese, 5.0 [0.0 |500 o0 {9490,
(ﬁl\ 'JZSI’N T-Nﬁe&Q. 5.2 [0.X150,3 (0.3 |[00.5(0.3

10 [\ogfo] T NRESR 150 fo.0 [Wh |0 944 0.
(49 |/¢5I4¢ J. Neese 5.0 (0.0 |50:0 {0.0 ||Ip0.0[d.0

i

Error must not exceed 0.5 grams at each point.

9/
Checked by .- /V%Jﬁ Date 7/-25-7¢

000’7 G
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Title: E-2
Date: 3/23/92

Barometer

The field barometer is calibrated to within 0.1 in.Hg of an NBS-traceable
mercury-in-glass barometer before the test series. It is checked against the reference
barometer after each test series to determine if it reads within 0.2 in.Hg. The barome-
ter read within the allowable limits each time. Calibration data are included in the

following Barometer Calibration Log(s).

i
- 000% o



1 OLéér

u &nr RATION | A5 4 3

CBAROMETER CALIBRATION LOG

BAROMETLR ] | N LA
. |YDS | dog | Yoy @ Q /s | 40% fﬂ b
Client | fugce |Coe ol Ford |ftned |65 GE |Dubont

Project No. 3324 1| '332‘.9/3 33241y 33233 ( Y72 1332410

29349 129.6p | 29.L5 2’7'56“'76?'92 LalRl |

RETEST |BAROMETER L
READIHG 395 Y

REFERENCE _
BAROMETER 76:$ 3

READING 2959 | 29.5) |2962 29.%124.490 11.50

DIFFEREHCC* gQ)‘ a0 | 0.035|p.0t | 003 o2l .00

DATE § Zﬁf‘ﬂ’ S/ q{éﬁq_ gﬁ(qg y ,-L,/ﬁ'ﬂ Q’BJN 14
catbrator | DY’ //d(j L6 |0 ﬁ/ﬁ 14

BAROMETER

READING 2%.54 |24.00 29.59 29,87 74 4214950

»T-TEST {REFERENCE
BAROMETER

READING 29S¢ .55 | 779 (2932 99.4p |39
DIFFERENCE**| 000 | g.03| 051 .02l .ov
e %2724 /e oy || ¥ | 20/7393324 0 asfos
cwseator | S| AT Py, % ‘U
= '

V

*Baroweter is adjusted so that difference does not exceed 0.05 in. lly.

**UDarometer is nol adjusted. If difference exceed 0.10 in. Hy, inform project
manager immedialely.

E-43 ‘



L) conronation

BAROMETLR CI\I.I!NQ\UOH LOG

BAHET R He U3 / 7 / ’f—()fé 4% 4= 1) | 4o
— —. — f N
Client  [DuRk ﬁ{[o &)ng)*"“m 5*-‘4% )4 F"“*‘X—&‘—"ﬁw -

Project MNo. 532408
PRETEST :(/E\xgr;l:ﬂr)uz %44 | 2 55|29 43 4 40 7?5‘/”&%56 297

REFERENCE .

BAROMETER 9z & -

kenoinG 09677 | 2454 )/c/'(/j 1,8 HbZ 2950|297,

DIFFERENCE* | 2 | Cof | @€ | 002 007 .00 | .00

ATE 624198 | > Jo i V[of i | 9/1/% | %/ o 51521

CALIBRATOR (N g | I7 <2ﬂ _ NEE gavd

U - v 4

BAROMETER gy ]

READING 29.25 Z‘?.ﬂ’aq-(ﬁ‘/_’_Z’(. | .7 za.55
o gt ~

' :

READING .'7 2e.29 2—9(7 Q.?é} 29,971 zj‘w 29.52

DIFFERENCE** o.od| 02 00? oo | 001 | 00 3

OnTE 2ot | OIS\ 9104 | T15 2| BLSR 55/t

CALTBRATOR Be~ls]| [ v, (24 f/&[ﬁ.‘,

*Barometer is adjusted so Lhat difference does nol exceed 0.05 in. Iy.

**Baromeler is nol adjustled.

! If difference exceed 0.10 in. ily, inform project
manager immediately. .

000%79
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