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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 

I Cincinnati, Ohio 45210 

Dear Mr. Gruber: 

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

Enclosed for your information is the data regarding the performance test o f  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) . A1 though 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. 



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

I f  you have questions regarding t h i s  submittal, please contact Kip Klee of my 
s t a f f  a t  738-8640. 

Terence D .  Hagen, Director 7 
Environmental Compl i ance 

TDH:KOK:mhv 
Encl osures : 
1. 
2. IT  Test Report 

Plant 9 MAWS Operation Summary 

c: W i t h  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 
Fi le  Record Storage Copy 108.13 - w/enclosure 1 only 
Project F i le  114.15 

Without Enclosures 

N. K .  AkghdGz, FERMCO/MS82-2 
S . M .  Beckman, FERMCO/MS65-2 
R .  H .  Frost, FERMCO/MS82-2 
D. M .  Garrett ,  FERMCO/MS73 
R .  D.  Gimpel, FERMCO/MS82-2 
P. A .  Shanks, FERMCO/MS51 
M.  C .  Skriba, FERMCO/MS82-2 

D. E .  Williamson, FERMCO/MS82-2 
P. B.  Spotts, FERMCO/MS65-2 



II SUMMARY OF PLANT 9 MAWS OPERATION 

I Hours of Operation 

12/1/93 - 12/31/93 Start-up - hours not 
recorded 

Dates 

Non-radioactive Borosilicate 
glass 

Vitrifier Off-Gas * I Ventilation System - 

1/3/94 - 1/8/94 

Material in Vitrifier 

98 hours 

1/16/94 - 1/22/94 168 hours 

~~ 

1/9/94 - 1/15/94 

1/23/94 - 1/29/94 
1/30/94 - 1/31/94 

~~ 1 168 hours 

168 hours II 

48 hours II 

2/1/94 - 2/5/94 

Non-radioactive Fluoride 
surrogate material 
Non-radioactive Borosilicate 
glass 

II 

120 hours 

2/6/94 - 2/12/94 

2/13/94 - 2/19/94 

168 hours I1 

168 hours II 

Non-Radioactive Borosilicate 
a1 ass 

1. 2/20/94 - 2/26/94 168 hours II 

I- I 48 hours 2/27/94 - 2’28/94 I II 

3/1/94 - 3/6/94 

3/7/94 - 3/13/94 

1) 3/14/94 - 3/20/94 I 129.5 hours I I1 

I 

144 hours Non-Radioactive Borosilicate 
glass 

39 hours II 

11 3/21/94 - 3/27/94 I 168 hours I II 

I 
3/28/94 - 3/31/94 I 96 hours I II 

4/1/94 - 4/7/94 82 hours 

4/8/94 - 4/14/94 
4/15/94 - 4/21/94 

4/22/94 - 4/28/94 

4/29/94 - 4/30/94 

Non-Radioactive Borosilicate 
g1 ass 

82.5 hours 
158.5 hours 
35 hours II 

48 hours II 

I t  

II 
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SUMMARY OF PLANT 9 HAWS OPERATION 

5/1/94 - 5/7/94 

5/8/94 - 5/14/94 

5/15/94 - 5/21/94 

5/22/94 - 5/28/94 

5/29/94 - 5/31/94 

Dates 

Hours o f  Operation 

143.5 hours Non-Radioactive fluoride 

168 hours Non-Radioactive Borosilicate 

168 hours 
168 hours 
72 hours 

surrogate material 

surrogate material 
II 

II 

II 

Vitrifier Off-Gas * 
Ventilation System - 

6 /1 /94  - 6/5/94 

6 /6 /94  - 6/12/94 

6/13/94 - 6/19/94 

6/20/94 - 6/26/94 

6/27/94 - 6/30/94 

Material in Vitrifier 

120 hours Non-Radioactive Borosilicate 

168 hours 
168 hours 
168 hours 
96 hours II 

surrogate material 
II 

11 

11 

7/1/94 - 7/3/94 

7/4/94 - 7/10/94 

7/11/94 - 7/17/94 

7/18/94 - 7/24/94 

7/25/94 - 7/31/94 

72 hours Non-Radioactive Borosilicate 

168 hours 
168 hours I t  

168 hours 

168 hours Radioactive material from 

surrogate material 
I t  

II 

8/1/94 - 8/7/94 

8/8/94 - 8/14/94 

B/15/94 - 8/21/94 

B/22/94 - 8/28/94 

8/29/94 - 8/3ljs';i" 

168 hours Radioactive material from 

168 hours Non-Radioactive borosilicate 

8 hours 

0 hours No molten material in the 

0 hours 

Waste Pit 5 

surrogate materi a1 
II 

me1 ter 
II 

ObbCG-u 
G:\PR\KOK\MAWS\PLANTOP.KOK 



Dates Vitrifier Off-Gas * Material in Vitrifier 
Ventilation System - 
Hours of ODeration 

10/1/94 - 10/7/94 

~~~~~~ ~~ 

9 /1/94 - 9/4/94 

9/5/94 - 9/11/94 

9/12/94 - 9/18/94 

9/19/94 - 9/25/94 

9/26/94 - 9/30/94 

10/8/94 - 10/14/94 

~~ ~~ ~~ 

58 hours Radioactive material from 

168 hours II 

168 hours 
168 hours II 

120 hours 11 

Waste Pit 5 

I 1  

10/15/94 - 10/21/94 

10/22/94 - 10/28/94 

134 hours 

0 hours 

0 hours 
140 hours 

72 hours 10/29/94 - 10/31/94 

Radioactive material from 
Waste Pit 5 and Non- 
Radioactive Borosilicate 
surrogate material 
No molten material in the 
me1 ter 

II 

Non-Radioactive Borosilicate 
surrogate material 
Non-Radioactive Borosilicate 
surrogate material and 
Radioactive material from 
Waste Pit 5 

' 120 hours 11/1/94 - 11/5/94 

168 hours 
168 hours 

31.5 hours 
0 hours 

11/6/94 - 11/12/94 

11/13/94 - 11/19/94 

II 

Non-Radioactive Borosilicate 
surrogate materi a1 

Empty 
II 

11/20/94 - 11/26/94 

11/27/94 - 11/30/94 

~~ ~~~ ~ 

1 Radioactive material from 

* 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\PLANlOP.KOK 
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1.0 Introduction 

On August 4 and 8, and September 14, 1994, personnel from IT Corporation conducted atmo- 
spheric emission tests at the Fernald Environmental Management Project (FEW) 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 (HCl), carbon 
monoxide (CO), and total hydrocarbons (THC). Flow rate, temperature, moisture, and carbon 
dioxide (CO,) and oxygen (0,) 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** 
1 14,*** 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, EPN530-SW-9 1-0 10, Decem- 

ber 1990. 

3323311tnL Ta! Rep. Cmp Evl. Vmf Syst Ph 9.,Fcrmldlrm 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 (lbh). 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 0.00 12 gr/dscf, which corresponds to an average 
emission rate of 0.013 Ibh. i 

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 (3-137. 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 

3323311Eml Tn Rcp. Cmp Evl Vsir Syrt Pi1 9. F d d h m  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 Temperature Moisture DioxideC OxygenC 
Run No. (1994) (24-h) adma dscfmb (OF) (%) (%) (Yo) 

V-R- 1 814 0933-1036 1140 930 136 6.1 0 21 
V-R-2 814 1152-1255 1210 1010 135 4.6 0 21 
V-R-3 814 1323-1426 1200 1000 137 4.2 0 21 

Average 1180 980 136 4.9 0 21 

V-PM-1 818 1000-1203 1410 1250 118 2.1 0 21 
V-PM-2 818 1215-1422 1460 1280 125 1.9 0 21 
V-PM-3 818 1510-1713 1530 1350 129 1.1 0 21 

Average 1470 1300 124 1.7 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 4.3 0 21 

Average 1410 1200 132 4.0 0 21 
a 

acfm = Actual cubic feet per minute at stack conditions. 

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. 
C 

Table 2-2 
Summary of Filterable Particulate Emissions 
FEMP, Vitrification System, August 8, 1994 

(IT JTN 332331) 
~~ 

Run No. Time (24-h) Concentration (gr/dsfla Emission Rate (Ib/h)b 

V-PM-1 1000-1203 0.0020 
V-PM-2 1215-1422 0.001 1 
V-PM-3 151 0-1713 0.0005 

0.022 
0.01 2 
0.005 

Averaae 0.0012 0.01 3 

a gr/dscf = Grains per dry standard cubic foot. 

Ib/h = Pounds per hour. 

332331/Emir 1st Rcp. Cmp Evl. V d  S ~ R  Plt 9. Fsrvldhm 2-2 
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Run No. V-PM-2 

Concen- Emission 
tration Rate 

(pg/dNrn3) (Iblh) 

c2.9 ~ 7 . 4 ~ 1 0 ~  

7.1 x i  Ob' 
C 

1.5 

~0.29 4 . 4 ~ 1 0 ~  

4 .5  <7.1xl Od 

c2.9 ~ 1 . 4 ~ 1 0 ~  

0.88c 4.3~1 Odc 

5.2 2.5~10' 

~0.59 <2.8x1OdC 

4 . 5  c 7 . 1 ~  1 Od 

Table 2-3 
Summary of Total Metals Emissions 

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

Run No. V-PM-3 

Concen- Emission 
tration Rate 

(pddNrn') (Iblh) 

~2 .5  <1.3xlQs 

7.6~10~' 
C 

1.5 

~0.25 c l  .3x10d 

4 .3  ~ 6 . 4 ~ 1 0 ~  

~ 2 . 5  <1.3x1OS 

0.76' 3.8~10~' 

0.70 3 . 6 ~ 1 0 ~  

~ 0 . 5 0  ~ 2 . 5 ~ 1 0 ~  

4.3 ~ 6 . 4 ~ 1 0 ~  

Run No. V-PM-1 

Concen- Emission 
tration Rate 

Metal (p9/dNm3Ia (IblhIb 

Arsenic c1.5 <7.1 x 1 Od 

Barium 0.9lC 4 . 2 ~ 1 0 ~ ~  

' Beryllium c0.15 ~7.1~10"  

Cadmium c0.75 ~3.5~10' 

Chromium c1.5 ~ 7 . 1  x 1 Ob 

Lead 0.30' 1 . 4 ~  1 Ob' 

Mercury 2.0 9 . 5 ~ 1 0 ~  

Selenium ' 3.0 1 . 4 ~ 1 0 ~  

Silver c0.75 c3.5~1 Od 

Average 

Concen- Emission 
tration Rate 

(pgldNm') (IbW 

c2.3 <1.1xlO~ 

1.3 6 . 3 ~ 1 0 ~  

c0.23 4 . 1  x l  04 

4 . 2  ~ 5 . 7 ~  1 O4 

c2.3 4 . 1  x i  0 - 5  

0.65 3.@10d 

2.7 1 . 3 ~ 1 0 ~  

4 .4  c6.5~106 

4 .2  ~ 5 . 7 ~ 1  Od 
a 

b 
pgldNm3 = Micrograms per dry normal cubic meter. 

Iblh = Pounds per hour. 
C 

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) 
Activii Concentration (pCildscf)a Total Uranium Emissions 

Run No. l ime (24-h) Alpha Beta Gamma Concentration (pg/dNm3f Emission Rate (Iblhf 

V-R-1 0933-1036 - c0.16 10.07 c0.43 9 . 6  4.2~10-5 

V-R-2 1152-1255 - ~0.14 50.09 ~0.51 4 . 3  ~ 1 . 3 ~ 1 0 - 5  

Average - c0.15 50.08 4.47 9 . 4  ~1.2~10-5 

V-R-3 1323-1426 - c0.16 50.08 4 4 9  9 . 4  4 3x1 V5 

a 

b 

C 

pCildsd = Picocuries per dry standard cubic foot. 

pg/dNm' = Micrograms per dry normal cubic meter. 

lb/h = Pounds per hour. 

332331fEmi1 Tic Rep, Cmp EvL Vu8 Syrs Ph 9. FcrmLYrm 2-3 
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concentration for each sample in picocuries/dscf. Less-than-or-equal-to symbols (9 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 lb/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)a Emission Rate (Ib/h)b 

V-F-I 1242-1 347 6.1 0.025 
V-F-2 1420-1 525 8.6 0.029 
V-F-3 161 5-1 720 8.1 0.026 

~~ ~ 

Average 7.6 0.027 

a Parts per million by volume as fluoride on a dry basis. 

Pounds per hour as fluoride. 

2.6 Hydrochloric Acid 
HCl emissions are summarized in Table 2-6. HCl 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 lbh. 

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 lbh. 
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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)a Emission Rate (Ib/h)b 

V-C-1 1242-1 347 < I  .3 
V-C-2 1420-1 525 <I .3 
V-C-3 1615-1720 4 . 5  

~0.010 
~0.008 
<0.009 

Average 4 . 4  eo.009 

a Parts per million by volume on a dry basis. 

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 
V-N-1 B 0958 
V-N-1 C 1015 
V-N-1 D 1030 

c8 
C9 
C9 
C9 

co. 1 
eo. 1 
co. 1 
CO. 1 

Average <9 eo. 1 

V-N-2A 1202 C9 co. 1 
V-N-2B 1217 < I O  eo. 1 
V-N-2C 1232 c7 eo. 1 
V-N-20 1247 <9 co. 1 

Average e9 eo. 1 

V-N-3A 1335 c7 <o. 1 
V-N-3B 1350 e8 eo. 1 
V-N-3C 1405 e8 co. 1 
V-N3D 1420 c8 c0.1 

Average <a <o. 1 

Overall average <9 <o. 1 

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

bJb/h = Pounds per hour. 
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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 lbh. 

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 lbh. THC concentrations averaged 
9.3 ppm (as propane), which corresponds to an average emission rate of 0.063 Ibh (as pro- 
pane). CO and THC data were consistent. 
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Table 2-8 
Summary of SO, Emissions 

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 1000-1 020 
V-S-1 B 1030-1 050 

~ 1 . 3  
4 . 3  

43.016 
~0.016 

Average 4 . 3  ~0.016 

V-S-2A 11 00-1 120 c1.3 ~0.016 
V-S-2B 11 30-1 150 4 . 3  ~0.016 

Average 4 . 3  ~0.016 

V-S-3A 121 5-1 235 4 . 3  
V-S-3B 1245-1 305 <I .3 

Average 4 . 3  ~0.017 

Overall averaae 4 . 3  ~0.016 

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

Run No. Time (24-h) co T H C ~  co T H C ~  

V-HC-1 0935-1 035 12 9.5 0.049 0.061 
V-HC-2 1 152-1 255 8 9.0 0.035 0.062 
V-HC-3 1323-1 426 11 9.5 0.048 0.065 

Average 10 9.3 0.044 0.063 

a Concentrations in parts per million by volume on a dry basis. 
m)(MW)(drv standard cubic feet Der minute)(60) . 

' ' Pounds per hour; ID' 1 (385.3)(106) 
MW,, = 28.01; MWpmpane = 44.09. 

AS propane. 
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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. 
A11 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 (QNQC) 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 acetonelwater 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 hctions. Uranium was not detected in either of two laboratory quali- 
ty control blanks. Laboratory control spike analysis results show 1 14 and 1 19 percent recov- 
ery for total uranium. 
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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 i0.02 0.010 Pretest (maximum deviation) 
AH@ i0.15 0.01 Pretest (maximum deviation) 
(Y i0.05 Y 0.010 Pre- versus posttest 
posttest) 

FT-8 

FT-9 

FT-11 

, Critical ofice Y i0.05 0.027 Checked on site prior to testing 
AH@ i0.15 0.11 Checked on site prior to testing 

0.009 Pretest (maximum deviation) 
0.05 Pretest (maximum deviation) 
0.018 Pre- versus posttest 

Pitot tube 002 Geometric 
300 specifications 
502 

Digital indicator FT-5 Milliiok signals 

FT-8 

FT-9 

FT-11 

stackthenno- loo ASTM-3F 
-uPb 425 

432 

. lmpinger ther- 1-1 ASTM-3F 
recouple I4 

1-97 

0 Balance 421 Types weights 

Barometer 431  NBS-tIWeable 
barometer 

3323311Emir Tm Rcp. Cmp Evl. V d  S y R  PI1 9. Fsruldhm 

a 

*0.5% 

*1.5% 

*2OF 

k0.5 g 

iO.10 in.Hg 
(i0.20 in.Hg, 

PWWt) 

3-2 

0.010 
0.06 

0.005 
0.07 
0.008 

0.008 
0.02 

0.006 
0.05 
0.OOo 

0.007 
0.05 

a 
a 
a 

0.2% 
0.2% 
0.5% 
0.3% 
0.5% 
0.2% 
0.4% 
0.2% 

, 0.4% 
0.2% 
0.5% 

2'F 
2°F 
1 OF 

0.3 g 

0.01 m.Hg 
(0.05 in.Hg) 
0.00 m.Hg 

(0.01 in.Hg) 

Checked on site prior to testing 
Checked on site prior to testing 

Pretest (maximum deviation) 
Pretest (maximum deviation) 
Pre- versus posttest 

Checked on site prior to testing 
Checked on site prior to testing 

Pretest (maximum deviation) 
Pretest (maximum deviation) 
Pre versus posttest 

Checked on site prior to testing 
Checked on site prior to testing 

Viually inspected on site 
Viually inspected on site 
Viually inspected on site 

Pretest (maximum deviation) 
Checked on site prior to testing 
Pretest (maximum deviation) 
Checked on site prior to testing 
Pretest (maximum deviation) 
Checked on site prior to testing 
Pretest (maximum deviation) 
Checked on site prior to testing 

pretest (maximum deviation) 
Pretest (maximum deviation) 
Pretest (maximum deviation) 

Pretest (maximum deviation) 
Pretest (maximum deviation) 
Pretest (maximum deviation) 

Pretest 
Posttest 
Pletest 
Posttest 



Table 3-1 
(page 2 of 2) 

Calibration Actual 
Equipment ID No. Device Allowable Variance Variance Comments 

Dry gas ther- FT-5 ASTM-3F 
mocouple 

Fr-8 

Fi-9 

Fr-1 1 

&'F 2°F 
2°F 
2°F 
2OF 
2°F 
3°F 
2°F 
2°F 

Inlet (pretest, maximum deviation) 
Outlet (pretest, maximum deviation) 
Inlet (pretest, maximum deviation) 
Outlet (pretest, maximum deviation) 
Inlet (pretest, maximum deviation) 
Outlet (pretest, maximum deviation) 
Inlet (pretest, maximum deviation) 
Outlet (pretest, maximum deviation) 

Probe nozzle 5102 Caliper Dn 20.004 in. 0.001 in. Maximum deviation 
5 1  04 0.000 in. Maximum deviation 
5107 0.001 in. Maximum deviation 
5110 0.001 in. Maximum deviation 
G-101 0.002 in. Maximum deviation 

0.001 in. Maximum deviation 
0.000 in. Maximum deviation 

G-411 
G-420 

a See Appendix E. 
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Table 3-2 
Filter and Reagent Blank Analyses 

FEMP, Vitrification System (IT JTN 332331 1 

Blank Type Blank Value 

Filter 
Acetone 

1.9 mg 
-0.001 8 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 WQC Data 

FEMP, Vitrification System (IT JTN 332331) 

Field Blank Method Detection 
Metal Methoda Composite (,,g) Blank (pg) Limit (pg) 

Arsenic AA N D ~  ND 5.0 

Barium ICP 2.5 ND 1 .o 
Beryllium ICP ND ND 0.5 

Cadmium ICP ND ND 2.5 

Chromium ICP ND ND 5.0 

Lead AA ND ND 1 .o 
Mercury CVAA ND,C 2.5,d 1 .ie ND 0.2 

Selenium AA 3.0 ND 1 .o 
Silver ICP ND ND 2.5 

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

ND = Not detected. 

Metals composite. 

Potassium permanganate solution. 

e HCI rinse. 
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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 
HCl 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. 
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4.0 Process Descrbtion 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 
it 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. 
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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 particu- 
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 0, 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 ParticulateMetals 
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 
acidhydrogen peroxide solution, the third was empty, the fourth and fifth contained a potas- 
sium permanganate/sulfuric acid solution, and the sixth contained silica gel. 
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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 
acidhydrogen 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 HC1 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 nozzle, 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 Greenbug-Smith impingers, and a 3-in.-diameter paper filter (Whatman 
No. 1) was used for each test. Sampling was conducted isokinetically by regulating the 
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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. 

P 

5.7 Hydrochloric Acid 
HCl 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 point 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 
SOz 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. 
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APPENDIX A 

CALCULATIONS 

Page 

Nomenclature and Equations 
ParticulatelMetals 
Radionuclides 
Total Fluorides 
HCI 
so, 
NO, 

A- 1 

A-2 
a-14 
A-20 
A-27 
A-32 
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Title: NOM 
Date: 8/26/94 
Page L o f  4 

‘1. I 

Nomenclature and Dimensions .- 

A,, = Cross-sectional area of sampling nozzle, sq. ft. 

B,, = Proportion by volume of water vapor in the gas stream, dimensionless 

C = Effluent gas concentration as measured, dry basis, p p d I  

C,, = Effluent gas concentration calibration corrected, dry basis, p p d %  

C, = Average of initial and final system calibration bias check responses for the 
upscale calibration gas, p p d %  

C, = Actual concentration of the upscale calibration gas, p p d %  

‘NO, = NO,concentration, ppm (manual method) 

= Nitrogen oxides concentration as NO,, pounds per dry standard cubic foot 
(Ibldscf), manual method “NO, 

C, = Average of initial and final system calibration bias check responses for the 
zero g a s , p p d %  

= Effluent gas concentration oxygen corrected, ppm volume dry 
co2 

Cob, = Average THC concentration indicated by gas analyzer, wet basis, ppm 

C, = Pitot tube coefficient, dimexpionless 

C, = Concentration of pollutant matter in stack gas - dry basis, grains per stan- 
dard cubic foot (grldscf) 

CIS  = Concentration of pollutant matter in stack gas - dry basis, micrograms per 
n o d  cubic meter (pg/m 3, 

= Concentration of sulfur dioxide, ppm volume (manual method) cso, 

%C = Percent weight of carbon in fuel, dry basis 

%CO = Percent of carbon monoxide by volume, dry basis 
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Title: NOM 6 5 4 3 
Date: 8/26/94 

%CO, = Percent of carbon dioxide by volume, dry basis - 
D, = Sampling nozzle diameter, in. 

F = Factor representing a ratio of the volume of dry gases generated to the 
calorifc value of the fuel combusted, dry standard cubic feet per million 
Btu of heat input (dscf/lO Btu) 

GCV = Gross calorific value of the fuel on dry basis, Btu/lb 

%H = Percent weight of hydrogen in fuel, dry basis 

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

HHV = Higher heating value on an as-received basis, Btu/lb 

IS0  = Percent of Isokinetic sampling rate, percent 

IFR = Incinerator feed rate, wet tons/h 

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

M, = Dry molecular weight, lb/lb-mole 

M, = Fuel firing rate (measured coal to boiler), lb of coal per hour 

M, = Total amount ofpollutant matter collected, mg 

M’n = Total amount of pollutant matter collected, micrograms ( pg) 

M, = Molecular weight of stack gas (wet basis), Ib/lb-mole 

MW = Molecular weight, lbflb-mole 

N = No~mality of titrant, eq/liter 

%N = Percent weight of nitrogen in fuel, dry basis 

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

960, = Percent of oxygen by volume, dry basis 
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Title: NOM 
Date: 8/26/94 
Page 3 o f  4 

U = Velocity head of stack gas, in.H,O 

P, = Barometric pressure, inches of mercury (in.Hg) 

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

P, = Absolute stack gas pressure, in.Hg 

P, = 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, pounds per hour (lbh) 

pmr' = Pollutant mass emission rate, pounds per million Btu of heat input 
(lo6 Btu) 

pmr,, = Pollutant mass emission rate, pounds per 100 pounds of feed (lb/100) 

'NO, = Micrograms NO,, pg (manual method) 

QH = Total heat input, 106Btu/h 

Q, = Volumetric flow rate - stack conditions, actual cubic feet per minute 
(acfm) 

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

Q, 

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

Ti and T, = Initial and f d  flask &perature, O F  

T, = Average temperature of dry gas meter, O R  

T, = Average temperature of stack gas, O R  

T, = Temperature at standard conditions, (528OR) 

VI = Vohune of aliquot titrated, milliliters (mL) 

V, = Flask volume, mL 



Title: NOM 
Date: 8/26/94 6 5 4 3 
Page &of 4 

V,, = Total volume of liquid collected in impingers and silica gel, mL 

V, = Volume of dry gas sampled at meter conditions, cu. ft. 

= Volume of dry gas sampled at standard conditions, cu. ft. 
Vmstd 

= NO, sample volume, mL (manual method) 'NO, 

V, = Average stack gas velocity at stack conditions, feet per second (Ws) 

V, = Volume of sample collected, liters (L) 

V,, = Volume of sample solution, mL 

Vt = Volume of titrant used, mL 

V, = Volume of titrant used for blank, mL 

V, = Volume of water vapor at standard conditions, scf 

Y = Dry gas meter calibration factor, dimensionless 

8 = Total sampling time, minutes 

NOTE: Standard conditions = 68"Fand 29.92 in.Hg 
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ExamDle Calculations for Pollutant Emissions 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

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

AH 
= 17.647 x V, x Y 

ud 

Volume of water vapor at standard conditions, ft3. 

= 0.04707 x 
vwud 

Moisture content in stack gas, volume fraction. 
V 

Dry molecular weight of stack gas. 

Md = 0.44 x %CO, + 0.32 x %02 + 0.28 x (%N, + K O )  

Molecular weight of stack gas. 

Ms =Md x (1 - Bws) + 18 x Bws 

Stack velocity at stack conditions, ft/s. 

J P, T.Ms 
x = 85.49 x Cp x (avg m) x 

Stack gas volumetric flow rate at stack conditions, acfin. 
Note: A, = square feet. 

e, = 6 o x v , x q  

Dry stack gas volumetric flow rate at standard conditions, dscfm. 

= 17.647 x e, x 
Q%d 
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Title: Flow 3 5 4 3 
Date: 8/26/94 

Correction Factors 

17.647 = [g) 
f? H20 vapor 
mL. liquid 

0.04707 = [ ] 
0.44 = molecular weight of CO,/lOO 

0.32 = molecular weight of 0,/100 

0.28 = molecular weight of N2/100 

18 = molecular weight of water (H20) 

(lb/ lb - mole ) ( inXg)  
( OR)(inJizO) 85.49 = 

second 

- * 
40 CFR 60, Appendix A, Method 2. 

Ocncric.rpp(LoscrJa IIYFIow/rm 

A-7 



Title: Pollutant (Ib/h) 
Date: 8/26/94 
Page 1 o f  1 

Pollutant Emission Rate. lb/h 

la. 

lb. 

2a. 

2b. 

3. 

Concentration in grldscf. Note: M, in milligrams. 

C, = 0.01543 x - 4 
rcd 

Concentration in microgram per cubic meter, @m3. Note: M', in micrograms. 

Pollutant mass emission rate, lb/h. Note: C, in grldscf. 

X 6 0  L S  pmr = - x  a,, 
7000 

Pollutant mass emission rate, lbh. Note: C', in @m3. 

pmr = C,'x (6.243 x 10") x Q, x 60 
rrd 

Isokinetic sampling rate, %. 

Correction Factors 

0.01543 

35.315 = cubic feet/cubic meter 
7000 

= grains per milligram (gr/mg) 

= &rains per pound (gr/lb) 

Ib m3 
(453.6 x lo6 @' ( 35.315 ft3 6.243 x 10'" = 

* 40 CFR 60, Appendix A, Method 5.  



* 5 4 3 

Concentrat ion, rmm 

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

Note: M, in mg; Vmstd in ft3 

M,, x 24.04 
Vm x 0.028317 x MW pprn = 

rld 

2. Emission rate, Ib/h. 

pprn x MW x Qs,d x 60 

385.3 x lo6 
pmr = 

Correction Factors 

0.0283 17 
24.04 
1 o6 
385.3 

= cubic meters per cubic feet 
= molar volume, milliliters per millimole 
= microliters per liter 
= molar volume, cubic feet per pound-mole 
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AIUC. \ A I A p l l U ~ l /  

Date: 8/26/94 
Page 1 o f  2 

s u l f u r - D i o x i d e  

1. 

2. 

3a. 

3b. 

4a. 

4b. 

Mass of sulfur dioxide collected in sample, mg. 

vmln 

vp 
4 = 32.03 x N x ( y  - V&) x - 

Sulfur dioxide concentration, ppm volume. 

424.5 x (y - V*) x N x Vmh 

Vm, x K G o ,  = 

Sulfur dioxide mass emission rate, lb/h. Note: Csoz in ppm. 

Cso,x x 60 x 64.06 
sld nmr = r - - -  

385.3 x lo6 

Sulfur dioxide mass emission rate, lb/h. 

60 minlh 
453,600 mg/& Q%ld 

pmr = - x  4 
sld 

Sulfur dioxide mass emission rate, lb/106 Btu. 

pmr' = pmr x F x  
Qs, x 60 20.9 20*9 - 960, 1 

Sulfur dioxide mass emission rate, lb/106 Btu. 

4 F 
vm Ed 

pmr' = - x  
453,600 m g / l b  

A-10 



'I itle: (Manual - 

5 4 5  Date: 8/26/94 
Page 2 o f  '2 6 

Correction Factors 

32.03 -mole )( 24.04L)( 
424.5 = (Equivalzt )( L.06 g g-mole 28.317 L 

64.06 

385.3 

= molecular weight of sulfur dioxide, lb/lb-mole 

= molar volume, cubic feet per lb-mole 

F* = F-factor, dscf/106 Btu Bituminous coal - 9780 
oil - 9190 
Natural gas - 8710 

* 40 CFR 60, Appendix A, Method 19. 

o e n e r i c . ~ r l ~ / S t n ) I s ( n o / r m  

A-1 1 



Nitrogen Oxides 

Date: 8/26/94 
Page 1 o f  2 

1. 

2. 

3. 

4a. 

4b. 

Sa. 

5b. 

Nitrogen oxide sample volume, mL. 
r 

= 17.647 x (vf - 25) x 'NO , 

Nitrogen oxides concentration, ppm volume. 

522.5 x PNO - c - 
NO% VNO, 

Nitrogen oxides concentration, lbldscf. 

(6.243 x 10 ") x PNo - - 
'NO 

NO% in lbfdscf. 
Nitrogen oxides emission rate, lb/h. Note: C' 

Nitrogen oxides emission rate, lb/h. Note: CNo in ppm. 
X 

G0,x a,, x 60 x 46.01 
vmr = 

385.3 x lo6 

pm' = C b o x x  F x  [ 20.9 ) 
20.9 - 760, 

Nitrogen oxides emission rate, lb/106 Btu. 

Nitrogen oxides emission rate, lb/lO Btu. Note: C ' NO, in lbldscf. 

20.9 
20.9 - %O, 

pmr' = pm x F x (  
Q S d  60 

A-12 



Correction Factors 

- - 124.04 uL/ w-mole) (lo00 mL/L) 
(46.01 pg/ pg mole) 522.5 

46.01 = molecular weight of NO, 

385.3 = molar volume, ft3/lb-mole 

F* = F-factor, dscf/lO BN Bituminous coal - 9780 
oil -9190 
Natural gas - 8710 

40 CFR 60, Appendix A, Method 19. 

oencric.mrJctnYNOx(MnrmP1Yrm 

P.-l.3 



IT AIR QUALITY SERVICES validated 8/3/94 

EMISSI-EST-REPORT 

Plant: 
Sampling location: 

Test time (start-stop): 

Sample type: 
Bar. press. (in. Hg): 

Static press. (in. H20): 
Filter number(s): 

Stack dia. or width (in.): 
Pitot tube coeff.: 

Total H20 collected (ml): 
% 0 2  by volume (dry): 

FEMP 
Vltrlflcatlon stack 
1000-1 203 

Partlculate/metals 
20.70 
-0.10 
047001 9 
13.00 
0.84 . 
53.0 
21 .o 

flELD DATA 

Date: 8 / 8 / 0 4  
Run number: V-PM-1 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.Q70 

Nozzle dia. (in.): 0.373 
Data interval (min.): 5.0 

Stack length (if rectangular) (in.): 
Number of traverse points: 24 

% C02 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

(mln) . (cu. it.) 

Sample Gas meter Veloclty Orlflce drop 
Dry gas meter t i m e  reading head actual Stack 

AP AH 
(In. H20) (In. H20) 

0.210 3.19 

Temp. temp. ( O F )  

(OF) In le t  outlet 
112 72 72 

0.200 
0.220 
0.200 
0.200 
0.180 
Oil60 
0.160 
0.180 
0.180 
0.180 
0.180 
0.200 
0.200 
0.200 
0.210 
0.180 
0.180 
0.160 
0.160 
0.180 
0.180 
0.180 
0.180 

3.03 
3.34 
3.04 
3.04 
2.74 
2.43 
2.43 
2.74 
2.74 
2.74 
2.76 
3.08 
3.08 
3.07 
3.22 
2.76 
2.76 
2.45 
2.45 
2.75 
2.75 
2.75 
2.76 

115 
116 
116 
116 
117 
118 
118 
118 
118 
118 
118 
114 
117 
118 
118 
119 
120 
121 
121 
122 
122 
122 
122 

74 
76 
76 
76 
80 
80 
80 
82 
82 
82 
84 
84 
86 
86 
86 
86 
88 
88 
88 
88 
88 
88 
88 

74 
74 
74 
74 
74 
74 
74 
76 
76 
76 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
82 
82 
84 

Stop 120.0 Final: 864.149 

120.0 123.514 0.186 2.84 118 83 78 

. A-14 



I .  

IT AIR OUALllY SERVICES 

EMISSION TEST REPORT 

FIELD DATA 

Plant: FEMP 
Sampling 'location: Vltrlflcatlon stack 

Sample type: Partlculatelmetels 

Test time (start-stop): 121 5-1 422 

Bar. press. (in. Hg): 29.70 
Static press. (in. HM): -0.10 

Stack dia. or width (in.): 13.00 
Filter number@): 947001 8 

Pitot tube coeff.: 0.84 
Total H20 collected (ml): 25.0 

'A 02 by volume (dry): 21 .O 

Date: 81 8 / 9 4  
Run number: V-PM-2 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.970 

Nozzle dia. (in.): 0.260 
Data interval (min.): 5.0 

Stack length (if rectangular) (in.): 0.00 
Number of traverse points: 24 

% C02 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

validated 6/3/94 

Sample Gas meter Velocity Orlfice drop 
t lme  reading head actual Stack Dry gas meter 

Stop 120.0 Final: 929.395 

0.250 
0.240 
0.220 
0.200 
0.180 
0.160 
0.180 
0.180 
0.160 
0.170 
0.170 
0.230 
0.250 
0.240 
0.230 
0.200 
0.180 
0.200 
0.210 
0.200 
0.180 
0.150 
0.150 

0.91 
0.88 
0.80 
0.73 
0.66 
0.58 
0.66 
0.66 
0.58 
0.62 
0.62 
0.85 
0.92 
0.87 
0.83 
0.73 
0.65 
0.72 
0.76 
0.72 
0.65 
0.55 
0.55 

122 92 
123 92 
124 92 
124 94 
124 94 
125 94 

' 125 94 
125 94 
125 94 
124 94 
124 94 
118 94 
120 94 
125 94 
127 b 94 
127 94 
127 94 
128 94 
128 94 
128 94 
127 94 
127 94 
127 94 

90 
90 
90 
90 
90 
90 
90 
90 
BO 
90 
90 
BO 
BO 
90 
90 
BO 
90 
90 
BO 
90 
90 
92 
92 

120.0 64.938 0.198 0.72 125 94  90  

A-15 
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IT AIR OUALITY SERVICES validated 8/3/94 

Plant: FEMP 
Sampling location: Vltriflcation stack 

Sample type: Pa rt IC u la  t elm e t a Is 

Test time (start-stop): 1510.1713 

Bar. press. (in. Hg): 29.70 
Static press. (in. H20): -0.10 

Stack dia. or width (in.): 13.00 
Filter number(s): 947001 7 

Pitot tube coeff.: 0.84 
Total H20 collected (ml): 16.0 

% 0 2  by volume (dry): 21 .O 

FIELD DATA 

Date: 8 / 8 / 9 4  
Run number: V-PM-3 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.970 

Nozzle dia. (in.): 0.275 
Data interval (min.): 5.0 

Stack length (if rectangular) (in.): 0.00 
Number of traverse points: 24  

% C02 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

Sample Gas meter Veloclty Orlfice drop 
t i m e  readlng head actual Stack Dry gas meter 

(mln) (cu. 11.1 AP AH Temp. temp. (OF) 
(In. H20) (In. H20) ( O F )  In le t  outlet 

0.250 
0.260 
0.260 
0.240 
0.220 
0.210 
0.180 
0.210 
0.210 
0.200 
0.180 ' 

0.160 
0.250 
0.260, 
0.220 
0.200 
0.190 
0.180 
0.180 
0.220 
0.220 
0.220 
0.220 
0.230 

1.14 
1.18 
1.18 
1.09 
1 .oo 
0.95 
0.82 
0.95 
0.95 
0.91 
0.82 

1.14 
1.17 
1 .oo 
0.91 
0.86 
0.82 
0.82 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.05 

0.82 

124 
127 
128 
129 
129 
129 
129 
130 
129 
129 
128 
128 
127 
131 
128 
129 
129 
129 
129 
129 
129 
129 
129 
129 

94 
94 
94 
94 
94 
94 
94 
94 
94 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96  
96 
96  

92 
92 

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
94 
94 
94 
94 
94 
96 
96 
96 
96 

, 92 

Stop 120.0 Final: 1005.953 

120.0 76.272 0.216 0.98 1 2 9  9 5  9 3  

000Q43 
A-16 



6 5 4 %  
WTERNAmONAL 

.TECHNOLOGY 
COElPoRAnON IT AIR QUALITY SERVICES 

EMISSION TEST REPORT 

TEST RESULTS 

Plant: FEMP Test date(s): 8 / 8 / 9 4  818 
Sampling location: Vltrlficatlon stack 

0 

NP 

Y 

Dl 

cp 
AH 

Vm 

Tm 

Vmrtd 

V lc  

Vwr td  

Bwr  

Fmd 

#co2 

1604 

WOD 

#N2 

Md 

ub 

Pbar 

PSI 

P I  

Tr  . 
Vh 

V I  

As 

e 
Orrtd 

IS0 

D4 818 

validated 8/3/94 

9 4  

. 
Run Numbers 3-Run 

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

Net time of test (min) ............................................................................. 
Number of sampling poink .................................................................... 
Meter calibratjon factor ......................................................................... 
Sampling nozzle diameter (in) .............................................................. 
Pitot tube coefficient .............................................................................. 
Average orifice pressure drop (in . HX)) .............................................. 
Volume of dry gas sampled ................................................................... 
at meter conditions (cu . ft.) 
Average gas meter temperature (“F) ................................................... 
Volume of dry gas sampled ................................................................... 
at standard conditions (scf) 

Total HX) collected in impingers ........................................................ 
and silica gel (ml) 

Volume of wabr vapor at ..................................................................... 
standard conditions (scf) 

Percent moisture by volume, as measured ......................................... 
Percent moisture by volume, at saturation ......................................... 
Percent moisture value used in calculations ...................................... 
Mde fraction of dry gas .......................................................................... 
Percent Ccn by volume (dry) ................................................................. 
Percent 0 2  by volume (dry) .................................................................... 
Percent CO by volume (dry) ................................................................... 
Percent N2 by volume (dry) .................................................................... 
Molearlar weight - dry stack gas ......................................................... 
Mdearlar F igh t  - stack gas ............................................................... 
Baromebic pressure (in . Hg) ................................................................. 
Static pressure of aack gas (in . H20) ................................................. 
Stack presswe - absdus (in . Hg) ........................................................ 
A- stack gas temperature (“F) .................................................... 

Average stack gas velody (feevsec.) ................................................ 
stdmma (sq . in.) ................................................................................... 
Actual stadc flow rate (adm) ............................................................... 
Stack Row rate -dry (sdm) .................................................................. 
h c m t  isokinetic .................................................................................... 

Average square root of velocity head (in . HX)) ................................. 

120.0 

24 

0.970 

0.373 

0.84 

‘2.84 

123.514 

80.3 

11 7.038 

53.0 

2.495 

2.09 
11.01 
2.09 

0.979 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.61 

29.70 

-0.10 

29.69 

118.2 
0.4307 

25.51 

132.7 

1,  411 

1,  252 

94.6 

120.0 

24 

0.970 

0.260 

0.84 

0.72 

64.938 

91.9 

59.928 

25.0 

1.177 

1.93 
13.18 
1.93 

0.981 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.63 

29.70 

-0.10 

29.69 

124.7 
0.4435 

26.41 

132.7 

1. 461 

1, 284 

97.2 

120.0 

24 

0.970 

0.275 

0.84 

0.98 

76.272 

94.2 

70.142 

16.0 

0.753 

1.06 
14.65 
1.06 

0.989 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.72 

29.70 

-0.10 

28.69 

128.6 
0.4642 

27.69 

132.7 

1, 531 

1, 349 

96.8 

1.5 

88.24 

88.8 

82.37 

31.3 

1.47 

1.69 
12.95 
1.69 

0.983 

0.0 

21.0 

0.0 

79.0 

28.84 

28.66 

29.70 

-0.10 

29.69 

123.8 
0.4461 

26.54 

192.7 

1. 468 

1, 295 

96.2 
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INTERNATIONAL 
TECHNOLOGY 
-ON IT AIR QUALITY SERVICES validated 8/3/94 

EMISSIONTEST-REPdRT 

TEST RESULTS 

Plant: FEMP Test date(s): 8 / 8 / 9 4  8 / 8 / 9 4  8 / 8 / 9 4  
Sampling location: Vltriflcation rtack 

Run Numbers 3-Run 
V-PY-1 V-PM-2 V-PM-3 AVERAGE 

Mass of pollutant I= 15.4 4.3 2.1 
If below detection limits, replace 0 with 1. 0 0 0 

kl Filterable partlculote Mass mg 15.4 4.3 2.1 

c. Concentration grldscf 2.030E-03 1.1 07E-03 4.620E-04 1.200E-03 

Pmr Emission rate lb lh  2.179E-02 1.2lBE-02 5.341E-03 1.310E-02 

5.0 5.0 5.0 

Iln Ar8enlc Mass PB 4 . 0  <5.0 4 0  

cs Concentration rg /m3 <1.509E+W <2.946E+00 t2.517E+00 <2.324E+00 

Mass of pollutant - 
If below detection limits, replace 0 with 1. 1 1 1 

Pmr Emission rate lb lh  <7.075E-06 ~1.417E-05 <1.272E-05 <1.132E-05 

Mass of pollutant 5 3.0 2.5 3.0 
If below detection limits, replace 0 with 1. 0 0 0 

Ml Barium MaSS r g  3.0 2.5 3.0 

c8 Concentration rg Im3 9.052E-01 1.473E+00 1.510E+00 1.296E+00 

Pmr Emission rate l b lh  4.245E-06 7.085E-06 7.631 E-06 6.320E-06 

Mass of pollutant - 0.5 0.5 0.5 

bbl Beryllium MaSS r e  4 .5  4 . 5  ~ 0 . 5  

c. Concentration pglm3 <1.509E-01 c2.946E-01 c2.517E-01 e2.324E-01 

- 
If below detection limits, replace 0 with 1. 1 1 1 

Pmr Emission rate l b lh  <7.075E-07 <1.417E06 d.272E-06 <1.132E-06 

Mass of pollutant = 2.5 2.5 2.5 

Iln Cadmlum Mass Irg <2.5 a2.5 e2.5 

c8 Concentration pglm3 c7.543E-01 <1.473E+00 c1.259E+00 <1.162E+00 

If below detection limits, replace 0 with 1. 1 1 1 

Pm r Emission rate lblh <3.538E-06 c7.085E-06 t6.359E-06 45.661 E-06 

. .. 000045 
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mTEQNATIoNAL 
TECHNOLOGY 
CORFORATION IT AIR QUALITY SERVICES validated 8/3/94 

EMISSION TEST REPORT 

TEST RESULTS 

8 / 8 / 9 4  Plant: FEMP Test date@): 8 / 8 / 9 4  8 / 8 / 9 4  
Sempling 'location: Vltrlflcrtlon stack . -  

Run Numbers 3-Run 
V-PM-1 V-PM-2 V-PM.3 AVERAGE 

Mass of pollutant - 5.0 5.0 5.0 

u1 Chromium Mass Pg 45.0 c5.0 4 0  

cs Concentration Pglm 3 <1.509E+OO <2.946E+00 <2.517E+00 <2.324E+00 

If below detection limits, replace 0 with 1. 1 1 1 

Pmr Emission rate l b lh  <7.075E-06 <1.417E-05 <1.272E-05 <1.132E-05 

Mass of pollutant - - 1 .o 1.5 1.5 

un Lwd Mass Pg 1 .o 1.5 1.5 

cs Concentration lg lm3 3.01 7E-01 8.839E-01 7.552E-01 6.470E-01 

If below detection limits, replace 0 with 1. 0 0 0 

Pmr Emission rate Ib lh  1.415E-06 4.251E-06 3.815E-06 3.160E-06 

I I 

Mass of pollutant - - 6.7 8.9 1.4 

un Mercury Mass Pg 6.7 8.9 1.4 

cs Concentration pgIm3 2.022E+00 5.245E+00 7.049E-01 2.657E+00 

I f  below detection limits, replace 0 with 1. 0 0 0 

Pmr Emission rate l b lh  9.481E-06 2.522E-05 3.561 E-06 1.275E-05 

Mass of pollutant E 10.0 1 .o 1 .o 

un Solonlum Mass ccg 10.0 <l .o tl .o 
If below detection limits, replace 0 with 1. 0 1 1 

cb Concentration pglm3 3.017E+00 c5.893E-01 <5.035E-01 l.S7OE+00 

Pmr Emission rate l b lh  1.415E-05 <2.834E-06 <2.544E-06 6.509E-06 

1 I 

Mass of pollutant E 2.5 2.5 2.5 

YI Silver Mass Pg c2.5 c2.5 <2.5 

cb Concentration pglm3 e7.543E-01 <1.473E+00 <1.259E+00 d.l62E+00 

If below detection limits, replace 0 with 1. 1 1 1 

Pmr Emission rate l b l h  <3.538E-06 c7.085E-06 (6.359E-06 a5.661 E006 

I I 
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IT AIR QUALITY SERVICES validated 6/3/94 

EMISSION TEST REPORT 

FIELD DATA 

Plant: FEMP 
Sampling location: Vltr l f icrt lon stack 

Test time (start-stop): 0933-1 036 

Sample type: Radlonuclides Volume 

Date: 814194 
Run number: V - R - 1 

correction (cu. ft.): 0.000 
Bar. press. (in. He): 29.45 

Static press. (in. H20): -0.10 

Stack dia. or width (in.): 13.00 
Filter number(s): 941 0094 

Pitot tube coeff.: 0.84 
Total H20 collected (ml): 47.6 

Yo 0 2  by volume (dry): 21 .O 

Meter calibration factor: 0.970 

Nozzle dia. (in.): 0.314 
Data interval (min.): 2.5 

Stack length (if rectangular) (in.): 
Number of traverse points: 24 

% C02 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

(min) (CU. 11.1 AP AH Temp. 

Sample Gas meter Velocity Orlfice drop 
t l m e  reading head 8CtUal Stack Dry gas meter 

temp. (OF) 
In le t  outlet 

90 92 
(In. H20) 

0.120 
(In. H20) (OF) 

1.07 138 
0.100 
0.090 
0.110 
0.110 
0.100 
0.100 
0.120 
0.140 
0.150 
0.150 
0.140 
0.100 
0.100 
0.100 
0.100 
0.120 
0.110 
0.100 
0.100 
0.110 
0.120 
0.130 
0.130 

0.88 
0.80 
0.98 
0.97 
0.89 
0.89 
1.06 
1.24 
1.33 
1.33 
1.24 
0.88 
0.88 
0.88 
0.88 
1.06 
0.97 
0.89 
0.89 
0.98 
1.06 
1.15 
1.15 , 

135 
138 
136 
135 
135 
136 
136 
136 
136 
135 
135 
135 
134 
133 
133 
135 
135 
136 
137 
137 
137 
137 
137 

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

92 
92 
92 
92 
92 
92 
91 
91 
91 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

60.0 37.91 2 0.115 1.01 136 92  9 2  

R 
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IT AIR QUALITY SERVICES 
EMISSION TEST REPORT 

FIELD DATA 

Plant: FEMP 
Sampling location: Vltriflcation r tack 

Sample type: Radlonuclldes 

Test time (start-stop): 11 52-1 255 

Bar. press. (in. Hg): 29.45 
Static press. (in. H20): -0.10 

Stack dia. or width (in.): 13.00 
Filter number(s): 9410093 

Pitot tube coeff.: 0.84 
Total H20 collected (mi): 97.8 

YO 0 2  by volume (dry): 21 .O 

Date: 814194 
Run number: V-R-2  

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.970 

Nozzle dia. (in.): 0.313 
Data interval (min.): 2.5 

Stack length (if rectangular) (in.): 0.00 
Number of traverse points: 2 4  

% C02 by volume (dry): 0.0 
Yo CO by volume (dry): 0.0 

validated 013194 

Sample Gas meter Velocity ' Orlflce drop 
Dry gas meter t ime  reading head actual Stack 

A P  
(in. H20) 

0.100 
0.1 10 
0.1 10 
0.120 
0.120 
0.100 
0.120 
0.130 
0.160 
0.170 
0.160 
0.160 
0.110 
0.120 
0.120 
0.140 
0.140 
0.150 
0.130 
0.120 
0.120 
0.130 
0.150 
0.160 

AH Temp. 
(In. H20) (OF) 

0.87 134 
0.96 
0.96 
1 .os 
1 .os 
0.87 
1 .os 
1.14 
1.40 
1.48 
1.40 
1.40 
0.96 

1.04 
1.21 
1.22 
1.30 
1.13 
1 .os 
1 .os 
1.13 
1.31 
1.39 

1.04 

134 
133 
134 
134 
135 
136 
136 
137 
136 
136 
136 
134 
133 
133 
133 
135 
136 
137 
137 
138 
138 
137 
137 

temp. (OF) 
I n le t  out le t  
92 92 
92 
92 
92 
92 
94 
94 
94 
94 
94  
94 
94 
94 
94 
94 
96 
96 
96  
96  
96  
96 
96 
96 
9 6  

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92  
92 
94 
94 
94 
94 
94 
94 
94 

60.0 40.7'17 0.131 1.14 135  94  9 3  
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IT AIR QUALITY SERVICES validated 81319~ 

EMISSION TEST REPORT 

Plant: 
Sampling location: 

Test time (start-stop): 

Sample type: 
Bar. press. (in. Hg): 

Static press. (in. H20): 
Filter number(8): 

Stack dia. or width (in.): 
Pitot tube coeff.: 

Total H20 collected (ml): 
% 0 2  by volume (dry): 

FEMP 
Vltrlflcatlon stack 
1323-1 426 

Radlonucllder 
29.45 
-0.10 
9410069 
13.00 
0.84 
34.0 
21 .o 

FIELD DATA 

Date: 6 / 4 / 9 4  
Run number: V-R-3 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.970 

Nozzle die. (in.): 0.314 
Data interval (min.): 2.5 

Stack length (if rectangular) (in.): 0.00 
Number of traverse points: 24 

% CO2 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

Sample Gas meter Velocity Orifice drop 
t i m e  reading head actual Stack Dry gas meter 

(mln) (cu. A.) A P  AH 
(In. H20) (In. H20) 

0.100 
0.100 
0.100 
0.100 
0.110 
0.1 10 
0.130 
0.150 
0.160 
0.160 
0.160 
0.150 
0.120 
0.120 
0.130 
0.140 
0.140 
0.110 
0.110 
0.110 
0.130 
0.130 
0.150 
0.150 

0.88 
0.88 
0.88 
0.88 
0.97 
0.97 
1.15 
1.32 
1.41 
1.41 
1.41 
1.32 
1 .os 
1 .os 
1.14 

1.23 
0.97 
0.97 
0.'97 
1.15 
1.14 
1.32 
1.32 

1.23 

Temp. temp. (OF) 
(OF) I n le t  outlet 
133 
137 
137 
137 
138 
138 
138 
138 
138 
138 
137 
136 
134 
137 
137 
137 
138 
138 
138 
139 
139 
138 
139 
139 

96 96 
96 96 
96 96 
96 96 
96 96 
96 96 
96 96 
96 96 
97  97 
97  97 
97  97 
97 97 
97  97 
98 98 
98 Q8 
98 98 
98 98 
98 98 
98 98 
98 98 
98  98 
98 98 
98 98 
98 98 

Stop 60.0 Final: 740.446 

60.0 40.630 0.128 1.13 1 3 7  9 7  9 7  

A-22 



IT AIR QUALITY SERVICES 
EMISSION TEST REPORT 

validated 6/3/94 

TEST RESULTS 

Plant: RMP Test date(s): 8 / 4 / 9 4  8 / 4 / 0 4  8 / 4 / 9 4  
Sampling . location: Vltrlflcatlon stack 

0 
NP 

Y 

Dn 

Q 
AH 
Vm 

Tm 

Vmstd 

Vlc 

Vwrtd 

Bws 

Fmd 

.kcoQ 

.kop 

9600 

%N2 

Md 

ye 

Pbar 

P. I 

P I  

1. 
Vh 

V I  

A. 

0 8  

O m d  

IS0 

R 

Run Numbers &Run 
V-A-1 V - A - 2  V-'R . 3 AVERAGE 

k t  time of test (min) ............................................................................. 
Number of sampling poinh .................................................................... 
Meter calibration factor ......................................................................... 
Sampling nozzle diameter (in) .............................................................. 

Average orifice pressure drop (in . HX)) .............................................. 
Pibt tube coefficient .............................................................................. 

Volume of dry gas sampled ................................................................... 
at meter conditions (cu . 11.) 
Average gas meter temperature (OF) ................................................... 
Volume of cas sampled ................................................................... 
at standard conditions (scf) 

Total H20 cdlected in impingers ........................................................ 
and silica gel (ml) 

Vdume of waer vapor at ..................................................................... 
standard conditions (scf) 

Percent moisture by volume, as measured ......................................... 
Percent moisture by volume, at saturation ......................................... 
Percent moisture value used in calculations ...................................... 
Mde fraction of dry gas .......................................................................... 
Percent CO2 by vdume (dry) ................................................................. 
Percent 0 2  by vdume (djy) .................................................................... 
Percent co by vdume (dry) ................................................................... 
Percent N2 by vdume (dry) ............................. : ...................................... 
Molearlar WeMt - ay sack gas ......................................................... 
Molecular weigtlt - stadc gas ............................................................... 
Berwnerric pressure (in . Hg) ................................................................. 
Static pmssure of stadc gas (in . H20) ................................................. 
Stadc pressure - absdue (in . Hg) ........................................................ 
Awage stadc gas temperan~re (OF) .................................................... 
Avemge square root of velocity head (in . HX)) ................................. 
Averege stack gas vebdty (feevsec.) ................................................ 
seadterea (sq . in.) .................................................................................. 

stadc Ravv rate -dry (scfrn) .................................................................. 
prncent isoldnetic .................................................................................... 

Actual stack f&w rate ( a h )  ............................................................... 

60.0 

24 

0.970 

0.314 

0.84 

1.01 

37.912 

91.9 

34.717 

47.6 

2.241 

6.06 
17.84 
6.06 

0.939 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.18 

29.45 

-0.10 

29.44 

135.7 
0.3376 

20.54 

132.7 

1,  136 

931 

106.6 

60.0 

24 

0.970 

0.313 

0.84 

1.14 

40.777 

93.5 

37.246 

37.8 

1.779 

4.56 
17.68 
4.56 

0.954 

0.0 

21.0 

0.0 

79.0 

28.84 

28.35 

29.45 

-0.10 

29.44 

135.4 
0.3612 

21.91 

132.7 

1, 212 

1.009 

106.1 

60.0 

24 

0.970 

0.314 

0.84 

1.13 

40.630 

97.1 

36.867 

34.0 

1.600 

4.16 
18.65 
4.16 

0.958 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.39 

29.45 

-0.10 

29.44 

137.4 
0.3565 

21.64 

132.7 

1, 197 

998 

105.6 

P m  4 

1.1 

39.77 

94.2 

36.28 

39.8 

1.87 

4.93 
18.06 
4.93 

0.951 

0.0 

21.0 

0.0 

79.0 

28.84 

28.31 

29.45 

-0.10 

29.44 

136.2 
0.3518 

21.36 

132.7 

1, 182 

979 

106.1 

Bn 7lD4.13& 



INTERNAT~ONAL 
TECWNOLOGY 
CORFORATION IT AIR QUALITY SERVICES validated 813194 

TEST RESULTS 

Plant: FEMP Test date(s): 8 / 4 / 0 4  8 / 4 / 9 4  a i a i g s  
Sampling. location: Vitrification stack 

Run Numbers 3-Run 
V-R-1 V-R-2 V-R-3 AVERAGE 

Mass of pollutant = 3.5 3.5 3.5 

Mn Total uranium Mass Pg 4 . 5  <3.5 4 . 5  
If below detection limits, replace 0 with 1. 1 1 1 

cs Concentration pglm3 <3.560E+00 <3.318E+00 <3.353E+00 <3.410E+00 

Pmr Emission rate lblh <1.241E-05 <1.254E-05 <1.253E-05 <1.249E-05 

A-24 



6 5 4 3  
Uranium Mass Calculations 

SamDle fraction 
Liquid Filter 

Uranium Total Total Total 
conc. in uranium in uranium in uranium in 
fraction, Volume,ml fraction, fraction, sample, 

Run no. pg/l Acetone Water Total Pg I4 PS 

V-R-1 <1 .oo 200 300 500 c0.50 t3.00 c3.50 

V-R-2 c1.00 200 300 500 t0.50 c3.00 c3.50 

V-R-3 c1.00 200 300 500 c0.50 ~ 3 . 0 0  c3.50 

Liquid volume (total)=volume(acetone+water) 
Total uranium (liquid fraction)=uranium conc. (liquid fraction)'(total liquid volume/l 000) 
Total uranium (sample)=total uranium (liquid+filter) 

A-25 
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6543 
IT AIR OUALITY SERVICES 

EMISSION TEST REPORT 

FIELD DATA 

Plant: FEMP 
Sampling location: Vltrlflcatlon stack 

Sample .type: Total fluorldes 

Test time (start-stop): 1242-1347 

Bar. press. (in. He): 29.73 
Static press. (in. H20): -0.10 

Filter number(s): NA 
Stack dia. or width (in.): 13.00 

Pitot tube' coeff.: 0.84 
Total H20 collected (ml): 27.6 

% 0 2  by volume (dry): 21 .O 

validated 8/3/04 

Date: 911 4 /94  
Run number: V -  F- 1 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.951 

Nozzle dia. (in.): 0.312 
Data interval (min.): 2.5 

Stack length (if rectangular) (in.): 
Number of traverse points: 2 4 

% C02 by volume (dry): 0.0 
O h  CO by volume (dry): 0.0 

Sample Gas meter Veloclty Orlfice drop 
t l m e  readlng head actual Stack Dry gas meter 

AH Temp. temp. (OF) 
(In. H20) (OF) I n le t  out let  

1.86 116 84 83 

(mln) (cu. 11.) A P  
(In. H20) 

0.240 
0.260 
0.270 
0.270 
0.280 
0.300 
0.270 
0.280 
0.310 
0.330 
0.350 
0.350 
0.170 
0.150 
0.140 
0.150 
0.150 
0.160 
0.150 
0.150 
0.170 
0.190 
0.200 
0.200 

Stop 60.0 Final: 453.600 

2.01 
2.08 
2.08 
2.16 
2.31 
2.08 
2.16 
2.39 
2.55 
2.70 
2.71 
1.32 
1.16 
1.09 
1.16 
1.16 
1.24 
1.16 
1.16 
1.31 
1.46 
1.54 
1.54 

119 
121 
121 
121 
122 
122 
122 
123 
123 
123 
123 
123 
124 
125 
127 
127 
128 
129 
129 
130 
131 
131 
131 

84 
84 
84 
84 
85 
86  
87  
88 
89 
90 
92 
94 
94 
94 
94 
94 
95 
96 
96  
96  
97  
98 
98 

84 
84 
84 
84 
84 
84 
85 
85 
85 
86 
86 
88 
88 
89 
89 
89 
90 
90 
90 
90 
91 
92 
92 

~~ 

60.0 50.164 0.229 1.77 125 91 8 7  

F 
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IT AIR QUALITY SERVICES validated W3lW 

FIELD DATA 

Plant: FEMP 
Sampling location: Vltrlflcatlon stack 

Sample type: Total fluorldes 

Test time (start-stop): 1420-1 525 

Bar. press. (in: Hg): 29.73 
Static press. (in. H20): -0.10 

Filter number(8): NA 
Stack die. or width (in.): 13.00 

Pitot tube coeff.: 0.84 
Total H20 collected (ml): 41.8 

% 0 2  by volume (dry): 21 .O 

. 

Date: 9 /14 /94  
Run number: V -F -2  

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.951 

Nozzle dia. (in.): 0.312 
Data interval (min.): 2.5 

Stack length (if rectangular) (in.): 0.00 
Number of traverse points: 2 4 

YO C02 by volume (dry): .O.O 
YO CO by volume (dry): 0.0 

Sample Gas meter Veloclty Orlflce drop 
tlme reading head actual Stack Dry gas meter 

(min) (cu. 11.) A P  
(In. 
0. 

AH Temp. 
H20) (In. H20) (OF) 
140 1.08 132 

temp. ( O F )  

Inlet outlet 
95  95 

0.130 
0.130 
0.140 
0.140 
0.130 
0.150 
0.180 
0.200 
0.200 
0.200 
0.210 
0.150 
0.130 
0.120 
0.140 
0.140 
0.160 
0.190 
0.200 
0.200 
0.200 
0.210 
0.210 

1 .oo 
1 .oo 
1.08 
1.08 
1 .oo 
1.15 
1.38 
1.54 
1.54 
1.54 
1.62 
1.16 
1.01 
0.93 
1.08 
1.08 
1.24 
1.47 
1.55 
1.55 
1.55 
1.64 
1.63 

132 
134 
134 
134 
135 
135 
135 
135 
134 
134 
134 ' 

134 
134 
134 
135 
136 
136 
135 
135 
135 
134 
133 
135 

95  
95  
95  
95  
95 
97 
97  
98  
99 
100 
100 
102 
102 
102 
102 
103 
103 
103 
104 
104 
105 
105 
106 

95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
96 
96 
96 
97 
97 
97 
97 
98 
98 
98 
99 
99 

Stop 60.0 Finel: 497.634 

60.0 43.700 0.167 1.29 1 3 4  1 0 0  9 6  

A-28 



6 5 4 3  
IT AIR QUALITY SERVICES 

EMISSION TEST REPORT 

FIELD DATA ' 

Plant: FEMP Date: 9/14 /94  
Sampling' location: Vltrlficatlon stack Run number: V -  F-3 

Test time (start-stop): 161 5-1 720  

validated 813194 

Sample type: Total fluorldes 
Bar. press. (in. Hg): 29.73 

Static press. (in. H20): -0.10 
Filter number(s): NA 

Stack dia. or width (in.): 13.00 
Pitot tube coeff.: 0.84 

Total H20 collected (ml): 36.0 
YO 0 2  by volume (dry): 21 .O 

Volume correction (cu. ft.): 0.000 
Meter calibration factor: 0.951 

Nozzle dia. (in.): 0.312 
Data interval (min.): 2.5 

Stack length (if .rectangular) (in.): 0.00 
Number of traverse points: 2 4 

% C02 by volume (dry): 0.0 
% CO by volume (dry): 0.0 

Sample Gas meter Veloclty Orlflce drop 
t l m e  reading head actual Stack Dry gas meter 

(mln) (cu. 11.) AP AH Temp. 
(In. H20) (In. H20) (OF) 

0.120 0.93 133 
0.120 
0.130 
0.130 
0.140 
0.150 
0.160 
0.160 
0.190 
0.200 
0.220 
0.200 
0.130 
0.140 
0.140 
0.130 
0.130 
0.120 
0.140 
0.150 
0.170 
0.170 
0.180 
0.180 

0.93 
1 .oo 
1 .oo 
1.08 
1.16 
1.23 
1.23 
1.47 
1.55 
1.71 
1.55 
1.01 
1.09 
1.09 
1.01 
1.01 
0.93 
1.09 
1.16 
1.32 
1.32 
1.40 
1.40 

135 
136 
136 
136 
136 
136 
137 
136 
136 
134 
136 
134 
134 
135 
135 
136 
136 
136 
136 
136 
136 
135 
136 

temp. ( O F )  

i n l e t  out let  
100 99 
99 
99 
99 
99 
99 
99 
99 
100 
102 
103 
104 
105 
105 
105 
105 
106 
106 
106 
106 
107 
107 
107 
107 

98 
99 
99 
99 
99 
99 
99 
99 
99 
100 
100 
100 
100 
100 
100 
100 
100 
100 
101 
101 
101 
101 
101 

Stop 60.0 Final: 545.814 

60.0 42.187 0.1 54 1.19 136 103 100 

F 
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IT AIR QUALITY SERVICES validated 8/3/94 

EMISSION TEST REPORT 

TEST RESULTS 

Plant: FEMP Test date(s): 9114194 9114194 9114194 
Samplinfi location: Vltrlfication stack . 

Run Numbers 3-Run 
V-F-1 V-F-2 V-F-3 AVERAGE 

0 
NP 

Y 

Dn 

cp 
A H  

Vm 

Tm 

Vmstd 

V l c  

V w r t d  

Bws 

Fmd 

.kcM 

.ko2 

* !  
16N2 

Md 

Us 

Pbar 

PSI 

P. 

1s 
Vh 

VS 

As 

Qsstd 

IS0 

F 

Net time of test (min) ............................................................................. 
Number of sampling points .................................................................... 
Meter calibration factor ......................................................................... 
Sampling nozzle diameter (in) .............................................................. 
Pitot tube coefficient .............................................................................. 
Average orifice pressure drop (in . H20) .............................................. 
Volume of dry gas sampled ................................................................... 
at meter conditions (cu . 11.) 

Average gas meter temperature (“F) ................................................... 
Volume of dry gas sampled ................................................................... 
at standard conditions (scf) 

Total HX) collected in impingers ........................................................ 
and silica gel (ml) 

Volume of water vapor at ..................................................................... 
standard conditions (scf) 

Percent mdisture by volume, as measured ......................................... 
Percent moisture by volume, at saturation ......................................... 
Percent moisture value used in calculations ...................................... 
W e  W o n  of dry gas .......................................................................... 
Percent CO2 by volume (dry) ................................................................. 
Percent 0 2  by volume (dry) ........... ; ........................................................ 
Percent CO by volume (dry) ................................................................... 
Percent N2 by volume (dry) .................................................................... 
Molearhr weight - dry stack gas ......................................................... 
Mdearhr weight - stadc gas ............................................................... 
Barometric preswre (in . Hg) ................................................................. 
Static pressure of stack gas (in . HX)) ................................................. 
Stadc pressure - absolute (in . Hg) ........................................................ 
Average srack gas temperature (OF) .................................................... 
Average square mot of velocity head (in . HX)) ................................. 

Average stack gas velocity (feeVsec.1 .............. ! ................................. 
sladtarea (sq . in.) ......... ; _ ............._........................................................ 
Auual stack flow rate ( a h )  ............................................................... 
stack Row rate -dry (sdm) .................................................................. 
k m n t  isokinetic .................................................................................... 

A-30 ’ 

60.0 

24 

0.951 

0.312 

0.84 

1.77 

50.164 

89.1 

45.784 

27.6 

1.299 

2.76 
13.15 
2.76 

0.972 

0.0 

21.0 

0.0 

79.0 

28.84 

28.54 

29.73 

-0.10 

29.72 

124.6 
0.4727 

28.18 

132.7 

1, 558 

1, 360 

97.4 

60.0 

24 

0.951 

0.312 

0.84 

1.29 

43.700 

98.1 

39.190 

41.8 

1.968 

4.78 
17.05 
4.78 

0.952 

0.0 

21.0 

0.0 

79.0 

28.84 

28.32 

29.73 

-0.10 

29.72 

134.3 
0.4063 

24.52 

132.7 

1, 356 

1, 140 

99.5 

60.0 

24 

0.951 

0.312 

0.84 

1.19 

42.187 

101.4 

37.603 

36.0 

1.695 

4.31 
17.57 
4.31 

0.957 

0.0 

21 . 0 

0.0 

79.0 

28.84 

28.37 

29.73 

-0.10 

29.72 

135.5 
0.391 1 

23.60 

132.7 

1, 305 

1, 100 

98.9 

PQ@ 4 

1.4 

45.35 

96.2 

40.86 

35.1 . 

1.65 

3.95 
15.92 
3.95 

0.960 

0.0 

21.0 

0.0 

79.0 

28.84 

28.41 

29.73 

-0.10 

29.72 

131 . 5 
0.4234 

25.43 

132.7 ’ 

1. 407 

1. 200 

98.6 

oRoID1.1358 



6 5 4 8  
INTBZNATIONAL 
TZHNOLOGY 
CORPORATION IT AIR QUALITY SERVICES validated 8/3/94 

EMISSION TEST REPORT 

TEST RESULTS 

Plant: FEMP Test date(s): 9 / 1 4 / 9 4  9 /14 /94  . 9114194 
Sampling .location: Vltrlflcatlon stack 

Run Numbers 3-Run 
V-F-1 V-F-2 V-F-3 AVERAGE 

Mass of pollutant I= 6.3 7.5 6.8 
If below detection limits, replace 0 with 1.  0 0 0 

u1 Total fluorides Mass m9 6.3 7.5 6.8 
PPUV hw= 19.00 Concentration PPMV 6.148E+00 8.551E+00 8.080E+00 7.593E+00 
CI Concentration grldscf 2.1 23E-03 2.953E-03 2.790E-03 2.622E-03 

Pmr Emission rate lblh 2.474E-02 2.884E-02 2.631 E-02 2.663E-02 

I 

F 
I 
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HCl Emissions V.u&rsd Ulm 

Plant: FEMP 
’ Site: Vitrificationstack 

Date: 9114l94 

H20 
RUn Vm Pbar AH Tm Vmstd Collected H20 Qestd 
No. cu-ft Y in.Hg in.H20 OF ecf ml 96 d s c h  

V-C-1 47.592 0.975 29.73 1.81 92 44.300 0.00 1360 
V-C-2 46.676 0.975 29.73 1.81 99 42.903 44.0 4.61. 1140 
v-c-3 48.61 0.975 29.73 1.81 101 44.522 47.8 4.81 2 1 0 0  

9*1 I 
Average .S+t 

Run No. Average 
v-c-1 v-c-2 v-c-3 

mass of pollutant = 2.50 2.40 2.80 

HCl mass mg 4 . 5  4 . 4  4 .8  
HCl concentration grldscf ~8.713-04 ~8.633-04 4.703-04 9.0143-04 
HCl emission rate lbhr d.02E-02 ~8.433-03 C9.153-03 9.2453-03 

MW= 36.47 ppm <1.31E+00 <1.30E+00 <1.46E+00 1.360E+00 

if below detection limits, replace 0 with 1. 1 1 1 

1YM4 1459 
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Sulfur Dioxide Emissions VddrrSduLlDl 

Plant: FEMP 
Site: Vitrification stack 

Date: 8/8/94 

H20 
Run Vm Pbar AH Tm Vmstd Collected H20 Q d  
No. cu-ft Y h.Hg hH20 OF ecf ml 96 d& 

V-S-lA 15.993 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-SlB V-S-U 

mass of pollutant = 14.00 15.00 20.00 

SO2 mass Pg 14.00 15.00 20.00 
if below detection limits, replace 0 with 1. 

602 concentration clghn3 3.3183+01 3.6833+01 4.9023+01 3.9683+01 
s o 2  emission rate lbhr 1.5563-04 1.7273-04 2.2983-04 1.8603-04 

MW= 64.07 ppm 1.2453-02 1.382342 1.8393-02 1.489342 

I I  

10/25/94 10:16 

A-33 
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Sulfur Dioxide Emissions v.ubtd ulml 

Plant: FEMP Date: W8B4 
Site: Vitrification stack 

H20 
RUn Vm mar AH Tm Vmetd Collected H20 Qeetd 
No. cu-ft Y in.Hg h H 2 0  OF ecf ml % d a h  

V-S-2B 15.891 0.946 29.70 1.34 90 14.373 0.00 1252 
V-S-3A 15.989 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 0.00 1273 

mass of pollutant = 
if below detection limits, replace 0 with 1. 
SO2 mas8 
SO2 concentration 
SO2 emission rate 

MWE 64.07 

Run No. Average 
V-S-2B V-S-3A V-S-3B 
16.00 20.00 24.00 

P8 16.00 20.00 24.00 
pgh3 3.9313+01 4.8843+01 5.9253+01 4.9133+01 
lbhr 1.8433-04 2.3493-04 2.8493-04 2.3473-04 
ppm 1.4753-02 1.8333-02 2.2233-02 1.8443-02 

10/25/94 1021 
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APPENDIX B 

FIELD DATA 

Page 

Equipment Audits 
Sampling Location and Measurements 
Pa rticu la telM etals 
Radionuclides 
Total Fluorides 
HCI 
so* 
NO, 
CO and THC 
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FIELD AUDIT REPORT: DRY GAS METER 
e y  CRITICAL O R I F I C E  

a c t '  "m 
f t 3  

DATE: 3 - 3 -3 4 CLIENT: 

ORIFICE NO. ++ 1% PRETEST Y: -94.c; A H 8  /#34 in.H,O 
ORIFICE K FACTOR: 4,LW k (0' AUDITOR: 

BAROMETRIC PRESSURE ( Pbar)  : &.qz, i n .  Hg METER BOX NO. frT-u< 

Y A u d i t  
A u d i t ,  d e v i a -  A H @ ,  AH@ D e v i a -  

Y t i o n x  in.H,O t i o n ,  in.H,O 

T e m p e r a t u r e s  
Ambient  Dry gas meter 

A v e r a g e  I n l e t  Outlet A v e r a g e  
T i i / T i f ,  Toi /Tof ,  Tm , 

Ta i /Taf 9 

Ta 9 

"F "F "F O F  "F 
1 

D u r a t i o n  
of 
r u n  
0 

min .  

Dry g a s  
meter m s t d '  

vm, f t3  1 " f t 3  

V 
x 100 = -2 ,T  A u d i t  Y - P r e t e s t  Y 

P r e t e s t  Y A u d i t  Y = = 0,917 Y d e v i a t i o n  = 

ms t d  
yr.1 s 

0 = 1/95 in .HZ0 3' 184 
A u d i t  L\H@ = (o.0317)(AH)(Pb,,)(Tm + 460) [Y (Vm)(Pba, + AH/13.6 

A u d i t  Y m u s t  be i n  t h e  r a n g e ,  p r e t e s t  
A u d i t A H @  must be i n  t h e  r a n g e  pretestAH@ k0.15 i n c h e s  H20. 

Y 20.05 Y .  

B-2 



6543 

INTERNATIONAI 
TECHNOLOG\ 
CORPORATIO: 

I 

Test Point No. €qui  va l en t  D i g i t a l  Indi c a t o r  

1 \n 1 3  100 
2 O [ ?  A 9  I 
3 :?,G C? 30 1 
4 qo h 4 6 C  

Temperature F Temperature F 

DIGITAL INDICATOR AUDIT 
DATA SHEET 

% Difference 

, @ e  
/s- 

100 
I ,  

Indicator No. FT -5 
Client 
Date -g- - 2 -0y 

Project No. 3.;3"7"d3 / 
Operator r- -. \-< 

Percent Difference Must Be Less Than o r  Equa l  To 0.5% 

Percent Difference:  

-1Lauiva len t  TemDerature - D i a i t a l  I n d i c a t o r  TemDeraturell lOOl 
(Equi va l en t  Temperature + 460)  

B-3. 



FIELD AUDIT REPORT: DRY GAS METER 
BY CRITICAL ORIFICE 

Orifice 
ma nome t e  r 
reading 

AH ' 

in.H,O 

I .  5 

DATE : % - 3  ,c. * CLIENT: 
BAROMETRIC PRESSURE ( Pbar) :  &?,?L in.Hg METER BOX NO. 
O R I F I C E  NO. PRETEST Y :  4 7 0  AH8 I,ri in.H,O 

Dry gas Temperatures Duration 
meter Ambient Dry gas meter of 
reading T a i / T a f ,  Average Inlet Outlet Average r u n  

m i n .  
V i / V f ,  Ta 9 Ti i/Tifs Toi/Tof '  ' T,, 0 

~09.000 q9 q - L  44 
f t 3  "F "F "F "F "F 

73 .5  / 
k;LO.QbO q b  73 Yt 4 9  

ORIFICE K FACTOR: +A8 X I  Oe4 AUDITOR: 67 

Dry gas 
meter 

vm, f t 3  

Y Audit 
devia- A H @ ,  AH8 Devia- V "m - % t d '  a c t '  Audit, 

f t 3  f t 3  Y tion# in.H,O t ion,  in.H,O 

\ I  23.5 3 
17.647( Vm)  ( Pbar -t A H / 1 3 . 6 )  - -/c.3;L f t 3  - - V 

"std (Tm + 460) 
553 5 

"'act 1/2 

i' IJ 

1203( 0 ) (  ) (Pbar)  
- - =?,'rq j f t 3  V 

(Ta + 460) 
LJ,.C1S 

Y deviation = - O."i LG 

c- 

V 
A u d i t  Y - Pretest Y 

Pretest Y x 100 = /, 3 "act - 

"s t d  
Audi t  Y = 

- / S  9 in.H20 3'- I Y'P 
8 

[y (Vm)(Pbar + AH/13.6 A u d i t  AH@ = (0.0317)(AH)(Pbar)(Tm + 460) 

A u d i t  Y mus t  be i n  the range, pretest 
Audi t  AH@ must be i n  the range pretest  AH@ k0.15 inches H20. 

Y 20.05 Y. 

B-4 
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INTERNATIONAI 
TECHNOIX)G\ 
COBPOBATIOl 

Test Point No. Equi valent  Di g i  t a l  Indi c a t o r  

1 c i 
2 / b  0 /oc 
3 %@ c so 1 

Temperature F Temperature F 

A = u t .  1 3 2 ,  

DIGITAL INDICATOR AUDIT 
DATA SHEET 

% Difference 

I 

.@O 
I5 
ZL 

6 5 4 5  

Indicator No. k 7 - z  
Client f'rZ*/ 0 
Date 

C.. 

Percent Difference Must Be Less T h a n  o r  Equal To 0.5% 

Percent Difference:  

-J Eaui Val e n t  TemDerature - Diai t a l  l n d i  c a t o r  TemDeraturel(  1001 
(Equi Val en t  Temperature + 460) 

B-5 



FIELD AUDIT REPORT: DRY GAS METER 
BY CRITICAL ORIFICE 

manometer meter Ambient Dry gas meter 

DATE: 7-13 -qq CLIENT: Ft.p*rcco 

BAROMETRIC PRESSURE ( Pbar) : 2 3 .%o i n . Hg METER BOX NO. 
ORIFICE NO. & 3 PRETEST Y :  ,qq 1 AH@ 1.60 in .H,O 

/=T-'q 

ORIFICE K FACTOR: 5 84C o L 10 -9 AUDITOR: c 2 3 W e  3 

o f  

in.H,O 
111 I 11. 

f t 3  "F "F "F "F "F 

Dry gas  V V 

Vm, f t 3  f t 3  ' f t 3  
meter "s td '  %ct '  

17 55 17,47 8 1 we6 

(Ta + 460) 
Z 3 b  19 

\I 

Y Audit 
Audit ,  AH@ AH@ Devia- 

Y in.H,O t i o n ,  in.H,O 

343 -x. O j g  _-. 1,b-z  

1 

x 100 - g Audit -Y - Pretest Y 
Pretest Y ,  3 Audit  Y = = 443 Y d e v i a t i o n  = 

ms t d  

= h 6 'z in.HZ0 

I 3' Audi t  &@ = (o.0317)(&i)(Pbar)(T,,, + 460) + AH/13.6 

Audit  Y must be  i n  t h e  range ,  p r e t e s t  
Audi t  AH@ must be  i n  the range pretest AH@ k0:15 inches H20. 

Y 50.05 Y. 

B-6 



IKIFRNATiONAL 
TECHNOLOGY 
CORPORARON 

6 5 4 3  

DIGITAL INDICATOR AUDIT 
DATA SHEET 

Indicator No 
Clienl C c l w  
Daze 9-1 3 -99 

B-7 



FIELD AUDIT REPORT: DRY GAS METER 
BY CRITICAL O R I F I C E  

O r i f i c e  
ma nome t e  r 
reading 

AH 9 

in.H,O 

b7 
I 

DATE: 91 A /4Gf CLIENT: &*- - 

Dry gas Tempera t u  res Durat ion 
mete r Ambient Dry gas meter  o f  
reading Tai/Taf Average I n l e t  Out le t  Average run 

0 
min. 

V i / V f ,  Ta 9 T -  11 . /T i f ,  To i /To f¶  Tm 9 

f t 3  "F "F "F O F  "F 

,340.qm 37 7 s  
3sa-4oo 7 g  S L  7 3  

BAROMETRIC PRESSURE (Pbar): ~ , - ' C J  in.Hg METER BOX NO. Fr c / /  
O R I F I C E  NO. * IQ PRETEST Y: 975 AH@ Lq( in.H,O 

Dry gas V V Y Audi t  

vm, f t 3  f t 3  f t 3  Y 
meter mstd' matt' Audi t ,  

. I r , r  \asr la 64 .4 9 1  

AH@ Devia- 
t i on ,  in.H,O 

6 Df 
V 
mstd 

"ma, t 

Aud i t  

- 
17.647 ( Vm) ( Pbar + AH/13.6) 

= \0%4 ft3 - - 
(T, + 460) 

= i0,bci ft3 

Audit  Y - Pretest  Y 
Pretest  Y 

111 

x 00 = f =  act = ,9%2 Y deviat ,an = V 
mstd 

= it36 in.HZ0 3' c 3 4 .  T d  

I+ 7 3  
B 

(Vrn)(Pbar + AH/13.6 Aud i t  4 l B  = (0.0317)(aH)(Pbar)(Tm + 460) 

Aud i t  Y must be i n  the  range, p re tes t  
Aud i t  AH@ must be i n  the  range p r e t e s t A H @  50.15 inches H20. 

Y k0.05 Y. 



6 5 4 3  
W7lXNATIONAL 
ncHNoLoGy 
CORPORATION 

DIGITAL INDICATOR AUDIT 
DATA SHEET 

Indictlor No. Ft- I 1 
Clienr 
Dale 4 r 3  G 9  

c -  

B-9 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

-~ - -  _ _ _ ~  __ --- -- -- - - ~  _ _ _ _ ~  
~ 

Plant 6 - C  o 

Date r/3 /GI 9 
Sampling location P 1 - t G, A i L  
Inside of far wall to outside of nipple 

-______ ___ 

} y ? l f q  

Inside of near wall to outside of nipple (nipple length): 
; 3 4  

Stack inside diameter, inches I3 
Distance downstream from flow disturbance (Distance B): 

k < inches I diameter = 5 0  dd 

2 5 6  inches I diameter = / , q  dd 

Distance upstream from flow disturbance (Distance A): 

Calculated by 6 66- 1 5  

' SCHEMATIC OF SAMPLING LOCATION 

7he first and last points must be no closer than 1 in. from the stack wall for stack diameters > 24 in. 
or no doser than 0.5 in. from the stack wall for stack diameters 5 24 in. 

E10 



GAS VELOCITY AND VOLUMETRIC FLOW RATE 

Plant and City Fclrcv\c= Date 3 - 3 - w  

Run No. v - I  -c Operator LT c3G 
Sampling Location U+T 4, c.p.+, L R1,Q-T Clock Time i d 0 0  

Barometric Pressure, in.Hg .Y 't Static Pressure, in.H20 - L 1 

A I 

acfm Qs = 
pS Ht@ 1 

= Qs x 17.647 x I (1 - ) . "std 

' % t d  
a 17.647 A 

Moisture, X a 5 Nolecular wt. , Dry 
Stack Dimension, in. Diameter or Side 1 13 

Pitot Tube, Cp .%'f 
Side 2 

T I E L D  DATA CALCULATIONS 

7 m u n  u n  
-TRAVtRSL VELOClTV ps = M : (1  - m, "7' 18 'm; "2' 3 

Polk1 HEAD STACK 
NU48 E R (AP,). i n . H p  TEMP.. .f 

) : ( 1 - 1 , , ) * 1 8  
0 :#, - ( 

85.49 x c p  a f i x  

85.49 a ( 

f t / s  

ft' 

v, x A, a 

a X 60  

(-1 

460) 

I----- 1 a 

E1 1 



INTERNATIONAL 
TECrnOLOGY 
CORpoBAllON 

PARTICULATE/METALS TRAIN 
SAMPLE RECOVERY AND INTEGRITY SHEET 
I 

Plant C',v-lMc,n 

Sample location 
Run number C,L I J  RI i.\ PL Recovered by 
Fi Ite r number( s) c j q y a 3 > \  , -  

MOISTURE 
lmpingers Condensate 1 st 2nd 3rd 4t h 5t h 
Contents Empty 5% H N 03/1 0 Yo H 202- KMn04 Silica gel 
FinalWvol 100 g -!an g 0 g \ob g 106 g 2-00 g 

Description of impinger water 

Initial Wvol !OO g ~ 9 8 9 ~ g 1 0 0 9 2 Q L g  
Net Gain 0 9 O g A g 4  9 6 9 n 9  

Total moisture 9 

RECOVERED SAMPLE 

Filter container number@) 0 5% & Sealed 
Description of particulate on filter - 

Sample solution/rinse 
container numbers 

SealedAiquid 
level ma#ed 

Acetone probe rinse G q W t  J 
5%HNO3//1O%H202 

L 

8N HCI rinse 0 V5 bh L 

solution and 
0.1N HN03 rinse 0+5?  4 
KMn04 solution 

,/' and rinse 9 9 5 % A  

Samples stored and locked 
Remarks 

B-12 
2/27/92 
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

PARTICULATE/METALS TRAIN 
SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant Fwb.lt-a Sample date 8-a -9 v 
Recovery date Sample location V A A ~  nLr 

Run number I/-Prvl - \ Recovered by 
Fi Iter nu m ber(s) 4470 o 14 

lmpingers Gmkmmte 1 st 2nd 3rd 4t h 51 h 
Contents - m f -  5%HNO3/I OYoH202- ~ l %  K ~ n 0 4  /(tahiy Silica gel 
Final wt/vol !IS g lox 9 A 9  16Z 9 A g - 9  

Net Gain 1s 9 a g  a g - g o g  3 7 - 9  
Description of impinger water I ,a 3 c lc..c-, 't.S &,,& O...*acI . 

3 E k -  
MOISTURE 

Initial Wvol iOQ g I O 0  g o g io0 g 100 g mQ g 

Total moisture 63 g 1 
RECOVERED SAMPLE @ 

Filter container number(s) 0 3 6  (9 4 Sealed J 
Description of particulate on filter - 

Sample solution/rinse 
container numbers 

Sealed/liquid 
level marked 

Acetone probe rinse 044 I A d 
5%HN03/1 OYoH202 

J 
L 

solution and 

KMn04 solution 
0.1 N HNO3 rinse 0 44a-4 

and rinse o3t is4 
8N HCI rinse 

Samples stored and locked 1 
Remarks V 

2 12 710 2 

E14 
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INTERNATIONAL 
TECHNOLOGY 
CORPOWCXION 

PARTICULATE/METALS TRAIN 
SAMPLE RECOVERY AND INTEGRITY SHEET 

F Sample date ‘ii- -5q P i . f m r , D  Plant 
Sample location 
Run number -. 

\I 9 +# ,I-, CP. +\or’ Recovery date qk?5W 
Recovered by * 

Fi Ite r number (s) 

lmpingers C 1 st 2nd 3rd, 4t h 5t h 
Contents 5%HN03/1 O%H202 q%KMn04 l(@L) Silica gel 
FinalWvol 104 g -1m g 1, 
Initial Wvol 
Net Gain 

MOISTURE 

s g L g  
9*g  - @ g  9 1 o o g  N L 9  

& , g ’ L g - g  0 g I n 9  
.-%ikg 

Description of impinger water c 1. z , 7 .  G k l k  4 < 
- % g  

- 
Total moisture / G  

Fi Iter container number( s) OLtOcI l3 Sealed ./ RECOVERED SAMPLE 

Description of particulate on filter I v o  U A A U  

Sample solution/rinse 
container numbers 

Seal ed/liqu i d 
level msrked 

Acetone probe rinse 0 w 3  A A 
5%HN03/1O%H202 

o w q ,  J solution and 
0.1N HN03 rinse 
KMn04 solution 
and rinse 0 4 0 S A  
8N HCI rinse O 4 0 b - A  

Samples stored and locked 
Remarks 

B-18 
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PART-I CULATEE SAMPL ELRECOV ERY-AND-I NTEGR IT-U 

Sample date c -.u -7 i l  
2- c / -  ‘i 1’ 

P l a n t  
Sample location \ , ~ t ; $ ~ ( -  . - ~ r , b  -. o.i+(;* Recovery date 

F i  1 t e r  number( s )  

, I  

Run number \ J -  fx - 3  Recovered by GT,,,,, 5 
P j 4 i X T z  

MOISTURE 

Impi ngers S i l ica  gel 

Final volume ( w t )  J33 m l ( g )  Final w t  2 0 7 ,  F( 9 

In i t i a l  volume ( w t )  -0 mI(g) In i t ia l  w t  e- 9 - 
Net volume ( w t )  s o  ml(g) Net w t  
Description of impinger water r,’ A x , r  - % spent 

Total  moisture 

RECOVERED SAMPLE 

F i  1 t e r  container number( s )  WS7& Sealed 1/ 

Description of particulate on f i l t e r  A - 16 t j ,  - L-. Lc- 

Probe r inse Liquid level 
container no. 4 1,7 ki marked 4’ 

/ Liquid level 
(37.5 r’n marked 

A, I I,, blank 
container no. 
Impinger contents Liquid level 
container no. O Y b % n  marked 1 

1’ 

1, A marked c/ 
L i q u i d  level 6-7.q‘eI\ 3 blank 

d e r  no. 
Samples stored and locked 
Remarks 

I . 
~~ -~ 

LABORATORY CUSTODY 

Received by Date 
Remarks 

B-22 
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_ _ ~ _  _ _ _ _ _ _ ~ _  - PARTICULATE-SAMP-LELRECOV-ERY AND-INTEGRIXY SHEET-.- ~ ~ - - -  

P l a n t  &-Lo Sample date %-4-?9 
Sample location U,+*,C,c-a j , a  J-(& Recovery date q-*m 
Run number Recovered by 6-47 
F i  1 t e r  number( s )  q4100Q5 

MOISTURE 

Impi ngers Si l ica  gel 
F i n a l  volume ( w t )  a J -L ml(g) F ina l  w t  300s. c 9 
In i t i a l  volume ( w t )  200 ml(g)  In i t i a l  w t  2-0 0 9 

Description of impinger water CICCI’ 2, x spent 
Net volume ( w t )  4 -L- ml(g)  Net w t  5; 9 

Total moisture 47.67 g 

RECOVERED SAMPLE 

F i  1 t e r  container number( s )  0 3 % )  13 Sealed >/ 
Description of par t iculate  on f i l t e r  )-3b (I&$ < A n i s ,  

Probe rinse L i q u i d  level 
container no. C 3%oA marked ,‘ - 
&&+-blank L i q u i d  level 

container no. 0 3 % Q  marked 
Impinger contents L iqu id  level 
container no. o 3 5  34, marked 
&!! blank L iqu id  level 

contait!er no. 0 3aaA marked 
Sample: stored and locked 
Remarks 

. 

LABORATORY CUSTODY 

Received by Date 
Remarks 

B-20 



B-15 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

PARTlCULATE/METALS TRAIN 
SAMPLE RECOVERY AND INTEGRITY SHEET 

owl r *e Sample date r-%-Tc/ / Plant 
Recovery date 

Run number P ~ R -  a Recovered by * 
,3 KMnO,Jtsq Silica gel 

Sample location 

Fi Ite r number( s) 

\!,+,ts,cd-L,fi Q J &+ 

c iY700  

MOISTURE 
5t h lmpingers C m  1 st 2nd 

InitialwVvol 100 g 100 g o g 100 g 100 g 200 g 

Contents w -  5%H N03/l OYoH202, 
Final Wvol lbg g IO0 g g ( 0 0  9 io3 9 a r S g  

Net Gain p a g  0 9 A g L g  0 9 1 9  
Description of impinger water CI- IIz-3 f. &IS 

/ 

Total moisture 2s 9’) @ 
RECOVERED SAMPLE 

Filter container number(s) 6 yo743 Sealed !/ 
Description of particulate on filter L k  L)ascdb(-u 

Sample solution/rinse 
container nu m be rs 

SealedAiquid 
level marked 

Acetone probe rinse 0 q 0 7 4  c/ 
5%HN03/1O%H202 

d 
L 

8N HCI rinse 040% A L 

solution and 

KMn04 solution 
and rinse 40IA 

0.1N HN03 rinse W O O A  

Samples stored and locked 
Remarks 

2/27/92 
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PARTICULATE-SAMPLE-RECOVERY-AND-INTEGRISSHEET 

Q -  y -  P l a n t  &,* s q  c ,r Sample date 
Sample location \j,+,.,!,t,L$,a- Recovery date 6 -  ' I- Tb 
Run number v-k- 3 Recovered by 

af 

Fi 1 t e r  number( s )  W I Q O  @q 

MOISTURE 

Impi ngers Si l ica  gel 
9 

r Final volume ( w t )  ;& ml(g )  Final w t  m-5 
I n i t i a l  volume ( w t )  h mI(g)  In i t i a l  w t  7 - 7 0  9 
Net vol ume -( w t )  ml(g) Net w t  9 
Description of impinger water ( 5 % spent 

Total  moisture 3Lj,o J@ 

RECOVERED SAMPLE 
/ 

F i l t e r  container number(s) ouv? 8 Sealed L/ 
Description of particulate on f i l t e r  '.> [ ' <  , , ( ~ L L  - 

Liqu id  level 
marked !,/ 

Probe r inse 
container no. 043tl A 
&&,*blank L iqu id  level 

container no. 03344, marked 
Impi nger contents L i q u i d  level 
container no. OclrlGd, marked 

J H@ blank Liquid level 
container no. axa-PC marked 
Samples stored and locked \7 
Remarks 

LABORATORY CUSTODY 

Received by Date 
Remarks 

008086 B-24 
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Iq Iyq r e w  m Sample date 
-7 Plant 

Run No. - -  I Recovered by (‘--&&% Recovery date q!/s/;7 d 

MOISTURE 
Impi ngers Sil ica gel 

Final volume ( w t )  2 10 ml ( 9 )  Final w t  a17. In 9 

ml (9) In i t ia l  w t  a0 0 9 
Net volume ( w t )  10 m l  (9) Net w t  17.c 9 

l a  x spent 

In i t i a l  volume ( w t )  “bo 0 

g @  
Total moisture 37* 6 

c I tC\/ Description of impinger water 

RECOVERED SAMPLE 

Impinger Nos. 1, 2 ,  and 3 
contents Container No. q q 6  A 

Impinger No. 4 contents 
Container No. 

Dei on i zed water b 1 an I@; kc 
Container No. Y W 4  

L i q u i d  level 
marked 

L iqu id  level 
marked 

J 
Liquid level 

marked 

Liqu id  level iw marked 
0.1 N NaOH blank 

Container No. 

Samples stored and locked I 
Remarks 

LABORATORY CUSTODY 

Received by Date 

Remarks 
c 

080088 E26 
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METHOD 136 SAMPLE RECOVERY AND INTEGRITY SHEET 

fox&- & P1 a n t  Sample da te  
Run No. - -  Recovered by r, Recovery date 

I 

MOISTURE 

Impi ngers Sil ica gel 

F i n a l  volume ( w t )  -9 .o ml (9)  Final w t  2 I I.% 9 

In i t ia l  volume ( w t )  ( Z O O  .o m l  (9)  I n i t i a l  w t  %a 0 9 
Net volume ( w t )  30 .o ml (9) Net w t  A g  

Total moisture xo X spent 

Description of impinger water C , l & L r  

RECOVERED SAMPLE 

Impinger Nos. 1, 2,  and 3 
contents Container No. w 7 n  

FA Impinger No. 4 contents 
Container No. 

Deionized water bl  ank/F, 
Container No. 471 n 

0.1 N NaOH blank 
Container No. 

Liquid level 
marked 

Liquid level 
marked 

L iqu id  level 
marked 

Liquid level 
marked 

I/ 

Samples stored and locked / 
Remarks 

LABORATORY CUSTODY 

Received by Date 

Remarks 
I 

€3-28 
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METHOD 138 SAMPLE RECOVERY AND INTEGRITY SHEET 
- ~~ ~ ____. - ~ _  __ ~~ - - - _ _ _ _ ~ ~  ~~ 

I 

P1 ant  Fb- e Sample date ?If4hLI 
Run No. v- 6 - 3  Recovered by 9 IApCc-< - Recovery date ?()5/?/ d 

Impingers 

MOISTURE 

Si l ica  gel 

Final volume (wt) d3.4 .O m l  (9) Final w t  cs /LO 9 
I I n i t i a l  volume (wt) 0 m l  (9) In i t i a l  w t  9 

Net volume (wt) ~ 4 . 0  m l  (9) Net w t  1 Y  

Description of impinger water 

9 3 

Total moisture 36 SO 23 % spent 

c lb- 

RECOVERED SAMPLE 

Impinger Nos. 1, 2 ,  and 3 Liquid level 
contents Container No. marked b A 

Liquid level - WA marked 
Impinger No. 4 contents 

Container No. 

Dei on i zed water b l  an k/F;I 1, - 
Container No. qv / A  L marked 

0.1 N NaOH blank 
Container No. 

Samples stored and locked \ ?  
Remarks 

Liquid level 

Liquid level marked - UL 

LABORATORY CUSTODY 

Received by Date 

Remarks 
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

d H C l / &  TRAIN 
SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant Sample date q//4/(:Lc 
Sample location b&& A O- O. ,AI>-+ Recovery date S/,f;!V 
Run number V-.& 1 Recovered by 

- r  Filter type - 
MOISTURE 

lmpingers Condensate 1 st 2nd 3 rd 4t h 5t h 
Contents 0.1N H2SO4- Silica gel 
Final Wvol 
Initial Wvol 
Net Gain 
Description of impinger water 

g L g ~ g A g  9 9 
9 1m 9 1oc 9 = 9  9 2 Q L L g  
g*g -9 i 0 9 9 

- ?.n r /  

Total moisture 9 

RECOVERED SAMPLE 

Sample solution/rinse 
container numbers 

Sealed/liquid 
level marked 

i/ 
0.1N H2SO4 
solution and 
DI water rinse 3 4  ,>'A- 
0.1N NaOH 
solution and 
DI water rinse 

li, 0 

Samples stored and locked 
Remarks 

E32  
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

) t ’&HCl /~ ’  TRAIN 
SAMPLE RECQVERY AND INTEGRITY SHEET 

Plant 
Sample location Recovery date 
Run number Recovered by 
Filter type 

lmpingers Condensate 1 st 2nd 3 rd 5t h 
0.1N H2SO4- Contents 

Final Wvol 
Initial Wvol 
Net Gain 
Description of impinger water f 1 .- 

Sample date + \+qq 

MOISTURE 

9 .Ij.zig 9 ( o g o g  
g-g , l o n g  - 0 - g  
g a g  10 9 6 

’a Total moisture 44.0 
‘J RECOVERED SAMPLE 

Sample solutionhinse SealedAiquid 
container numbers level marked 

0.1N H2S04 
solution and 
DI water rinse 
0.1 N NaOH 
solution and 
DI water rinse 

4 6 4  A J 

4 7 3 4  
r/ 

V712 A v 

Samples stored and locked 
Remarks 

B-34 
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

@ C U P :  TRAIN 
SAMPLE RE OVERY AND INTEGRITY SHEET 

Plant Sample date 9- /q- YL/  

Sample location 
Run number 
Filter type 7 . G  E 

\ j ~ + ~ t \ .  I .&\a- 6 3 V y  Recovery date+q-%l 
Recovered by L 

MOISTURE 
lmpingers 1 st 2nd 3 rd 4t h 5t h 

0.1N H2SO4- Contents 
Final wt/voI 
Initial wt/vol 
Net Gain 
Description of impinger water 

Silica gel 

9 

9 ,*. 9 ,llo, 9 1  9 
a' 9 , ; g o , g  G g  

9 . a g  l o g c g  

Total moisture 47. * 
[ .iC&J 

RECOVERED SAMPLE 

Sample solutionhinse SealedAiquid 
container numbers level marked 

0.1N H2SO4 
solution and 
DI water rinse 470 A 
0- 
solution and 
DI water rinse - / 

0, I FJ kL s 0" 4 7 t A  I 0  

Samples stored and locked 
Remarks 

B-36 
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Plant Sample date r/v/c; c/ 

Sample location h c  l f - c r  Recovery d a t e  r/g/+ I L/ 

Run number v - 5 0 2  - / .A Recovered by h k -  1 5  

MO I STURE 

1s t  impinger 2nd impinger 3rd impinger Sil ica gel 

Final w t  3 0 2 .  Y 
41.2 

Net w t  

Total moisture ILL 9 

RECOVERED SAMPLE 

H202 blank Liquid level 

Impinger contents Liquid level 
container no. 3V7& marked 

container no. 3 - u  mar ked fl 

/ 
Liquid level 

1 
H20 blank 
container no. 3%2A marked 

Samples stored and locked 

Remarks 

LABORATORY CUSTODY 

Received by Date 

Remarks 

B-38 
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SO2 TRAIN SAMPLE RECOVERY A N D  INTEGRITY SHEET 

Plant Fer-co Sample date 

Sampl e 1 oca t i  on M e  I&v Recovery date  p/v/G . s/ 

Run number It-soz- t 13 Recovered by ~ G G ,  15 

/ r  

Final w t  

I n i t i a l  

Net w t  

w t  

H202 b l a n k  

1s t  impinger 

MO I STURE 

2nd impinger 3rd impinger 

I / ?  &J- x 124 -1 9 

hl$ 2L' ! 
l 0 0 - I  x jOG6- . t  1 

Total moisture 15.4 9 

RECOVERED SAMPLE 

Liquid level 
container no. 3w1A marked 

Silica gel 

\ 

I IY 9 

Impinger contents Liquid level 
conta i ner no. 3 8 8  /+ marked 1 
H20 blank Liquid level 

Samples stored and locked 

Remarks 

container no. 382h marked / 
\ 

LABORATORY CUSTODY . 

Received by Date 

Remarks 

000102 
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SO, T R A I N  SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant 0 Sample date  8/r/+ L/ 

Sampl e 1 oca t i on e Recovery da te  8/h’./9 9 
/ /  

Run number 1/ -5bZ - Z# Recovered by 13 &-kc /s 

Final w t  

I n i t i a l  w t  

Net w t  

MOISTURE 

1st  impinger 2nd impinger 3rd impinger S i l i c a  gel 
304. ; 

b U - l  9 lor -\.a l C S  , / a  Z 1 3 , q  g 4 I. 3 - 
/ a c - J  9 i o 0  - 1 ~  I G L  r l  Z C C  g 

Total moisture ‘9sb g 

- Y C ’ m I  9 P h . r l Q  9 ,I 9 1314 9 

RECOVERED SAMPLE 

L i q u i d  level H202 blank 
container  no. 3wA-  marked 

Impinger contents L i q u i d  level 
container  no. 36‘1 A. mar ked 

H20 blank L i q u i d  level 

/ 

conta iner  no. 3 F Z A  marked / 

Samples stored and locked 

Remarks 

LABORATORY CUSTODY 

Received by Date 

Rema r k s 
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S02TRAIN SAMPLE RECOVERY AND INTEGRITY SHEET - 

- P1 ant  ktr- 's  Sample date  
I 

Sample locat ion Mu I +r- Recovery da te  a/% / ' s  -f 
Run number v - 5 0 2 -  zn Recovered by 66,, I C  

Final w t  

I n i t i a l  w t  

Net w t  

H202 blank 

MOISTURE 

1 s t  impinger 2nd impinger 3rd impinger 

L g J q  ! / 5 ? , 1 9  W6J \ 
Iso-1 k 100-I 9 / o a J  j 

- 3 2  * I &  I!? - I  9 6-1 g 

Total moisture 3 . 5  9 

RECOVERED SAMPLE 

L i q u i d  level 

Si1 ica  gel 

con t a  i ner no. 3wA- marked / 

/ 

/ '  
Impinge r  contents L i q u i d  level 
container  no. 340& marked 

H20 bl an k L i q u i d  level 
conta iner  no. 3rZA marked 

Samples s tored and locked 

Remarks 

LABORATORY CUSTODY 

Received by Date 

Remarks 
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P1 a n t  Sample date &/./I ./ 
Sample location P c.- Recovery date r/6/7 7’ 

Run number 1.’ - 5 C  2 - 3 A  Re co v e red by f i L C d 5  

MOISTURE 

F i n a l  w t  

I n i t i a l  w t  

Net w t  

H202 blank 

1 s t  impinger 2nd impinger 

7 6  - J B  ,I ‘9 

Tota l  moisture . -12.9 9 

RECOVERED SAMPLE 

L i q u i d  level 
container no. 39Cl-4 marked 

Silica gel 

Impinger contents L i q u i d  level 
container no. 3911 /?- marked 1 
H20 b l a n k  L i q u i d  level 
container no. 3uzA marked / 

Samples stored and locked 

Remarks 

LABORATORY CUSTODY 

Received by Date 

Rema r k s 



1 
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e.- n Sample date &/4 f P1 a n t  
Sampl e 1 oca t i on Mc I L  Recovery date k/9f c/ 
Run number L/-507 - 3/? Recovered by L36hX I s  

t -  

MO I STURE 

1 s t  jmpinger 2nd impinger 3rd impinger Si1 ica gel 

Total moisture ‘ 2 . 6  ’ g 

RECOVERED SAMPLE 

; 
H202 blank Liquid level 
container no. .-3”rq& marked 

Liquid level Impinger contents 
con t a  i ner no. 35zJ-L mar ked 

H20 bl an k Liquid level 

Samples stored and locked 

/ 

container no. 3 8 Z A  marked / 

Rema r k s 

LABORATORY CUSTODY 

Received by Date 

Remarks 
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VOC EMISSIONS DATA 

City Cepflklcl c 

Plant + - p / - c o  

Screening Personnel 6 6 ,  I E -i Instrument ID d,v& f o p  
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CD EMISSIONS DATA 

Plant Fc=c-. c ci City fc,-../,l. 0'14 

Screening Personnel Bc, 6,7 Instrument ID 8 1 7 Z L j  
I 

Process Unit he IC,, Date r/+9 t/ 

I 1 

I I 
I 
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APPENDIX C 

LABORATORY DATA 

Page 

Pa rtic u la te/Meta Is 
Radionuclides 
HCI and Total Fluorides 
so2 
NO, 
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Quantma Incorporated 
5815 Middlebrook Pike 

, #no*ville;-Tennessee-3-79i? I 

61 5 588-6401 Telephone 
61 5 584-43 15 Fax 

IT Air Quality Services 
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 : FERMC0/33233 1 
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 Quantem Environmental Services, 
Knoxville, Tennessee from IT A i r  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. 

I 

II. Analvtical ResuItsMethodoloq 

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: 

Kenneth Mueller 
Project Manager 

c-2 



6 5 4 3  
Eniimnmenrol 
Sennr\ 

IT Air Quality Services 
November 3, 1994 

Client Project ID: FERMC0\33233 1 Job Number: 1501 

II. Analvtical ResultsMethodoloPy (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). 

III. Oualitv Control 

Routine laboratory level I QC was followed. 

c-3 



.. . I. 

Sample 
3lank Type identifiable 
ketone YES 
'ilter YES 

Environmental 
Senxes 

Method 5 Blank Analytical Data 

Liquid level at mark 
and/or container sealed 
YES 
YES 

Plant: FERMCO 

Density of Acetone 0.7899 g/ml (pa) 

Acetone Blank Container No. 0384A Lab #: AC 2185 
Volume of Acetone: 138 ml. p a )  

Date &Time of wt. 10/13/94 1515 Beaker Gross Wt.: 11 0034.1 mg. 
Date & Time of wt. 10/14/94 09:20 Beaker Gross wt.: 110034.5 mg. 

Average Gross Wt.: 110034.3 mg. 
(ma) Beaker Tare Wt.: 110034.5 mg. 

Ca,(mg/g) om (Pa) Beaker Net Wt.: -0.2 mg.(ma) 
Acetone Blank Value: -0.0018 mg/g (Ca) 

Blank Value used for Calculations: -0.0018 mg/g 

Filter #: 9470020 Lab #: AC 2184 

Date & Time of wt. 10/12/94 08:30 Filter Gross Wt.: 312.9 mg 
Date & Time of Wt. 10/12/94 18:OO Filter Gross wt.: 312.8 mg 

Average Gross wt.: 312.9 mg 
Filter Tare Wt.: 311.0 mg 

Difference: 1.9 mg 

Remarks 

Signature of Analyst: Date: - 
Signature of Reviewer: Date: '= 



1 I N 9 4  

Type 
Acetone 

Filter 

6 5 4 3  
vluanterra 

Method 5 Analytical Results c Ensmmmenral 

Identifiable andlor container sealed 
YES YES 
YES YES 

Plant: FERMCO Run No.: V-PM-1 
Sample Location Density of Acetone 0.7899 g/ml 

Liquid level at mark I sample I Sample 

Acetone Blank Residue Conc. 0.0000 mglg Lab#: AC 2161 
Acetone Volume: 175 ml. 

Date & Time of Wt. 10/13/94 15:15 Beaker Gross Wt.: 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 Wt.: 102241.1 mg 

Less acetone blank wt.: 0.0 mg 
13.4 mg Particulate Wt.: 

Filter # 947001 9 Lab #: AC 2160 
Date & Time of Wt. 
Date & Time of Wt. 

10/12/94 08:30 
10/12/94 18:OO 

Filter Gross Wt.: 316.8 mg 
Filter Gross Wt.: 316.8 mg 

, .verage Gross Wt.: 316.8 mg 
Filter Tare Wt.: 314.8 mg 

Weight of Particulate on Filter: 2.0 mg 

Weight of Particulate in Acetone Rinse: 13.4 mg 

Total wt. of Particulate: 15.4 mg 

Signature of Analyst: 

Signature of Reviewer: 
, 

Date: 

Date: 

c-5 
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. ,* 

Sample 

Type 
Acetone 

11/3/94 

Sample Liquid level at mark 
Identifiable and/or container sealed 

YES YES 

wuanterra 
EnVimnIllfTltal 
Senicrs 

Method 5 Analytical Results e 

Plant: FERMCO Run No.: V-PM-2 
Sample Location Density of Acetone 0.7899 g/ml 

Filter I YES I 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 Wt.: 
Date & Time of Wt. 10/14/94 09:20 Beaker Gross Wt.: 

Average Gross Wt.: 
Beaker Tare Wt.: 

Less acetone blank wt.: 
Particulate Wt.: 

Filter # 947001 8 Lab#: AC 2168 
Date & Time of Wt. Filter Gross Wt.: 
Date & Time of Wt. 10/12/94 18:OO Filter Gross Wt.: 

Average Gross Wt.: 
Filter Tare Wt.: 

Weight of Particulate on Filter: 

1011 2/94 08:30 

103808.9 mg 
103809.2 mg 
103809.1 mg 
103806.5 mg 

0.0 mg 
2.6 mg 

317.2 mg 
317.1 mg 
317.2 mg 
315.5 mg 

1.7 mg 

Weight of Particulate in Acetone Rinse: 2.6 mg 

Total wt. of Particulate: 4.3 mg 

Signature of Analyst: Date: 

Signature of Reviewer: Date: ///JfJ 
1 

C-6 



Method 5 Analytical Results 

Sample Sample 
Type Identifiable 

Acetone YES 
Filter YES 

6543 
muanterra 

E n m m e n r a l  
Sennes 

e 

Liquid level at mark 
and/or container sealed 
YES 
YES 

Acetone'Blank Residue Conc. 0.0000 mg/g Lab#: AC 2177 
Acetone Volume: 187 ml. 

Date & Time of Wt. 
Date & Time of Wt. 

1011 3/94 151 5 
10/14/94 0920 

Les 

' Filter # 947001 7 Lab #: AC 2176 
Date & Time of Wt. 10/12/94 08:30 
Date & Time of Wt. 10/12/94 18:OO 

Beaker Gross Wt.: 112368.7 mg 
Beaker Gross Wt.: 112369.0 mg 

Average Gross Wt.: 112368.9 mg 
Beaker Tare Wt.: 112369.0 mg 

acetone blank wt.: 0.0 mg 
Particulate Wt.: 0.0 mg 

Filter Gross Wt.: 310.6 mg 
Filter Gross Wt.: 310.7 mg 

Average Gross Wt.: 310.7 mg 
Filter Tare Wt.: 308.6 mg 

Weight of Particulate on Filter: 2.1 mg 

Weight of Particulate in Acetone Rinse: 0.0 mg 

Total Wt. of Particulate: 2.1 mg 

Signature of Analyst: Date: 

Signature of Reviewer. Date: &/ 
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.I 

IT Air Quality Services 
November 3, 1994 

Client Project ID: FERMC0\33233 1 

Client Sample ID: 
Lab Sample ID: 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

' selenium 

silver 

METALS ANALYSIS 

Results in total pg 

Sample Matrix: Air 

Method Blank 
PBF 10 1 A 

5.00 u 
1.00 u 

0.500 U 

2.50 U 

5.00 u 
1.00 u 

0.100 u 
1 .00  u 
2.50 U 

Job Number: 1501 

COMPOSITE V-PM-FB 
AC2 155 

5.00 u 
2.50 + 

0.500 U 

2.50 U 

5.00 u 
1.00 u 

0.200 u 
3.00 + 
2.50 U 

Digestion Date: 101 18/94 
Analysis Date: 10/21/94 (lCP), 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 



IT Air Quality Services 
Novein ber 3, 1994 

Client Project ID: FERMC0\33233 1 

Client Sample ID: 
Lab Sample ID: 

arsenic 

barium 

beryllium 

cadmium 

chromium 

lead 

mercury 

selenium 

silver 

Senices 

Job Number: 1501 

METALS ANALYSIS , 

Results in total pg 

Sample Matrix: Air 

COMPOSITE V-PM-I 
AC2 164 

5.00 u 
3.00 + 

0.500 u 
2.50 U 

5.00 u 
1.00 + 

0.200 u 
10.0 + 
2.50 U 

COMPOSITE V-PM-2 
AC2 I72 

5.00 u 
2.50 + 
0.500 U 

2.50 U 

5.00 u 
1.50 + 

0.200 u 
1.00 u 
2.50 U 

COMPOSITE V-PM-3 
AC2 I80 

5.00 u 
3.00 + 

0.500 U 

2.50 U 

5.00 u 
1.50 + 

0.200 u 
1.00 u 
2.50 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-9 



IT Air Quality Services 
November 3, 1994 Senice, 

Job Number: 1501 

Client Sample ID: 
Lab Sample ID: 

mercury 

METALS ANALYSIS 

Results in total pg 

Sample Matrix: Air 

METHOD BLANK 
CPBW I01 8 

0.020 u 

V-PM-FB HCL 
AC2 I56 

1.28 + 

V-PM-FB KMN04IH2S04 
AC2 157 7isc$ 

J - 3 n  -f 

Analysis Date: 1 O/ 1 8/94 

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

080125 c-10 
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IT Air Quality Services 
November 3, 1994 

Client Project ID: FERMC0\332331 

Client Sample ID: 
Lab Sample ID: 

mercury 

6 5 4 3  
Enuronmnral 
Senx e3 

Job Number: 1501 

METALS ANALYSIS 

Results in total pg 

Sample Matrix: Air 

V-PM-1 HCL V-PM-1 KMN04/H3S04 V-PM-2 HCL 
AC2 165 AC2166 Tdcd AC2173 

Y -  afl -I 
0.337 + 6.37 + b,7 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. 

c-11 



IT Air Quality Services 
November 3, 1994 

ClieTt-Pi@JEtCID7FERMCOC3 32 33-1- 

Client Sample ID: 
Lab Sample ID: 

mercury 

METALS ANALYSIS 

Results in total pg 

Sample Matrix: Air 

V-PM-2 KMN04/H2S04 V-PM-3 HCL 
AC2174 7@ AC2181 

d-Vh-2 
8.35 + '$,i 0.074 U 

msanterra c Emironmental 

Job Number: 1501 

734 
r/ -?M 

V-PM-3 KMN04/H2S04 
AC2 I82 

1.44 + I A 

Analysis Date: 

+ - Positive result. 
U 

1 O/ 1 9/94 

- Compound was analyzed for but not detected. The number is the detection limit for the sample. 
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IT Air Quality Services 
November 3, 1994 

Client Project ID: FERMC0\33233 1 

Client Sample ID: 
Lab Sample ID: 

mercury 

METHOD BLANK 0381 A KMN04/H3S04 
CPBW1019A AC2 189 

0.020 u 0 . 0 7 4  + 

Scni es 

Analysis Date: 101 I 8/94 

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

C-13 

Job Number: 1501 

METALS ANALYSIS 

Results in total pg 

Sample Matrix: Air 
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Quanterra hcorporated 
581 5 Mddlebrook Pike- 
Knoxville, Tennessee 37921 

615 588-6401 Telephone 
61 5 584-43 15 Fax 

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

November 16? 199' 

Job Number: 1498 

This is the Certificate of Analysis for the following samples: 

Client Project ID: FERMC0/33233 1 
Date Received by Lab: 
Number of Samples: Twelve (12) 
Sample Type: 

August 18, 1994 

Liquid - eight (8); Filter - four (4) 

I. Introduction 

On August 18, 1994, eight (8) liquid samples and four (4) filter 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. Analvtical ResultsMethodology 

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: 

Kenneth Mueller 
Project Manager 

C-16 
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IT Air Quality Services 
November 16, 1994 

Client Project ID: FERMC0/33233 1 

Client Sample ID Knoxville Lab Sample ID 

V-R-1 Filter Run 1 380B AC1411 

V-R-1 AcetoneRun 1380A AC1412 

V-R-1 H 2 0  Run 1 383A AC1413 

V-R-2 Filter Run 2 487B AC1415 

c manterra 6 5 4 5  

St. Louis Lab Sample ID 

6363-001 

6363-005 
II 

6363-002 

Job Number: 1498 

V-R-2 H 2 0  Run 2 488A 

V-R-3 Filter Run 3 489B 

AC1417 II 

AC1419 6363-003 

111 V-R-2 Acetone Run 2 487A I AC1416 I 6363-006 

~ 

V-R-3 Acetone Run 3 489A AC 1420 6363-007 

V-R-3 H 2 0  Run 3 490A AC1421 II 

Blank Filter 459B AC1423 6363 -004 

Blank Acetone 384A AC 1424 6363-008 

Blank H20 382A AC 1425 II 

2 

C-17 
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Emironmental 
Service5 

Quanterra lncorporated 
1371 5 Rider Trail Nod 
Eatth-~i~~-Missoicri-63045 

3 14 298-8566 Telephone 
314 298-8757 Far 

CERTIFICATE OF ANALYSIS 

5815 Middlebrook Pike 
Knoxville, TN 37921 

/4"ENTION: Ken Mueller 

October 14, 1994 

Page 1 of 3 

PROJECT NUMBER: 552.03 
DATE RECEWED: October 3, 1994 
NUMBER OF SAMPLES: Eight (8) 
SAMPLE MATRIX: Four (4) Filter 

Four (4) Liquid 

I. Introduction 

On October 3, 1994, eight (8) samples were received at Quanterra Environmental Sewices 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 
SAMPLE ID 

AC1411 
AC1415 
AC1419 
AC1423 
AC1412 & AC1413 
AC1416 & AC1417 
AC1420 & AC1421 
AC1424 & AC1425 

ST. LOUIS 
SAMPLE ID 

6363-001 
6363-002 
6363-003 
6363-004 
6363405 
6363-006 
6363-007 
6363-008 

c-20 



Quanterra 
Project Number: 552.03 
October 14, 1994 
Page 2 of 3 

II. Analytical ResultdMethodology 

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 AlphdBeta by standard method 71 10, 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. CommentdNonconformances 

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 
PCVL = picocuries per liter 
ND = non detect 
%REC, = percent recovery 

Gross Alphmta  

There are no comments or nonconformances associated with this analysis. 

Total Uranium 

There are no comments or nonconformances associated with this analysis. 

There are no comments or nonconformances associated with this analysis. 

c-2 1 



rmanterm 
Ennronmntal 
S e m c s  

c 
QUUlterra 
€%ject NumbF552103 
October 14, 1994 

3 0 f 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: 

Robert E. White' 
Project Manager 

c-22 



Category: Gross Alpha/Beta 
Method: STD Method 7110 
Matrix: F i l t e r  

Quenterra 
5815 Middlebrook Pike 
Knoxville, T I  37921-5947 

Project: 552.03 Sn+ces 

Report Date: 10/13/94 
Date Saapled: 08/0G/94 
Date Received: 10/03/94 

Client Ouenterra 
I D  I D  Paremeter 

Date 2 SiQna 
K ) A  

Prep 
Date A ~ l y z e d  Result Units Error 

(+/-) 

AC1411 6363 - 00 1 

A C l G l l  6363-001 

Gross Alpha 

Gross Beta 

10/10/94 10/11/94 4.51 PCI/FIL 0.75 0.53 

10/10/94 10/11/94 1.07 PCI/FIL 0.27 0.50 

. .  

C-23 
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c" wuanterra 
Ouant er ra  
5815 Middlebrook Pike 
Knoxvi 1 Le, TN 37921-5947 - 
Project: 552.03 S e n K e S  

Eminmmental 

Category: Gross ALpha/Beta Report Date: 10/13/94 
Method: STD Method 7110 Date Ssnpled: 08/06/94 

-Matcix:-F-i L t e r  Date-Received:-10/03/96- 

CL ient Quanttrra 
I D  I D  Paremeter 

Date 2 si- 
h l y Z C d  Result Units Error I D A  

Prep 
Date 

( + I - )  

At1415 6363 - 002 Gross Alpha 10/10/94 10/11/94 4.70 PCf/FIL ' 0.73 0.43 

ACl41S 6363-002 Gross Beta 10/10/94 10/11/94 1.73 PCf/FfL 0.32 0.47 

v-p-2 

C-24 



Ouanterra 
5815 Middlebrook Pike 
Knoxvi 1 le, IN 37921 -5947 

Projut :  552.03 
Category: Gross Alpha/Beta 
Method: STD Method 7110 
Mat r ix :  F i l ter  

Senices 
Report Dite: 10/13/96 
Date Stypled: 08/04/96 
Date Rutlved: 10/03/% 

CLient Ouanterra 
I D  Parameter 

Date . zsiqne 
I D A  

Prep 
Date A M l y Z d  Result Units Error 

(+/-) 

AC1419 6363 - 003 Gross Alpha 10/10/94 10/11/94 4-99 PCf/FIL 0.79 0.68 

AC1419 6363- 003 Gross Beta 10/10/94 10/11/94 1.42 PCf/FfL 0.30 0.49 

C-25 000140 



e wuanterra 
Quanterra 
5815 Uiddlebrook Pike 

Environmental Knoxville, TN 37921-5947 - 
Project: 552.03 Senices 

Category: Gross Alpha/Beta Report Date: 10/13/94 
Method: STD Method 7110 Date Sanpied: 08/04/94 
U X F i F F  i I t e r  Det e ReceiTedFl OI03I94- 

C l i e n t  Quanterra Prep Date 2 sim 
K)A I D  IO Parameter Date Analyzed Result Units Error 

(+/- 1 

AC1423 6363- 004 Gross Alpha 

AC1423 6363-004 Gross Beta 

10/10/94 10/11/94 4.95 PCI/FIL 1.00 0.85 

10/10/94 10/11/94 1.84 PCI/FIL 0.53 0.94 

C-26 



Quenterra 
5815 Middlebrook Pike 
Knoxville, T I  37921-5947 

Project: 552.03 
Category: Gross Alpha/Beta 
Uethod: STD Uethod 7110 
Uatrix: Liquid 

654% 
Ensironmental 
Senices 

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

C l  ient Quant er ra  
ID ID Parameter 

Date 2 S i m  
K)A 

Prep 
Date AnelyZed Result Units Error 

(+/- 1 

AC1412 8 AC1413 6363-005 Gross Alpha 

AC1412 B AC1413 6363-005 Gross Beta 

10/12/94 10/13/94 ND PCI/L 1 .E 

10/12/94 10/13/94 ~ I D  PCI/L 2.02 

C-27 



Puanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Category: Gross Alpha/Beta Report Date: 10/13/94 
Method: STD Method 7110 Date Sonpled: 08/04/94 
Matrix: Liquid Date R e c e i ~ e d ~ l  OiO3ir94- 

Project: 552.03 Senices 

Client Ouanterra 
ID ID Parameter 

Date 2 Sim 
Date Analyzed Result Units Error IDA 
Prep 

(+/- 1 

AC1416 8 AC1417 6363-006 Gross Alpha 

AC1416 8 AC1417 6363-006 Gross Beta 

10/12/94 10/13/94 . 

1 O/I2/94 10/13/94 

ND PCI/L 1.33 

ND PCI/L 2.93 

C-28 



Quenterra 
5815 Middlebrook Pike 
Knoxvi lie, I N  37921-5947 

Project: 552.03 
Zategory: Gross Alpha/Beta 
4ethod: STD Method 7110 
4atrix: Liquid 

Senices 

Report Date: 10/13/94 

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

:lient Quanterra 
ID ID Parameter 

Date 2 signa 
Date Anelfled Result Units Error I O A  
Prep 

(+/-) 

Kl420 8 AC1421 6363-007 Gross Alpha 10/12/94 10/13/94 NO PCI /L  1.63 

K1420 8 ACl421 6363-007 Gross Beta 10/12/94 10/13/96 NO PCI /L  2.73 

C-29 



Category: Gross Alpha/Beta 
Method:-STD-Method-7-ll-10 
Matrix: Liquid 

Want er ra  
5815 Middlebrook Pike 
Knoxvi 1 le, TN 37921-5947 

Project: 552.03 Senices 

Report Date: 10/13/% 

Date Received: 10/03/94 
______ Da te-tampled- 08L%!%- 

c 1 ient Quanterra 
I D  I D  Paremeter 

Date 2 'si- 
Ana 1 yzed Result Units Error I O A  

Prep 
Date 

C+/-) 

AC1424 8 AC1425 6363-008 Gross Alpha 

AC1424 8 AC1425 6363-008 Gross Beta 

10/12/94 10/13/94 I D  PCI/L 1.55 

10/12/94 10/13/94 WD PCI/L 2.74 

' 800145 C-30 



Ouanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: Gross Alpha/Beta 
Method: STD Method 7110 
Matrix: F i l t e r  

6954s 

Senices 

Report Date: 10/13/96 
Date Senpled: N/A 
Date Received: N/A 

Client Ouanterra 
I D  ID Parameter 

Date . 2siqne 
Date Analyzed Result Units Error I O A  
Prep 

(+/-) 

MA 

WA 

~~~~ 

PCBLK47681-1 Gross Alpha 

OCBLK47681-1 Gross Beta 

10/10/94 10/11/90 ND PCI/FIL 

10/10/94 10/11/94 ND PCI/FIL 

0.20 

0.16 

C-3 1 



Puenteria 

Enviraunental 
h i W S  

5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 Rcport Date: 10/13/94 
Category: Gross Alpha/Beta 
Method: STD Method 7110 Date Son@& N/A 
M a t F i T L i i j i i i d  Date Received: N/A 

C l  ient Quanterra 
I D  I D  Parameter 

Prep Date 2 SiQne 
Date AnelyZned Result Units Error I D A  

(+/- 1 

MA 

NA 

QCBLK48013-1 Gross ALpha 

PCBLK48013-1 Gross Beta 

10/12/94 10/13/94 NO PCI/L 1.44 

10/12/94 1 0/13/94 NO PCI/L 2.63 

C-32 



Quenterra 
5815 Middlebrook Pike 
Knoxville, TW 37921-5947 

Project: 552.03 
Category: Gross Alpha/Beta 
Hethod: STD Method 7110 

Senices 
Report Date: 
Date Sanded:  

Matrix: f i l t e r  Date R e d v e d :  W/A 

CL ient 
I D  

Quanterra 
I D  Parameter 

Date 2 Siqne 
1 0 A  

Prep 
Date Analyzed Result Units Error 

(+/- 1 

NA QCLCS47681-1 Gross Alpha 10/10/94 10/11/94 128 XREC 

NA QCLCS47681-1 Gross Beta 10/10/94 10/11/94 109 XREC 

c-33 



Qwnterra 
5815 Middlebrook Pike 
Knoxvi 1 le, TN 37921 -5947 

Project: 552.03 Senices 
Category: Gross Alphe/Beta Report Date: 10/13/94 
Method: STD Method 7110 Date-Sanpled-NLA---.- 
Matrix: Liquid Date Received: W/A 

Client auant erra prep Date 2 Siena 
I D  Parameter Date Analyzed Result Units Error I D A  

(+/-) 
ID 

NA 

NA 

QCLCS48013-1 Gross Alpha 

QCLCS48013-1 Gross Beta 

10/12/94 10/13/94 93 XREC 

10/12/94 10/13/94 95 XREC 

000149 c-34 



Quent e r  r a  
5815 Middlebrook Pike 
Knoxvi 1 Le, TN 37921 -5947 

Project:  552.03 
Category: C a i m  Spec. 
Method: HASL 300 
Matrix: F i l t e r  

6 
wuanterra e Environmental 

Senices 

Report Date: 
Date Sampled: 
Date Received: 

5 4 5  

1 O /  14/94 
08/04/94 
10/03/94 

Cl ient  
ID 

Ouant er r e  
10 Parameter 

Date 2 Sigma 
HDA 

Prep 
Date AnelyZcd Result Uni ts  Error  

(+/- 1 

At1411 6363-001 Cesiun 137 1 O/ 1 0/94 1 O/ 1 2/94 ND PCI/FIL 11.5 

AC1611 6363- 001 Lead 212 10/10/94 10/12/94 18.5 PCI/FIL 15.0 17.8 

c-35 o s o q o  . 



Quanter r a  
5815 Middlebrook Pike 
Knoxvi l le, IN 37921-5947 e wuanterm - Enrimmental 

Senices Project: 552.03 
Category: G m  Spec. Report Date: 10/14/94 

Date Received: 10/03/94 Matrix: F i l t e r  
~ H e t h o d : - H A S L L 3 0 0  De te-Sanpl ed:-08L04L94- 

C l i en t  auanterra 
I D  I D  Parameter 

Prep Date 2 Sigma 
Date Analyzed Result Un i t s  E r ro r  HDA 

(+/- 1 

AC1415 6363-002 Cesiun 137 1 O /  10/94 1 O/ 1 2/94 ND PCI/FIL 14.7 

138 'AC1415 6363-002 Potassiun 40 1 D/10/94 10/12/94 396 PCI/FIL 120 

C-36 



Category: Gemne Spec. 
Method: HASL 300 
Matrix: F i l t e r  

Ouanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 

6545 
Environmental 

Sewices 

Report Date: 10/14/94 
Date Sarrpled: 08/04/94 
Date Received: 10/03/94 

C l i e n t  Ownterra 
I D  I D  Parameter 

Date ’ 2 Sigma 
Date Prep Analyzed Result Units Error MDA 

(+/- 1 
~ ~ ~~ 

AC1419 6363 - 003 Cesiun 137 1 0/ 1 0/94 1 0/ 12/94 ND PCI/FIL 13.9 

v-R-3 
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wuanterm c" 
Puanterra 
5815 Middlebrook Pike 
Knoxvi 1 le,  TN 37921 -5947 - 

E n 5 i ~ ~ t a l  
Project: 552.03 Senices 

Category: Gemne Spec. Report Date: 10/14/94 
Method: HASL 300 Date Sanpled: 08/04/94_ 
Matrix: Filter Date Received: 10/03/94 

C l i e n t  Want er  ra  
I D  I D  Parameter 

Prep Date 2 Sigma 
Date Analyzed Result Units Error HDA 

(+/- 1 

AC1423 6363 - 004 Cesiun 137 lO/lD/94 10/12/94 ND PCI/FIL 11.7 

OOOdSri C-38 



Quant erra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: Gemne Scan 
Method: €PA 901.1 
Matrix: Liquid 

6 
tmanferra e Environmental. 

5 4 3  
Snices 

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

Client Quanterra Prep Date 2 Sigma 
I D  I D  Parameter Date Analyzed Result Units Error MDA 

(+/-) 

ACl412 8 AC1413 6363-005 Cesiun 137 10/10/94 10/11/94 ND PC'I/L 6.90 

c-39 . .  000154 



Pun te r  ra  
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 Senices 
Category: G a m  Scan Report Date: 10/14/94 
Method: EPA 901.1 Date Sampled: 08/04/94- 

Date Received: 10/03/94 

C l i e n t  P u n t  er ra  
I D  ID Parameter 

Prep Date 
Date Ana 1 yzed 

2 Sigma 

(+/- 1 
Result Uni ts Error MOA 

AC1416 8 AC1417 6363-006 Cesiun 137 10/10/94 10/11/94 ND PCI/L 8.44 

AC1416 8 AC1417 6363-006 Potassiun 40 10/10/94 10/11/94 209 PCI/L 71 97 

L 

. . .  

oodas5’ - ’  
c-40 



Puanterra 
5815 Middlebrook Pike  
Knoxvi L le, TN 37921-5947 

Project:  552.03 
Category: G a m a  Scan 
Method: EPA 901.1 
Matrix: L iquid  

6 5 4 3  
Ensinmmental 
Senices 

Report Date: 10/14/94 
Date sampled: 08/04/94 
Date Received: 10/03/94 

CLient Quanterra 
I D  ID Parameter 

Prep Date 2 Sigma 
Date Analyzed Result Uni ts  Error  MDA 

(+/- 1 

ACl420 8 AC1421 6363-007 Cesiun 137 10/10/94 10/11/94 ND PCI/L 8.04 

c-41 



Quant er ra  
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Cateaorv: C m  Scan 

wuantetra e - Environmental 
Senices 

Report Date: 10/14/94 
Date Sanpled: 08/04/94 

-DTtFRe-c-e'i V e d - l O l 0 3 l 9 6  

Quanterra 
I D  Paremeter 

Client 
I D  

\ 

AC1424 8 AC1425 6363-008 Cesiun 137 10/10/94 10/11/94 NO PCI/ l  7.88 

Prep Date 2 Sigma 
Date Analyzed Result Units Error llDA 

(+/- 1 

I 
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Quanterra 
5815 Middlebrook Pike 
Knoxvi 1 Le, I N  37921 -5947 

Project: 552.03 
Category: Gamne Scan 
Method: EPA 901.1 
Matrix: Liquid 

Senices 

Report Date: 10/14/94 
Date Sampled: N/A 
Date Received: N/A 

C l i e n t  Quanterra 
I D  I D  Pa ramet er 

Date 2 Sigma 
HDA 

Prep 
Date AnelyZed Result Units Error 

(+/- 1 

WA QCELK47670-1 Cesiun 137 10/10/94 10/12/94 ND PCI/L 7.98 

c-43 
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Eniironmenral 

Puanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Category: Gemne Spec. Report Date: 10/14/94 
Method: HASL 300 Date Sampled: N/A 
Matrix: Fi- l ter --Date-Recei ved:-N/A-- 

Project: 552.03 Senices 

C l i e n t  Punter ra  
I D  I D  Paremeter 

Date 2 Sigma 
MOA 

Prep 
Date Analyzed Result Units Error 

(+/-I 

NA PCBLK47676-1 Cesiun 137 10/10/94 10/12/94 NO P C I / F I L  12.5 

00015’9 C-44 



Ownterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: Gemna Scan 
Method: EPA 901.1 
Matrix: Liquid 

Senices 
Repdrt Date: 10/14/% 
Date Sampled: I / A  
Date Received: N/A 

C l i e n t  Qwnterra 
I D  I D  Paremeter 

Date 2 Sigma 
#)A 

Prep 
Date Analyted Result Units Error 

(+/- 1 

NA 

NA 

NA 

QC~cs47670-1 knericiun 241 10/10/94 10/13/94 98 WEC 

OCLCS47670-1 Cesiun 137 

QCLCS47670-1 Cobel t 60 

10/10/94 10/13/94 101 M E C  

10/10/94 10/13/94 100 M E C  

c-45 . .  



Quanter ra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: Gamne spec. Report Date: 10/14/94 

Matrix: F i l t e r  Date-Rece i ved:-N/A-- 

Epironmenral 
Senices 

-Methd:-HASLL300 Date Sanpled: N/A 

C l i e n t  Quenterra 
I D  I D  Parameter 

Prep Date 2 Sigma 
Date Ana 1 yzed Result Units Error HDA 

(+/- 1 

NA 

NA 

QCLCS47676-1 Americiun 241 10/10/94 10/13/94 96 XREC 

QCLCS47676-1 Cesiun 137 1 0/10/94 1 Q/13/94 105 XREC 

NA QCLCS47676-1 Cobelt 60 10/10/94 10/13/94 101 XREC 

C-46 



Puanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: TOTAL URANIUM (KPA) 
Method: ASTM 5174-91 
Matrix: F i l t e r  

Senices 
Report Date: 10/14/94 
Date Senpled: 08/04/94 
Date Received: 10/03/94 

C l i e n t  Quant e r  r a  
I D  I D  Parameter 

Prep Date 2 Sigma 
Date Analyzed Result Un i t s  E r ro r  MDA 

(+/-) 

AC1411 6363 - 001 Uraniun, Total 1 0/ 1 2/94 1 0/ 12/94 I D  PCI/FIL 

c-47 0001432 



C KPA > 

Quanterra 
5815 Middlebrook Pike 
Knoxvi L Le, TN 37921 -5947 

Project: 552.03 
- -  

Date sampled: 08/04/94 
Matrix:-Filter DatFR~iVi%l~lQ/O3794-  

Category: TOTAL URANIUM 
Method: ASTM 5174-91 

C l i e n t  
I D  

Quanterra 
I D  Paremeter 

Date 2 Sigma 
WA 

Prep 
Date Analyzed Result Units Error 

(+/-)  

AC1415 6363-002 Uranim, Total 

~~ ~ 

1 Q/ 12/94 1 O/ 1 2/94 ND PCl/FIL 
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Category: TOTAL URANIW (KPA) 
Method: ASTM 5174-91 
Matrix: F i l t e r  

auanterra 
5815 Middlebrook Pike  
Knoxvittc, TN 37921-5947 

Project:  552.03 
Ernironmenral 
Senices 

Report Date: 10/14/94 
Date Sarrpled: 08/04/94 
Date Received: 10/03/94 

Client Ouanterra 
ID ID Parameter 

Prep Date 2 Sigma 
Date Analyzed , , Result Uni ts  Error  UDA 

(+/- 1 

4C1419 6363 - 003 Uraniun, Tota l  ND PCI/FIL 

c-49 0009164 



1 
Quanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: TOTAL URANIUM (KPA) 
Method: ASTM 5174-91 
Matrix:-Filter - 

Snires 
Report Date: 10/14/94 
Date Senpled: 08/04/94 
DZtFReceived :-1 0/03/94- 

____ 

C l i e n t  Quenterra 
I D  I D  Paremeter 

Prep Date 2 Sigma 
Date Analyzed Result Units Error HDA 

(+/- 1 

AC1423 6363 - 004 Ureniun, Total 1 Q/l2/94 10/12/96 ND PCI/FIL 

C-50 



6 5 4 8  
manterra 

E n h m e n t a l  
Senicec 

e Quanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Report Date: 10/14/94 Category: TOTAL URANIUM (KPA) 

Method: . ASTH 5174-91 Date Sampled: 08/04/94 
Matrix: Liquid Date Received: 10/03/94 

C l i e n t  Puanterra Prep Date 2 Sigma 
I D  IO Parameter Date Analyzed Result Units Error WDA 

(+/- ) 

AC1412 8 AC1413 6363-005 Uraniun, Total 10/10/94 10/12/94 ND P C I / L  0.71 

,706 “ ‘ O O ~ / Y  
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Puanterra 
5815 Middlebrook Pike 
Knoxvi LLe, TN 37921-5947 

Project: 552.03 Senirec 

Report Date: 10/14/94 

Date Received: 10/03/94 

Category: TOTAL URANIUM (KPA) 

Hatrix: Liquid 
-Method:-ASTM-S1 T4~9.1 --Date-Sanpl ed:-OB/.O4L9L 

Client  Quanterra 
ID ID Parameter 

Date 2 Sigma 
MDA 

Prep 
Date Analyzed Result Units Error 

(+/-) 

C-52 



Quanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 
Category: TOTAL URANIW (KPA) 
Wethod: ASTH 5174-91 
Watrix: Liquid 

Enviramenral 
Sen7ces 

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

t l  ient Quanterra 
I D  I D  Parameter 

Prep Date 2 Sigma 
Date Analyzed Result Units Error MOA 

(+/-I 

K1420 8 AC1421 6363-007 Uraniun, Tota l  10/10/94 10/12/94 15.4 PCI/L 2.24 0.71 

\I-R-3 L / W  
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Quanterra 
5815 Middlebrook Pike 
Knomi 1 le,  TY 37921-5947 

Project: 552.03 
Category: TOTAL URANIUM (KPA) Report Date: 10/14/94 
Method: ASTM 5174-91 Dat e-Sanp 1 ed:-O8/04L94- 
Matrix: Liquid Date Received: 10/03/94 

Environmental 
Senices 

Client Quenterra 
I D  I D  Parameter 

Prep Date 2 Sigma 
Date AnelyZed Result Units Error MDA 

(+/- 1 

AC1424 8 AC1425 6363-008 Uraniun, Total 10/10/94 10/12/94 1.28 PCI/L 0.14 0.71 =/, 
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Quanterra 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project:  552.03 Senices 
Report Date: 10/14/94 
Date Sampled: N/A 
Date Received: W/A 

C l i e n t  Quant er ra 
I D  I D  Paremeter 

Prep Date 2 Sigma 
Date AnelyZed Result Units Error MDA 

(+/-) 

NA OCBLK47641-1 Uraniun, Total 10/10/94 10/12/94 ND PCI /L  0.71 
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Puanterre 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 wuanterra c f '  - Environmental 
Project: 552.03 Senices 

Category: TOTAL URANIUM (KPA) Report Date: 10/14/94 
Method: ASTM 5174-91 
MKt7;iXT-F i-1 te r  

Date Sanpled: N/A 
Date Received: N/A 

Client 
I D  

Quanterra 
I D  Paremeter 

Prep Date 2 Sigma 
Date Analyzed Result Units Error MDA 

(+/- 1 

NA PCBLK47842-1 Uraniun, Total 1 0 /  1 2/94 1 0 /  12/94 ND . P C I / F I L  
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Category: TOTAL URANIUM (KPA) 
Method: ASTM 5174-91 
Matrix: Liquid 

Puenterra 
5815 Middlebrook P i k e  
Knoxville, TN 37921-5947 

Project:  552.03 

wuanterra 6543’ c Enrironmental 
Senices 

Report Date: 10/14/9C 
Date Sarrpled: N / A  
Date Received: N/A 

Cl ient  Puanterra 
I D  I D  Paremeter 

Prep Date 2 Sigma 
Date Ana lyzed Result Uni ts  Error  MDA 

(+/- 1 

MA PCLCS47641-1 Uraniun, Total  10/10/94 10/12/94 114 XREC 

c-57 800172 



, Category: TOTAL URANIUM (KPA) 
Method: ASTM 5174-91 

Puenterre 
5815 Middlebrook Pike 
Knoxville, TN 37921-5947 

Project: 552.03 

e !man terra - Entirunmental 

C l i e n t  Quanterra Prep Date 2 Sigma 
IO I D  Parameter Date Analyzed Result Units Error 

(+/- 1 
MDA 

MA PCLCS47842-1 Uraniun, Total  10/12/94 10/12/94 119 XREC 
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Eniimnrnenral 
Senices 

Quanterra Incorporated 
581 5 Middlebrook Pike 
Knoruilk, Tennessee 37921 

61 5 588-6401 Telephone 
61 5 584-43 15 Fax 

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

October 3 1,  1994 

Job Number: 1538 

This is the Certificate of Analysis for the following samples: 

Client Project ID : FERMCO 
Date Received by Lab: 
Number of Samples: Nine (9) 

September 27, 1994 

Sample Type: Air 

I. Introduction 

On September 27, 1994, nine (9) air samples amved 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. 

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: 

Kenneth Mueller 
Project Manager 
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IT Air Quality Services 
October 3 1, 1994 

Emironmental 
Senicrc 

Client Project ID: FERMCO Job Number: 1538 

III. Oualitv Control 

Routine laboratory level I QC was followed. 
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IT Air Quality Services 
October 31, 1994 

Client Project ID: FERMCO 

HYDROCHLORIC ACID ANALYSIS 

Results in rng 

Sample Matrix: Air 

Client Sample ID Lab Sample ID Result 

Method B l d  AC3701 2.5 

v-c-2 0469 AC 1797 2.4 

V - c - 1  0395 AC1800 2.5 

v-c-3 0470 AC1801 2.8 

& S V ~  K d  0472 AC 1802 3.2 

0 0473 AC 1803 4.5 

Oualifier 

U 

U 

U 

U 

U 

U 

6545 
manterra CI' 

Job Number: 1538 

Detection Limit 

2.5 

2.4 

2.5 

2 .8  

3.2 

4.5 

Analysis Date: 101 1 8/94 

U - Compound was analyzed for but not detected. The number is the detection limit for the sample. 
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IT Air Quality Services 
October 3 1,  1994 

Eniimnmental 
Sen I I  c)  

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 

hydrochloric acid 2.5 U 12 

LCS Result 

11 

k Recovery 

92 

Prep Date: 101 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 



IT Air Quality Services 
October 3 1 ,  1994 

Client Project ID: FERMCO 

FLUORIDE ANALYSIS 

Results in mg 

Sample Matrix: Air 

Eniironmenral 
Srnx e ,  

Job Number: 1538 

EQL - 

Client Sample ID Lab Sample ID Result Estimated Quantitation Limit 

v- f -3  0448 AC1810 6.8 3.0 

V-f - I  0446 AC181 I 6.3 3.0 

V-F-2 0447 AC1812 7.5 3.0 

AC1813 < EQL 1.5 

Estimated Quantitation Limit. 
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Eniironrnental 
Senices 

\ 

Quanterra Incorporated 
58 15.Middlebrook.Pike 
Knoxville, Teinessee 3 792 1 

61 5 588-6401 Telephoiie 
615 584-4315 Fax 

IT Air Quality Services 
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: FERMC0/33233 1 
Date Received by Lab: 
Number of Samples: Eight (8) 
Sample Type: Water 

August 18, 1994 

October 2 1 ,  199~ 

I. Introduction 

On August 18, 1994, eight (8) water samples amved 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. Analvtical ResultsMethodology 

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. 

C-72 
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IT Air Quality Services 
October 21, 1994 

Client Project ID: FERMC0/33233 1 

III. Oualitv Control 

Routine laboratory level I QC was followed. 

manterra 6 5 4 5  e - Enrironmnrd 
Senire., 

Job Number: 1500 

, 
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IT Air Quality Services 
October I 2 1 , 1994 

Ensironm.ot31 
Senirrc 

Client Project ID: FERkD30/3-3-2-3-3 1 Job Number: 1500 

SULFUR DIOXIDE ANALYSIS 

Results in mg 

Sample Matrix: Air 

Client Sample ID 

387A (Run V-S- 1 A) 

388A (Run V-S-IB) 

389A (Run V-S-2A) 

390A (Run V-S-2B) 

391A (Run V-S-3A) 

392A (Run V-S-3B) 

394A (H,OZBlank) 

382A (H,O Blank) 

Lab Sample ID 

AC 1427 

AC I430 

AC1431 

AC 1432 

AC1433 

AC 1434 

AC 1435 

AC1437 

Result 1st Run 

0.007 

0.008 

0.020 

0.023 

0.020 

0.024 

0.008 

0.07 1 

Result 2nd Run 

0.020 

0.022 

0.020 

0.008 

0.020 

0.024 

0.022 

0.07 1 

Average Amount 

0.0 13 

0.015 

0.020 

0.0 I6 

0.020 

0.024 

0.015 

0.07 1 

Detection Limit 

0.007 

0.007 

0.007 

0.008 

0.007 

0.008 

0.007 

0.024 

Analysis Date: 1 O/ 19/94 

c-74 



k of - 0 Whrte To accompany samples 
I 
j 

I 
I 
! 
j .  

I 
! 
I 

a1 
TI 

1 
.I 

W 

a 
Lz c 

1 

al 
C 0 
E 
'3 
B 
8 

e a 

C 

U 0 
Q) .- - 

\ 

7 rr 

Y I 
-=a 
J 

T 

3 1 

T 
G 
rn - - C  



Ennronmntal 
Semces 

Quanterra Incorporated 
58 15-Middlebrook-Pike 
Knoxville, Toinessee 37921 

61 5 588-6401 Telephone 
61 5 584-43 15 Fax 

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

Job Number: 141 1 

October 17, 1994 

This is the Certificate of Analysis for the following samples: 

Client Project ID: FERMC0/33233 1 
Date Received by Lab: 
Number of Samples: Thirteen (13) 
Sample Type: Air 

August 18, 1994 

I. Introduction 

On August 18, 1994, thirteen (13) air samples amved 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. Analvtical ResultsMethodologv 

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: 

&- 
Kenneth Mueller 
Project Manager 
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IT Air Quality Services 
October 17, 1994 

Client Project ID: FERMC0/33233 1 Job Number: 141 1 

HI. Oualitv Control 

Routine laboratory level I QC was followed. 
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IT Air Quality Services 
October 17, 1994 Eniimnmental 

Semres 

Client Project ID: FERMC0/33233 1 

NITROGEN OXIDE ANALYSIS 

Results in pg 

Sample Matrix: Air 

Client Sample ID 

Method Blank 

396A (Run V-N-IA) 

397A (Run V-N-IB) 

398A (Run V-N-IC) 

399A (Run V-N-ID) 

460A (Run V-N-2A) 

I 461A (Run V-N-2B) 

462A (Run V-N-2C) 

463A (Run V-N-2D) 

464A (Run V-N-3A) 

465A (Run V-N-3B) 

466A (Run V-N-3C) 

467A (Run V-N-3D) 

468 (Reagent Blank) 

Lab Sample ID 

AC2 104 

ACO 196 

ACO 197 

ACO 198 

ACO 199 

AC0200 

AC020 1 

AC0202 

AC0203 

AC0204 

AC0205 

AC0206 

AC0207 

AC0208 

Result 1st Run 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

Job Number: 141 1 

Result 2nd Run 

25 u 
25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 U 

25 I1 

25 IJ 

25 U 

25 U 

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. 
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APPENDIX D 

SAMPLING AND 
ANALYTICAL PROCEDURES 
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SAMPL-l NG-AN D 
ANALYTICAL PROCEDURES 

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

Table I 
Sampling and Analytical Plan 

Sampling and Analysis 
Parameter Method Reference of Tests 

Number and Duration 

Radionuclides 

Filterable particulate and 
metals (As, Ba, Be, Cd, 

Total fluorides 

Hydrogen chloride 

S u Ifu r dioxide 

Cr, Pb, Hg, Se, As) 

Nitrogen oxides 

Carbon dioxide and 
oxygen 
Carbon monoxide 

Total hydrocarbons 

EPA Methods 5" and 114b 

EPA Method 5/BIF multi- 
metals method' 

3 1-hour 

3 2-hour 

EPA Method 13B 

EPA Method 26 

EPA Method 6" 

EPA Method 7A" 

EPA Method 3," Fyrite 

Bag sample, personal 
carbon monoxide analyzer 

Bag sample, organic 
vapor analyzer 

3 1-hour 

3 1-hour 

3 (6 20-minute samples) 

3 (12 grab samples) 

3 1-hour 

3 1-hour 

3 1-hour 

a 40 CFR 60, Appendix A, July 1992. 

Total activity and total uranium; 40 CFR 61, Appendix B, July 1992. 

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 Comdiance with the BIF Reaulations, EPN530-SW-91- 
01 00, December 1990). 

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

D-2 



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 1 14. 
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 pglfilter 

Total activity 
Gross alpha GPC 10 pCi/filter 
Gross beta GPC 10 pCi/filter 
Gamma isotopic GS 20 pCi/flter 

a 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. 

332331E&APkm D-3 



Title: PMM 
Date: 3/15/93 

DETERMINATION OF PARTICULATE AND METAL EMISSIONS 

Sampling for filterable particulate matter and total metals (particulate and gase- 

ous) emissions was conducted in accordance with the Methodology for the Determina- 

tion of Trace Metal Emissions in Exhaust Gases From Stationary Sou rce Co mbustion 
Processes * and that in Subsection 3.1 of the Methods Manual for Compliance with 

BIF ReaulationS.** 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: 

Nozzle - 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. 

Tempe rature Gauw - 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. 

.Fitter Holder - Pyrex glass with a heating system capable of maintaining a filter 
temperature of 250 225 F. A Teflon fitter support is used. 

.Filter - 87-mm (3-in.)diameter, PalMex 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. 
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Tile: PMM 
Date: 3/15/93 

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

I m o i n m  - 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. 

Meterinrr Svstem - Vacuum gauge, leak-free pump, thermometers capable of 
measuring temperature to within 2.8 o C (5 o 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 
22.5 mmHg (kO.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/lO 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 solution--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 n o d e  and pulling a vacuum equal to 

the highest vacuum reached during the test run. 

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 

The pitot tube and lines are leak-checked at the test site prior to and at the 

6 5 4 3  
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Tile: PMM 
Date: 371 5/93 
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Title: PMM 
Date:'-@ 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.H20 manometer reading. 

Crushed ice is placed around the impingers to keep the temperature of the gas 

leaving the last impinger at 68 o 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 sampling 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 volumetrically 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 samples 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 Nn. 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 II 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 



Title: PMM 
Date: 3/15/93 

Last 
lmpinger - 

Probe liner 
nozzle 

I 

Filter holder and 
impingers 1 8 2 
(and condensate 

I 

Brush 8 rinse 

Container #2 

Glass 
bottle 

Container #7 

Plastic 
petri dish 

Rinse with 
0.1 N HN03 

Measure impinger 
contents 

I 

Weigh 
silica gel 

I 

Recover contents 
and rinse with 

4% KMnW100kHzSO~ 
then rinse with 
Type I1 water - 

Recover contents 
and rinse with Discard 

Container #3 

Polyethylene 

Container #4 

! 
- - 

I 
Amberglass 

bottle 

t 

T 

I Container* 

Polyethylene 
bottle 

Figure PMM-2. Multimetals train recovery procedures. 

D-8 



Title: PMM 
Date: 3/15/936 5 4 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 II 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 blank - A sample of each reagent used is taken and analyzed 
either separately or by combining them in the s'ame 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 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. 

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 
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Title: PMM 
Date: 3/15/93 

CONTAINER 1 

Fitter 

L 

CONTAINER 2 
Acetone Rinse 

t’ Divide into 0.5 g 

sections and digest 
each section with 

Conc. HF and HN03 
using pressure relief 
microwave digestion 
procedure (or Parr 

Bomb) 

Desiccate and 
weigh to 0.1 mg 

HN03 Acid lmpingers 

Evaporate, desiccate, 
weigh to i 0.1 mg 

1 

Acidify sample to pH 2 
with Conc. HN03 

Reduce volume to 
near dryness and 
digest with HN03 

and H202 

Remove 50 to 100 ml 
aliquot for Hg 

analysis by CVAA 

CONTAINER 4 

KMnOdHS04 lmpingers 

Digest permanganate with acid and at . 

95°C in a water bath 
for 2 hours 

- 

Digest with acid and 
mmanganate at 95°C 

for 2 hours and 
analyze for Hg by 

CVAA 1 

Analyze aliquot for 
Hg by CVAA 

Analyze by ICAP Analyze by AAS 
for metals for metals 

- 

CONTAINER 5 
8 N HCI and 

Digest with acid and 
manganate at 95°C 
for 2 hours and 

analyze for Hg by 
CVAA 

Figure PMM-3. Sample preparation and analysis scheme. 
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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 o C (285 o 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 minutes 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. 

c) 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 (CAP) 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: Physical/Chemical Methods, SW 846, 
Third Edition, September 1988. 
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Title: PMM 
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' - Hetal 

Antimony 
Arsenic 
Barium 
Beryl 1 i um 
Cadni um 
Chromium 
Copper 
Lead 
Nickel 
Manganese 
Mercury 
Sel eni um 
Silver 
Thallium 
Zinc 

Normal procedure 

Nominal detec- - Method No.* tion limit. rrq 

ICAP 
AA 

ICAP 
ICAP 
ICAP 
I CAP 

AA 
- 
- 

6010 
7060 
6010 
6010 
6010 
6010 

7421 
- 
- 

30 
0.3 
0.5 
0.7 
1 
3 

0.4 
- 
- 

- - - 
AA 7470 0.2 

AA 7761 0.1 
- - 

ICAP 6010 120 

Opt 1 onal a1 ternate procedure 

Nominal detec- - -  Method No.' tion limit, rrq 

AA 7041 2 - - - - - - - - - - - - - - - 
ICAP 6010 3 
ICAP 6010 60 
ICAP 6010 10 
ICAP 6010 1 - - 

AA 7140 0.5 

A A  704 1 0.7 
- - - 

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 5 percent potassium sulfate are added to 
the sample. The sample is then heated for 2 hours at 95% 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. 

Normal analytical quality assurance measures include daily full instrument cali- 

bration (CAP is a zero and standard; AAS is a zero and minimum three standards), 

analysis of a method blank, analysis of a laboratory control sample (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: Physical/Chemical Methods, SW 846, 
Third Edition, September 1988. 
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DETERMINATION OF PARTICUIATE 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. Assembled 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 f 25 a 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 248 225 a F. 

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

Draft Gauae - A dual-inclined manometer made by Dwyer with a readatiility 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. 

Temoerature Gaugg - 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 1990. 
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Title: M5BH 
Date: 3/ 15/93 

---ImDinaers---Four-impingers connected_in-series-w$h-g!ass ball joints. The first, - 

third, and fourth impingers are of the Greenburg-Smith design, modified by 
replacing the tip with a ‘h-in.-i.d. glass tube extending to %-in. from the bottom 
of the flask. 

Meterina Sv . stem - 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 kO.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 0, 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 MSBH-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 reamed 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 tun. 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 

capping the impact opening and holding it for 15 seconds to assure it 

The static pressure side of the pitot tube is leak-checked by the same 

is leak-free. 

procedure, 

* 40 CFR 60, Appendix A, July 1990. 
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Tile: MSBH 
Date: 311 5/93 

except-suction-is used-to-obtain-the-3-in.M2O-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. 

During sampling, stack gas and sampling train data are recorded at each sam- 
pling point and whenever significant changes occur in stack flow conditions. lsokinetic 

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,O, 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 

filter and a minimum of 200 mL each of acetone and distilled water are taken as 

blanks. 
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Analytical Procedures 

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

EPA Method 5.. 

Container No. 1 - The fitter 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. 

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. 

The term "constant weight" means a difference of no more than 0.5 rng or 

* 40 CFR 60, Appendix A, July 1990. 

D-17 



., . . 

FEDERAL REGULATIONS - -  . . 120:2180 . - - . _ _ _ _ _  - 
8.2 Add 20 ml of 1 M HCI to each of 

8.3 Add 1.0 ml of lanthanum carrier, 

9.2.3 Duplicate measurements are con- 
sidered acceptable when the ditTerence 
between them is less than two standard 

~- - 0. I mg lanthanum-per-ml, to-the-acid sc- deviations-as described in EPA-6.00/*72: 

six 150 ml beakers. 

lution in each beaker. 
8.4 Add 1 .O ml of the 'actinide solution 

from Section 8.1 to each beaker. 
8.5 Add 5.0 ml of 3 M HF to each 

beaker. 
8.6 Cover bakers and allow solutions 

to stand for a minimum of 30 minutes. 
8.7 Filter each solution through a filter 

membrane using the suction filter appara- 

8.8 After each filtration, wash mem- 
brane with IO ml of distilled water and 5 
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. 

8.1 I 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: 

tus. 

G-G 

2.22 & T 
E.- Eq. 111-8 

where: 
El=counting efficiency of proportional 
counter. counts per minute per disintegra- 
twn per minute. 
Cs=gross counts  of standard. 
CB=gross counts of procedure back: 
ground. 
2.22=disintegrations per minute per 
picocurie. 
AA=picocuries of actinide added. 
TLcounting time in minutes. specified in 
Section 8.1 1 as 100 minutes. 

8.13 Determine the average counting 
efficiency of the six determinations. 

9.0 Quolity Assurance 
9. I General Requirements. 
9. I .I 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 k analyzed in 

duplicate. 
9.2.2 Every tenth sample will k an ex- 

ternally prepared performance evaluation 
sample submitted by the Quality Assur- 

, anctofficer. 

4-30-93 

001 or subsequent revisions. 

METHOD 114-TEST METHODS FOR 

FROM STATIONARY SOURCES 
MEA~URING RADIONUCLIDE EMISSIONS 

1 .  Purpose und Bockground 
This method provides the requirements 

for: (I) Stack monitoring and sample col- 
lection methods appropriate for ra- 
dionuclides; (2) radiochemical methods 
which a re  used in determining the 
amounts of radionuclides collected by the 
stack sampling and; (3) quality assurance 
metbods which are conducted in conjunc- 
tion with tbese measurements. These 
methods are appropriate for emissions for 
stationary sourccs. 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 flexibility 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. Stack Monitoring ond Sample Col- 
lection Methods 

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

Envuonmenl Reponer 
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nitrogen, the noble gases and in some cir- 
cumstances iodine will be in the gaseous 
form. Radionuclides of these elements 
will require either the use of an in - I' me or 
otT-liE K i i O r t o -  d i r e c t l y C u f e  thE 
radionuclides, or suitable sorbers. con-  
densers or bubblers to collect the ra- 
dionuclides. 

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 submicron parti- 
cles. The guidance in ANSI N13.1-1969 
shall k followed in using filter media to 
collect particulates (incorporated by ref- 
erence-see 861.18). 

I 

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 collectors 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 8-1. collected as a gas sam- 
ple or may be oxidized using a metal cata- 
lyst to tritiated water and collected as dc- 
scribed above. 

2.2.2 Radionuclides of Iodine. lodine is 
collected from an extracted sample by 
sorption or dissolution techniques. Appro- 
priate collectors may include charcoal. 
impregnated charcoal. metal zcolite and 
caustic solutions. 

2.2.3 Radionuclidcc 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- 
&on. 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 1141 
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measurements shall k made in conform- 
ance with the conditions specified in 
Methods A-4. 5 2  and G4.  

Of-line monitor means a measurement 
system in which the detector is used to 
continuously measure an extracted sam- 
ple of the effiuent 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 Methods A-4, E 2  and G 4 .  

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

3. Rodionvclide AMIYS~S Merhods 
A series of methods based on "princi- 

ples of measurement" a r e  described 
which are applicable to the analysis of 
radionuclides collected from airborne ef- 
fluent streams a t  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 
k approved in advance of use by the Ad- 
ministrator. For radionuclides not listed 
in Table I. any of the described methods 
may be used provided the user can dem- 
onstrate that the applicability conditions 
of the method have k e n  met. 

The type of method applicable to the 
analysis of a radionuclide is dependent 
upon the type of radiation emitted. i.e.. 
alpha, beta or gamma. Therefore, the 
methods describeu below a n  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 

3.1.1 Method A-I. 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. 

Applicabiliry: 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-AI- 
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 k 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. 

Applicobiliry: This method is applica- 
ble for the measurement of any ilpha- 
emitting radionuclide, provided no other 
alpha emitting radionuclide is present in 
the separated sample. 11 may also k a p  
plicable for determining compliance. 
when other radionuclides of the separated 
element are  present, provided that the cal- 
culated emission rate is assigned to the 

- -.,. 
HAZARDOUS EMISSIONS . 120:2181 

radionuclide which could be 
sample that has the highest'dose conver- 
sion factor. IDO-I 2096( 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. 

Applicobiliry: This method is applica- 
ble to  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 resolved. Resolu- 
tions should be 50 keV (FWHM) or bet- 
ter, ASTM-D3084( 16). 

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

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

Applicobiliry: Gross alpha determina- 
tions m a y  be used to measure emissions of 
specific radionuclides only (I) when it i s  
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-I. A-2 or A- 
S 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 

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

Principle: Uranium may k measured 
chemically by either colorimetry or fluor- 
ometry. In both procedures, the sample is 
dissolved. the uranium i s  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 f l u e  
ride-lithium fluoride flux and the uranium 

3.7. APHA-601(3). ASTM-D1943(10). 

(Parl61, Appendix 8, Method 114) 
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Applicobilirj: This method is applica- 
ble to the measurements of emission rates 
Of uranium when the isotopic ratio of the 
uranium radionuclides is well known. 

3. I .6 Method A-6. Radon-222-Continu- 
ous Gas Monitor. 

Principle: Radon-222 is measured di- 
rectly in a continuously extracted sample 
stream by passing the air stream through 
o calibrated scintillation cell. Prior to 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 
caating 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. 

Applicabiliry: This method is applica- 
ble to the measurement of radon-222 in 
effluent streams which do not contain sig- 
nificant quantities of radon-220. Users of 
this method should calibrate the monitor 
in a radon,calibration chamber at least 
twice per year. The background of the 
monitor should also be checked pcriodi- 
a l l y  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 a 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 microxopc or aut& 
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 to 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 

ASTM-E-318(15). ASTM-D2907( 14). 
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is determined by the ultraviolet activated when ATDs have been demonstrated to 3.3.1 Method 9-3, Radiochemistry-Be- 
fluorescence of the fused disk in a fluo- produce data comparable to data obtained ta Counting. 

separated from other elements, and from ---lj 
~ --rOmeterr _ _ _ _  -with- Method-A-6.Such  data-should-be- _Principle: The elemcnnf- i n t ~ s !  _is A" 

submitted to EPA when reauestinn a b  
proval for the use of this m;thod.-EPA 

3.2 Methods for Gaseous Beta Emitting 
Radionuclides. 

3.2.1 Method B-I. Direct Counting in 
Flow-Through lonitation Chambers. 

Principle: An ionitation chamber con- 
taining a specific volume of gas which 
flows at a given flow rate through the 
chamber is used. The sample (emuent 
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. 

Applicabiliry: This method is applica- 
ble for measuring the activity of a gaseous 
betatmitting radionuclide in an emuent 
stream that is suitable as a counting gas. 
when no other betatmitting nuclides are 
present. DOE/EP-0096( 17). NCRP- 
58(23). 

3.2.2 Method 9-2. Direct Counting 
With In-line or Off-line Beta Detectors. 

Principle: The beta detector is placed 
directly in the efffuent stream (in-line) or 
an extracted sample of the effluent stream 
is passed through a chamber containing a 
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. 

Applicobiliry: 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 typcs and quantities of ra- 
dionuc'ides present and to establish the 
relatioiship between specific radionuclide 
analysc 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 xction 3.7. 

3.3 Methods for Non-Gaseous Beta 
Emitting Radionuclides. 

520/ I -89409(24). 
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 baa  count rate de- 
termines the total activity of alt 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. 

Applicabilirj: This method is applica- 
ble for measuring the activity of any beta- 
emitting radionuclide. with a maximum 
energy greater than 0.2 MeV. provided no 
other radionuclide is present in the scpa- 
rated sample. APHA408(5). 

3.3.2 Method 8-4. 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 c a n  be 
made. 

App/ icobi / i r~:  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 to measure emis- 
sions of specific radionuclides only ( I )  
when it  is known that the sample contains 
only B single radionuclide. and (2) mea- 
surements made using Method 8-3 show 
reasonable agreement with the gross beta 
measurement. Gross beta measurements 
are applicable to mixtures of ra- 
dionuclides only for the purposes and un- 
der the conditions described in section 

3.3.3 Method B-5, Liquid Scinrillation 
Spectrometry. 

Principle: An aliquot of a collected 
sample or the result of some other chemi- 
cal separation or proctssing technique is 
added to a liquid scintillation cocktail" 
which is viewed by photomultiplier tubes 
in a liquid scintillation spectrometer. The 
spectrometer is adjusted to establish a 
channel or window" for the pulse energy 
appropriate to the nuclide of interest. The 

i 

3.7. APHA402(4). ASTM-D-I890(1 I). 
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activity of the nuclide of interest is mea- 
sured by thc counting rate in  the appre  
priate energy channel. Corrections are  
made for chemical yield where separa- 
tions are made. 

Applico6ili1~: This method is applica- 
ble to any betatmitting nuclide when no 
other radionuclide is present in  the sam- 
ple or the separated sample provided that 
it can k 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 xpa-  
rated so that they can k resolved by thc 
spectrometer. This method is most appli- 
cable to the measurement of lowtnergy 
beta emitters such as tritium and carbon- 

3.4 Gamma Emitting Radionuclides 
3.4.1 Method G-1. High Resolution 

Gamma Spectrometry. 
Principle: The sample is counted with a 

high resolution gamma detector. usually 
either a Ge(Li) or a high purity Ge detec- 
tor. connected to 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. 

Applico6ilir.r: This met hod is applica- 
ble to the measurement of any gamma 
emitting radionuclide wi th  gamma ener- 
gies greater than 20 keV. I t  can be ap 
plied t o  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 to the analysis of gaseous gam- 
ma emitting radionuclides directly in an 
emuent stream by passing the stream 
through a chamber or cell containing the 
d e t e c t o r .  A S T M - 3 6 4 9 ( 9 ) .  I DO- 
I2096( 18). 

3.4.2 Method G-2. Lou Resolution 
Gamn .a Spectrometry. 

Prir cip/e: The sample is coun'ted with a 
low resolution gamma detector. a thalli- 
um activated sodium iodide crystal. The 
detector is coupled to P photomultiplier 
tube and connected to a multichannel an- 
a lyzer .  T h e  g a m m a  e m i t t i n g  ra -  
dionuclides in the sample are measured 

14. APHA109(6), EML-LV-539-17( 19). 

from the gamma count rates in the energy 
regions characteristic of the individual ra- 
dionuclides. Corrections arc  made for 
counts contributed by other radionuclides 
to the spectral  regions of the ra -  
dionuclides of interest. Radiochemical 
separation may be used prior to counting 
to obtain less complex gamma spectra if 
needed. 

Applicobiliry: This method is applica- 
ble to the measurement of gamma emit- 
ting radionuclides with energies greater 
than 100 kev. I t  can k 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 bc applied to the analysis of 
gaseous radionuclides directly in an emu- 
ent stream by passing the gas stream 
through a chamber or cell containing the 
detector. ASTM-D-2459( 12). EMSL-LV- 

3.4.3 Method (3-3, Single Channel 
Gamma Spectrometry. 

Principle: The sample is counted with a 
thallium activated sodium iodide crystal. 
The detector is coupled to a photomulti- 
plier tube connected to a single channel 
analyzer. The activity of a gamma emit- 
ting radionuclide is determined from the 
gamma counts in the energy range for 
which the counter is set. 

Applicobiliry: This method is applica- 
ble to the measurement of a single gam- 
ma emitting radionuclide. It is not appli- 
cable to mixtures of radionuclides. The 
samples counted may be in the form of 
particulate filters. absorbers. liquids or 
gas. The method can be applied 10 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. 

Applicabilir~: 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- 

0539-l?( 19). 
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ma measurements are used to 
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 to analysis of gaseous ra- 
dionuclides directly in an effluent stream 
by placing the detector directly in or adja- 
cent to the effluent stream or passing an 
extracted sample of the effiuent 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 to the measuremenl of alpha. 
beta and gamma radiations are listed be- 
low. The equipment needed and the 
counting principles involved are described 
in detail in ASTM-3648(8). 

3.5.1 Alpha Counting: 
Gos Flow Proporrionol Counrers. 

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. 

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

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

Alpho Sperrromerers. Semiconduc- 
tor detectors used in conjunction with 
multichannel analyzers for energy dis- 
crimina t ion. 

3.5.2 Beta Counting: 
1oni:orion Chombers. These cham- 

bers contain the betaemitting nuclide in 
gaseous form. The ionization current p r e  
duced is measured. 

Geiger-Muller (GM) Counters-or 
Gos Flow Proporrionol Cbunrcrs. The be- 
ta particles cause ionization in the count- 
ing gas and the resulting electrical pulses 
are counted. Proportional gas flow coun- 
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ters which are beavily shielded by lead or 
other metal, and provided with an anti- 
coincidence shield to reject cosmic rays, 

In those cases where a standard is not 
available for a radionuclide. counters may 
k calibrated using a standard with ener- FOR SPECIFIC RADIONUCLIDES / - pw---p-.ry_lru1 . - _ _ _ _  -~ --are called-low background kta-counters.-gy charaaeristia a s s i f i l a ~ - ~ - ~ i b l e  to - -___ - 

A m 2 4 1  I A-1. A-2. A-3. A 4  
A141 .. ...._.__.._..._....... 
Ra-140 .__-_-_ 
B r a  .._____..__. 
C11 .._._..._._.._......- - 
G14 .._.._._..__.__....... 
ws ....--_--.-.... 
6 1 4 4  .___-... 
M U  _.-. 
cod0 
0 - 5 1  .--_..--_.. 
Cs-134 .__.._--._ 
4 - 1 3 7  ___._._____.. 
Fe-55 _-_-.-.. 
F8-59 _._____-. 
W ......_.._......_-.. 
Ks W) ..__....--. 
K s ( 0 . S )  .............-.-.. 
&I23 ..______.___.._... 
Cl25 _-___..... 
C131 ____.____... 
h-llSm ._.._____._....... 
k-192 .______.____._... 
((rds ._.____..__._.._._ 
k - 8 7  ....._.-___....__.. 
ad8 
-54 ...__..........._..... 
MM9 .. ...._._.._...... 
IC13 ......._..__...__._. 
0 - 1 5  .___._._..... .....__.... 
Rsz I ............ 
-147 ....................... :.. 
~ 2 1 0  
h-23 ........................... 

. -239 ...........- 
-240 ........................... 
Rl-226 ........................... 
SJS ..... 
Sa75 ................... ~ ........ 
s.90 .............................. 
lc-99 ............................. 
1.-201 ......................... 
Umasn .Iphr) .... 
Unnium (kolooic) ........ 
Unnkrm m a l )  ......... 
I@-133 .. ....................... 
Zrr65 ......................... 

Scintillation Counters. The beta 
particles transfer energy to a scintillator 
resulting in a production of light photons, 
which strike a photomultiplier t u k  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. 

Liquid Scintillation Spectrometers. 
Liquid scintillation counters which use 
two photomultiplier t u b  in coincidence 
to reduce background counts. This coun- 
ter m a y  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 
electrical pulses proportional to tbe 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- 
umdrifted (Gc(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 to separate 
and store the pulses according to the encr- 
gy absorbed in the crystal. 

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 k 
counted. For gamma spectrometers a se 
ries of standards covering the energy 
range of interest may k used to collstruct 
a calibration a w e  relating gamma ener- 
gy to counting efficiency. 

El. 6 2 .  G 1 .  G2. 09. G-4 
Gl. G2.63.W 
G 1 . 6 2 .  W. W 
8-1 .  b2 G I .  0 2 . 6 3 .  G-4 
B-5 
63.e-4.8-5 
0 1 .  G-2 W. G4 
A - l . A - 2 . A J .  M 
Gl. 0 2 .  W. W 
G-1. G2. W. W 
0 1 . 6 2  63. G 4  
G 1 . 6 2 .  W. G-4 
b 5 . G - 1  
G 1 . G - 2 . W . W  
G 1 . W . W . W  
e 5  
e-1 
G-1. 0 2 .  W. W 
G I  
G I .  W .  CS. W 
G 1 . G - 2 .  W.M 
G l . 0 2 .  W. G-4 
8-1. b2. 8.5. G 1 . W .  W. G 

El. 5 2 . 0 1 .  0 2 .  QJ. W 
B-1. M .  G-1. G 2 .  63. W 
G 1 .  0 2 .  05. W 
G 1 .  G-2. 63. W 
b 1 .  E2 G 1 . G - 2 .  W. G-4 
bl. 82. G-1. 6 2 .  63. 01 
63.W.bS 
63. e-4, E 5  
A-1. A-2, A-3. A 4  
A-1. A-2. A-3. A-l 
A-1. A-2. A 3 ,  A 4  
A-1, A-2, A 3 .  A 4  
A-1. A-2. G 1 .  6 2  
e-5 
Gl. G2. 6 3 .  W 
8-3. e-4. 8-5 
83.  w. 6-53 
0 1 .  G 2 .  G3. W 
A-1. A-2. A 3 ,  A 4  
A-1, A-3 
A-5 
Gl 

G-1. 6 2 .  6 3 .  W 

4 

tbe radionuclide to k 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 k 
mounted in an identical manner. U the 
samples contain variable amounts of 
solids, calibration cuwcs relating weight 
of solids present to counting efficiency are 
prepared. Standards other than thosc pre- 
scribed may k used provided it can k 
shown that such standards arc 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 thosc which 
are most commonly used and which have 
the greatest potential for causing doses to 
members of the public. For radionuclides 
not listed in Table I. 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 Radionuclide:. Gross alpha and 
beta measurements may k 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 k i n g  re- 
leased in significant quantities. 

Gross alpha (Method A 4 )  or gross k- 
ta (Methods E2 or B4) measurements 
may also k 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 k compared 
with the lowest environmental conccntra- 
tion limit for any radionuclide which is 
not known to be absent from the effluent 
stream. 

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 procc- 
dures. data quality specifications. audits, 
corrective actions and repom. 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 
program 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 
to 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 frquen- 
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 frquen- 
CY of calibration. 

4.3.5 A description of the laboratory 
analysis procedures used for each radio- 
nuclide measured, including 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 eWuent 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 rquired precision. accura- 
cy and completeness of the emission mea- 
surement data including a description of 
the procedurcs 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. 

4.5 A quality control 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 k 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. 

4.7 Periodic internal and external au- 
dits shall be performed to monitor compli- 
a n a  with the quality assurance program. 
Thcsc audits shall k 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 k ing  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 shall be prepared on the perfor- 
mance of the emissions measurements 
program. These reports should include as- 
sessment of the quality of thi 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 I ~5-~ONITORING FOR RA- 
DON-222 EMISSIONS 

This Appendix dcscriks 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 
other piles of waste material emitting ra- 
don. 

1. Radon-222 Emissions from Under- 
ground Uranium Mine Vents 

1.1 Sampling Frquency and Calcula- 
tion of Emissions. Radon-222 emissions 
from underground uranium mine vents 
shall k 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 
k continuously measured at each mine 
vent whenever the mine ventilation sys- 
tem is operational. 

(b) Each mine vent exhaust flow rate 
sholl k measured at least 4 times per 
year. 

(c) A weekly radon-222 emission rate 
for the mine shall k calculated and re- 
corded weekly as follows: 

Aw= ClQlTl + CZQZTZ + . - CiQiTi 
Where: 
AeTotal radon-222 emitted from the 

mine during week (Ci) 

Ci=Average radon-222 concentration 

Q,=Volumetric flow rate from mine 

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 

in mine vent i(Ci/m3) 

vent i(m7hT) shall-be-either-the--centroid-of-the-cross~ 
Ti=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 k measured and calculated as fol- 
lows: 

(a) The radon-222 shall k continuous- 
ly measured at each mine vent for at least 
one week every three months. 

(b) Each mine vent exhaust flow rate 
shall k measured at least once during 
each of the radon-222 measurement pcri- 
OdS. 

(c) A weekly radon-222 emission rate 
shall k calculated for each weekly period 
according to the method described in Sec- 
tion 1. I. 1. In this calculation T= 168 hr. 

(d) The annual radon-222 emission rate 
from the mine should k calculated as fol- 
lows: 

52 - w. 
n 

4- ( & + A d +  ... Am) 

Where: 
A,=Annual radon-222 emission rate 

from the mine(Ci) 
A,i=Weekly radon-222 emission rate 

during the measurement period i 

n=Numkr  of weekJy measurement pc- 
n o d s  per year 

W,=Numkr 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: 

(Ci) 

. 

section or the point of average velocity. 
1.2.2 Ta t  Method 2 of Appendix A to 

part 60 shall be used to determine velocity 
and volumetric flow rates. 

1.2.3 Test Methods A d  or A-7 of A p  
pendix B. Method 114 to part 61 shall be 
used for the analysis of radon-222. Use of 
Method A-7 rquires prior approval of 
EPA based on conditions described in A p  
pendix B. 

1.2.4 A quality assurance program shall 
k 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 Emissionr from Urani- 
um Mill Tailings Piles 

2.1 Measurement and Calculation of 
Radon Flux from Uranium Mill Tailings 
Piles. 

2.1.1 Frquency 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 k made as de- 
scribed in paragraphs 2.1.2 through 2.1.6 
except that for measurements made over 
a one year period. the rquirement of 
paragraph 2.1.4(c) shall not apply. The 
mean radoil flux from the pile shall be the 
arithmetic mean of the mean radon flux 
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 €PA review and approval. 

2.1.2 Distribution of Flux Measure- 
ments. The distribution and number of ra- 
don flux measurements rquircd on a pile 
will depend on clearly defined areas of the 
pile (called regions) that can have signifi- 
cantly different rsdon fluxes due to sur- 
face conditions. 'The mean radon flux 
shall k determind 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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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 established 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. 
ImDinaers - - 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 'h-in.4.d. glass tube extend- 
ing to within 'h in. from the bottom of the flask. Glass wool is placed in the first 
U-joint to prevent sulfuric acid mist carryover. 
Meterina Svstem - 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 20.1 in.Hg. 

Sampling Reagents 

Water - Deionized, distilled to conform to ASTM specifications D1193-74, 
Type 3. 

mroDanol. 80% 

Hvdroaen Peroxide. 3% 

40 CFR 60, Appendix A, July 1992. 
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AmlpiESl-R ea g en ts 

Water - Deionized, distilled. 
IsoDroDanol. 100% 

Thorin Indicator - 0.2 percent 1 -(o-arsonophenylazo), 2-naphtho1, 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. €PA 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 250 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 

+5 minutes at a rate of 0.75 cfm. 

40 CFR 60, Appendix A, July 1992. 
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The contents of the first impinger are measured and discarded. The contents 

of the second and third impinges are measured and placed in a leak-free polyethyl- 

ene container. The second and third impinges 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. Deionized, distilled water is added to bring the volume to 20 mL. 

Eighty mL of 100 percent isopropanol 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 

liirant 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 25  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 k 5 percent. 

within 1 percent or 0.2 ml, whichever is greater. 

All analyses are conducted in duplicate, and duplicate titrations must agree 

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 €PA. Assembled by ITAQS personnel, it consists 

of the following: 

Probe - Borosilicate glass tubing with a heating system capable of maintaining a 
gas temperature of approximately 250 o 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. 

Manifold - Two- and three-way Teflon stopcock and connected 24/10 standard 
taper joints. 
Temperature Gauae - Dial-type thermometer capable of measuring 2 o F intervals 
from 25' to 125'F. 
Vacuum Line - Tubing capable of withstanding a vacuum of 3 in.Hg absolute 
pressure, with 7" connection and T-bore stopcock. 
Vacuum Gaua _ e  - 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 20.1 in.Hg. 

- Two-way stopcock connected to a 24/10 standard taper joint. 

* 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 €PA Methods l through 4.* 

pling flask is charged with 25 mL of absorbing solution (made by mixing 1 liter of dis- 

tilled water, 2.8 mL of concentrated H2S0,, and 6 mL of 3 percent H20J. A portion of 

the reagent is retained for use in preparing the calibration standards. 

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. 

One sampling point, representing the average flow rate, is chosen. The Sam- 

With the sample valve closed, the flask valve open, and the pump/manometer 

. 

With the flask closed, the sample valve open, and the pump/manometer valve 

turned to pump, the sampling apparatus is purged for 5 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 allowed 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 end 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 volumetrically and transferred to a poly- 
S 

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 cuwe of pg NO, versus peak area re- 

sponse is prepared using standards of known concentration. 

D-32 
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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 impingers 

contain acidified water (0.1 N H,SO,) to collect HCI and separate the chlorine (CI,) 
fraction. The next impinger contains 0.1 N NaOH to trap CI,. The acidified water is 

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 o 225 o F at the exit end during sampling. 

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

Filter - 87-mm (3-in.) -diameter, Teflon mat filter, Pallflex@ TX 40H175 or equiva- 
lent. 

Draft Gauae - A dual inclined manometer made by Dwyer with a readability of 
0.01 in.H,O in the 0- to I-in. range and 0.1 in.H,O in the 1- to IO-in. range. 

impinaers - 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 rh-in.4.d. glass tube extending to within ‘h in. of the bot- 
tom of the flask. 

* The Determination of HCI Emissions From Stationary Sources. August 1989. 

** The Determination of inorganic Anions in Water by Ion Chromatography, 
EPA-600/4-84-017, March 1984. 
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Meterina Svstem - 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 20.1 in.Hg. 

Sampling Procedures 

Prior to each test run, the stack pressure, velocity, temperature, and composi- 

tion (0, 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 in €PA 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 ft3/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 temperature 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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~Ontainer-No-l-Ihe-contents-of-the-first-and-sewnd-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 

Blank samples of the H,SO, and DI water used in rinsing are also submitted for 

the Sample Recovery and Integrity Sheet along with other pertinent data. 

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 ANALMICAL PROCEDURES 

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 248 225 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 Gauae - A dual-inclined manometer made by Dwyer with a readability 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. 
lmpinaers - 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.4.d. glass tube extending to %-in. from the bottom 
of the flask. The second is a standard Greenberg-Smith type. 
Meterina Svstem - 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 20.1 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 O2 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 o 225 o 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 v/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.H20 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. lsokinetic 

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. 
2 

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,O 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 

filter 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.* Analysis 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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Title: E-2 
Date: 3/23/92 

CALIBRATION PROCEDURES AND RESULTS 

All of the equipment used is calibrated in accordance with the procedures out- 

lined in the Qualitv Assurance Handbook for Air Pollution Measurement Svstems. Vol- 

ume Ill.* The following pages describe these procedures and include the data 

sheets. 

*EPA 600/4-77-027b. 
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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 following Nozzle Calibration data sheet(s). 

E-3 OOQ%38 



NOZZLE CALIBRATION 

Client rCLITNILO 
Project No. 3 3 ~ 3 3  i 

Calibrated By 07 

Where: 

D 1. 2 .3  = mule diameter measured on a ditferent diameter, in 
Tderance=measure within O.Wl in. 

&D = maximum ditlerence in any two measurements. in. 
Toleram= 0,004 in. 

0 avg. = average d 01. 02. ard 03 

E4 



NOZZLE CALIBRATION 

/ 

J 
/ 

L I 1 I I I 
i 

Where: 

D 1, 2.3 = nozzle diameter measured on a different diameter, in 
Tderance=measure within 0.Wl in. 

&D = maximum difference in any two measurements. in. 
To&rr~e= 0.004 in. 

D avg. = a wage d D1, 02, and 03 

E-5 ooQb240 ; 



NOZZLE CALIBRATION 

Client 

Dare 

7 IZ J 
D1 in. D2 in. 03 in. 80 in. D avq. 

, 5 - 1 0  J I 17- , 7 ) ’ L  .bOQ , 3 r r  J Nonle  I.D. 

s e i 0 7  . 3  I f  .7 121 . 3  I Z  (00 I * ? / I  
I 

- I I 

1 I I I I I 

I I I I I 

Where: 

D 1, 2, 3 = mule diameter measured on a dltlerent diameter, in 
Tderance=measure wilhin 0.Wl in. 

80 = maximum difference in any two measurements, in 
T o h r r ~ e =  0.004 in. 

0 avg. = average d 01, 02. a d  03 
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Pitot Tube Calibration 

Each pitot tube used in sampling is constructed by JTAQS 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. 
E-? 



Title: E-2 
Date: 3/23/ 12 

ye-- _ .  

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 a2 are 
< l o o ,  8, and B, are 60, z is <0.32 (1/8 in.), and w is <0.08 cm (1/32 in.). 

E-8 



65.88  
Title: E-2 
Date: 3/23/92 

I I 

I T R A N S V E R S E  
TUBE AXIS 

FACE -1 
OPEN I NG 

' PLANES ' 
(a )  ENDVIEW 

A-SIDE PLANE 

i NOTE : 
LONGITUDINAL 

TUBE AXIS Dt 1 . 0 5  ;: f ;'s 1.50 D, - t 

0.48 cm I 3, I 0.95 cm 
(3/16 in.) (3/8 i n . )  . B-SIDE PLANE 

(b)  

Properly constructed Type S pitot tubes shown in: (a) end view, face opening 
planes perpendicular to transverse axis; @) 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. 
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PITOT T U B E  INSPECTION DATA SHEET 

( 1  1 tr2 I \  1 

degrees degrees degrees 

/ 0 
<loo <loo  <5" 

Pitot Tube No. Date 12-28-93  lriSpec[Or CAROL A. MILLER 

1'2 
degrees 

<So 

DI 
inches 

0.185 ,< PI <0.380 

P 1.05 01 1.50 01 
inches inches inches 

8 (  d L  

- - - 

Y 
degrees 

3 
- 

cp Psin(Y) * Psinh) 
degrees inches inches 

0 0 
- <O. 125 <0.03 1 25 

Lower line in each table is limils for meeting specificalions. 

A 

P1 
inches 

/ t  

1.05 01 <Pi < 1.50 01 

+ Checked by 

p2 IP1 p21 Meet 
inches inches specifications 

/ 3-7f / 
1.05 01 <P2 < 1 .SO 01 50.0 10 
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PITOT TUDE INSPECTION D A T A  SHEET 

(1.1 tr2 I' 1 

degrees degrees degrees 

2 
<lo"  < loo  < 5" 

Pilol Tube No. 740 Date 12-28-93 lllspector CAROL A .  MILLER 

1'2 
degrees 

9 
< 5 O  

r 

P 1.05 Dl 
inches inches inches 
DI 

* 3 7 5  ' 995 
0.185 5 PI <0.380 

1.50 DI 
inches 

.5&g 

Y Q Psinh) 
degrees degrees inches 

- - c0.125 

4 
E-1 1 

Psin(d 
inches 

u/6 
c0.03 1 25 



PITOT 
_ _  - ~ 

Pitot Tube No. ,cd2 

tr2 
degrees 

(I1 
degrees 

I! 1 1'2 
degrees degrees 

0 I / 
I <So I 4" I <lo" 

/ 

DI 
inches 

Y 
degrees 

- ,- 

/ 

P 
inches 

cp Psin(Y) Psin(d 
degrees inches inches 

4 ' ox - 0  
- c0.03 125 <O. 125 

1.05 Dl 
incties 

1.50 Dl 
inches 

P1 
inches 

p2 
inclies 

* 5 - w  

Ih - p21 
inches 

Lower line in each table is limils for meeting specifications. 

Meet 
specifications 
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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 5 1 percent 

accuracy is used. The pump is run for approximately 15 minutes at an orifice 

manometer setting of 0.5 in.H20 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 25 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 2 5 percent range allowed by EPA Method 5.* 

data sheets are included in the following pages. 

The Particulate Sampling Meter Box Initial Calibration and Post-Test Calibration 

* 40 CFR 60, Appendix A, July 1990. 

E-13 000248 
' 1 



MfZERBOX Title: E-2 GLASSTUBE 
THERMMTER Date: 3/23/92 

___ 

WETTESTMETER 

e... 

9 

UMBILICAL 
m a  

VALVE 

Calibration setup. 

METER BOX NO 

M Y  GAS METER NO. 

ORIFICE 
MANOMEIER 

S m N G  

DWGASMETER 

F 

METER METER 

ttt 4.0 I 10 I 
AVERAGE 

- - 

AH 

0.5 
- 

~ 

Y I AH@ 

0.0368 I I 
1 .o 

1.5 

2.0 

3.0 

4.0 

- 
- 
- 
- 
- 

0.221 

0.294 

Y I Ratio of accuracy of wet test meter 0 dry test meter. Tolerance - f 0.01 
AH@ - Orifice of pressure differential that gives 0.75 dm of air at 70' F and 29.92 inches of 

mercury, in ). Tolerance = f 0.1 5. 

Calibration data sheet. 
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Stack Thermocouples 

Each thermocouple is calibrated by comparing it with an ASTM3F thermometer 

at approximately 32 F, ambient temperature, 100 o 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 o and 180 F using a water bath. The 

thermocouple agreed within +. 2 o F of the reference thermometer over the entire range. 

The thermocouples may be checked at ambient temperature at the test site to verify 

the calibration. Calibration data are included in the following thermocouple Calibration 

Data Sheet@). 
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TH E R M 0 C 0 U P L E C A L I B R AT1 0 N DATA S FI E ET 

Thermocouple 
temperature 

"F 

Date: /2/'2 7 /?.7 Thermocoupk No: I& 

Difference 
%** 

Calibrator: H - 4 U 4 4  Reference: /4sm/ 3/= 

Reference 
point no. 

Range: 

Reference 
thermometer 
temperature 

Source' "F 

1 
I I I 

2 6~ 

3 

2 

3 I I 3~ 
1 I 32- 

4 4 I +IT- 

* Source: 1) Ice bath 
2) Ambient 
3) Water bath 
4) Oil bath 

t' Percent difference. 

Reference temn. "R - thermocoriple tenin. "R 
(Reference temp. %) 

looo~o 

where OR = O F  + 460 

Each percent difference nwst be less than or equal to 1.5%. 
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Reference 
point no. 

THERMOCOUPLE CALIURATION DATA SHEET 

Source 

Thermocouple No: 

1 

2 

3 

- Calibrator: MOJ/d Reference: & S I W l J  3P 

2 

1 

3 

Range: 

4 1 4  

Source: 1) Ice bath 
2) Ambient 
3) Water bath 
4) Oil bath 

* *  Percent difference. 

I thermometer Reference I ThermocouDle 
temperature temperatu;e Difference 

%" O F  1 O F  I 
7 0  (77 

Reference temn. O R  - thwmocouole tmn .  "fl 
(Reference temp. O R )  

looyo 

where O R  = O F  + 460 

Each percent differorice must 110 less than or equal to 1 .%&. 

E-25 



THERMOCOUPLE 

Thermocouple 
temperature 

O F  

Date: 1 2 / 2 7 / 9 3  

Difference 
O!O ' 

I 

Calibrator: WJw/Js 

4 

CALIBRATION DATA SHEET 

f i b  4 

Thermocouple No: 7 32 
Reference: # J p 7 -  3/= 

Range: 

Reference 
point no. 

2 

I 3 

source. 

Reference 
thermometer 
temperature 

O F  

2 

1 I 3 2  
3 I I 'b2 

3s I - 
3y 

Source: 1) Ice bath 
2) Ambient 
3) Water bath 
4) Oil bath 

* *  . Percent difference. 

&fwr?nce tenin. O R  - tlyrmocounle tenin. ':8 
(Reference temp. O R )  

where O R  = O F  + 460 

Each percent difference niiist lie less than or equal to 1.594,. 
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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). 
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5 

6 

400  

5 0 0  

DIGITAL INDICATOR CALIBRATION ____ 

DATA SHEET 
/- 

DATE: 7 -AT53 INDICATOR: t 1 - 5 
OPERATOR: -3 

Equivalent 
Temperature, O F  

Digital Indicator 
Temperature, O F  Difference,' 

% 
Test Point 

1 0 .>a- 
2 100 0 

2 0  i 3 200 

l 4  300  0 

3w 
so I I l0 

7 1000 
, I4 

130 I 8 1300 

9 I600 

10 1900 

'F'ERCENT DIFFERENCE MUST BE LESS THAN OR EQUAL TO 0.5% 

Cr,, "F-Tdi. O F )  

Yo DIFFERENCE = x 100 . _  

(Te, O F  + 460) 

088263 
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Fa- rn coRp6Rxnou 

DIGITAL INDICATOR CALIBRATION 
DATA SHEET 

DATE: I a - 3 0 -73 INDICATOR: pr- 8 
OPERATOR: J. Neese 

I 

Eq u iva I en t 
Temperature, O F  

TO 

Digital Indicator 
Temperature, O F  

Td I 
Difference, 

% 
Test Point 

Number 

1 

98 I 36 

4 -  3 0 0  

400 

500 

3cf7 
4q7 '31 

1000 

1300 

1600 

,27 

2q3 
9 

I S F I  1 0  47 1900 

'PERCENT DIFFERENCE MUST BE LESS THAN OR EOUAL TS 0.5% 

Cr,, O F  - Tdi. O F )  

Yo DIFFERENCE = x 100 
(Te, O F  + 460) 
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Test Point 
Number 

1 

2 

Equivalent Digital Indicator - 

Temperature, O F  Temperature, O F  Difference,' 
Te Td I % 

0 0 

w 4 15 

0 

100 

Cr,, O F  Td,, 'F) 
% DIFFERENCE = x 100 

(Tee "F + 460) 

3 

4 

5 

6 

7 

8 

9 

1 0  

E-30 

200 * 15- 

300 a7 c1 *ad 

398 1x3 

5 0 0  4-4 7 J3 I 

99 b 2 7  

I N 3  [to 
1600 I 5 U  

1 34 
1900 Isti? t47 

400  

1000 

1300 



Earn: 
DIGITAL INDICATOR CALI B RATION 

DATA SHEET 

DATE: \ - 2 5 -  94 INDICATOR: 

OPERATOR: 

Equivalent 
Temperature, O F  

T e  

Digital Indicator 
Temperature, O F  

Td I 
Difference, 

Yo 
Test Point 

Number 

0 1 

2 100 136 
3 200 

l E- 
aci s 3 0 0  4 

5 

6 
400  39% 

447 I 31 500  

I’ I f  1000 - 

8 

1596 

’ I W 3  10 1900  

*PERCENT DIFFERENCE MUST BE LESS THAN OR E@UAL TO 0.5% 

cr,. O F  - T(ji, O F )  

Yo DIFFERENCE = x 100 - _  

(Te. O F  + 460) 

-. . , 
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Title: E-2 
Date: 3/23/92 

~- __-- _______ 
Dry Gas Thermocouples and lmpinger Thermocouples 

The dry gas thermocouples are calibrated by comparing them with an ASTM3F 

thermometer at approximately 32 o F, ambient temperature, and a higher temperature 

between approximately 100 o and 200 o F. The thermocouples agreed within 5 o F of the 

reference thermometer. The impinger thermocouples are checked in a similar manner 

at approximately 32 o F and ambient temperature, and they agreed within 2 o F. The 

thermocouples may be checked at ambient temperature prior to the test series to 

veri i  calibration. Calibration data are included in the following Dry Gas Thermometer 

and lmpinger Thermocouple Calibration Data Sheet(s). 
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DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET 

Thermocouple 
temp e rat u re 

"F 

q- 5 Date: 4- 17 -33 Thermocouple No: $. 

Difference 
O F * *  

Calibrator: - d eC5.Q Reference: p\ g ;q 

Thermocouple 
temperature 

"F 

In let  

Difference 
O F * *  

Re f ere nce 
point no. 

1 

2 

3 

Outlet 

Source' 

1 

2 

3 

Ref e re nce 
point no. Source' 

1 I 1  
I 2 

3 1 3  

Reference 
thermometer 
temperature 

"F 

I Y Y  

Reference 
t herrno me t e r 
temperature 

O F  

36 

I 3- 
s c  
f 2 I I  

3, I o  

Source: 1) Ambient 
2) Ice bath 
3) Water bath 

++ Difference must be less than 5°F at both points. 



Reference 
point no. 

1 

Source. 

1 

2 2 

Reference 
point no. Source' - 

Date: 1 a -  39-93 Thermocouple No: ;F 8 
Calibrator: 31' R)&w Reference: A 57!4 

Inlet 

Reference 
thermometer 
temperature 

"F 

Thermocouple 
temperature 

"F 
Difference 

OF'. 

68 
3 2  0 

I I 

I90 a I 3 1 3 

Outlet 

Reference 
thermometer 
temperature 

"F 

Thermocouple 
temperature 

"F 
Difference 

OF.. 

1 I 1  

2 1 2  0 

3 1 3  

Source: 1) Ambient 
2) Ice bath 
3) Water bath 

* *  Difference must be less than 5°F at both points. 

Checked by Date ,/3\qb' 
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Ref e re nce 
point no. Source' 

DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET 

Date: q- Jy-YLt I /  Thermocouple No: F-f- 3 

Inlet 

Reference 
thermometer 
temperature 

"F 

Thermocouple 
temperature 

"F 
Difference 

O F * '  

Ref e re nce 
point no. 

64 I 
f c) 35- I 

154 2- 

Outlet 

Ref e re nce 
thermometer 
tem peratu re 

"F . 

I 
Thermocouple 
temperature 

O F  

Difference 
O F * *  

6 8  I I 1 1 

1 2  I 35- I I 
I .  3 I 3  I 3 I 

Source: 1) Ambient 
2) Ice bath 
3) Water bath 

* *  Difference must be less than 5°F at both points. 
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Reference 
point no. Source' 

Reference 
point no. Source' - 

Reference 
thermometer 
temperature 

O F  . 

Thermocouple 
temperature Difference 

O F  OF'' 

1 1 

. 
J 

DRY GAS THERMOCOUPLE CALIBRATION DATA SHEET 

Thermocouple No: c< / / Date: 1-2 5/ 9 It 
Calibrator: $I ucdse  Reference: /4 SlM 

Inlet 

Reference 
thermometer 
temperature 

O F  

Thermocouple 
temperature 

O F  

Difference 
OF' '  

1 l 1  
37 0 24 

Outlet 

1 1  34 

3 .  I 3 .  

' Source: 1) Ambient 
2) Ice bath 
3) Water bath 

*' Difference must be less than 5°F at both points. 
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Reference 

Date: D / 2 7 / 7 3  Tlierrnocouple No: 3 -1 

Reference 
t he rmo meter T hermoco u p le 
temperatiire temperature Difference 

Calibrator: H- A&/d Reference: f l 5 m  - 3 F  

point no. Source' 

1 1 

2 2 

"F OF O F ' .  

7% 13' - 
33 3< 7 L  

Source: 1) Ambient 
2) Ice bath 

* *  Difference must be less t l ian~2"I~ at both points. 

Checked by $?n Date $l7hf 
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I P4 PING E R THE I7 h4 0 C 0 1J P LE C A L I E R AT1 0 N D ATP. S !I E ET 

Reference 
point no. 

Date: /2 /27 /q3  - Thermocouple No: 

Reference 
thermometer Thermocouple 
tt?mperafure temperature 

Source' "F "F 

Calibrator: /-f& 6olJL4 Reference: A s T i  - 3 F  

1 

2 

1 73- 7 4  
2 33 3 4 

S.ource: 1) Ambient 
2) Ice bath 

* *  Difference must be less liian 2°F zt both points. 

Difference 
OF" 

I 

Checked by @ Date 
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I FA PING E R THE I7 1.4 0 C 0 U P L E C A L I B I3 AT1 0 61 D A T  A S 1 I E ET 

1 

Tlisrmocouple No.: LY 7 A+ 
- Date: 

1 

Reference 
point no. 

I 

Source' 

2 2 I 

Reference 
thermometer 
t em pe rat 11 re 

"F 

70  
3 Y 

Thermocouple 
temperature 

"F 

71 
34 

Difference 
OF'! 

I 
0 

Source: 1) Ambient 
2) Ice bath 

* *  Difference must be less than 2 O F  at both points. 

Checked by W - Date 3 d z z - T ~  
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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@). 

, 
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TRIP BALANCE CALIBRATION DATA SHEET 

k ss dett 

50 9 

mined 

Error 

i r  

100 g 
Balance 

No. Date Cali brat o r 59 Error Error 

ct.9 0. I 0.0 

0. a S J 3  p.3 9.3 5. a 507 3 

12494 5.0 0-d 0 . I  

2 '0: 0 Os 0 3.0 100.0 0.0 

Error must not exceed 0.5 grams at each point. 
n 
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Title: E-2 
Date: 3/23/92 

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). 
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RETEST 

;T-TEST 

UAI(OI*lC I I: I (  
110. 

C 1  i e t i t  

Pro j ec t No. 

\)AflOl4E1 E l \  
I1EADI IIG 

REFEI1EIlCE 
UAIlOt4ETEll  
N A D  I NG 

D I  FFEREIKE*  

D A T E  

DATE 

&iq 
p -- 

_____- 

LCi .S v 

Ztl.ST 

0 . 0 3  

a r7 

OS 

40%' 
G G  

27. 'fz 

6 3 4 3  

1 

*Ihi.oiilctet- i s  atljusletl so lliilt t l i  fferciicc docs iiot excccd 0.05 iti. 114. 
**Uai*oiiiclet- i s  t i01 adjuslcd.  I f  d i f f e w i i c c  cxccctl 0.10 iii. 114, itiforili project 

tiimager itiiiied'iXeI y . 
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IIEFERENCE 
[IT\ROMETEII 
I h D  I NG 

- 

7 ' 
*' 

I e -- -__-- a 
L*.&, J 

40% J 

I'RETES 

0.02 : 0 0  .oa  I 
I DATE 

m I 
POST-TEST 

29. ZY 
. DIFFERENCE** 

DATE i CAI. I I ~ I W l O I I  

O f 0  I 

7/23/94 
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