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1.0 INTRODUCTION

This report is being submitted in accordance with the requirements of 
Kewaunee Technical Specifications, Section 6.9.b.2. It includes data 
from all effluent releases made from January 1 - June 30, 1993. The 
report contains summaries of the gaseous and liquid releases made to 
the environment including the quantity, characterization, time 
duration and calculated radiation dose at the site boundary resulting 
from these releases. The report also includes a summation of solid 
waste disposal, revisions to the Process Control Program and the 
Offsite Dose Calculation Manual, and addresses the cumulative 
meteorological data.  

1.1 Technical Specification Limits 

Specifications are set to insure that offsite doses are maintained as 
low as reasonably achievable while still allowing for practical and 
dependable operation of the Kewaunee Plant.  

The Kewaunee Offsite Dose Calculation Manual (ODCM) is used in 
conjunction with Section 7/8 of the Technical Specifications. The 
ODCM describes the methodology and parameters used in: 

1. The calculation of radioactive liquid and gaseous 
effluent monitoring instrumentation alarm/trip 
setpoints.  

2. The calculation of radioactive liquid and gaseous 
concentrations, dose rates and cumulative quarterly and 
annual doses. The ODCM methodology is acceptable for 
use in demonstrating compliance with 10 CFR 20.106; 
10 CFR 50, Appendix I; and 40 CFR 190.
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2.0 GASEOUS EFFLUENTS

2.1 Lower Limits of Detection (LLD) for Gaseous Effluents 

Gaseous radioactive effluents are released in both the continuous 
mode and the batch mode. The auxiliary building stack is sampled 
continuously for particulates, halogens and Strontium by an "off
line" sample train. This stack is also grab-sampled daily for 
gaseous gamma emitters. Batch releases are sampled prior to release 
for principal gaseous and particulate gamma emitters, halogens and 
tritium.  

*** The June proportional composites for Gross Alpha, Strontium 89 
and Strontium 90 were not available at the time this report was 
written. When these values are available, applicable revisions shall 
be submitted.  

The LLD's for gaseous radioanalyses, as listed in Table 8.4 of the 
Kewaunee Technical Specifications, are: 

Analysis LLD (ACi/ml) 

Gaseous Gamma Emitters 1.00 E-04 
Iodine 131 3.00 E-12 
Particulate Gamma Emitters 1.00 E-11 
Particulate Gross Alpha 1.00 E-11 
Strontium 89, 90 1.00 E-11 
Noble Gases, Gross Beta or Gamma 1.00 E-06 

The nominal "a priori" LLD values are shown below.  

Isotope a priori LLD (MCi/ml) 

a. Gaseous emissions: 

Kr-87 2.63 E-8 
Kr-88 3.49 E-8 
Xe-133 3.57 E-8 
Xe-133m 5.76 E-8 
Xe-135 8.67 E-9 
Xe-138 5.38 E-8 

b. Particulate emissions: 

Mn-54 3.75 E-14 
Fe-59 5.33 E-14 
Co-58 4.76 E-14 
Co-60 1.08 E-13 
Zn-65 8.29 E-14 
Mo-99 1.92 E-14 
Cs-134 4.08 E-14 
Cs-137 4.41 E-14 
Ce-141 2.46 E-14 
Ce-144 1.36 E-13
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c. Other identifiable gamma emitters: 

Ar-41 1.49 E-8 
Kr-85 3.37 E-6 
Kr-85m 1.03 E-8 
Kr-89 1.58 E-6 
Xe-127 1.46 E-8 
Xe-131m 3.96 E-7 
Xe-135m 2.95 E-8 
Xe-137 2.94 E-7 
1-131 2.54 E-14 

d. Composite particulate samples: 

Sr-89 1 E-14 
Sr-90 1 E-14 
Gross Alpha 1.00 E-14 

These "a priori" LLDs represent the capabilities of the counting 
systems in use, not an after the fact "a posteriori" limit for a 
particular measurement.  

2.2 Gaseous Batch Release Statistics 

The following is a summation of all gaseous batch releases made 
during the first half of 1993.  

Number of batch releases............. ............. 22 

Total time for all batch releases (sec)............ 6.601E+005 

Maximum time for a batch release (sec)............. 1.572E+005 

Average time for a batch release (sec).............. 3.001E+004 

Minimum time for a batch release (sec)............ 6.OOOE+002 

2.3 Gaseous Effluent Data 

The following table 2.1 presents a quarterly summation of the total 
activity released and average release rates of four categories of 
gaseous effluents. Table 2.2 lists the quarterly sums of individual 
gaseous radionuclides released by continuous and batch modes. Table 
2.3 is essentially the same data, but is presented as monthly 
summations. Table 2.4 presents the dose limits for gaseous effluents 
and for the 1st and 2nd quarters, and the calculated doses this year 
from gaseous effluents.
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Table 2.1 
Semiannual Radioactive Effluent Release Report 1993 

Gaseous Effluents - Summation of all Releases

Fission and Activation Gases 

Total Activity Released (Ci) 
Average Release Rate (ACi/sec)

1st Quarter 

1.619E-001 
2.060E-002

2nd Quarter 

2.046E-001 
2.602E-002

Iodines

Total Activity Released (Ci) 
Average Release Rate (pCi/sec)

O.OOOE+000 
O.OOOE+000

0.OOOE+000 
0.OOOE+000

Particulates

Total Activity Released (Ci) 
Average Release Rate (ACi/sec) 

Gross Alpha Released (Ci)

1.877E-005 
2.387E-006 

5.519E-004

7.680E-007 
9.768E-008 

1. 601E-003

Tritium

Total Activity Released (Ci) 
Average Release Rate (pCi/sec)

2.595E+000 
3.301E-001

5.478E+000 
6.967E-001
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Table 2.2 
Semiannual Radioactive Effluent Release Report 1993 

Gaseous Effluents 

Nuclides Released (Ci) 

Continuous Mode Batch Mode 
1st Quarter 2nd Quarter 1st Quarter 2nd Quarter

Fission Gases

0.00OE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
O.OOOE+000

O.OOOE+000 
O.OOOE+000 
0.00OE+000 
O.OOOE+000

9.412E-002 
3.452E-004 
5.632E-003 
1.372E-003 
7.084E-004 
1.583E-003 
0.OOOE+000 
6.379E-003 
4.380E-003 
3.928E-004 
4.244E-003 
1.192E-001

0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000

3.311E-002 
7.135E-005 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
1. 087E-001 
1.558E-003 
0.OOOE+000 
1.852E-002 
0.OOOE+000 
0.OOOE+000 
1.619E-001

0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
O.OOOE+000

3.356E-002 
1.937E-005 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
4.551E-002 
5.911E-004 
0.OOOE+000 
5.736E-003 
O.OOOE+000 
O.OOOE+000 
8.542E-002

0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000

Particulates

4. 162E-007 
1.640E-005 
O.OOOE+000 
0.OOOE+000 
1.950E-006 
1.877E-005

5.925E-007 
1.755E-007 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
7.680E-007

0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
O.OOOE+000 
O.OOOE+000

0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000
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Ar-41 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Xe-133 
Xe-133m 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 
Total 

lodines

1-131 
1-132 
1-133 
Total

Co-58 
Co-60 
Sr-89 
Sr-90 
Cs-137 
Total



Table 2.3A 
Semiannual Radioactive Effluent Release Report 1993 

1st Quarter Gaseous Release 
Total of all Releases 

Noble Gasses (Curies)

January

O.OOOE+000 
O.OOOE+000 
0.00OE+000 
0.OOOE+000 
O.OOOE+000 
O.OOOE+000

February

0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000

March

3. 311E-002 
7.135E-005 
1. 087E-001 
1.558E-003 
1.852E-002 
1.619E-001

Total

3. 311E-002 
7.135E-005 
1. 087E-001 
1.558E-003 
1.852E-002 
1. 619E-001

Particulates (Curies)

January

0.OOOE+000 
O.OOOE+000 
O.OOOE+000 
O.OOOE+000

February

0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000

March

4. 162E-007 
1.640E-005 
1.950E-006 
1.877E-005

Total

4. 162E-007 
1.640E-005 
1.950E-006 
1.877E-005

Halogens (Curies)

January February

0.OOOE+O000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Isotope 

Ar-41 
Kr-85m 
Xe-133 
Xe-133m 
Xe-135 
Total

Isotope 

Co-58 
Co-60 
Cs-137 
Total

Isotope

Total

March Total



Table 2.3A (Con't) 
Semiannual Radioactive Effluent Release 

1st Quarter Gaseous Release 
Total of all Releases

Report 1993

Summary
January February

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) O.OOOE+000 

Total Tritium 
(Ci) 9.796E-001 

Total Particulate 
Gross Alpha 
(Ci) 1.143E-004

0.OOOE+000 

0.OOOE+000

0.OOOE+000 

4.160E-001

1.046E-004

1.619E-001 

0.OOOE+000

1.877E-005 

1.200E+000

3.330E-004

1.619E-001 

O.OOOE+000

1.877E-005 

2.595E+000

5.519E-004
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Table 2.3A (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

2nd Quarter Gaseous Release 
Total of all Releases 

Noble Gasses (Curies)

April

4.239E-002 
1.003E-004 
0.OOOE+000 
3.712E-004 
2.363E-004 
3.811E-004 
0.OOOE+000 
1.756E-003 
1.228E-003 
1.471E-004 
1. 102E-003 
4.771E-002

May June

5.078E-002 
2.307E-004 
5.632E-003 
9.271E-004 
4.721E-004 
1.389E-003 
0.OOOE+000 
4. 171E-003 
2.903E-003 
2.374E-004 
2.956E-003 
6.970E-002

Total

3.451E-002 
3.361E-005 
O.OOOE+000 
7.401E-005 
0.OOOE+000 
4.532E-002 
5.911E-004 
4.520E-004 
5.986E-003 
8.299E-006 
1.848E-004 
8.716E-002

1.277E-001 
3.646E-004 
5.632E-003 
1.372E-003 
7.084E-004 
4.709E-002 
5.911E-004 
6.379E-003 
1.012E-002 
3.928E-004 
4.244E-003 
2. 046E-001

Particulates (Curies)

Isotope April

3.472E-007 
1.755E-007 
5.227E-007

2.453E-007 
0.OOOE+000 
2.453E-007

0.OOOE+000 
0.OOOE+000 
0.OOOE+000

5.925E-007 
1.755E-007 
7.680E-007

Halogens 

Isotope

(Curies) 

April

0.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Isotope 

Ar-41 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Xe-133 
Xe-133m 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 
Total

Co-58 
Co-60 
Total

May June Total

Total

May June Total



Table 2.3A (Con't) 
Semiannual Radioactive Effluent Release 

2nd Quarter Gaseous Release 
Total of all Releases

April May June

Report 1993 

Total

Total Noble 
Gases (Ci) 4.771E-002 6.970E-002

Total Halogens 
(Ci) 0.OOOE+0000.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 5.227E-007 2.453E-007 

Total Tritium 
(Ci) 4.006E+000 1.466E+000 

Total Particulate 
Gross Alpha 
(Ci) 1.917E-005 1.858E-004

8.716E-002 

O.OOOE+000 

0.00OE+000 

5.333E-003

1.396E-003

2.046E-001 

0.OOOE+000 

7.680E-007 

5.478E+000

1. 601E-003

Page 11 of 40

Summary



Table 2.3B 
Semiannual Radioactive Effluent Release Report 1993 

1st Quarter Gaseous Release 
Continuous Mode Only 

Noble Gasses (Curies)

January

0.OOOE+000

February 

0.OOOE+000

March

0.OOOE+000

Total

0.OOOE+000

Particulates (Curies)

January

0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000

February 

0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000

March

4.162E-007 
1.640E-005 
1.950E-006 
1.877E-005

Total

4. 162E-007 
1.640E-005 
1.950E-006 
1.877E-005

Halogens (Curies)

January

0.OOOE+000

February 

0.OOOE+000

March

0.OOOE+000

Total

0.OOOE+000
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Total

Isotope 

Co-58 
Co-60.  
Cs-137 
Total

Isotope

Total



Table 2.3B (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

1st Quarter Gaseous Release 
Continuous Mode Only

January February March Total

Total Noble 
Gases (Ci) 0.00OE+000

Total Halogens 
(Ci) 0.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 0.OOOE+000 

Total Tritium 
(Ci) 9.796E-001 

Total Particulate 
Gross Alpha 
(Ci) 3.389E-007

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

4. 160E-001

3.400E-007

0.OOOE+000 

O.OOOE+000 

1.877E-005 

1.200E+000

9.432E-007

0.OOOE+000 

0.OOOE+000 

1.877E-005 

2.595E+000

1.622E-006
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Table 2.3B (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

2nd Quarter Gaseous Release 
Continuous Mode Only 

Noble Gasses (Curies)

April

4.239E-002 
1.003E-004 
O.OOOE+000 
3.712E-004 
2.363E-004 
2.932E-004 
1.756E-003 
1.228E-003 
1.471E-004 
1. 102E-003 
4.762E-002

May June

5.078E-002 
2.307E-004 
5.632E-003 
9.271E-004 
4.721E-004 
1.200E-003 
4. 171E-003 
2.903E-003 
2.374E-004 
2.956E-003 
6.951E-002

Total

9.511E-004 
1.424E-005 
0.OOOE+000 
7.401E-005 
0.OOOE+000 
8.939E-005 
4.520E-004 
2.494E-004 
8.299E-006 
1.848E-004 
2.023E-003

9.412E-002 
3.452E-004 
5.632E-003 
1.372E-003 
7.084E-004 
1.583E-003 
6.379E-003 
4.380E-003 
3.928E-004 
4.244E-003 
1. 192E-001

Particulates (Curies)

Isotope April

3.472E-007 
1.755E-007 
5.227E-007

2.453E-007 
0.OOOE+000 
2.453E-007

0.OOOE+000 
O.OOOE+000 
0.OOOE+000

5.925E-007 
1.755E-007 
7.680E-007

Halogens 

Isotope

(Curies) 

April

0.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Isotope 

Ar-41 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 
Total

Co-58 
Co-60 
Total

May June Total

Total

May June Total



Table 2.3B (Con't) 
Semiannual Radioactive Effluent Release 

2nd Quarter Gaseous Release 
Continuous Mode Only

April May June

Report 1993

Total

Total Noble 
Gases (Ci) 4.762E-002

Total Halogens 
(Ci) 0.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 5.227E-007 

Total Tritium 
(Ci) 4.006E+000 

Total Particulate 
Gross Alpha 
(Ci) 2.402E-007

6.951E-002 

0.00OE+000 

2.453E-007 

1.465E+000

2.521E-007

2.023E-003 

0.00OE+000 

0.OOOE+000 

0.OOOE+000

9.428E-007

1.192E-001 

0.OOOE+000 

7.680E-007 

5.472E+000

1.435E-006
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Table 2.3C 
Semiannual Radioactive Effluent Release Report 1993 

1st Quarter Gaseous Release 
Batch Mode Only 

Noble Gasses (Curies)

January

O.OOOE+OOO0 
O.OOOE+OOO 
O.OOOE+OOO 
O.OOOE+OOO 
0. 00OE+000 
0.OOOE+000

February

O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000

March

3.311E-002 
7. 135E-005 
1.087E-001 
1.558E-003 
1.852E-002 
1. 619E-001

Total

3.311E-002 
7.135E-005 
1.087E-001 
1.558E-003 
1.852E-002 
1.619E-001

Particulates (Curies)

January

0.OOOE+000

February 

0.OOOE+000

March Total

0.OOOE+000 0.OOOE+000

Halogens (Curies)

January February

0.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Isotope 

Ar-41 
Kr-85m 
Xe-133 
Xe-133m 
Xe-135 
Total

Isotope

Total

Isotope

Total

March Total



Table 2.3C (Con't) 
Semiannual Radioactive Effluent Release 

1st Quarter Gaseous Release 
Batch Mode Only 

January February March

Report 1993 

Total

Total Noble 
Gases (Ci) 0.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) O.OOOE+000 

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) 1.140E-004

0.OOOE+000 

O.OOOE+000 

o.OOOE+000 

0.OOOE+000 

1.043E-004

1. 619E-001 

O.OOOE+000 

0.OOOE+000 

2. 176E-005 

3.320E-004

1. 619E-001 

0.OOOE+000 

0.OOOE+000 

2.176E-005 

5.503E-004
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Table 2.3C (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

2nd Quarter Gaseous Release 
Batch Mode only 

Noble Gasses (Curies)

April

O.OOOE+000 
O.OOOE+000 
8.786E-005 
O.OOOE+000 
O.OOOE+000 
8.786E-005

May June

O.OOOE+000 
O.OOOE+000 
1.887E-004 
O.OOOE+000 
0.00OE+000 
1.887E-004

Total

3.356E-002 
1.937E-005 
4.523E-002 
5.911E-004 
5.736E-003 
8.514E-002

3.356E-002 
1.937E-005 
4.551E-002 
5.911E-004 
5.736E-003 
8.542E-002

Particulates (Curies)

Isotope April

O.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000

Halogens (Curies)

Isotope April

0.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Isotope 

Ar-41 
Kr-85m 
Xe-133 
Xe-133m 
Xe-135 
Total

Total

May June Total

Total

May June Total



Table 2.3C (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

2nd Quarter Gaseous Release 
Batch Mode Only

April May June Total

Total Noble 
Gases (Ci) 8.786E-005 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) O.OOOE+000 

Total Tritium 
(Ci) 2.189E-005 

Total Particulate 
Gross Alpha 
(Ci) 1.893E-005

1.887E-004 

0.OOOE+000

0.OOOE+000 

5.922E-004 

1.855E-004

8.514E-002 

O.OOOE+000

O.OOOE+000 

5.333E-003 

1.395E-003

8.542E-002 

O.OOOE+000

0.OOOE+000 

5.947E-003 

1.599E-003
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Table 2.4 
Semiannual Radioactive Effluent Release Report 1993 

Dose From Gaseous Effluents 

The offsite dose limits from radioactive materials in gaseous 
effluents are specified in Section 7/8 of the Kewaunee Technical 
Specifications and can be summarized as follows:

Whole Body 
Gamma

Skin 
Beta Organ

Quarterly 5.0 mRad 10.0 mRad 7.5 mRem 
Annual 10.0 mRad 20.0 mRad 15.0 mRe 
The total release of gaseous effluents during the first six months of 
1993 was within Technical Specification limits. The following 
offsite doses were calculated using equations 2.7, 2.8, and 2.11 from 
the Kewaunee ODCM. Calculated offsite doses versus quarterly 
Technical Specification limits are shown below:

1st Quarter 2nd Quarter

1. Gamma-Whole Body 
Specification (mRads) 
Actual Dose (mRads) 
% of Specification 

2. Beta-Skin 
Specification (mRads) 
Actual Dose (mRads) 
% of Specification 

3. Ingestion Pathway-Organ 
Specification (mRems) 
Actual Dose (mRems) 
% of Specification

5.OOOE+000 
4.364E-005 
8.729E-004 

1. OOOE+001 
3.089E-005 
3.089E-004 

7.500E+000 
1.319E-004 
1.759E-003 

Liver

5.OOOE+000 
1.489E-004 
2.978E-003 

1. OOOE+001 
6.297E-005 
6.297E-004 

7.500E+000 
1. 164E-004 
1.552E-003 

GI-LLI
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Table 2.4 (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

Dose From Gaseous Effluents 

In addition, the cumulative annual offsite doses for the period 
January 1 - June 30, 1993 versus the annual Technical Specification 
limits were: 

Annual

1. Gamma-Whole Body 
Specification (mRads) 
Actual Dose (mRads) 
% of Specification 

2. Beta-Skin 
Specification (mRads) 
Actual Dose (mRads) 
% of Specification 

3. Ingestion Pathway-Organ 
Specification (mRems) 
Actual Dose (mRems) 
% of Specification

1.OOOE+001 
1.925E-004 
1.925E-003 

2. OOOE+001 
9.386E-005 
4.693E-004 

1. 500E+001 
2.483E-004 
1.655E-003 
Liver
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3.0 LIQUID EFFLUENTS 

3.1 Lover Limits of Detection (LLD) for Liquid Effluents 

Liquid radioactive effluents are released as both batch releases and 
continuous releases. Each batch is sampled prior to release and 
analyzed for gamma emitters and tritium. A fraction of each sample 
is retained for a monthly proportional composite which is then 
analyzed for Gross Alpha, Strontium 89, Strontium 90 and Iron 55.  

*** The June proportional composites for Gross Alpha, Strontium 89, 
Strontium 90 and Iron 55 were not available at the time that this 
report was written. When these values are available, applicable 
revisions shall be submitted.  

The LLD's for liquid batch release radioanalyses, as listed in Table 
8.3 of the Kewaunee Technical Specifications, are:

LLD (ACi/ml)

Principal Gamma Emitters 
Iodine 131 
Tritium 
Gross Alpha 
Strontium 89, 90 
Iron 55

The actual obtained "a 
shown below.

Isotope

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Mo-99 
Cs-134 
Cs-137 
Ce-141 
Ce-144 
1-131 
H-3 
Sr-89 
Sr-90 
Gross Alpha 
Fe-55

1.00 E-06 
1.00 E-06 
1.00 E-05 
5.00 E-07 
5.00 E-08 
1.00 E-06

priori" LLD values for batch releases are

1st Qtr

8.54E-8 
1.88E-7 
8. 39E-8 
2. 14E-7 
2. 12E-7 
8. 10E-8 
9. 62E-8 
1. 18E-7 
1.26E-7 
3. 62E-7 
7.75E-8 
4.54E-6 
2. OOE-9 
6.33E-9 
3 . OOE-9 
5.70E-7

2nd Qtr

3. 04E-7 
4.45E-7 
2. 01E-7 
2.64E-7 
5.OOE-7 
7.93E-8 
1.89E-7 
2. 01E-7 
1.55E-7 
7.12E-7 
1.32E-7 
6.30E-6 
3.80E-8 
2. 25E-8 
9. OOE-9

Average 
a priori LLD 

( ACi/ml )

1. 95E-7 
3. 17E-7 
1.42E-7 
2.39E-7 
3.56E-7 
8.02E-8 
1.43E-7 
1.60E-7 
1.41E-7 
5.37E-7 
1.05E-7 
5.42E-6 
2. OOE-8 
1.44E-8 
6.OOE-9 
5.70E-7
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Continuous liquid releases are grab sampled weekly and analyzed for 
principal gamma emitters. A fraction of each weekly sample is 
retained for a monthly proportional composite which is then analyzed 
for Tritium, Gross Alpha, Strontium 89, Strontium 90 and Iron 55.  

The LLD's for liquid continuous release radioanalyses, as listed in 
Table 8.3 of the Kewaunee Technical Specifications, are:

Analysis 

Principal Gamma Emitters 
Iodine 131 
Tritium 
Gross Alpha 
Strontium 89, 90 
Iron 55

The actual obtained "a 
shown below.

LLD (ACi/ml)

5.00 
1.00 
1.00 
5.00 
5.00 
1.00

E-07 
E-06 
E-05 
E-07 
E-08 
E-06

priori" LLD values for continuous releases are

Isotope 1st Qtr

Mn-54 
F-59 
Co-58 
Co-60 
Zn-65 
Mo-99 
Cs-134, 
Cs-137 
Ce-141 
Ce-144 
1-131 
H-3 
Sr-89 
Sr-90 
Gross Alpha 
Fe-55

1.42E-8 
7. 01E-8 
3.42E-8 
3.73E-8 
7.89E-8 
2. 14E-8 
3.59E-8 
4. 17E-8 
3.86E-8 
1.65E-7 
2.89E-8 
4.54E-6 
8.83E-9 
3.53E-9 
3.03E-9 
1. 88E-7

2nd Qtr

6.3 6E-8 
8.57E-8 
4.98E-8 
8.75E-8 
8.77E-8 
2.94E-8 
5.10E-8 
6.27E-8 
2.87E-8 
2.95E-7 
4. 10E-8 
6.30E-6 
1.20E-8 
6.23E-9 
5.95E-9 
6.13E-7

Average 
a priori LLD 

( ACi/ml )

3.89E-8 
7.79E-8 
4.20E-8 
6. 24E-8 
8.33E-8 
2.54E-8 
4. 35E-8 
5.22E-8 
3. 37E-8 
2.30E-7 
3. 50E-8 
5.42E-6 
1.04E-8 
4.88E-9 
4.49E-9 
4. OOE-7

Page 23 of 40



3.2 Liquid Batch Release statistics 

The following is a summation of all liquid batch releases made 
the first half of 1993.

Nuimber
A SGBT Monitor Tk.  
B SGBT Monitor Tk.  
A Waste Condensate 
B Waste Condensate 
A CVC Monitor 
B CVC Monitor 
miscellaneous

7 
9 
140 
140 
32 
32 
5

Total time for all batch releases.............  

Maximum time for a batch release..............  

Minimum time for a batch release..........  

Average time for a batch release......

64952.0 
87063.0 

130516.8 
129306.7 
205090.7 
210632.5 

2760.0

29768.0 Min.  

985..0 Min.  

15.0 Min.  

81.6 Min.

Miscellaneous Releases

The five miscellaneous releases were blowdown water from the 
* auxiliary boiler during plant shutdown for the steam generator repair 

outage. Dose contributions as a result of these releases are 
included in this report.  

3.3 Liquid Effluent Data 

The following Table 3.1 presents a quarterly summation of the total 
activity released and average concentration for all liquid effluents.  
It also presents the gross alpha activity released, volume of waste 
released and volume of dilution water used. Tables 3.2 and 3.3 are 
monthly summations of the same information in Table 3.1. Table 3.2 
contains the quantity of the individual isotopes released to the 
unrestricted area for batch releases. Table 3.3 presents a monthly 
summation of gross radioactivity, tritium, gross alpha and isotopic 
activity for the secondary blowdown and leakage releases. It also 
presents the monthly total volume for these releases and dilution 
volumes. Table 3.4 presents the doses from liquid effluents for the 
1st and 2nd quarter and the calculated doses this year from liquid 
effluents.
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TABLE 3.1 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Summation of all Releases

1st Quarter 2nd Quarter Total

Fission and Activation Products 

Total Release Excluding 
H3 and Dissolved Gases
(Ci) 
Average Concentration 
(pCi/ml)

9.704E-003 

9.938E-011

8.502E-002 

6.327E-010

9.472E-002

Tritium

Total Release (Ci) 
Average Concentration 
(ACi/ml) 
% of Tech. Spec.  
Limit(3.0E-3 MCi/ml)

6.092E+001 

6.239E-007 

2.080E-002

3.871E+001 

2.880E-007 

9.602E-003

9.963E+001

Dissolved Gases

Total Release (Ci) 
Average Concentration 
(MCi/ml) 
% of Tech. Spec.  
Limit(2.OE-4 gCi/ml) 

Gross Alpha Activity 

Total Release (Ci) 

Volume of Waste Released

Batch (liters) 
Continuous (liters) 
Total (liters)

2.325E-004 

2. 381E-012 

1.190E-006

0.OOOE+000

2. 165E+006 
3.242E+007 
3.458E+007

2.870E-003 

2.135E-011 

1.068E-005

0.OOOE+000

9.785E+005 
4.201E+007 
4.299E+007

3. 102E-003

O.OOOE+000

3. 143E+006 
7.443E+007 
7.757E+007

Volume of Dilution Water

Batch (liters) 
Continuous (liters).  
Total (liters)

1.289E+010 
8.476E+010 
9.765E+010

8.483E+009 
1. 259E+011 
1. 344E+011

2. 137E+010 
2.107E+011 
2.320E+011
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TABLE 3.2A 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Batch Releases

January 
Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 4.986E-004 

Avg. Conc.  
(ACi/ml) 1.258E-010 

Tritium 

Total Release 
(Ci) 3.099E+001 

Avg. Conc.  
(ACi/ml) 7.822E-006 

Dissolved Gases 

Total Release 
(Ci) 1.340E-005 

Avg. Conc.  
(pCi/ml) 3.381E-012 

Gross Alpha Activity 

Total Release 
(Ci) O.OOE+000 

Avg. Conc.  
(ACi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 4.171E+005 

Volume of Dilution Water 

(liters) 3.962E+009

February 

4.006E-003 

6.439E-010

2.347E+001 

3.773E-006 

1.237E-004 

1.989E-011 

0.OOOE+000 

0.OOOE+000 

1.024E+006 

6.222E+009

March 

4.647E-003 

1. 719E-009

6.460E+000 

2.390E-006 

9.536E-005 

3.528E-011 

0.OOOE+000 

O.OOOE+000 

7.239E+005 

2.703E+009

Total 

9.151E-003

6.092E+001 

2.325E-004 

0.OOOE+000 

2. 165E+006 

1.289E+010
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TABLE 3.2A (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Batch Releases

Isotope (Ci) January February

3.099E+001 
O.OOOE+000 
0.OOOE+000 
2.002E-004 
1.820E-004 
0.OOOE+000 
1.164E-004 
O.OOOE+000 
0.00OE+000 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
1.340E-005 
O.OOOE+000 
3.099E+001

2. 347E+001 
0.OOOE+000 
7. 151E-005 
1.638E-003 
3.501E-004 
0.OOOE+000 
1.713E-003 
0.OOOE+000 
0.OOOE+000 
O.OOOE+000 
1.790E-004 
1.348E-005 
0.OOOE+000 
0.OOOE+000 
4.080E-005 
1.237E-004 
0.OOOE+000 
2.348E+001

6.460E+000 
2.798E-004 
0.OOOE+000 
0.OOOE+000 
3.094E-003 
2.490E-005 
6.408E-004 
4.561E-005 
2.987E-005 
3.023E-005 
1.122E-004 
3. 137E-005 
4.184E-005 
1. 154E-004 
1.954E-004 
9.536E-005 
4.965E-006 
6.465E+000

6. 092E+001 
2.798E-004 
7. 151E-005 
1.838E-003 
3.626E-003 
2.490E-005 
2.471E-003 
4.561E-005 
2.987E-005 
3.023E-005 
2. 912E-004 
4.485E-005 
4. 184E-005 
1. 154E-004 
2.362E-004 
2.325E-004 
4.965E-006 
6. 093E+001
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March Total

H-3 
Cr-51 
Mn-54 
Fe-55 
Co-58 
Fe-59 
Co-60 
Sr-89 
Zr-95 
Nb-95 
Ag-110m 
Sn-113 
Sb-122 
Sb-124 
Sb-125 
Xe-133 
Cs-137 
Total



TABLE 3.2B 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Batch Releases

April 

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 1.062E-002 
Avg. Conc.  
(ACi/ml) 5.021E-009 

Tritium 

Total Release 
(Ci) 5.869E+000 

Avg. Conc.  
(ACi/ml) 2.774E-006 

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  
(ACi/ml) O.OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  
(ACi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 3.753E+005 

Volume of Dilution Water 

(liters) 2.116E+009

May 

1.305E-002 

7.960E-009 

2.841E+000 

1.732E-006 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

1.659E+005 

1.640E+009

June 

1.624E-002 

3.436E-009

Total 

3.992E-002

2.992E+001 3.863E+001 

6.329E-006 

0.060E+000 O.OOOE+000 

0.00OE+000 

0.OOOE+000 0.OOOE+000 

0.OOOE+000

4.373E+005 

4.727E+009

9.785E+005 

8.483E+009

Page 28 of 40



TABLE 3.2B (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Batch Releases

Isotope (Ci) April May June Total

5.869E+000 
4.338E-004 
1.465E-005 
3.003E-003 
6.598E-007 
5.199E-003 
1.504E-004 
3.280E-004 
1.007E-004 
1.046E-004 
2. OlOE-004 
3.629E-005 
4.304E-004 
6.204E-004 
2.649E-006 
5.880E+000

2.841E+000 
4.524E-004 
8.719E-005 
3.484E-003 
O.OOOE+000 
2.531E-003 
2.OOOE-004 
8.075E-004 
1.397E-004 
1.609E-004 
4.478E-003 
6.166E-005 
2.572E-004 
3.941E-004 
0.OOOE+000 
2.854E+000

2.992E+001 
6.267E-004 
O.OOOE+000 
9. 182E-003 
O.OOOE+000 
2.469E-003 
6.968E-005 
5.032E-004 
0.OOOE+000 
9.880E-005 
3.291E-003 
o.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
2.993E+001

3.863E+001 
1. 513E-003 
1.018E-004 
1.567E-002 
6.598E-007 
1.020E-002 
4.200E-004 
1.639E-003 
2.404E-004 
3.643E-004 
7.969E-003 
9.796E-005 
6.876E-004 
1. 015E-003 
2.649E-006 
3.867E+001
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H-3 
Cr-51 
Mn-54 
Fe-55 
Co-57 
Co-58 
Fe-59 
Co-60 
Zr-95 
Nb-95 
Ag-110m 
Sn-113 
Sb-124 
Sb-125 
Cs-137 
Total



TABLE 3.3A 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Continuous Releases

January 

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) O.OOOE+000 
Avg. Conc.  
(j.Ci/ml) 0.OOOE+000 

Tritium 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  
(ACi/ml) O.OOOE+000 

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

Avg. .Conc.  
(ACi/ml) O.OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

Avg. Conc.  
(ACi/ml) 0.OOOE+000 

Volume of Waste Released 

(liters) 1.048E+007 

Volume of Dilution Water 

(liters) 3.380E+010

February 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

O.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

1.330E+007 

3.053E+010

March Total

5.528E-004 5.528E-004 

2.704E-011 

0.OOOE+000 O.OOOE+000 

0.OOOE+000 

0.OOOE+000 0.OOOE+000 

0.OOOE+000

0.OOOE+000 

0.OOOE+000 

8. 641E+006 

2.044E+010

0.OOOE+000 

3.242E+007 

8.476E+010
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TABLE 3.3A (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Continuous Releases

Isotope (Ci)

Co-60 
Sr-89 
Sr-90 
1-134 
Total

January

0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000

February 

O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000

March

4.181E-006 
3.814E-004 
5.107E-005 
1.162E-004 
5.528E-004

Total

4. 181E-006 
3.814E-004 
5. 107E-005 
1. 162E-004 
5.528E-004
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TABLE 3.3B 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Continuous Releases 

April May June Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 9.849E-003 
Avg. Conc.  
(MCi/ml) .3.545E-010 

Tritium 

Total Release 
(Ci) 3.830E-004 

Avg. Conc.  
(pCi/ml) 1.379E-011 

Dissolved Gases 

Total Release 
(Ci) 2.144E-004 

Avg.,Conc.  
(ICi/ml) 7.718E-012 

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  
(ACi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 1.175E+007 

Volume of Dilution Water 

(liters) 2.778E+010

3. 212E-002 

6.853E-010 

O.OOOE+000 

0.OOOE+000 

6. 061E-004 

1.293E-0ll 

0.OOOE+000 

0.OOOE+000 

1.759E+007 

4. 688E+010

3.129E-003 4.510E-002 

6.106E-011 

8.036E-002 8.075E-002 

1.568E-009

2.049E-003 

3.999E-011 

0.OOOE+000 

0.OOOE+000 

1.267E+007 

5.124E+010

2.870E-003 

O.OOOE+000 

4.201E+007 

1. 259E+0ll
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TABLE 3.3B (Con't) 
Semiannual Radioactive Effluent Release Report 1993 

Liquid Effluents - Continuous Releases

Isotope (Ci) April May June Total

H-3 
Na-24 
Ar-41 
Mn-54 
Mn-56 
Co-58 
Fe-59 
Co-60 
Br-82 
Sr-89 
Zr-95 
Nb-95 
Zr-97 
Ag-110m 
1-131 
1-132 
1-133 
1-134 
1-135 
Xe-135 
Cs-138 
Total

3.830E-004 
1.224E-003 
1.225E-004 
5.087E-005 
O.OOOE+000 
4.379E-003 
6.347E-005 
1.359E-004 
O.OOOE+000 
2.447E-004 
3.245E-006 
8.274E-006 
9.455E-005 
7.063E-005 
O.OOOE+000 
2.804E-004 
1.151E-003 
6.792E-004 
1.464E-003 
9.195E-005 
0.OOOE+000 
1.045E-002

0.OOOE+000 
4.582E-003 
7.900E-005 
7.446E-005 
5.941E-004 
6.768E-003 
O.OOOE+000 
2.536E-004 
2.875E-004 
1.250E-005 
2.368E-004 
1.383E-004 
5.794E-005 
0.OOOE+000 
0.OOOE+000 
3.057E-003 
5.904E-003 
1.602E-003 
8. 190E-003 
5.271E-004 
3.667E-004 
3.273E-002

8.036E-002 
6.182E-004 
2.023E-003 
7.434E-006 
O.OOOE+000 
2.518E-004 
O.OOOE+000 
9.095E-005 
4.252E-005 
0.OOOE+000 
2.709E-005 
2.297E-005 
1.014E-005 
O.OOOE+000 
3.043E-005 
3.214E-004 
7. 180E-004 
3.082E-004 
6.796E-004 
2.585E-005 
0.OOOE+000 
8.554E-002
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8.075E-002 
6.424E-003 
2.225E-003 
1.328E-004 
5.941E-004 
1. 140E-002 
6.347E-005 
4.805E-004 
3.300E-004 
2.572E-004 
2.671E-004 
1.695E-004 
1.626E-004 
7.063E-005 
3.043E-005 
3.659E-003 
7.772E-003 
2.589E-003 
1.033E-002 
6.449E-004 
3.667E-004 
1. 287E-001



Table 3.4 
Semiannual Radioactive Effluent Report 1993 

Dose From Liquid Effluents 

The dose to a member of the public from total liquid radioactive 
release for each quarter was well below the Technical specification 
limits of 1.5 mRem to the body and less than or equal to 5 mRem to 
any organ.  

Instantaneous release concentrations are limited by the individual 
radionuclide concentrations established in 10 CFR 20, Appendix B, for 
unrestricted areas. During the report period, none of the isotopes 
released exceed the concentrations specified in Appendix B. The 
following offsite doses were calculated using equation 1.5 from the 
Kewaunee ODCM.

Organ 
1st Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI 

Organ 
2nd Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI

Dose 
Total 
mRem

1.608E-003 
3.880E-003 
8.665E-004 
6.529E-004 
6.790E-004 
6.823E-004 
3.622E-002

Dose 
Total 
mRem

5.522E-004 
5.769E-004 
7.218E-004 
2.802E-003 
3.822E-004 
4.655E-004 
2.084E-002

Quarterly 
Limit 
mRem

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0

Quarterly 
Limit 
mRem

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0

Percent 
of Limit

0.11 
0.08 
0.02 
0.01 
0.01 
0.01 
0.72

Percent 
of Limit

0.04 
0.01 
0.01 
0.06 
0.01 
0.01 
0.42

Calculated Dose This Year 
Organ Dose Quarterly 

Total Limit 
mRem mRem

Percent 
of Limit

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI

2.160E-003 3.0 
4.457E-003 10.0 
1.588E-003 10.0 
3.455E-003 10.0 
1.061E-003 10.0 
1.148E-003 10.0 
5.706E-002 10.0
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4.0 UNPLANNED RELEASES

No unplanned releases were made from the Kewaunee Plant during the 
report period.  

The January-June, 1991 Semi-Annual Effluent Release Report described 
an unplanned release which occurred on April 25, 1991. Offsite doses 
attributable to this release were well below the established 
Technical Specification limits.  

As corrective action, WPSC stated in this report that valves WG-301 
and WG-302 were scheduled to be replaced during 1992. Also, a new 
vent line was to be added between valves WG-301 and WG-300 to allow 
local leak rate testing with the Waste Gas Decay Tanks isolated.  

The valves were to be replaced with like-for-like replacements.  
However, after receipt inspection, the replacement valves failed to 
pass the seat leakage tests. WPSC is continuing to evaluate options 
associated with these valves and will continue to provide status 
updates in the Effluent Release Reports until resolution of this 
incident and completion of corrective actions.  

5.0 METEOROLOGICAL DATA 

Meteorological data for the 1st Quarter and 2nd Quarter of 1993 is 
retained on file at the Kewaunee Nuclear Power Plant. The data on 
file includes a continuous strip chart recording and a 15-minute 
interval listing of wind speed, wind direction and atmospheric 

* stability. This is more conservative than the 
requirements of Technical Specification 6.9.b.2.A(2). See Appendix A 
for missing meteorological data times and joint frequency 
distribution tables.
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6.0 SOLID WASTE DISPOSAL. Table 6.1 is a summation of solid wastes shipped for the first half 
of 1993. Presented are the types of wastes, major nuclide 
composition, disposition of the wastes and shipping containers used.  

The containers utilized have the following volumes: 

High Integrity Container (HIC) .................... 158 ft3 

LSA Box (B-25) .................................... 98 ft3 

DOT-17H Drum ............................... 7.5 ft3 

A composite sample from the 1993 dewatered resin shipments was 
analyzed by a contractor for transuranic nuclides. The results 
showed an average transuranic concentration of 4.24 E-2 
nanocuries/gram, well within the disposal site limit of 10 
nanocuries/gram.  

Table 6.1 contains the radionuclide content (curies) and percent 
abundance for each type of waste.  

Isotopes denoted by an asterisk (*) in Table 6.1 are correlated 
values.
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Table 6.31 
Semiannual Radioactive Effluent Report 1993 
Solid Waste and Irradiated Fuel Shipments 

A. Solid Waste Shipped Off-Site for Burial or Disposal 
(Not Irradiated Fuel - Cu.M is actual waste volume not burial 

volume) 

January - June 
1. Type of Waste Unit 

a. Dewatered resin Cu.M None 
Container: HIC Ci None 

b. Dewatered filter media Cu.M 4.48 E+O 
Container: HIC Ci 4.30 E+0 

2. Estimate of Major Nuclide by Composition 
(By Type of Waste) Ci 

a. None 

b. Cr-51 1.74 E+0 7.48 E-2 
Mn-54 9.02 E-1 3.88 E-2 
Co-57 1.29 E-1 5.54 E-3 
Co-58 2.03 E+1 8.73 E-1 
Co-60 1.05 E+1 4.52 E-1 
Zr-95 7.58 E-2 3.26 E-3 
Nb-95 4.51 E+O 1.94 E-1 
Ag-110m 1.61 E+0 6.91 E-2 
Sb-125 7.39 E-1 3.18 E-2 
Sn-113 5.00 E-1 2.15 E-2 

*Fe-55 4.60 E+1 1.98 E+0 
Fe-59 2.51 E-1 1.08 E-2 

*C-14 3.65 E+0 1.57 E-1 
Zn-65 9.11 E+0 3.92 E-1 

3. Solid Waste Disposition 

a. Date of Shipment Mode of Transportation Destination 

02/18/93 CNSI 14-170111 Barnwell, SC 

b. Irradiated Fuel Shipments 

No irradiated fuel shipments were made from the 
Kewaunee Nuclear Power Plant during the first six 
months of 1993.
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7.0 PROGRAM REVISIONS

In accordance with Technical Specifications 6.9.b.2.A(5), 6.17.b.1, 
6.18.b.1 and 6.19.a, the revisions to the Process Control Program, 
Offsite Dose Calculation Manual and radioactive waste systems are 
listed below.  

7.1 Process Control Program 

In accordance with guidance provided by NRC Generic Letter 89-01, 
dated January 31, 1989, a proposed technical specification amendment 
was submitted to the NRC on May 4, 1993 to relocate the Radiological 
Effluent Technical Specifications) from the Kewaunee Nuclear Power 
Plant (KNPP) Technical Specifications to the Offsite Dose Calculation 
Manual (ODCM). Similarly, the procedural details of the current 
technical specification on solid radioactive wastes has been 
relocated to the Process Control Program (PCP). The revised PCP is 
attached as Appendix B. Also, as part of WPSC's effort to .  
consolidate Administrative Control Directives (ACD's) and Engineering 
Control Directives (ECD's) to Nuclear Administrative Directives 
(NAD's), the PCP has been converted from ACD 6.12 to NAD 1.16.  

7.2 Offsite Dose Calculation Manual 

The Offsite Dose Calculation Manual (ODCM) was revised twice during 
this reporting period. In accordance with Technical Specification 
6.18.b, a copy of the revised ODCM is enclosed in Appendix C to this 
report.  

The revisions made to the ODCM do not reduce the accuracy or 
reliability of dose calculations or setpoint determinations. All 
revisions were reviewed and found acceptable by the Plant Operations 
Review Committee (PORC). The specific changes are discussed below.  

ODCM, Revision 5 Changes 

1. Section 1.6 has been modified to clarify which disposal methods 
are currently approved by the Nuclear Regulatory Commission.  

2. In Section 2.4.2, the definition of variable SF has been 
changed due to an error found during Wisconsin Vublic Service 
Corporation (WPSC) Audit 92-148, "Radiological Effluent 
Technical Specifications Audit".  

3. Section 2.7 has been added to describe the process used for 
incineration of radioactively contaminated oil in the heating 
boiler. Figure 3 has been added to support this description.
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4. In accordance with guidance provided by NRC Generic Letter 89
01,dated 1/31/89, the Radiological Effluent Technical 
Specifications (RETS) have been added to the ODCM as Section 
3/4. All sections of RETS have been renumbered from 7/8 series 
numbers to 3/4 series numbers. Certain definitions associated 
with the RETS have been added following the Introduction section 
of the ODCM and the reporting requirements have been included as 
Section 3/4.7. A portion of the reporting requirements will 
remain in the Kewaunee Nuclear Power Plant Technical 
Specifications, but the specific details will be located in the 
ODCM. A proposed technical specification amendment was submitted 
to the Nuclear Regulatory Commission on May 4, 1993 to remove 
RETS from the KNPP Technical Specifications. This proposed 
amendment included a copy of the ODCM.  

5. The figures and tables currently in the ODCM have been 
rearranged and the RETS tables have been included in Section 
3/4. The table numbers have been changed from A through 
G-12 to 1.1 through 2.15. See the ODCM Table of.Contents for 
the new locations and numbering system.  

6. All references to KNPP Technical Specifications currently in the 
ODCM have been retained in brackets with the new ODCM section 
number placed before it. This dual numbering system will be 
maintained in the ODCM until RETS has officially been removed 
from the KNPP Technical Specifications and procedures updated.  
This provides a cross-reference system between the two 
documents.  

7. In Table 3.1 (7.1), Action 3, a note has been added in this 
action statement to clarify that both sampling and the analysis 
must be completed within 12 hours of declaring a channel out of 
service in order to not violate this specification.  

8. In Appendix B, (page B-2 and B-3), the parameter (L+l.lMeff) has 
been corrected to read (L+l.lM)eff.  

ODCM Revision 6 Changes 

1. Section 1.7 has been added to describe the radioactive 
monitoring activities associated with operating the heating 
boiler with a primary-to-secondary leak. During operation with a 
primary-to-secondary leak, the potential exists for 
nonradioactive systems to become contaminated. One such system 
is the heating boiler. Activity is transferred from the reactor 
coolant system into the secondary main steam system through the 
leak and then into the heating boiler by bleed steam from the 
main steam system.  

2. Figure 1 has been updated to show the possible effluent 
flowpaths from blowdown of the heating boiler.

Page 39 of 40



7.3 Major Changes to the Radioactive Liquid, Gaseous and Solid Waste 
Treatment Systems 

Major changes to the radioactive liquid, gaseous or solid waste 
systems are submitted in the annual Updated Final Safety Analysis 
Report consistent with Technical Specification 6.19.  

8.0 REPORTABLE OCCURRENCES 

None.
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Appendix A 

Meteorological Data 

January 1, 1993 to June 30, 1993 

Missing Data Totals

First Quarter 1993: 
Second Quarter 1993:

49 
1



KNPP MISSING METEOROLOGICAL DATA 
JANUARY 1993 - JUNE 1993 

START MPH DELTA-T WIND DIRECTION WIND DIRECTION 
@10 METERS @10 METERS @60 METERS 

M0308G M0304G M0309G M0302G 

05FEB93:00:30 x x x x 
19FEB93:13:30 x x x x 
19FEB93:14:30 x x x x 
27FEB93:18:30 x x x x 
13MAR93:18:30 x x x x 
13MAR93:19:30 x x x x 
13MAR93:20:30 x x x x 
13MAR93:21:30 x x x x 
13MAR93:22:30 x x x x 
13MAR93:23:30 x x x x 
14MAR93:00:30 x x x x 
14MAR93:01:30 x x x x 
14MAR93:02:30 x x x x 
14MAR93:03:30 x x x x 
14MAR93:04:30 x x x x 
14MAR93:05:30 x x x x 
14MAR93:06:30 x x x x 
14MAR93:07:30 x x x x 
14MAR93:08:30 x x x x 
14MAR93:09:30 x x x x 
14MAR93:10:30 x x x x 
14MAR93:11:30 x x x x 
14MAR93:12:30 x x x x 
14MAR93:13:30 x x x x 
14MAR93:14:30 x x x x 
14MAR93:15:30 x x x x 
14MAR93:16:30 x x x x 
14MAR93:17:30 x x x x 
14MAR93:18:30 x x x x 
14MAR93:19:30 x x x x 
14MAR93:20:30 x x x x 
14MAR93:21:30 x x x x 
14MAR93:22:30 x x x x 
14MAR93:23:30 x x x x 
15MAR93:00:30 x x x x 
15MAR93:01:30 x x x x 
15MAR93:02:30 x x x x 
15MAR93:03:30 x x x x 
15MAR93:04:30 x x x x 
15MAR93:05:30 x x x x 
15MAR93:06:30 x x x x 
31MAR93:12:30 x x x x 
31MAR93:13:30 x x x x 
31MAR93:14:30 x x x x 
31MAR93:15:30 x x x x 
31MAR93:16:30 x x x x 
31MAR93:17:30 x x x x 
31MAR93:18:30 x x x x 
31MAR93:19:30 x x x x 
31MAR93:20:30 x x x x 
31MAR93:21:30 x x x x 
31MAR93:22:30 x x x x 
31MAR93:23:30 x x x x 
04APR93:02:30 x x x x
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9301

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

WNW 0 

NW 0 

NNW 0 

TOTAL 0 

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

WNW 0 

NW 0 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

1-3

6 

11 

1 

18

0 

3 

0 

3

0 

0 

0 

0

0 

0 

0 

0

4-7 8-12 13-18 19-24

0 

0 

0 

0

1 

1 

1 

3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

>24 TOTAL 

0 

0 1 

0 

0 2 

>24 TOTAL 

0 

0 

0 

0

6 

4 

1 

1

1 

1 

1

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

WNW 0 

NW 0 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

1 

0 

0 

1

2 

2 

1 

5

0 

0 

0 

0

0 

0 

0 

0
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>24 TOTAL

0 

0 

0 

0

0 

0 

0 

0

3 

2 

1 

6



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9301

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

WSW 0 

W 0 

WNW 0 

NNW 0 

TOTAL 0 

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

W 0 

NW 0 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

2 

2 

3 

0 

7

1-3

2 

1 

0 

1 

4

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0 

0

4-7 8-12 13-18 19-24

1 

0 

0 

1

1 

1 

1 

3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

>24 TOTAL

0 

0 

0 

0 

0

4 

3 

3 

1 

11

>24 TOTAL 

0 2 

0 1 

0 1 

0 4
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9302

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

NE 0 

ENE 0 

TOTAL 0

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM)

0 

0TOTAL

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0 

0

0 

0 

0 

0 

0

1 

1 

0 

0 

2

5 

14 

34 

4 

57

2 

15 

64 

9 

90

1-3 4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

9 

9

1 

1

>24 TOTAL

0 

7 

8 

1 

16

8 

37 

106 

14 

165

>24 TOTAL

0 

0

10 

10

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM)

N

TOTAL

1-3

0 

0

4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

0 

0

>24 TOTAL

0 

0

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

NNE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1
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>24 TOTAL

0 

0

0 

0

1
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9303

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

WSW 0 

W 0 

WNW 0 

NW 0 

TOTAL 0 

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM)

W 

WNW 

TOTAL

1-3 4-7 8-12 13-18 19-24

0 

1 

0 

0 

1

1-3

0 

0 

0

2 

4 

13 

0 

19

0 

0 

11 

4 

15

0 

0 

0 

0 

0

0 

0 

0 

0 

0

4-7 8-12 13-18 19-24

0 

1 

1

1 

0 

1

0 

0 

0

0 

0 

0

0 

0 

0

>24 TOTAL

0 

0 

0 

0 

0

2 

5 

24 

4 

35

>24 TOTAL 

0 1 

0 1 

0 2

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

W 0 

WNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

3 

2 

5

0 

0 

0

0 

1 

1

0 

0 

0

0 

0 

0

>24 TOTAL 

0 3 

0 3 

0 6
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9303

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM)

W 

WNW 

NW 

TOTAL

1-3

0 

0 

0 

0

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

NW 0 

TOTAL 0

4-7 8-12 13-18 19-24

2 

0 

0 

2

0 

2 

3 

5

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0.  

0

1-3 4-7 8-12 13-18 19-24

0 

0

7 

7

0 

0

0 

0

0 

0

>24 TOTAL 

0 

0 

0 

0 

>24 TOTAL 

0 

0

RELEASE SUMMARY 

STABILITY CLASS D CALM 1-3 4-7 

WIND 
DIRECTION(FROM) 

NE 0 0 

TOTAL 0 0

- PERMIT 

8-12

0 

0

= 9304 

13-18

0 

0

19-24

4 

4

0 

0

>24 TOTAL

0 

0

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

NE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

0 

0

>24 TOTAL 

0 1 

0 1
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9305

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM)

N 

WNW 

NW 

NNW 

TOTAL

1-3

0 

0 

0 

0 

0

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

WNW 0 

NNW 0 

TOTAL 0

4-7 8-12 13-18 19-24

0 

0 

0 

0 

0

1-3

0 

2 

0 

0 

2

7 

3 

8 

8 

26

0 

0 

2 

5 

7

0 

0 

0 

0 

0

4-7 8-12 13-18 19-24

0 

0 

0

1 

0 

1

0 

0 

0

0 

1 

1

0 

0 

0

>24 TOTAL

0 

0 

0 

0 

0

7 

5 

10 

13 

35

>24 TOTAL 

0 1 

0 1 

0 2

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

0 

0

>24 TOTAL

0 

0
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9305

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

N 0 

E 0 

WNW 0 

NNW 0 

TOTAL 0 

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

ENE 0 

E 0 

ESE 0 

SE 0 

SSE 0 

WNW 0 

NW 1 

NNW 0 

TOTAL 1

1-3 4-7 8-12 13-18 19-24

0 

1 

0 

0 

1

1-3

0 

0 

1 

0 

1

1 

0 

0 

1 

2

1 

0 

0 

8 

9

0 

0 

0 

0 

0

4-7 8-12 13-18 19-24

>24 TOTAL 

0 2 

0 1 

0 1 

0 9 

0 13 

>24 TOTAL

1 

0 

0 

5 

2 

1 

1 

0 

1 

1 

12

1 

1 

1 

5 

2 

1 

1 

4 

2 

7 

25
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9305

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

N 0 

NE 0 

ENE 0 

SE 0 

W 0 

WNW 0 

NW 0 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

4 

0 

1 

2 

0 

0 

3 

1 

11

0 

0 

0 

0 

0 

0 

0 

0 

0

RELEASE SUMMARY - PERMIT = 9305

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

W 0 

WNW 0 

NW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

1 

1 

0 

2

0 

3 

1 

4

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

>24 TOTAL 

0 1 

0 4 

0 1 

0 6

10 of 41

>24 TOTAL

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0

4 

1 

1 

2 

2 

1 

3 

1 

15



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

RELEASE SUMMARY - PERMIT = 9306

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

SW 0 

WSW 0 

TOTAL 0 

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

SW 0 

.TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0

1-3

0 

0 

0

1 

1 

2

1 

2 

3

0 

0 

0

4-7 8-12 13-18 19-24

0 

0

0 

0

1 

1

0 

0

0 

0

>24 TOTAL 

0 2 

0 3 

0 5 

>24 TOTAL

0 

0

1 

1

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

SW 0 

TOTAL 0 

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

SSW 0 

TOTAL 0

1-3

0 

0

1-3

0 

0

4-7 8-12 13-18 19-24

1 

1

1 

1

0 

0

0 

0

4-7 8-12 13-18 19-24

1 

1

0 

0

0 

0

0 

0

>24 TOTAL 

0 2 

0 2 

>24 TOTAL

0 

0

1 

1
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9307 

STABILITY CLASS A CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

WIND 
DIRECTION(FROM) 

SSW 0 0 1 0 0 0 0 1 

SW 0 0 4 0 0 0 0 4 

TOTAL 0 0 5 0 0 0 0 5

12 of 41



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9308

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

SE 0 

SSE 0 

TOTAL 0 

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

ESE 0 

TOTAL 0 

STABILITY CLASS D CALM.  

WIND 
DIRECTION(FROM) 

ESE 0 

SE 0 

TOTAL 0 

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

SW 0 

WSW 0 

TOTAL 0 

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

WSW 0 

TOTAL 0

1-3

1 

0 

1

1-3

1 

1

1-3

1 

1 

2

1-3

1 

1 

2

1-3

1 

1

4-7 8-12 13-18 19-24

0 0 

2 0 

2 0 

4-7 8-12 

0 0 

0 0 

4-7 8-12 

0 0 

0 0 

0 0 

4-7 8-12 

0 0 

0 0 

0 0 

4-7 8-12

0 

0

0 

0

0 0 

0 0 

0 0 

13-18 19-24

0 0 

0 0 

13-18 19-24

0 0 

0 0 

0 0 

13-18 19-24 

0 0 

0 0 

0 0 

13-18 19-24

0 

0

>24

>24

24 A

TOTAL

0 

0 

0 

0 

0

1 

2 

3 

TOTAL 

1 

1

> LJJ TA L.U

0 

0 

0

1 

1 

2

>24 TOTAL 

0 1 

0 1 

0 2

>24

0 

0

TOTAL 

0 1 

0 1

13 of 41



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9309

STABILITY CLASS A CALM 1-3 

WIND 
DIRECTION(FROM) 

WSW 0

W 

TOTAL

4-7 8-12 13-18 19-24 >24 TOTAL

0

0 0 

0 0

0 

0 

0

0 

0 

0

0 

0 

0

1 

1 

2

5 

5 

10

6 

6 

12

14 of 41



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9310

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

NNE 0 

NE 0 

ENE 0 

TOTAL 0 

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

NNE 0 

NE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

1-3

0 

0 

0 

0

2 

1 

0 

3

7 

2 

0 

9

0 

7 

3 

10

4-7 8-12 13-18 19-24

0 

0 

0

0 

0 

0

0 

0 

0

6 

0 

6

2 

1 

3

>24 TOTAL

0 

2 

1 

3

9 

12 

4 

25

>24 TOTAL

0 

0 

0

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

NE 0 

NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0 

0

0 

0 

0 

0 

0

11 

0 

0 

7 

18

10 

13 

1 

1 

25

0 

11 

0 

0 

11

>24 TOTAL

0 

0 

0 

0 

0

21 

24 

1 

8 

54

15 of 41
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9310 

STABILITY CLASS E CALM 1-3 4-7 8-12 13-18 19-24 

WIND 
DIRECTION(FROM)

N 

NW 

NNW 

TOTAL

0 

0 

0 

0

0 

0 

0 

0

0 

2 

3 

5

2 

1 

5 

8

1 

0 

1 

2

0 

0 

0 

0

>24 TOTAL

0 

0 

0 

0

3 

3 

9 

15

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

.NNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0

2 

2

0 

0

0 

0

0 

0

>24 TOTAL 

0 2 

0 2

16 of 41



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9311

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

NNE 0 

NE 0 

ENE 0 

TOTAL 0 

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

ENE 0 

TOTAL 0

1-3

0 

0 

0 

0

1-3

0 

0

4-7 8-12 13-18 19-24

4 

10 

2 

16

1 

9 

2 

12

0 

0 

0 

0

0 

0 

0 

0

4-7 8-12 13-18 19-24

1 

1

0 

0

0 

0

0 

0

>24 TOTAL 

0 

0 1 

0 

0 2 

>24 TOTAL 

0 

0

RELEASE SUMMARY - PERMIT = 9312

STABILITY CLASS B CALM 1-3 

WIND 
DIRECTION(FROM) 

NNE 0 

TOTAL 0

4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

0 

0

>24 TOTAL 

0 1 

0 1

RELEASE SUMMARY - PERMIT = 9313

STABILITY CLASS A CALM 1-3 

WIND 
DIRECTION(FROM) 

SE 0 

TOTAL 0

4-7 8-12 13-18 19-24

0 

0

0 

0

1 

1

0 

0

17 of 41

5 

9

>24 TOTAL

0 

0

0 

0

1 

1

1 

1



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9314

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

WSW 0

W 

WNW 

TOTAL

0 

0 

0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

4 

0 

1 

5

5 

3 

0 

8

>24 TOTAL 

0 9 

0 3 

0 1 

0 13

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

.WSW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

N 0 

WSW 0 

NW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

0 

0 

0 

0

1 

0 

0 

1

0 

1 

0 

1

0 

1 

1 

2

>24 TOTAL 

0 1 

0 2 

0 1 

0 4

18 of 41

>24 TOTAL

0 

0

0 

0

1 

1



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9314

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

E 0 

ESE 0 

SE 0 

SSE 0 

SSW 0 

TOTAL 0 

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

NE 0 

ENE 0 

E 0 

SSW 0 

NW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

1 

0 

1 

0 

0 

0 

2

1-3

0 

0 

0 

0 

0 

0 

0 

0

4-7 8-12 13-18 19-24

0 

0 

0 

0 

2 

0 

0 

2

0 

0 

0 

0 

0 

0 

0 

0

>24 TOTAL 

0 

0 

0 

0 

0 

0 

0 

0 

>24 TOTAL

0 

0 

0 

0 

0 

0 

0 

0

1 

5 

2 

1 

2 

.1 

2 

14
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9314

STABILITY CLASS G CALM 1-3 

WIND 
DIRECTION(FROM) 

N 0 

NNE 0 

NE 0 

SSW 0 

SW 0 

TOTAL 0

4-7 8-12 13-18 19-24

0 

0 

0 

0 

0 

0

0 

0 

0 

1 

3 

4

0 

4 

2 

0 

1 

7

1 

2 

0 

0 

0 

3

0 

0 

0 

0 

0 

0

>24 TOTAL

0 

0 

0 

0 

0 

0

1 

6 

2 

1 

4 

14

RELEASE SUMMARY - PERMIT = 9315

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

SE 0 

SSE 0 

TOTAL 0 

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

SE 0 

TOTAL 0 

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

SE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0

1-3

1 

0 

1

1 

1 

2

0 

0 

0

0 

0 

0

4-7 8-12 13-18 19-24

0 

*0

1-3

0 

0

1 

1

0 

0

0 

0

4-7 8-12 13-18 19-24

0 

0

0 

0

0 

0

1 

1

0 

0

>24 TOTAL 

0 2 

0 1 

0 3 

>24 TOTAL

0 

0

1 

1

>24 TOTAL

0 

0

1 

1
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9316 

STABILITY CLASS A CALM 1-3 4-7 8-12 13-18 19-24 

WIND 
DIRECTION(FROM) 

NNE 0 0 0 0 1 0 

TOTAL 0 0 0 0 1 0

>24 TOTAL

0 

0

RELEASE SUMMARY 

STABILITY CLASS D CALM 1-3 4-7 

WIND 
DIRECTION(FROM) 

ENE 0 0 

TOTAL 0 0

- PERMIT 

8-12

1 

1

0 

0

= 9317 

13-18 19-24

0 

0

0 

0

>24 TOTAL 

0 

0

21 of 41

1 

1



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9318

STABILITY CLASS D CALM 

WIND 
DIRECTION(FROM) 

SSW 0 

WSW 0

W 

TOTAL

0 

0

STABILITY CLASS E CALM 

WIND 
DIRECTION(FROM) 

E 0 

ESE 0 

SSW 0 

WSW 0 

W 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

1 

0 

0 

1

1-3

0 

0 

2 

2

0 

1 

0 

1

0 

0 

0 

0

0 

0 

0 

0

4-7 8-12 13-18 19-24

2 

1 

1 

0 

0 

4

0 

0 

1 

1 

4 

6

0 

0 

0 

1 

1 

2

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0

>24 TOTAL 

0 

0 

0 

0 

>24 TOTAL 

0 

0 

0 

0 

0 

0 1:

1 

2 

4

2 

1 

2 

5
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9318

STABILITY CLASS F CALM 

WIND 
DIRECTION(FROM) 

SW 0 

WSW 0

W 

TOTAL

0 

0

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

SE 0 

SSE 0 

5 0 

SSW 0 

SW 0 

WSW 0 

W 0 

WNW 0 

NW 0 

NNW 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

1-3

4 

1 

1 

6

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0

4-7 8-12 13-18 19-24

>24 TOTAL 

0 4 

0 1 

0 1 

0 6 

>24 TOTAL

0 

1 

0 

0 

5 

4 

17 

2 

3 

0

10 

14 

2 

1 

6 

4 

28 

4 

4 

2

0 5 32 23 15 0 0 75

23 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9319

STABILITY CLASS G CALM 1-3 

WIND 
DIRECTION(FROM) 

SW 0 

TOTAL 0

4-7 8-12 13-18 19-24

0 

0

1 

1

0 

0

0 

0

0 

0

>24 TOTAL 

0 1 

0 1

RELEASE SUMMARY 

STABILITY CLASS F CALM 1-3 4-7 

WIND 
DIRECTION(FROM) 

ESE 0 0 

TOTAL 0 0

- PERMIT 

8-12

1 

1

= 9320 

13-18

0 

0

19-24

0 

0

0 

0

>24 TOTAL 

0 

0

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

E 0 

ESE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0

1 

3 

4

0 

0 

0

0 

0 

0

0 

0 

0

>24 TOTAL 

0 1 

0 3 

0 4
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KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9321

STABILITY CLASS A CALM 

WIND 
DIRECTION(FROM) 

WSW 0

W 

WNW 

NW 

TOTAL

0 

0 

0 

0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

1 

0 

1 

2

4 

1 

1 

0 

6

>24 TOTAL 

0 4 

0 2 

0 1 

0 1 

0 8

STABILITY CLASS B CALM 

WIND 
DIRECTION(FROM) 

WSW 0

W 

WNW 

TOTAL

0 

0 

0

1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

0 

1 

1 

2

STABILITY CLASS C CALM 

WIND 
DIRECTION(FROM) 

SW 0 

WNW 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0

0 

0 

0

0 

1 

1

0 

0 

0

1 

0 

1

>24 TOTAL 

0 1 

0 1 

0 2

25 of 41

>24 TOTAL

2 

1 

0 

3

0 

0 

0 

0

2 

2 

1 

5



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

RELEASE SUMMARY

STABILITY CLASS .D CALM 

WIND 
DIRECTION(FROM) 

WSW 0

W 

WNW 

TOTAL

0 

0 

0

1-3

- PERMIT = 9321

4-7 8-12 13-18 19-24

0 

0 

0 

0

0 

0 

0 

0

0 

0 

1 

1

0 

5 

2 

7

1 

0 

0 

1

STABILITY CLASS E 

WIND 
DIRECTION(FROM) 

WSW 

W 

WNW 

TOTAL

CALM 1-3 4-7 8-12 13-18 19-24

0 

0 

0 

0

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

SSE 0 

S 0 

SSW 0 

SW 0 

WSW 0 

TOTAL 0

0 

0 

0 

0

1-3

0 

0 

0 

0

0 

0 

0 

0

3 

4 

0 

7

0 

1 

1 

2

4-7 8-12 13-18 19-24

0 

0 

0 

0 

0 

0

1 

0 

1 

2 

1 

5

2 

2 

1 

1 

0 

6

1 

0 

0 

0 

0 

1

0 

0 

0 

0 

0 

0

>24 TOTAL 

0 3 

0 5 

0 1 

0 9 

>24 TOTAL

0 

0 

0 

0 

0 

0

4 

2 

2 

3 

1 

12

26 of 41

>24 TOTAL

0 

0 

0 

0

1 

5 

3 

9



KNPP METEOROLOGICAL DATA 
GASEOUS BATCH RELEASE DATA 
JANUARY 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION 

RELEASE SUMMARY - PERMIT = 9322

STABILITY CLASS G CALM 

WIND 
DIRECTION(FROM) 

SE 0 

SSE 0 

TOTAL 0

1-3 4-7 8-12 13-18 19-24

0 

0 

0

3 

0 

3

1 

1 

2

0 

0 

0

0 

0 

0

>24 TOTAL 

0 4 

0 1 

0 5

27 of 41



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS A 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

2 

5 

11 

4 

7 

2 

1 

1 

6 

5 

7 

13 

22 

11 

10 

0

11 

10 

5 

4 

18 

2 

0 

2 

13 

5 

7 

16 

21 

15 

18 

7

15 

23 

20 

12 

19 

9 

1 

20 

11 

4 

7 

14 

26 

17 

11 

9

2 

24 

35 

10 

4 

1, 

1 

20 

1 

0 

0 

5 

2 

1 

0 

3

0 

14 

2 

3 

2 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0

30 

76 

73 

33 

50 

15 

4 

47 

31 

14 

22 

51 

72 

47 

39 

19

0 10 107 154 218 109

28 of 41

TOTAL 25 623



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS B 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

12 

4 

6 

4 

1 

0 

0 

1 

5 

1 

2 

3 

14 

7 

3 

6

1 

4 

2 

5 

1 

0 

0 

0 

1 

0 

0 

0 

6 

0 

3

16 

12 

10 

11 

7 

2 

1 

4 

12 

4 

6 

5 

29 

16 

8 

14

0 7 15 42 69 23 1 157

29 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS C 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SSE 

S 

SSW 

SW 

,WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

16 

8 

8 

6 

5 

3 

2 

9 

10 

11 

7 

11 

4 

3 

10

0 6 18 29 48 12 0 113

30 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS D 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

7 

8 

2 

2 

2 

1 

2 

1 

19 

15 

8 

10 

15 

12 

8 

14

6 

9 

2 

2 

2 

0 

6 

7 

3 

6 

11 

14 

25 

18 

14 

21

10 

8 

7 

4 

3 

0 

5 

5 

6 

3 

10 

15 

24 

17 

33 

20

25 

28 

11 

9 

8 

3 

15 

13 

29 

31 

37 

58 

76 

52 

59 

58

0 36 126 146 170 25 9 512

31 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS E 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

.SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

5 

5 

0 

0 

3 

0 

4 

5 

14 

6 

8 

17 

18 

17 

18 

6

7 

11 

0 

1 

1 

0 

1 

0 

0 

2 

12 

7 

8 

9 

5 

13

13 

17 

1 

2 

5 

3 

11 

9 

20 

24 

30 

43 

58 

31 

27 

22

0 41 126 77 53 13 6 316

32 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS F 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

3 

1 

1 

1 

3 

0 

0 

6 

6 

10 

10 

12 

5 

3 

5 

5

2 

2 

0 

0 

1 

0 

0 

0 

0 

3 

10 

12 

3 

3 

3 

2

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

2 

11 

0 

0 

0

5 

3 

2 

1 

5 

1 

1 

8 

14 

16 

22 

29 

23 

11 

11 

7

1 31 71 41 15 0 0 159
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KNPP METEOROLOGICAL DATA 
JANUARY 1993 - MARCH 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS G 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

E 

SSE 

S 

SSW 

SW 

WSW 

W 

,WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

3 

3 

8 

4 

4 

1 

3 

10 

16 

18 

12 

21 

17

1 

4 

2 

2 

0 
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0 

10 

20 

36 

6 

5 

1

4 

7 

10 

6 

5 

3 

3 

22 

40 

60 

25 

27 

19

0 16 120 87 8 0 0 231
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 / 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS A 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

'SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

1 

9 

11 

11 

17 

6 

10 

2 

3 

1 

2 

1 

1 

3 

9 

2

1 

25 

12 

6 

1 

1 

5 

4 

4 

4 

4 

9 

8 

12 

28 

4

7 

43 

8 

2 

0 

2 

0 

4 

3 

0 

9 

16 

14 

8 

6 

6

2 

18 

7 

0 

0 

1 

0 

4 

0 

0 

9 

6 

11 

4 

0 

2

11 

97 

40 

19 

19 

13 

15 

14 

10 

5 

24 

34 

39 

28 

43 

14

0 6 89 128 128 64 10 425
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS B 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SW 

.WSW 

W 

NW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

1 

11 

0 

0 

0 

0 

0 

1 

0 

1 

0 

3 

2 

0

2 

14 

3 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0

7 

38 

3 

1 

2 

1 

3 

4 

2 

2 

1 

4 

4 

4

0 1 12 17 19 22 5 76
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS C 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

0 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0

8 

44 

8 

1 

2 

4 

2 

5 

7 

1 

6 

5 

5 

3 

2

0 3 10 20 26 21 23 103
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS D 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

7 

17 

8 

4 

7 

4 

6 

6 

13 

2 

1 

2 

1 

7 

5 

0

13 

21 

1 

2 

1 

0 

5 

5 

14 

0 

3 

3 

6 

15 

7 

2

12 

13 

0 

3 

1 

0 

0 

2 

9 

0 

3 

7 

10 

8 

4 

1

36 

65 

10 

9 

9 

7 

15 

18 

37 

5 

12 

15 

25 

32 

16 

4

0 14 90 98 73 31 9 315
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS E 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

.SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL

11 

8 

15 

7 

24 

10 

6 

11 

24 

8 

8 

9 

8 

9 

4 

3

24 

14 

5 

7 

3 

1 

3 

10 

9 

8 

16 

10 

8 

6 

3 

1

1 

0 

0 

0 

1 

0 

0 

2 

0 

0 

2 

2 

0 

0 

0 

0

42 

28 

27 

21 

34 

16 

13 

37 

41 

23 

30 

32 

18 

19 

10 

7

2 49 165 128 43 8 3 398
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KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS F 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

.SW 

WSW 

W 

WNW 

NW 

NNW

CALM 1-3 4-7

3 

4 

10 

7 

16 

3 

8 

16 

15 

8 

14 

7 

5 

4 

3 

3

8-12 13-18 19-24 >24 TOTAL

1 

2 

3 

6 

1 

1 

3 

5 

9 

12 

4 

5 

11 

7 

6 

1

7 

9 

18 

20 

28 

17 

15 

32 

31 

22 

27 

18 

19 

13 

11 

6

2 58 126 77 25 5 0 293

40 of 41

TOTAL



KNPP METEOROLOGICAL DATA 
APRIL 1993 - JUNE 1993 

WIND SPEED HOURLY AVERAGE VS DIRECTION

STABILITY CLASS G 

WIND 
DIRECTION(FROM) 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL

CALM 1-3

1 

2 

2 

0 

13 

10 

12 

14 

9 

12 

6 

10 

4 

10 

7 

2

4-7 8-12 13-18 19-24 >24 TOTAL

1 

7 

8 

5 

9 

10 

20 

47 

26 

20 

27 

21 

13 

22 

10 

5

2 

5 

2 

1 

7 

1 

2 

32 

13 

16 

27 

16 

30 

13 

2 

3

0 114 251 172

4 

2 

0 

1 

3 

0 

2 

11 

3 

0 

1 

2 

5 

0 

0 

0

8 

17 

12 

7 

32 

23 

36 

104 

51 

48 

61 

49 

52 

45 

19 

10

34 3 0 574
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Wisconsin Public Service Corporation NAD No. 1.16 Rev. Orig 

NUCLEAR ADM NISTRAT E Title: Solid Radioactive Waste 

DIRECTITVE Process Control Program 
(PC P) 

Date:- APR 1 6 JM Pa e 1 of 8

Reviewed By 

Head 

Reviewed By 6 &2g4 tu-o 
jA,-- Superintendent 

Quality Assurance or 
Plant Quality Programs

PORC Review 

Approved By

V A4,A' ~
WPRC Secreta

Responsible 
Manager or Senior 
Vice President 
Nuclear Power

1.0 PURPOSE 

This Process Control Program covers the analysis, processing and packaging of solidified 
radioactive wastes in order to produce a final waste form that is acceptable for 
transportation and burial at a licensed radioactive waste disposal site.  

This program implements the requirements of 10CFR Part 50.36a and General Design 
Criterion 60 of Appendix A to l0CFR Part 50. The process parameters included in 
establishing the Process Control Program may include, but are not limited to, waste type, 
waste pH, waste/liquid/solidification agent/catalyst ratios, waste oil content, waste 
principal chemical constituents, and mixing and curing times.  

This directive: 

1. 1 defines personnel responsibilities for the processing of radioactive waste streams 
for disposal.  

1.2 documents the methods used and the quality control steps involved in assuring 
compliance with IOCFR61.56 regarding waste stability characteristics.  

1.3 verifies the solidification of each type of wet radioactive waste (e.g., filter 
sludges, spent resins, evaporator bottoms, boric acid solutions, and sodium sulfate 
solutions).  

NOTE: PORC review of revisions to this directive required per Tech. Spec. 6.17.  

2.0 APPLICABILITY 

This program applies to each radioactive waste stream which routinely requires 
processing and packaging for off-site disposal as solid radioactive waste. These waste 
streams are: 

2.1 Bead resin from the Chemical and Volume Control System (CVCS), the Spent 
Fuel Pool Cleanup System and the Liquid Radwaste Processing System.

Y5-0(-5
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2.2 Filter media, including cloth and polypropylene bag filters, spun cotton filter 
cartridges, and metal cartridge filters from the CVCS, Spent Fuel Pool Cleanup 
System, Laundry System, Reactor Coolant System, and the Liquid Radwaste 
Processing System. Also included here, are cotton mop heads used during plant 
area decontamination activities.  

2.3 Dry Active Waste (DAW) consisting of contaminated plastic bags, sheeting, etc.; 
rags; wood; paper; scrap metal such as valves, piping or tubing, etc. from 
operational and maintenance activities conducted within the radiologically 
controlled areas of the plant.  

3.0 DEFINITIONS 

3.1 Free Standing Liquid - drainable liquid or free liquid able to be removed from a 
waste package through a solidification, absorption, or dewatering process. It 
includes liquid which is still visible after solidification or dewatering is complete, 
or is drainable from the low point of a punctured container.  

3.2 High Integrity Container (HIC) - a waste container used as an alternative to 
solidifying some waste streams, especially ion exchange resins and filter 
media/sludges. Provides the long term stability required to meet the structural 
stability requirements of 1OCFR61. Is designed to maintain its structural integrity 
for 300 years while being subjected to corrosive chemicals, thermal cycling, 
radiation dose, ultra-violet radiation, transportation, handling and disposal site 
trench compaction.  

3.3 Radioactive Waste - any material designated as waste which also contains 
detectable radioactive material resulting from the operation of the plant.  

3.4 Solidification - the conversion of wet wastes into a form that meets shipping and 
burial ground requirements.  

4.0 RESPONSIBILITIES 

4.1 The Superintendent - Plant Radiation Protection has overall responsibility of the 
solid radioactive waste Process Control Program (PCP).  

4.2 The Plant Radiation Protection Supervisor is responsible for proper processing, 
storage, inventory, labeling/marking, surveys and shipment of all radioactive 
waste in accordance with all applicable Federal, State, County and Burial Site 
Criteria.
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4.3 The Superintendent - Plant Quality Programs is responsible for the periodic 
inspection/review of all types of radioactive waste shipments to ensure procedural 
compliance.  

4.4 The Superintendent - Plant Radiation Protection is responsible to ensure the 
appropriate approvals and notifications are made when revisions are made to this 
NAD (See T.S. 6.17).  

5.0 REQUIREMENTS 

5.1 All radioactive waste operations shall be performed in a method to keep doses 
from radiation as low as reasonably achievable (ALARA).  

5.2 All radioactive waste shall be shipped only to licensed burial site(s) in accordance 
with applicable NRC, DOT, and STATE regulations.  

5.3 All radioactive waste shipments shall be made in accordance with applicable 
NRC, DOT, STATE and BURIAL SITE regulations and requirements.  

5.4 A radwaste sampling and analysis program shall be instituted to assure 
compliance with 10CFR Part 61. Scaling factors will be developed to calculate 
concentrations of hard to measure isotopes from more easily determined isotopes 
The scaling factors will enable concentrations of all 10CFR61 required isotope,, 
to be determined for each radwaste shipment.  

5.5 Packaging of radwaste shall be in containers meeting NRC, DOT, and BURI AL 
SITE requirements and regulations.  

5.6 Each radwaste package shall be assigned a unique identification number 
traceability of records.  

5.7 Container integrity is to be verified by visual examination to assure an acceptab 
waste package for transportation and an acceptable waste form for disposal.  

5.8 Transport vehicles will be loaded and prepared for shipment in accordance i 

written procedures.  

5.9 Radwaste procedures will contain Quality Control Inspection Hold Points. where 
applicable.  

5.10 The solid radwaste system shall be used in accordance with the PCP at all times.  
to process wet radioactive wastes to meet shipping and burial ground
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requirements. With the provisions of the PCP not satisfied, suspend shipments 
of defectively processed or defectively packaged solid radioactive wastes from the 
site.  

5.11 The Semiannual Radioactive Effluent Release Report shall include the following: 

5.11.1 Information for each class of solid waste (as defined by 10CFR Part 61) 
shipped offsite during the report period: 

5.11.1.1 Container volume; 

5.11.1.2 Total curie quantity (specify whether determined by 
measurement or estimate); 

5.11.1.3 Principal radionuclides (specify whether determined by 
measurement or estimate); 

5.11.1.4 Source of waste and processing employed (e.g., dewatered 
spent resin, compacted dry waste, evaporator bottoms); 

5.11.1.5 Type of container (e.g., LSA, Type A, Type B, Large 
Quantity); and 

5.11.2 Any changes made during the reporting period to the PCP.  

5.12 Processing of Wastes Using the Installed Solidification (Cement) System 

5.12.1 Wet radioactive wastes are not processed using the installed cement 
solidification system at Kewaunee. Instead of solidifying these wastes, 
the stability requirements of 10CFR61.56(b) are met through the use of 
high integrity containers which provide stability after disposal.  

5.13 Dewatered Resin and Filter Media 

5.13.1 As an alternative to solidification, ion exchange resin and filter media 
may be dewatered in a suitable disposable container. Dewatered Class 
B and C wastes shall be packaged for disposal into a high integrity 
container (HIC).  

5.13.2 The dewatering process will be conducted in accordance with approved 
procedures with appropriate operating parameters to assure . kast2
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product with as little free standing water as possible, but in no case in 
excess of 1% by package volume.  

5.13.3 Radioactive material content and waste class will be determined based 
on a pre-established radionuclide distribution and dose rate to curie 
content conversion in accordance with approved procedures.  

5.14 Dry Active Waste (DAW) 

5.14.1 Compactable radioactive waste shall be compacted to reduce the volume 
of the waste.  

5.14.2 Non-compactable radioactive waste shall be segregated and packaged 
separately from compactable waste.  

5.14.3 During processing, wastes will be examined to ensure exclusion of 
unacceptable waste products such as water and oil.  

5.14.4 Absorbent materials may be utilized to absorb incidental liquids to 
ensure no free-standing liquids are contained in the package.  

5.14.5 Radioactive material content and waste class wil be determined based 
on a pre-established radionuclide distribution and a dose to curie content 
conversion in accordance with approved procedures.  

5.15 Use of Contractor for Waste Processing 

5.15.1 Contractor supplied process and/or service may be used for the 
processing of radioactive waste for off-site disposal. For the operation 
of such a process, it may be desirable to use process control measures 
and procedures developed by the contractor specifically for the system 
or process. Therefore, previously addressed process control measures 
for a particular type waste may be superseded by contractor supplied 
measures as appropriate.  

5.15.2 Prior to use of a contractor supplied process or service for waste 
processing, a management review of the contractor's process control and 
procedures shall be performed to assure an operation compatible with 
plant operation and in accordance with regulatory requirements.  

5.15.3 For contractor processing of waste that is intended to be shipped for 
disposal at a licensed radioactive waste burial site, additional precautions
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are to be taken to assure a final waste product that meets the appropriate 
waste stability requirements of 10CFR61.56. In particular, the following 
items, as applicable, are to be documented prior to utilization for waste 
processing: 

5.15.3.1 A general description of the solidification or dewatering 
process, including type solidification agent (if applicable), 
major process equipment and interface with plant 
equipment, types of waste that can be processed, and 
operating parameters; 

5.15.3.2 Process control measures that provide for the verification 
of the generation of a suitable waste product, including 
items (as may be appropriate for the process method) such 
as representative sampling, laboratory tests, and acceptance 
criteria, etc.  

5.15.3.3 Specifically approved procedures for the operation of the 
process equipment that will assure operation within the 
bounds as delineated by the process control measures; and 

5.15.3.4 Appropriate acceptance criteria for evaluating the 
acceptability of the final waste product.  

5.16 Quality Assurance 

5.16.1 There is no requirement for an individual and specific QA program for 
radwaste per the requirements of 1OCFR20.311(d) at Kewaunee. (See 
COMTRAK 89-302) 

5.16.2 The appropriate QA controls required by 1OCFR20.311(d) are 
encompassed by: 

5.16.2.1 the Operational Quality Assurance Program (OQAP).  

5.16.2.2 routine documented QA audits of radwaste processing, 
packaging, and shipping activities.  

5.16.2.3 management evaluation of QA audits.  

5.16.2.4 management review and approval of procedures for waste 
classification and waste characteristics.
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5.16.2.5 management review and approval of procedures for all 
other radwaste related activities (RC-RW procedures).  

5.16.3 Quality Assurance requirements of 1OCFR71, Subpart H, apply only to 
a package containing a Type B quantity of radioactive material. These 
requirements are satisfied by maintaining documents appropriate to each 
package used to ship a Type B quantity; 

5.16.3.1 Certificate of Compliance (NRC Form 618) 

5.16.3.2 Controlled copy of the owner's handling procedure 

5.16.3.3 NRC user registration 

5.16.3.4 Package safety analysis report 

5.16.3.5 Package design analysis 

5.16.3.6 Package design drawings 

5.16.3.7 Package acceptance test results 

5.16.3.8 Package maintenance program 

6.0 REFERENCES 

6.1 KNP Technical Specification 6.17 

6.2 USNRC Waste Form Technical Position, Revision 1, (Letter K-9 1-011), dated 
1/24/91 

6.3 NUREG-0800, Rev. 2, July 1981, USNRC Standard Review Plan, Section 11.4, 
Solid Waste Management Systems 

6.4 USNRC Branch Technical Position - ETSB 11-3, Design Guidance for Solid 
Radioactive Waste Management Systems Installed in Light-Water-Cooled Nuclear 
Power Reactor Plants, Rev. 2, July 1981 

6.5 USNRC Generic Letter 84-12 (K-84-95), Compliance with IOCFR Part 61 and 
Implementation of the Radiological Effluent Technical Specifications (RETS) and 
Attendant Process Control Program (PCP), dated 4/30/84
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6.6 10CFR20.3 11, Transfer for Disposal and Manifests 

6.7 10CFR61, Licensing Requirements for Land Disposal of Radioactive Waste 

6.8 NUREG-0133, October 1978, Preparation of Radiological Effluent Technical 
Specifications for Nuclear Power Plants 

6.9 NUREG-0472, Revision 3, 9/3/82, Standard Radiological Effluent Technical 
Specifications for Pressurized Water Reactors 

6.10 10CFR71, Packaging and Transportation of Radioactive Material 

6.11 COMTRAK 89-302, Addition of Radwaste QA Program to NAD 1.16 

6.12 COMTRAK 89-303, PORC Review of NAD 1.16 

6.13 Letter NRC-84-178, Hintz to Varga, Radiological Effluent Technical 

Specifications - TAC #08145 

6.14 49CFR173, Shippers General Requirements for Shipments and Packagings 

Subpart I, Radioactive Materials 

6.15 Barnwell Waste Management Facility Site Disposal Criteria, Chem-Nuclea: 

Systems, Inc., Document S20-AD-010 

6.16 USNRC License No. 12-13536-01, Barnwell Facility Special Nuclear Mater 
License 

6.17 South Carolina Department of Health and Environmental Control Lice
No. 097, Barnwell Facility Operating License 

7.0 IMPLEMENTING PROCEDURES 

7.1 Radwaste Procedures (RC-RW Series) 

7.2 RC-HP-38, Radioactive Material Receipt, Storage and Transfer 

7.3 RC-HP-138, Radioactive Material Shipment Record
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Abstract 

This document has been developed in accordance with the Wisconsin Public Service Corporation 
(WPSC) commitment made by letter dated August 21, 1984 (from D. C. Hintz to S. A. Varga).  
It provides the current methodologies and parameters to be used in the calculation of offsite 
doses due to radioactive gaseous and liquid effluents and gaseous and liquid effluent monitoring 
alarm/trip setpoints for the Kewaunee Nuclear Power Plant. To develop this document, WPSC 
contracted the J. Stewart Bland Consultants, Inc. of Maryland; however, rigorous review and 
final acceptance of this document has been provided by WPSC. Implementation of this 
document is the responsibility of WPSC.  

December 18, 1984
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KEWAUNEE NUCLEAR POWER PLANT 
OFFSITE DOSE CALCULATION MANUAL 

Introduction 

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the methodology and 
parameters used in: 1) the calculation of radioactive liquid and gaseous effluent monitoring 
instrumentation alarm/trip setpoints; and 2) the calculation of radioactive liquid and gaseous 
concentrations, dose rates and cumulative quarterly and yearly doses. The methodology stated 
in this manual is acceptable for use in demonstrating compliance with 10 CFR 20.106, 10 CFR 
50, Appendix I and 40 CFR 190.  

More conservative calculational methods and/or conditions (e.g., location and/or exposure 
pathways) expected to yield higher computed doses than appropriate for the maximally exposed 
person may be assumed in the dose evaluations.  

The ODCM will be maintained at the station for use as a reference guide and training document 
of accepted methodologies and calculations. Changes will be made to the ODCM calculational 
methodologies and parameters as is deemed necessary to assure reasonable conservatism in 
keeping with the principles of 10 CFR 50.36a and Appendix I for demonstrating radioactive 
effluents are ALARA.  

Definitions 

1. ACTION 

ACTION shall be that part of a specification which prescribes remedial measures 
required under designated conditions.  

2. GASEOUS RADWASTE TREATMENT SYSTEM 

A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and 
installed to reduce radioactive gaseous effluents by collecting off-gases from the primary 
coolant system and providing for delay or holdup for the purpose of reducing the total 
radioactivity released to the environment.  

3. INSTRUMENTATION SURVEILLANCE 

a. CHANNEL CHECK 

b. CHANNEL FUNCTIONAL TEST 

c. CHANNEL CALIBRATION 
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d. SOURCE CHECK

As defined in the Technical Specifications.  

4. MEMBER(S) OF THE PUBLIC 

MEMBER(S) OF THE PUBLIC shall include all persons who are not occupationally 
associated with the plant. This category does not include employees of the utility, its 
contractors or vendors. Also excluded from this category are persons who enter the site 
to service equipment or to make deliveries. This category does include persons who use 
portions of the site for recreational, occupational or other purposes not associated with 
the plant.  

5. OPERABLE-OPERABILITY 

As defined in the Technical Specifications.  

6. PURGE - PURGING 

PURGE or PURGING is the controlled process of discharging air or gas from a 
confinement to maintain temperature, pressure, humidity, concentration or other 
OPERATING condition, in such a manner that replacement air or gas is required to 
purify the confinement.  

7. RADIOLOGICAL ENVIRONMENTAL MONITORING MANUAL (REMM) 

The REMM shall contain the current methodology and parameters used in the conduct 
of the radiological environmental monitoring program.  

8. SITE BOUNDARY 

The SITE BOUNDARY shall be that line beyond which the land is neither owned, nor 
leased, nor otherwise controlled by the licensee.  

9. UNRESTRICTED AREA 

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY 
access to which is not controlled by the licensee for purposes of protection of individuals 
from exposure to radiation and radioactive materials, or any area within the SITE 
BOUNDARY used for residential quarters or for industrial, commercial, institutional.  
and/or recreational purposes.  

10. VENTILATION EXHAUST TREATMENT SYSTEM 

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and 
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installed to reduce gaseous radioiodine or radioactive material in particulate form in 
effluents by passing ventilation or vent exhaust gases through charcoal absorbers and/or 
HEPA filters for the purpose of removing iodines or particulates from the gaseous 
exhaust stream prior to the release to the environment. Such a system is not considered 
to have any effect on noble gas effluents. Engineered Safety Feature atmospheric 
cleanup systems (i.e., Auxiliary Building special ventilation, Shield Building ventilation, 
spent fuel pool ventilation) are not considered to be VENTILATION EXHAUST 
TREATMENT SYSTEM components.  

Rev. 5 
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1.0 Liquid Effluents

1.1 Radiation Monitoring Instrumentation and Controls 

The liquid effluent monitoring instrumentation and controls installed at Kewaunee 
for controlling and monitoring normal radioactive material releases in accordance 
with 10 CFR 50, Appendix A, Criteria 60 and 64, are summarized as follows: 

1) Alarm (and Automatic Termination) - R-18 provides this function on the 
liquid radwaste effluent line, R-19 on the Steam Generator blowdown.  

2) Alarm (only - R-20 and R-16 provide alarm functions for the Service 
Water discharges.  

3) Composite Samples - Samples are collected weekly from the steam 
generator blowdown and analyzed by gamma spectroscopy. Samples are 
collected weekly from the Turbine Building Sump and analyzed by gamma 
spectroscopy. The weekly samples are composited for monthly tritium 
and gross alpha analyses and for quarterly Sr-89 and 90 analyses. During 
periods of identified primary-to-secondary leakage (with the secondary 
activity > 1.OE-05 1Cilml), grab samples from the Turbine Building 
sump are collected daily and analyzed by gamma spectroscopy. These 
samples are composited for monthly tritium and gross alpha analyses and 
for quarterly Sr-89 and 90 analyses.  

4) Liquid Tank Controls - All radioactive liquid tanks are located 
inside the Auxiliary Building and contain the suitable confinement 
systems and drains to prevent direct, unmonitored release to the 
environment. A liquid radioactive waste flow diagram with the 
applicable, associated radiation monitoring instrumentation and 
controls is presented as Figure 1.  

1.2 Liquid Effluent Monitor Setpoint Determination 

Per the requirements of Spcification 3.1 (Technical Specification 7.1), alarm 
setpoints shall be established for the liquid effluent monitoring instrumentation to 
ensure that the release concentration limits of Specification 3.3.1 (7.3.1) are met 
(i.e., the concentration of radioactive material released in liquid effluents to 
unrestricted areas shall be limited to the concentrations specified in 10 CFR 20, 
Appendix B, Table II, Column 2, for radionuclides and 2.OE-04 Cilml for 
dissolved or entrained noble gases). The following equation1 must be satisfied 

I Adapted from NUREG-0133 
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to meet the liquid effluent restrictions:

C (F~f) 
f 

(1. 1) 
where: 

C = the effluent concentration limit of Specification 3.3.1 (Technical 
Specification 7.3.1) implementing the 10 CFR 20 MPC for the 
site, in ACilml 

c = the setpoint, in jiCilml, of the radioactivity monitor measuring the 
radioactivity concentration in the effluent line prior to dilution and 
subsequent release; the setpoint, which is inversely proportional to 
the volumetric flow of the effluent line and proportional to the 
volumetric flow of the dilution stream plus the effluent stream, 
represents a value which, if exceeded, would result in 
concentrations exceeding the limits of 10 CFR 20 in the 
unrestricted area 

f = the flow rate at the radiation monitor location in volume per unit 
time, but in the same units as F, below 

F = the dilution-water flow rate as measured prior to the release point, 
in volume per unit time 

[Note that if no dilution is provided, c ! C. Also, note that when (F) is large 
compared to (f), then (F + f) - F.] 

1.2.1 Liquid Effluent Monitors (Radwaste. Steam Generator Blowdown and 
Service Water). The setpoints for the liquid effluent monitors at the 
Kewaunee Nuclear Power Plant are determined by the following 
equations: 
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MPC x SEN x CW 
SP e________ + bkg 

RR 

(1.2) 
and 

Ci MPC = e C
~MPC 

(1.3) 

where: 

SP = alarm setpoint corresponding to the maximum allowable release 
rate (cpm) 

MPCe = an effective MPC value for the mixture of radionuclides in the 
effluent stream (ACilml) 

Cl = the concentration of radionuclide i in the liquid effluent (MCi) 

MPC = the MPC value corresponding to radionuclide i from 10 CFR 20, 
Appendix B, Table II, Column 2 (MCilmi) 

SEN = the sensitivity value to which the monitor is calibrated (cpm per 
MCi/mi) 

CW = the circulating water flow rate (dilution water flow) at the time of 
release (gal/min) 

RR = the liquid effluent release rate (gal/min) 

bkg = the background of the monitor (cpm) 

The radioactivity monitor setpoint equation (1.2) remains valid during outages 
when the circulating water dilution is at its lowest. Reduction of the waste stream 
flow (RR) may be necessary during these periods to meet the discharge criteria.  
At its lowest value, CW will equal RR and equation (1.2) reverts to the following 
equation: 

(1.4) 
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SP : MPCe x SEN + bkg

1.2.2 Conservative Default Values. Conservative alarm setpoints may be 
determined through the use of generic, default parameters. Table 1.1 
summarizes all current default values in use for Kewaunee. They are 
based upon the following: 

a) substitution of the default effective MPC value of 1.OE-05 ACilml 
(refer to Appendix C for justification); 

b) substitutions of the lowest operational circulating water flow, in 
gal/min; and, 

c) substitutions of the highest effluent release rate, in gal/min.  

1.3 Liquid Effluent Concentration Limits - 10 CFR 20 

Spe~ification 3.3.1 (Technical Specification 7.3.1) limits the concentration of 
radioactive material in liquid effluents (after dilution in the Circulating Water 
System) to less than the concentrations as specified in 10 CFR 20, Appendix B, 
Table II, Column 2 for radionuclides other than noble gases. Noble gases are 
limited to a diluted concentration of 2E-04 sCi/ml. Release rates are controlled 
and radiation monitor alarm setpoints are established to ensure that these 
concentration limits are not exceeded. In the event any liquid release results in 
an alarm setpoint being exceeded, an evaluation of compliance with the 
concentration limits of Specificatin 3.3.1I (Technical Specification 7.3.1) may be 
performed using the following equation: 

[(Ci + MPCi) x (RR+ CW)] 1 

where: 

C1  = concentration of radionuclide i in the undiluted liquid effluent 
(pCi/ml) 

MPC. = the MPC value corresponding to radionuclide i from 10 CFR 20.  
Appendix B, Table II, Column 2 (uCi/ml) 

= 2E-04 IACilml for dissolved or entrained noble gases 

RR = the liquid effluent release rate (gallmin) 
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CW = the circulating water flow rate (dilution water flow) at the time of 
the release (gal/min) 

1.4 Liquid Effluent Dose Calculation - 10 CFR 50 

Specification 3.3.2 (Technical Specification 7.3.2) limits the dose or dose 
commitment to members of the public from radioactive materials in liquid 
effluents from the Kewaunee Nuclear Power Plant to: 

- during any calendar quarter; 

1.5 mrem to total body 

5.0 mrem to any organ 

- during any calendar year; 

5 3.0 mrem to total body 

5 10.0 mrem to any organ.  

Per the surveillance requirements of Specification 4.3.2 (Technical Specification 
8.3.2), the following calculational methods may be used for determining the dose 
or dose commitment due to the liquid radioactive effluents from Kewaunee.  

D 1.67E-02 x VOL x E (Ci x Aj0) 
o = CW 

(1.5) 
where: 

Do= dose or dose commitment to organ o, including total body 
(mrem) 

Ai0  = site-related ingestion dose commitment factor to the total 
body or any organ o for radionuclide i (mrem/hr per 
jiCi/ml) (Table 12) 

Ci= average concentration of radionuclide i, in undiluted liquid 
effluent representative of the volume VOL (aCilml) 

VOL = volume of liquid effluent released (gal) 
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CW = average circulating water discharge rate during release 
period (gallmin) 

1.67E-02 = conversion factor (hr/min) 

The site-related ingestion dose/dose commitment factors (A10) are presented in 
Table 1.2 and have been derived in accordance with guidance of NUREG-0133 
by the equation: 

Aio = 1.14E+05 [(U, + Dw) + (UF x BFi)] DFi 

(1.6) 
where: 

Ai= composite dose parameter for the total body or critical 
organ o of an adult for radionuclide i, for the fish ingestion 
and water consumption pathways (mrem/hr per MCilml) 

1. 14E+05 = conversion factor (pCil4Ci x ml/kg + hr/yr) 

U= adult water consumption (730 kg/yr) 

D= dilution factor from the near field area within 1/4 mile of 
the release point to the nearest potable water intake for the 
adult water consumption (842, uitless) 

UF = adult fish consumption (21 kg/yr) 

BFj = bioaccumulation factor for radionucide i in fish from Table 
1.3 (pCi/kg per pCill) 

DFj - dose conversion factor for nuclide i for adults in 
preselected organ, o, from Table E- 11 of Regulatory Guide 
1.109, 1977 and NUREG 0172, 1977 (mrem/pCi) 

The radionuclides included in the periodic dose assessment per the requirements 
of Sp ifcati 14.3.2 (Technical Specification 7/8.3.2) are those as identified 
by gamma spectral analysis of the liquid waste samples collected and analyzed per 
the requirements of Speificaton4.3.1,.t (Technical Specification 8.3.1.1), Table 
4.3 (8.3).  

2 Adapted from the Kewaunee Final Environmental Statement, Section V.  
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Radionuclides requiring radiochemical analysis (e.g., Sr-89 and Sr-90) will be 
added to the dose analysis at a frequency consistent with the required minimum 
analysis frequency of Table 4.3 (8.3).  

In lieu of the individual radionuclide dose assessment as presented above, the 
following simplified dose calculational equation may be used for demonstrating 
compliance with the dose limits of Specification 3.3.2 (Technical Specification 
7.3.2). (Refer to Appendix A for the derivation and justification for this 
simplified method.) 

Total Body

9.67E+03 x VOL E 
Dtb = cw

(1.7)
Maximum Organ 

Dmax - 1.18E+04 x VOL C, CW

(1.8)
where:

C. = average concentration of radionuclide i, in undiluted liquid 
effluent representative of the volume VOL (sCilml)

= volume of liquid effluent released (gal)

= average circulating water discharge rate during release 
period (gal/min) 

= conservatively evaluated total body dose (mrem) 

= conservatively evaluated maximum organ dose (mrem) 

= conversion factor (hr/min) and the conservative total body 
dose conversion factor (Cs-134, total body -- 5.79E+05 
mrem/hr per ACi/ml) 

= conversion factor (hr/min) and the conservative maximum 
organ dose conversion factor (Cs-134, liver -- 7.09E+05 
mrem/hr per tCilml) 
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1.5 Liquid Effluent Dose Projections

SpOcificadon 3.3.3 (Technical Specification 7.3.3) requires that the liquid 
radioactive waste processing system be used to reduce the radioactive material 
levels in the liquid waste prior to release when the quarterly projected doses 
exceed: 

- 0.18 mrem to the total body, or 
- 0.62 mrem to any organ.  

The applicable liquid waste streams and processing systems are as delineated in 
Figure 1.  

Dose projections are made at least once per 31 days by the following equations: 

Dtbp = Dtb (91 + d) 

(1.9) 

Dmaxp = Dmax (91 + d) 

(1.10) 
where: 

Dtbp = the total body dose projection for current calendar quarter (mrem) 

Dtb = the total body dose to date for current calendar quarter as 
determined by equation (1.5) or (1.7) (mrem) 

Dmaxp = the maximum organ dose projection for current calendar quarter 
(mrem) 

Dmax= the maximum organ dose to date for current calendar quarter as 
determined by equation (1.5) or (1.8) (mrem) 

d = the number of days to date for current calendar quarter 

91 = the number of days in a calendar quarter 
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1.6 Onsite Disposal of Low-Level Radioactively Contaminated Waste Streams 

During the normal operation of Kewaunee, the potential exists for in-plant process 
streams which are not normally radioactive to become contaminated with very 
low levels of radioactive materials. These waste streams are normally separated 
from the radioactive streams. However, due mainly to infrequent, minor system 
leaks, and anticipated operational occurrences, the potential exists for these 
systems to become slightly contaminated. At Kewaunee, the secondary system 
demineralizer resins, the service water pretreatment system sludges, the make-up 
water system resins, and the sewage treatment plant sludges are waste streams 
that have the potential to become contaminated at very low levels. During the 
yearly testing of a batch of pre-treatment sludge, it was found that approximately 
15,000 cubic feet of sludge had been contaminated with Cs-137 and Co-60.  

The potential radiation doses to members of the public from these onsite disposal 
methods are well below I mrem per year. This dose is in keeping with the 
guidelines of the National Council on Radiation Protection (NCRP) in their 
Report No. 91, in which the NCRP established a "negligible individual risk level" 
at a dose rate of 1 mrem per year.  

It is for these type wastes that the NRC acknowledged in Information Notice No.  
83-05 and 88-22 that the levels of radioactive material are so low that control and 
disposal as a radwaste are not warranted. The potential risks to man are 
negligible and the disposal costs as a radwaste are unwarranted and costly.  

This waste material will be monitored and evaluated prior to disposal to ensure 
its radioactive material content is negligible. It shall then be disposed of in a 
normal conventional manner with records being maintained of all materials 
disposed of using these methods.  

Approvals for specific alternate disposal methods are listed in Appendix E.  
Currenty.only thesewagetzatment.fcltJagoon shdge has been approved for 

o by. ld spreading.  
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Figure 1 
Liquid Radioactive Effluent Flow Diagram
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Table 1I 

Parameters for Liquid Alarm Setpoint Determinations

Actual 
Parameter falue

MPCe 
C.  

MpC1

calculated 
measured 

as 

determined

SEN R-18 
R- 19 
R-20 
R- 16

CW

RR R-18

Default 
Value 

1.0E-05* 
N/A 

N/A

as 2.OE+6 
determined 2.0E+6 

7.0E+7 
2.OE+6

as 
determined

as

2.58E+05 

8.OE+01

units 

"Ci/ml 
ACi/ml 

ACi/ml

cpm per 
ACilml

gpm 

gpm

determined

R-19 as 2.0E+02 
R-20 determined 5.OE+03 
R-16 1.5E+03 

bkg R-18 as 2.OE+03 
R-19 determined 8.OE+01

R-20 
R- 16

cpm

Comments 

Calculate for each batch to be released 
Taken from gamma spectral analysis of 
liquid effluent 

Taken from 10 CFR 20, Appendix B, Table 
I, 
Col. 2.  

Radwaste effluent 
Steam Generator blowdown 
Service Water - component cooling 
Service Water - Containment fan cooling 

Circulating Water System default = winter, 
single CW pump 

Determined prior to release; release rate can 

be adjusted for Technical Specification 
compliance 

Steam Generator A and B combined 
Service Water - component cooling 
Service Water - Containment fan cooling 

Nominal values only; actual values may be 
used in lieu of these reference values

6.OE+01 
8.0E+01

calculated 
calculated 
calculated 
calculated

6.45E+4 +bkg cpm 
2.58E+4 +bkg 
3.61E+4 +bkg 
3.44E+3 +bkg

SP (with no Circulating Water System flow, CW=0) 
R-18 calculated 2.50E+3 +bkg cpm

calculated

R-20 calculated 
R-16 calculated

1.OOE+3 +bkg 

1.40E+3 +bkg 
1.33E+2 +bkg

Default alarm setpoints; more conservative 
values may be used as deem appropriate and 
desirable for assuring regulatory compliance 
and for maintaining releases ALARA.  

For outages with no Circulating Water 
System 
flow (CW=O) and a dilution flow as 
provided 
by the Service Water system of 10,000 gpm.  
total.

* Refer to Appendix C for derivation

SP R-18 
R-19 
R-20 
R- 16

R-19
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Table 13 

Ajo Site Related Ingestion Dose Commitment Factors 
(mrem/hr per PCi/mi)

Bone Liver T.Body Thyroi Kidney

3.13E+4 
4.09E+2 
1.39E +6 

6.61E+2 
1.04E + 3 

3.13E + 4 
1.27E + 2

3.30E-1 
6.26E + 3 
4.09E + 2 
8.62E + 4 

4.38E + 3 
1.10E+2 
4.57E+2 
2.45E + 3 
2.11E+1 

8.99E + 1 
2.58E + 2 
2.17E + 3 
1.65E + 1 
1.OIE + 1

Nuclide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89, 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

8.58E + 0 
5.14E-2 
1.63E-1 
2.70E-1 
1.49E-2 

4.47E+2 
3.75E+0 

9.11E-3 
9.37E-3

8.67E-2 
3.01E-3 

2.49E+2 
9.48E-1 
1.07E + 2 
2.58E-2 
1.35E-2

3.30E- 1 
6.26E+3 
4.09E + 2 
5.36E + 4 
1.28E +0 

8.36E + 2 
1.96E + 1 
1.06E + 2 
9.40E + 2 
3.51E+1 

2.02E + 2 
5.70E+2 
1.05E + 3 
7.52E + 0 
4.72E +0 

3.33E + 4 
6.56E + 0 
2.27E+3 
4.05E+ 1 
5.24E+1 

2.15E + 0 
4.71E+4 
1.54E +2 
1.35E+2 
6.44E + 2 

1.35E + 5 
1.67E+ I 
6.77E+0 
1.57E-2 
2.14E-4 

2.29E-1 
1.50E-3 
4.50E-3 
5.87E-2 
1.38E-3 

1.34E+2 
3.46E-1 
2.04E + 1 
3.28E-1 
1.32E-1

3.30E-1 
6.26E + 3 
4.09E + 2 

7.63E- 1

3.30E-1 
6.26E + 3 
4.09E+2 

2.81E-1 

1.30E + 3 
1.40E + 2 

2.53E + 1 

4.93E + 4 
6.13E+ 1

Lung GI-LLI

3.30E- 1 
6.26E+3 
4.09E+2 

1.69E + 0 

2.55E+2 
6.85E + 2

3.30E-1 
6.26E+3 
4.09E+2 
1.56E+5 
3.21E + 2 

1.34E + 4 
3.52E + 3 
2.62E + 2 
8.17E + 3 
5.36E + 2

- 1.82E + 3 
- 4.85E+3 
- 4.52E + 2 
- 4.18E + 2 
- 8.57E + 2

4.65E + 4 
1.42E + 1 
2.61E+3 
5.83E+ 1 
4.12E-4 

1.99E+4 
4.OOE-9 

3.60E+3

- 1.59E+4 
- 1.97E+3 
- 3.10E+3 
- 6.21E+3 
- 1.62E-2

1.36E-1 
4.55E-3

- 2.46E+2 
- 1.11E+O 
- 2.43E + 2 
- 3.91E-1 
- 2.43E-1

1.26E-2 
6.90E-3

4.72E + 3 
9.OOE + 2 
5.17E + 3 
2.75E+2 
9.34E + 2 

1.51E+6 
3.50E+3 
2.49E + 2 
1.52E + 1
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2.32E + 4 7.38E + 4 
4.93E + 1 9.43E + 1 

- 1.01E+5 
- 2.90E+2 
- 1.92E+2 

2.24E+4 

5.52E+5 
4.13E+2 
1.57E+2 
5.85E-1 
5.53E-3



Table 1.2 (Continued)

Alo Site Related Ingestion Dose Commitment Factors 
(mrem/hr per gCi/ml)

Nuclide Bone Liver T.Body Thyroi Kidney

- 1.99E+0 
- 1.52E-1 
- 8.68E+0

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb- 125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te- 131 

Te-132 
1-130 
1-131 
1-132 
1-133 

1-134 
1-135 
Cs-134 
Cs- 136 
Cs- 137 

Cs- 138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce- 143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

Lung

7.38E + 0 
4.67E+0

4.61E+0 
3.84E- I 
6.86E+1 

1.04E + 0 
9.48E+0 
6.06E+0 
2.57E + 3 
6.49E + 3 

1.05E + 2 
1.10E+4 
3.01E+ 1 
1.66E+3 
1.89E+ 1 

2.42E+3 
2.79E + 1 
1.54E + 2 
7.49E + 0 
5.24E + 1 

3.91E+0 
1.63E + 1 
2.98E + 5 
3.12E+4 
3.82E + 5 

2.64E + 2 
1.02E+0 
2.15E+2 
4.98E-1 
2.25E-1 

1.52E-1 
7.79E-3 
3.17E-2 
5.58E-3 
1.65E+0 

5.60E-1 
1.83E-3 
3.83E-1 
2.96E + 2 
2.97E-2

2.30E-2 
6.16E-3 
7.73E + 2 
1.66E + 3 

7.81E + 1 
3.79E + 3 
2.31E+ 1 
1.28E+3 
1.55E+1 

1.73E+3 
6.97E + 3 
7.20E + 4 
7.01E+2 
1.34E + 4 

1.84E+2 
2.82E + 3

GI-LLI 

5.39E + 2 
2.35E+2 
4.44E + 3 

3.92E + 2 
2.69E+2 
6.67E+ I 
1.03E + 4 
2.18E + 4

1.76E+1 
4.96E+0 
1.32E + 2 

1.89E+0 

1.04E + 4 
2.64E + 4 

4.29E + 2 
4.60E + 4 
1.27E + 2 
8.22E + 3 
8.27E+ 1 

1.50E + 4 
1.28E + 2 
3.76E + 2 
3.19E + 1 
1.59E + 2 

1.69E+ 1 
6.86E + 1 
2.29E+5 
6.85E+4 
1.77E + 5 

3.84E + 2 
6.83E-4 
9.16E-2 
3.50E-4 
1.95E-4 

9.95E-3 
1.82E-3 
4.10E-1 

1.30E-1 
4.29E-4 
2.59E-1 

9.10E-3

- 8.32E + 3 
- 5.55E + 4 
- 2.27E+1 
- 8.05E+4 
- 2.67E+0 

- 7.39E+4 
- 7.08E + 1 
- 5.79E + 1 
- 3.76E+0 
- 8.19E + 1

9.62E-1 
1.79E-1 
6.77E-2 
9.31E + 2 
2.32E + 3 

3.79E + 1 
4.11E + 3 
1.13E+1 
8.11E+2 
7.89E + 0 

1.56E + 3 
8.23E + 1 
2.20E + 2 
2.OOE +1 
9.11E+1 

1.06E+1 
4.28E + 1 
7.09E + 5 
1.23E+5 
5.22E + 5 

5.22E + 2 
7.30E-4 
2.69E-1 
3.76E-4 
2.31E-4 

7.67E-2 
3.54E-3 
2.14E-2 
4.13E + 0 
6.90E-1 

2.25E-1 
7.61E-4 
4.42E-1 
2.47E + 2 
2.92E-3

5.71E-1 
3.76E+ 0 
1.44E+0 
3.44E + 2 
7.91E + 2 

2.28E + 1 
1.74E + 3 
7.33E+0 
6.76E+2 
5.96E+0 

1.47E+3 
3.25E + 1 
1.26E + 2 
7.01E+O 
2.78E + 1 

3.80E +0 
1.58E + 1 
5.79E+5 
8.86E + 4 
3.42E + 5 

2.59E + 2 
3.OOE-2 
1.41E + 1 
1.68E-2 
1.42E-2 

2.03E-2 
8.82E-4 
2.43E-3 
4.57E-4 
8.87E-2 

2.77E-2 
9.31E-5 
2.65E-2 
8.65E + 1 
1.61E-3

7.61E+4 
9.39E + 3 
5.89E + 4 

3.79E + 1 
4.14E-4 
1.54E-1 
2.13E-4 
1.31E-4

9.26E-3 
4.83E + 1 
1.24E+4 
1.40E+4 
1.01E + 4 

2.23E-3 
1.82E+0 
4.42E + 2 

5.63E + 3 
2.59E + 1 
8.19E + I 
1.54E + 2 
5.58E + 2 

2.45E+3 

2.12E+3 
8.10E+4 
5.98E + 2
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Table 1.3

Bioaccumulation Factors(BFI) 
(pCilkg per pCilliter)* 

Elanent Frshwater Fish 

H 9.OE-01 
C 4.6E+03 
Na 1.OE+02 
P 3.OE+03 
Cr 2.OE+02 
Mn 4.OE+02 
Fe 1.OE+02 
Co 5.OE+01 
Ni 1.OE+02 
Cu 5.OE+01 
Zn 2.OE+03 
Br 4.2E+02 
Rb 2.OE+03 
Sr 3.OE+01 
Y 2.5E+01 
Zr 3.3E+00 
Nb 3.OE+04 
Mo 1.OE+01 
Tc 1.5E+01 
Ru 1.OE+01 
Rh 1.OE+01 
Ag 2.3E+00 
Sb 1.OE+00 
Te 4.OE+02 
I 1.5E+01 
Cs 2.OE+03 
Ba 4.OE+00 
La 2.5E+01 
Ce 1.0E+00 
Pr 2.5E+01 
Nd 2.5E+01 
W 1.2E+03 
Np 1.OE+01 

Values in this Table are taken from Regulatory Guide 1.109 except for phosphoms 
which is adapted from NUREG/CR-1336 and silver and antimony which are taken 
from UCRL 50564, Rev. 1, October 1972.  
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2.0 Gaseous Effluents

2.1 Radiation Monitoring Instrumentation and Controls 

The gaseous effluent monitoring instrumentation and controls at Kewaunee for 
controlling and monitoring normal radioactive material releases in accordance 
with 10 CFR 50, Appendix A, Criteria 60 and 64, are summarized as follows: 

1) Waste Gas Holdup System - The vent header gases are collected by the 
waste gas holdup system. Gases may be recycled to provide cover gas for 
the CVCS hold-up tanks or held in the waste gas tanks for decay prior to 
release. Waste gas decay tanks are batch released after sampling and 
analysis. The tanks are discharged via the Auxiliary Building vent. R-13 
and/or R-14 provide noble gas monitoring and automatic isolation.  

2) Condenser Evacuation System - The air ejector discharge is monitored by 
R-15. Releases from this system are via the Auxiliary Building vent and 
are monitored by R-13 and/or R-14.  

3) Containment Purge - Containment purge and ventilation is via the 
containment stack. The stack radiation monitoring system consists of: a) 
a noble gas activity monitor providing alarm and automatic termination of 
release (R-12 and R-21); b) an iodine sampler; and c) a particulate 
sampler. Effluent flow rates are determined empirically as a function of 
a fan operation (fan curves). Sampler flow rates are determined by flow 
rate instrumentation.  

4) Auxiliary Building Vent - The Auxiliary Building vent receives discharges 
from the waste gas holdup system, condenser evacuation system, fuel 
storage area ventilation, Auxiliary Building radwaste processing area 
ventilation, and Auxiliary Building general area. All effluents pass 
through: a) a noble gas monitor - (R-13 and/or R-14; b) an iodine sampler 
(R-13A); and c) a particulate sampler (R-13A). The noble gas monitor 
(R-13 and/or R-14) provides auto isolation of any waste gas decay tank 
releases and diverts other releases through the special ventilation system.  
Effluent flow rates are determined by installed flow measurement 
equipment or as a function of fan operation (fan curves). Sampler flow 
rates are determined by flow rate instrumentation.  

A gaseous radioactive waste flow diagram with the applicable, associated 
radiation monitoring instrumentation and controls is presented as Figure 2.  

2.2 Gaseous Effluent Monitor Setpoint Determination 

2.2.1 Containment and Auxiliary Building Vent Monitor. Per the requirements 
of Specificatip 3.2 (Technical Specification 7.2), alarm setpoints shall be 
established for the gaseous effluent monitoring instrumentation to ensure 
that the release rate of noble gases does not exceed corresponding dose 
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rate at the site boundary of 500 mrem/year to the total body or 3000 
mrem/year to the skin. Based on a grab sample analysis of the applicable 
release (i.e., grab sample of the Containment vent or Auxiliary Building 
vent), the radiation monitoring alarm setpoints may be established by the 
following calculational method: 

FRAC = [4.72E+02 x X/Q x VF x E (Ci x Kj)] + 500

(2.1)

FRAC = [4.72E+02 x X/Q x VF x E(Ci x (Li + 1.1 Mi))] + 3000

(2.2) 

= fraction of the allowable release rate based on the identified 
radionuclide concentrations and the release flow rate 

= annual average meteorological dispersion to the controlling 
site boundary location (sec/m 3) 

= ventilation system flow rate for the applicable release point 
and monitor (ft3/min) 

= concentration of noble gas radionuclide i as determined by 
radioanalysis of grab sample (.sCicm3) 

= total body dose conversion factor for noble gas radionuclide 
i (mrem/yr per MCilm , from Table 2.) 

= beta skin dose conversion factor for noble gas radionuclide 
i (mrem/yr per jsCi/m , from Table 2.1) 

= gamma air dose conversion factor for noble gas 
radionuclide i (mrad/yr per gCilm 3, from Table 2.1) 

= mrem skin dose per mrad gamma air dose (mrem/mrad) 

= conversion factor (cm 3 /ft3 x min/sec) 

= total body dose rate limit (mrem/yr) 

= skin dose rate limit (mrem/yr) 
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FRAC 

X/Q.  

VF 

Ci

1.1 

4.72E+02 

500 

3000



Based on the more limiting FRAC (i.e., higher value) as determined above, the 
alarm setpoint for the Containment and Auxiliary Building vent monitors at 
Kewaunee may be calculated: 

SP = [ C1 x SEN + FRAC] + bkg 

(2.3) 
where: 

SP = alarm setpoint corresponding to the maximum allowable 
release rate (cpm) 

SEN = monitor sensitivity (cpm per PCi/cm3) 

bkg = background of the monitor (cpm) 

2.2.2 Conservative Default Values. A conservative alarm setpoint can be 
established, in lieu of the individual radionuclide evaluation based on the 
grab sample analysis, to eliminate the potential of periodically having to 
adjust the setpoint to reflect minor changes in radionuclide distribution and 
variations in release flow rate. The alarm setpoint may be conservatively 
determined by the default values presented in Table 2.2. These values are 
based upon: 

- the maximum ventilation flow rate; 
- a radionuclide distribution3 comprised of 95% Xe-133, 2% 

Xe-135, 1% Xe-133m, 1% Kr-88 and 1% Kr-85; and 
- an administrative multiplier of 0.5 to conservatively assure that any 

simultaneous releases do not exceed the maximum allowable 
release rate.  

For this radionuclide distribution, the alarm setpoint based on the total 
body dose rate is more restrictive than the corresponding setpoint based 
on the skin dose rate. The resulting conservative, default setpoints are 
presented in Table 2.  

2.3 Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20 

2.3.1 Site Boundary Dose Rate - Noble Gases. Specificatio3..a (Technical 
Specification 7.4.1.a) limits the dose rate at the site boundary due to noble 
gas releases to 5 500 mrem/yr to the total body, and 5 3000 mrem/yr 
to the skin. Radiation monitor alarm setpoints are established to ensure 
that these release limits are not exceeded. In the event any gaseous 

3Adopted from ANSI N237-1976/ANS-18. 1, Source Term Specifications, Table 6.  
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releases from the station results in the alarm setpoints being exceeded, an 
evaluation of the unrestricted area dose rate resulting from the release may 
be performed using the following equations: 

Dtb = X/Q x (Ki x Qi) 

and (2.4) 

I) = X/Q x ((L 1.1Mi) x 0i) 

(2.5) 
where: 

Dtb = total body dose rate (mrem/yr) 

D = skin dose rate (mrem/yr) 

X/Q = atmospheric dispersion to the controlling site boundary (sec/m 3) 

Q = average release rate of radionuclide i over the release period under 
evaluation (pCilsec) 

K, = total body dose conversion factor for noble gas radionuclide i 
(mrem/yr per yCilm', from Table 2.1) 

Li = beta skin dose conversion factor for noble gas radionuclide i 
(mrem/yr per MCilm3 , from Table ( ) 

Mj = gamma air dose conversion factor for noble gas radionuclide i 
(mradlyr per /ACilm 3, from Table 21) 

1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad) 

Actual meteorological conditions concurrent with the release period or the default, 
annual average dispersion parameters as presented in Table 2.3 may be used for 
evaluating the gaseous effluent dose rate.  

2.3.2 Site Boundary Dose Rate - Radioiodine and Particulates. Speifiation 
3.4..b (Technical Specification 7.4.1.b) limits the dose rate to 5 1500 
mrem/yr to any organ for 1-131, 1-133, tritium and particulates with 
half-lives greater than 8 days. To demonstrate compliance with this limit, 
an evaluation is performed at a frequency no greater than that 
corresponding to the sampling and analysis time period for continuous 
releases (e.g., nominally once per 7 days) and for batch releases on the 
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time period over which any batch release is to occur. The following 
equation may be used for the dose rate evaluation: 

D 0 = X/Q x (Rix Q) 

(2.6) 
where: 

Do = average organ dose rate over the sampling time period (mrem/yr) 

X/Q = atmospheric dispersion to the controlling site boundary for the 
inhalation pathway (sec/m 3) 

R = dose parameter for radionuclide i, (mrem/yr per ACilm 3) for the 
child inhalation pathway from Table 2A, 

Q1  = average release rate over the appropriate sampling period and 
analysis frequency for radionuclide i, 1-131, 1-133, tritium or other 
radionuclide in particulate form with half-life greater than 8 days 
(pCi/sec) 

By substituting 1500 mrem/yr for bo solving for Q, an allowable release rate for 
1-131 can be determined. Based on the annual average meteorological dispersion 
(see Table 2.3) and the most limiting potential pathway, age group and organ 
(inhalation pathway, child thyroid -- R, = 1.62E+07 mrem/yr per 1sCilm 3) the 
allowable release rate for 1-131 is 12.8 ACilsec. An added conservatism factor 
of 0.25 has been included in this calculation to account for any potential dose 
contribution from other radioactive particulate material. For a 7 day period 
which is the nominal sampling and analysis frequency for 1-131, the cumulative 
allowable release is 3.9 Ci. Therefore, as long as the 1-131 releases in any 7 day 
period do not exceed 3.9 Ci, no additional analyses are needed to verify 
compliance with the Specification34.(Technical Specification 7.4.1.b) limits 
on allowable release rate.  

2.4 Gaseous Effluent Dose Calculations - 10 CFR 50 

2.4.1 Unrestricted Area Dose - Noble Gases. Specification 3.4.2 (Technical 
Specification 7.4.2) requires a periodic assessment of releases of noble 
gases to evaluate compliance with the quarterly dose limits of (55 mrad.  
gamma-air and 1 l0 mrad, beta-air) and the calendar year limits (! 10 
mrad, gamma-air and 20 mrad, beta-air). The following equations may 
be used to calculate the gamma-air and beta-air doses: 
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Dy = 3.17E-08 x X/Q x i (Mi x Qg)

and (2.7) 

D = 3.17E-08 x X/Q x i (N x Q1) 

(2.8) 
where: 

Dy = air dose due to gamma emissions for noble gas 
radionuclides (mrad) 

D= air dose due to beta emissions for noble gas radionuclides 
(mrad) 

X/Q = atmospheric dispersion to the controlling site boundary 
(sec/m 3) 

Qi= cumulative release of noble gas radionuclide i over the 
period of interest (uCi) 

= air dose factor due to gamma emissions from noble gas 
radionuclide i (mradlyr per pCilm3 from Table 2.1) 

Ni= air dose factor due to beta emissions from noble gas 
radionuclide i (mradlyr per sCilm 3, Table 2.1) 

3.17E-08 = conversion factor (yr/sec) 

In lieu of the individual noble gas radionuclide dose assessment as presented 
above, the following simplified dose calculational equation may be used for 
verifying compliance with the dose limits of speciflcation 3A.2 (Technical 
Specification 7.4.2). (Refer to Appendix B for the derivation and justification for 
this simplified method.) 
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.4

3.17E-08 XXIQXM, 
0.50 

and (2.9) 

D 3.17E-08 x X/Q x Nff x E 
0.50 

(2.10) 
where: 

Meff = 5.3E+02 effective gamma-air dose factor (mradlyr per ACi/m3) 

Neff = 1.1E+03 effective beta-air dose factor (mradlyr per ACilm 3) 

0.50 = conservatism factor 

Actual meteorological conditions concurrent with the release period or the default, 
annual average dispersion parameters as presented in Table 2.3, may be used for 
the evaluation of the gamma-air and beta-air doses.  

2.4.2 Unrestricted Area Dose - Radioiodine and Particulates. Per the 
requirements of Specification 3.4.3 (Technical Specification 7.4.3), a 
periodic assessment shall be performed to evaluate compliance with the 
quarterly dose limit (57.5 mrem) and calendar year limit (515 mrem) 
to any organ. The following equation may be used to evaluate the 
maximum organ dose due to releases of 1-131, 1-133, tritium and 
particulates with half-lives greater than 8 days: 

Daop = 3.17E-08 x W x SF x (Ri x Q) 

(2.11) 
where: 

Daop = dose or dose commitment for age group a to organ o, including the 
total body, via pathway p from 1-131, 1-133, tritium and 
radionuclides in particulate form with half-life greater than eight 
days (mrem) 
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W = atmospheric dispersion parameter to the controlling location(s) as 
identified in Table 2.3 

X/Q = atmospheric dispersion for inhalation pathway and 
H-3 dose contribution via other pathways (sec/m 3) 

D/Q = atmospheric deposition for vegetation, milk and 
ground plane exposure pathways (1/m2) 

Rj = dose factor for radionuclide i, (mrem/yr per gCilm 3) or 
2 (m - mrem/yr per ACilsec) from Table 2.4 through 2.15 for each 

age group a and the applicable pathway p as identified in Table 
2.3. Values for R, were derived in accordance with the methods 
described in NUREG-0133.  

Q = cumulative release over the period of interest for radionuclide i -
1-131 or radioactive material in particulate form with halflife 
greater than 8 days (jsCi).  

SFP = seasonal correction factor to account for the fraction of the period 
that the applicable exposure pathway does exist.  

1) For milk and vegetation exposure pathways: 

= # of months in the period that grazing OCcu 
total # of months in period 

= 0.5 for annual calculations 

2) For inhalation and ground plane exposure pathways: = 1.0 

In lieu of the individual radionuclide (1-131 and particulates) dose assessment as 
presented above, the following simplified dose calculational equation may be used 
for verifying compliance with the dose limits of Specicatio 3.4.3 (Technical 
Specification 7.4.3).  
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Dmn = 3.17E-08 x W x SFP x RI- 131 x Qi

(2.12) 
where: 

Dmax = maximum organ dose (mrem) 

RI-131= 1-131 dose parameter for the thyroid for the identified controlling 
pathway 

= 1.05E+ 12, infant thyroid dose parameter with the grass-cow-milk 
pathway controlling (m2 _ mremlyr per ACi/sec) 

The ground plane exposure and inhalation pathways need not be considered when 
the above simplified calculational method is used because of the overall negligible 
contribution of these pathways to the total thyroid dose. It is recognized that for 
some particulate radionuclides (e.g. Co-60 and Cs-137), the ground plane 
exposure pathway may represent a higher dose contribution than either the 
vegetation or grass-cow-milk pathway. However, use of the 1-131 thyroid dose 
parameter for all radionuclides will maximize the organ dose calculation, 
especially considering that no other radionuclide has a higher dose parameter for 
any organ via any pathway than 1-131 for the thyroid via the grass-cow-milk 
pathway.  

The location of exposure pathways and the maximum organ dose calculation may 
be based on the available pathways in the surrounding environment of Kewaunee 
as identified by the annual land-use census,. se Specification 3.6.2 (Technical 
Specification 7.7.2). Otherwise, the dose will be evaluated based on the 
predetermined controlling pathways as identified in Table 23.  

2.5 Gaseous Effluent Dose Projection 

Spcifiaion 3.4.4 (Technical Specification 7.4.4) requires that the Ventilation 
Exhaust Treatment System be used to reduce radioactive material levels prior to 
discharge when projected doses exceed one-half the annual design objective rate 
in any calendar quarter, i.e., exceeding: 

- 0.62 mrad/quarter, gamma air; 
- 1.25 mrad/quarter, beta air; or 
- 0.94 mrem/quarter, maximum organ.  

The applicable gaseous release sources and processing systems are as delineated 
in Figure 2.  
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Dose projections are performed at least once per 31 days by the following 
equations: 

D = D x (91 + d) 

(2.13) 

DP= Do x (91 +d) 

(2.14) 

Dmaxp Dmax x (91 + d) 

(2.15) 
where: 

D = gamma air dose projection for current calendar quarter (mrad) 

U = gamma air dose to date for current calendar quarter as determined 
by equation (2.7) or (2.9) (mrad) 

DO = beta air dose projection for current calendar quarter (mrad) 

D = beta air dose to date for current calendar quarter as determined by 
equation (2.8) or (2.10) (mrad) 

Dmaxp = maximum organ dose projection for current calendar quarter (mrem) 

Dmax = maximum organ dose to date for current calendar quarter as 
determined by equation (2.11) or (2.12) (mrem) 

d = number of days to date in current calendar quarter 

91 = number of days in a calendar quarter 

2.6 Environmental Radiation Protection Standards 40 CFR 190 

For the purpose of implementing Specifiation 3.5 (RETS Technical Specification 
7.6) on the EPA environmental radiation protection standard and Technical 
Specification 6.9.3.b on reporting requirements, dose calculations may be 
performed using the above equations with the substitution of average or actual 
meteorological parameters for the period of interest and actual applicable pathways.  
Any exposure attributable to on-site sources will be evaluated based on the results 
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of the environmental monitoring program (TLD measurements) or by calculational 
methods. NUREG-0543 describes acceptable methods for demonstrating 
compliandb with 40 CFR Part 190 when radioactive effluents exceed the Appendix 
I portion of the specifications.  

During plant operation, mdioactively contamiated -oil are generated from various 
equipment operating in the plant. The largest source of contaminated oil is the 
reactor coolant pump lubricating oil which is periodically changed for prventive 
maintenance reasons. 10 CPR Part 20 alows liceasses to incinerae rdioactively 
contam ated oil on site prvided that the total radioactive effluents from the 
facility conform to the requirements of 10 CFR Part 50, Appendix~ I.  

Itadioactively cotmntdoil, which isdeinae for incineration, will be 
collected fa containers which are uniqu~ely seialiaed suich that the conitents can be 
identified and tracked. Each container will be sampled and analyzed for 
radioactivty The isotopic concentrations will be iecorded for each container.  

The heating boiler will be utilized to incinerate the radioactively contaminated oil 
collected on site. A gaseous radwaste effluent dose calculation, as prescribed in 
Section 2.3 of the ODCM, will be performed to insuire that the Limits established 
by Spcfctos3/4.4.1, 34A4.2 and 3/4.4.3 (Techical.Specifications 7/8.4.1, 
7/8.4. 2 and 7/3.4,3) are not exceeded. Release of the activity is assumed to occur 

. at the time the anaiaetoil is transferred into the beating boiler fuel oil storage 
tank and will be accounted for using established plant procedue. This will be 
valid for an assumed reicase from the fuel oil storage tank vent, fill piping, or 
from the boiler exhaust stack. See Pigure 3 for adecito of the heating boiler 
fuel oil system.  
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The shield building ventilation and special ventilation are ESF systems and are not part 
of the normal effluent processing system They are included for completeness only.  

Ihe (s i, idn, it ait "uples H 1 1) aid radialion monitor (R 12) 
ialr jso, Ue aignd d' n ted ful sd piam lfg culaililent vent.
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Figure 2 
Gaseous Radioactive Effluent Flow Diagram
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Figure 3

Simplified Healing Boiler Fuel Oil Piping System
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Radionuclide 

Kr-83m 

Kr-85m 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

Kr-90 

Xe-131m 

Xe-133m 

Xe-133 

Xe-135m 

Xe-135 

Xe-137 

Xe-138 

Ar-41

Total Body 
Dose Factor 

Ki 
(mrem/yr per pCi/m 3 ) 

7.56E-02 

1. 17E+03 

1.61E+01 

5.92E +03 

1.47E+04 

1.66E+04 

1.56E+04 

9.15E+01 

2.51E+02 

2.94E+02 

3.12E+03 

1.81E+03 

1.42E+03 

8.83E+03 

8.84E+03

Table 2.1 

Dose Factors for Noble Gases 

Gamma Air Beta Air 
Skin Dose Factor Dose Factor Dose Factor 

Li MI Ni 
(mren/yr per ;&Ci/m 3) (mradlyr per pCi/m 3) (mradlyr per uCi/m3)

1.46E+03 

1.34E+03 

9.73E+03 

2.37E+03 

1.OIE+04 

7.29E+03 

4.76E+02 

9.94E+02 

3.06E+02 

7. 11E+02 

1.86E+03 

1.22E+04 

4.13E+03 

2.69E+03

1.93E+01 

1.23E+03 

1.72E+01 

6.17E+03 

1.52E+04 

1.73E+04 

1.63E+04 

1.56E+02 

3.27E+02 

3.53E+02 

3.36E+03 

1.92E+03" 

1.51E+03 

9.21E+03 

9.30E+03

31

2.88E+02 

1.97E+03 

1.95E+03 

1.03E+04 

2.93 E +03 

1.06E+04 

7.83E+03 

1. 11E+03 

1.48E+03 

1.05E+03 

7.39E+02 

2.46E+03 

1.27E+04 

4.75E+03 

3.28E+03 
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Table 2.2 

Parameters for Gaseous Alarm Setpoint Determinations

calculated 

fan curves 

measured

nuclide specific 

nuclide specific 

nuclide specific 

as determined

as determined

calculated 
calculated 
calculated 
calculated

Default Value,

3.6E-06 

33,000 
54,000

N/A 

N/A 

N/A 

N/A

1.OE+06 
2.OE+07 
2.OE+07 
2.OE+07 

4.OE+02 
4.OE+01 
6.OE+02 
9.OE+02

9.60E+03 (+bkg) 
1.92E+05 (+bkg) 
I.17E+05 (+bkg) 
1.17E+05 (+bkg)

Units 

sec/m 3 

cfm 
cfm 

pCi/cm3 

mrem/yr per pCi/m3 

mrem/yr per pCim 3 

mradlyr per pCi/m3 

cpm per pCi/cm3

cpm

Comments 

Licensing technical specification value 

Containment - normal plus purge modes 
Auxiliary Building - normal operation

Values from Table 

Values from Table 2.i 

Values from Table -1 

Containment 
Containment 
Auxiliary Building 
Auxiliary Building

Nominal values only; actual values may be 
used in lieu of these reference values.

cpm

*Conservatively based on Xe-133 sensitivity

32

Default alarm setpoints; more conservative 
values may be used as deemed appropriate 
and desirable for ensuring regulatory 
compliance and for maintaining releases 
ALARA.
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Parameter

X/Q 

VF

C.

SEN* 
R- 12 
R-21 
R-13 
R- 14 

bkg 
R- 12 
R-21 
R-13 
R-14 

SP 
R-12 
R-21 
R- 13 
R- 14



Table 2.3 
Controlling Locations, Pathways and 

Atmospheric Dispersion for Dose Calculations

(Technical) 
Specification 

3.4.1.(.7.4. 1.a)

3 A.1.b(7.4. I .b)

3.4.2(7.4.2) 

3.4.3(7.4.3)

Location 

site boundary 

(1300 m, N) 

site boundary 

(1300 m, N) 

site boundary 

(1300 m, N) 

residence/dairy 

(1 mile W)

Pathway(s) 

noble gases 

direct exposure

inhalation

gamma-air

Atmospheric Dispersion 
X/Q D/ 
(sec/m (1/m" 

3.6E-06 N/A

3.6E-06

3.6E-06

beta-air 

vegetation, milk and 5.6E-07 

ground plane

N/A

N/A

5.6E-09
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Table 2.4 

Ri Inhalation Pathway Dose Factors - ADULT 
(mrem/yr per ACi/m 3 ) 

Nuclide Bone Liver Thyroid Kidney L GI-LLI T.Body

1.82E + 4 
1.02E+4 
1.32E + 6 

2.46E + 4 
1.18E+4 

4.32E + 5 
1.54E+0 

3.24E + 4 
3.38E-2

1.26E + 3 
3.41E + 3 
1.02E + 4 
7.71E + 4 

3.96E + 4 
1.24E+0 
1.70E + 4 
2.78E+4 
6.92E + 2 

1.58E+3 
1.15E+4 
3.14E + 4 
2.1OE-1 
1.46E+ 0 

1.03E + 5 
6.51E-2

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

9.92E + 7 
6.19E+1 
6.74E+0 
2.09E+3 
2.61E- 1 

4.62E + 5 
1.03E + 1 
9.44E + 1 
1.07E + 5 
9.68E+1 

1.41E + 4 
2.22E-1 

1.03E-3 
4.18E-5

1.26E+3 
3.41E + 3 
1.02E + 4 

5.95E + 1

1.26E+3 
3.41E + 3 
1.02E + 4 

2.28E + 1 

9.84E + 3 
1.30E+0

1.26E+3 
3.41E + 3 
1.02E+4 

1.44E + 4

1.40E+6 
9.44E + 3 
7.21E + 4 
1.02E+6 
3.70E + 5

- 9.28E+5 
- 5.97E+6 
- 1.78E + 5 
- 5.60E+3 

4.62E + 0 6.78E + 3

6.90E + 4 
4.22E-2

8.64E + 5 
9.20E + 2

1.26E+3 
3.41E + 3 
1.02E+4 
8.64E + 4 
3.32E + 3 

7.74E+4 
2.02E + 4 
6.03E + 3 
1.88E + 5 
3.14E + 4 

1.06E+5 
2.85E+5 
1.34E + 4 
1.23E+4 
4.90E+4 

5.34E + 4 
1.63E + 1 
1.04E + 4 
2.32E + 2 
1.64E-3

- 1.66E+4 
- 3.34E-9 

1.40E+6 3.50E+5

3.44E+4 
1.96E+1 

7.82E + 3 
5.62E-2 
1.21E + 2 
2.91E-3 
6.02E-5

5.42E+4 
2.97E +1 

7.74E + 3 
6.54E-2 
2.91E + 2 
4.42E-2 
1.08E-3

9.60E+6 
3.65E+4 
1.65E + 4 
1.70E+5 
1.92E+3 

1.70E+6 
1.57E + 4 
4.85E + 4 
1.77E+6 
7.87E+4 

5.05E + 5 
2.40E + 3 
9.12E + 4 
7.64E+2 
3.99E + 2

7.22E+5 
1.91E+5 
4.30E + 4 
5.06E+5 
1.33E+ 0 

3.85E+5 
7.35E + 4 
4.22E + 5 
1.50E+5 
5.23E + 5 

1.04E + 5 
2.42E + 2 
2.48E + 5 
4.16E+3
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1.26E+3 
3.41E + 3 
1.02E+4 
5.01E + 4 
1.OOE + 2 

6.30E+3 
1.83E-1 
3.94E + 3 
1.06E+4 
6.71E + 2 

2.07E+3 
1.48E+4 
1.45E + 4 
9.12E-2 
6.15E-1 

4.66E + 4 
4.52E-3 
1.35E+4 
2.41E + 2 
3.13E + 2

1.28E + 1 
5.90E+4 
1.93E + 2 
1.70E+2 
8.72E+3 

6.10E+6 
2.50E + 0 
2.91E-1 
5.61E+ I 
1.02E-2 

1.24E+4 
3.02E-1 
2.61E+O 
2.33E + 4 
9.04E+0 

4.21E + 3 
2.05E-2 
2.30E + 1 
3.70E-2 
5.90E-4 
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- 1.35E+5 
- 3.87E + 2 
- 2.56E+2 

3.04E+5 -



Table 2.A (Continued) 

R1 Inhalation Pathway Dose Factors - ADULT 

(mrem/yr per AsCi/m 3)

Thyroid Kidney 

- 5.83E+3 
- 1.02E+0 
- 1.34E+5

Nuclide 

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-132 
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs- 137 

Cs-138 
Ba- 139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

Bone 

1.53E + 3 
7.90E- 1 
6.91E + 4 

1.08E+4 
3.12E+4 
5.34E + 4 
3.42E+3 
1.26E+4 

1.40E+ 0 
9.76E + 3 
4.98E-2 
6.99E+1 
1.11E-2 

2.60E + 2 
4.58E + 3 
2.52E + 4 
1.16E+3 
8.64E + 3 

6.44E + 2 
2.68E + 3 
3.73E + 5 
3.90E+4 
4.78E + 5 

3.31E + 2 
9.36E-1 
3.90E + 4 
1.OOE-1 
2.63E-2 

3.44E + 2 
6.83E-1 
1.99E+4 
1.86E+2 
3.43E+6 

9.36E + 3 
3.01E-2 
5.27E+3 
8.48E+0 
2.30E + 2

Lung GI-LLI T.Body

5.05E + 5 
1.10E+4 
9.36E+6 

4.63E + 6 
2.48E + 6 
1.74E+6 
3.14E+5 
9.60E + 5 

6.51E + 3 
1.16E+6 
1.94E + 3 
1.46E+5 
1.39E + 3

1.10E+5 
4.82E + 4 
9.12E+5 

3.02E + 5 
4.06E + 5 
1.01E + 5 
7.06E + 4 
1.50E + 5 

5.74E+4 
3.83E + 5 
1.57E + 2 
5.56E+5 
1.84E + 1

2.88E+5 5.10E+5 
- 7.69E + 3 
- 6.28E+3 
- 4.06E + 2 
- 8.88E + 3

7.55E+1 
5.40E+1 
1.05E+3 
3.29E+3 

1.06E+0 
3.44E + 3 
3.90E-2 
5.50E+ 1 
9.36E-3 

1.90E + 2 
1.14E+6 
1.19E+7 
1.14E + 5 
2.15E + 6 

2.98E + 4 
4.48E + 5

1.OOE + 4 
5.89E + 2 
5.95E+2 
1.58E + 3 
5.77E+3 

6.42E-1 
4.67E+3 
2.39E-2 
4.36E +1 
5.95E-3 

2.15E+2 
1.34E + 4 
3.58E+4 
3.26E + 3 
1.48E + 4 

1.73E+3 
6.98E + 3 
8.48E + 5 
1.46E+5 
6.21E + 5 

6.21E + 2 
6.66E-4 
4.90E + I 
7.53E-5 
2.70E-5 

1.74E+2 
3.10E-1 
1.35E + 4 
1.38E + 2 
1.43E+6 

3.75E+3 
1.25E-2 
6.10E+3 
7.08E+0 
2.26E + 1

35

1.97E+4 

1.24E+4 
4.58E + 4 

5.1OE+O 
3.66E+4 
1.87E-1 
3.09E+2 
4.37E-2 

1.46E+3 
2.09E + 4 
6.13E+4 
5.18E + 3 
2.58E + 4 

2.75E+3 
1.11E + 4 
2.87E + 5 
8.56E + 4 
2.22E + 5 

4.80E + 2 
6.22E-4 
1.67E+1 
7.OOE-5 
2.29E-5 

6.26E + 3 
6.08E +1 
8.48E+5 

2.16E+3 
7.05E-3 
3.56E+3 

7.OOE + 1

9.76E + 4 
1.20E + 4 
7.52E + 4 

4.86E + 1 
3.76E+3 
1.27E+6 
1.94E+3 
1.19E+3 

1.36E+5 
6.33E + 3 
3.62E + 5 
7.98E+4 
7.78E+6 

2.81E+5 
1.02E+3 
2.21E+5 
2.90E + 4 
3.76E + 4

1.0LE + 0 
5.25E + 3 
1.04E + 4 
1.17E+4 
8.40E + 3 

1.86E-3 
8.96E + 2 
2.18E+5 
1.16E-7 

4.58E + 5 
2.11E+3 
1.20E + 5 
2.26E + 5 
8.16E+5 

2.OOE + 5 
2.15E-8 
1.73E+5 
1.55E + 5 
1.19E+5

Liver

6.58E+2 
3.11E-1 
8.72E+3 

5.94E + 3 
1.24E+4 
1.26E+4 
4.67E+2 
1.57E+3 

3.1OE-1 
1.58E+3 
1.24E-2 
2.90E +1 
3.59E-3 

1.62E+2 
5.28E + 3 
2.05E+4 
1.16E+3 
4.52E + 3 

6.15E+2 
2.57E + 3 
7.28E + 5 
1.10E+5 
4.28E + 5 

3.24E + 2 
2.74E-2 
2.57E+3 
3.36E-3 
1.66E-3 

4.58E +1 
7.72E-2 
1.53E+3 
1.53E+ I 
1.84E+5 

4.64E+2 
1.53E-3 
3.65E + 2 
2.48E+0 
1.24E + 1 
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Table 2.5 

Rt Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per ACi/m 3 )

Bone 

2.60E + 4 
1.38E+4 
1.89E+6 

3.34E + 4 
1.59E+4 

5.80E + 5 
2.18E + 0

Liver T'hri Kidney

1.27E + 3 
4.87E*+ 3 
1.38E+4 
1.10E+5 

5.11E+4 
1.70E+0 
2.38E + 4 
3.70E+4 
6.92E+2 

2.07E+3 
1.51E+4 
4.34E + 4 
2.93E-1 
2.03E+0

1.27E + 3 
4.87E + 3 
1.38E+4 

7.50E +1

Nuclide 

H-3 
C- 14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83, 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

1.27E + 3 
4.87E + 3 
1.38E+4 

3.07E+ 1 

1.27E+4 
1.79E+0 

6.41E +0 

8.64E + 4 
6.02E-2

- 1.90E+5 
- 5.46E+2 
- 3.52E+2 

4.34E+5 -

1.08E + 8 
8.80E+1 
9.52E+0 
2.98E + 3 
3.70E-1 

6.61E+5 
1.47E+ 1 
1.35E+2 
1.46E+5 
1.38E + 2 

1.86E+4 
3.14E-1 

1.38E-3 
5.92E-5

Lung GI-LLI T.Body

1.27E + 3 
4.87E + 3 
1.38E+4 

2.10E+4 

1.98E+6 
1.52E+4 
1.24E + 5 
1.53E+6 
5.86E+5 

1.34E+6 
8.72E+6 
3.07E+5 
9.36E + 3 
1.11E+4 

1.24E + 6 
1.58E + 3

1.27E + 3 
4.87E + 3 
1.38E+4 
9.28E+4 
3.OOE+3 

6.68E+4 
5.74E+4 
6.39E + 3 
1.78E+5 
3.14E+4 

9.52E+4 
2.59E + 5 
1.42E+4 
3.67E + 4 
6.14E+4 

4.66E + 4 
2.85E+2

- 1.77E+4 
- 2.92E-5 
- 3.38E-7 

2.42E + 6 3.71E + 5

4.58E + 4 
2.72E + 1 

1.03E + 4 
7.78E-2 
1.69E + 2 
3.86E-3 
8.40E-5

6.74E+4 
4.12E + 1 

1.OOE+4 
9.12E-2 
4.11E+2 
5.76E-2 
1.52E-3

1.65E + 7 
6.07E+4 
2.74E+4 
2.93E + 5 
3.20E+3 

2.94E + 6 
2.68E + 4 
8.32E + 4 
2.69E +6 
1.30E + 5 

7.51E+5 
3.93E+3 
1.54E+5 
1.15E+3 
6.67E + 2

7.65E + 5 
2.59E + 5 
1.19E+5 
5.59E + 5 
3.02E+1 

4.09E+5 
1.65E+5 
5.79E+5 
1.49E + 5 
6.30E + 5 

9.68E+4 
2.17E+3 
2.69E + 5 
6.13E + 3 
8.72E-7

36

1.27E + 3 
4.87E + 3 
1.38E+4 
7.16E+4 
1.35E+2 

8.40E+3 
2.52E-1 
5.54E + 3 
1.43E+4 
9.20E+2 

2.78E+3 
1.98E+4 
1.98E+4 
1.27E-1 
8.48E-1 

6.24E + 4 
6.46E-3 
1.82E + 4 
3.44E+2 
4.33E + 2

1.83E + 1 
8.40E + 4 
2.72E+2 
2.33E + 2 
1.25E + 4 

6.68E + 6 
3.51E+O 
4.06E-1 
8.OOE +1 
1.42E-2 

1.77E+4 
4.29E-1 
3.72E + 0 
3.15E+4 
1.26E + 1 

5.66E+3 
2.84E-2 
3.22E+ 1 
4.99E-2 
8.24E-4 
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3.86E + 4 1.34E + 5 
4.83E-2 9.20E-2



Table 2.5 (Continued)

R Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per pCi/m 3

ThYroid Kidney 

- 7.43E+3 
- 1.41E+0 
- 1.90E+ 5

Nuclide 

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131

GI-LLI T.Body 

7.83E+5 1.09E+5 8.96E+ 
1.82E+4 9.04E+4 4.34E-1 
1.61E+7 9.60E+5 1.24E+

2.50E + 4 6.75E + 6 
- 3.85E+6 
- 2.74E + 6 
- 5.36E+5 

6.54E+4 1.66E+6

2.10E+3 
1.12E+O 
9.84E+4 

1.38E + 4 
4.30E + 4 
7.38E + 4 
4.88E + 3 
1.80E+4 

2.01E + 0 
1.39E + 4 
7.10E-2 
9.84E+1 
1.58E-2' 

3.60E + 2 
6.24E + 3 
3.54E + 4 
1.59E + 3 
1.22E+4 

8.88E+2 
3.70E + 3 
5.02E+5 
5.15E + 4 
6.70E + 5 

4.66E + 2 
1.34E+ 0 
5.47E+4 
1.42E-1 
3.70E-2 

4.79E+2 
9.60E-1 
2.84E+4 
2.66E + 2 
4.89E+6 

1.34E + 4 
4.30E-2 
7.86E + 3 
1.20E+ 1 
3.38E + 2

1.12E+4 
1.98E + 6 
3.30E+3 
2.38E+5 
2.34E + 3

2.73E + 5 
3.98E+5 
9.92E + 4 
7.50E + 4 
1.59E+5 

8.08E + 4 
4.05E + 5 
1.62E+3 
6.21E + 5 
1.51E + 1

4.49E + 5 4.63E + 5 
- 9.12E + 3 
- 6.49E+3 
- 1.27E + 3 
- 1.03E+4

9.76E +1 
7.04E + 1 
1.40E+3 
4.38E + 3 

1.42E + 0 
4.58E + 3 
5.18E-2 
7.25E +1 
1.24E-2 

2.46E + 2 
1.49E + 6 
1.46E+7 
1.51E + 5 
2.92E+6 

3.95E+4 
6.21E + 5

1.31E + 4 
7.94E+2 
8.08E + 2 
2.24E + 3 
8.16E+3 

9.12E-1 
6.58E + 3 
3.38E-2 
6.01E+1 
8.32E-3 

2.90E + 2 
1.79E + 4 
4.91E+4 
4.38E + 3 
2.05E+4 

2.32E + 3 
9.44E + 3 
1.13E+6 
1.94E+5 
8.48E + 5 

8.56E + 2 
9.44E-4 
6.70E + 1 
1.06E-4 
3.70E-5 

2.36E+2 
4.25E-1 
1.90E+4 
1.94E + 2 
2.02E+6 

5.31E+3 
1.76E-2 
8.56E+3 
9.76E+0 
3.19E + 1

37

7.99E + 3 
1.68E+4 
1.72E + 4 
6.67E+2 
2.18E+3 

4.42E-1 
2.25E + 3 
1.76E-2 
4.02E+1 
5.04E-3

2.19E + 2 
7.17E + 3 
2.64E + 4 
1.58E + 3 
6.22E+3 

8.40E+2 
3.49E + 3 
5.49E+5 
1.37E+5 
3.11E+5 

4.46E + 2 
3.90E-2 
3.52E + 3 
4.74E-3 
2.27E-3 

6.26E+ 1 
1.06E-1 
2.17E+3 
2.16E + 1 
2.62E + 5 

6.62E + 2 
2.18E-3 
5.13E+2 
3.43E+0 
1.77E + 1 
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7.28E+0 
5.19E + 4 
2.66E-1 
4.39E + 2 
6.18E-2 

1.95E + 3 
2.75E + 4 
8.40E+4 
6.92E + 3 
3.59E + 4 

3.66E+3 
1.49E + 4 
3.75E+5 
1.10E+5 
3.04E + 5 

6.62E + 2 
8.88E-4 
2.28E + 1 
9.84E-5 
3.14E-5 

8.88E + 3 
8.64E + 1 
1.21E+6 

3.09E+3 
1.01E-2 
5.02E + 3 

1.OOE + 2

Te-132 
1-130 
1-131 
I-132 
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs-137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142.  
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

Bone

1.46E+5 
1.78E+4 
1.21E + 5 

7.87E + 1 
6.46E+3 
2.03E + 6 
3.29E+3 
1.91E + 3 

2.14E+5 
1.02E+4 
6.14E+5 
1.30E + 5 
1.34E+7 

4.83E + 5 
1.75E+3 
3.72E+5 
4.74E+4 
6.49E + 4

Liver

2.04E+1 
6.95E + 3 
9.76E+3 
1.09E+4 
8.48E + 3 

2.70E-1 
6.45E+3 
2.29E + 5 
7.46E-4 

4.87E + 5 
1.20E + 4 
1.26E+5 
2.55E + 5 
8.64E+5 

2.14E + 5 
2.35E-4 
1.82E+5 
1.77E+5 
1.32E + 5

2 

4



Table 26 

Ri Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per gCi/m 3)

Bone 

3.59E + 4 
1.61E+4 
2.60E + 6 

4.74E + 4 
2.07E+4 

8.21E + 5 
2.99E+0 

4.26E + 4 
6.70E-2

Liver 

1.12E + 3 
6.73E + 3 
1.61E+4 
1.14E+5 

4.29E+4 
1.66E + 0 
2.52E + 4 
3.34E+4 
9.03E+2 

1.77E + 3 
1.31E + 4 
4.63E + 4 
2.96E-1 
1.99E+0 

1.13E+5 
9.66E-2

Thyroid Kidney

1.12E+3 
6.73E + 3 
1.61E+4 

8.55E+ 1

1.12E + 3 
6.73E + 3 
1.61E+4 

2.43E +1 

1.OOE+4 
1.67E+0

Lne GI-LLI T.Body 

1.12E+3 1.12E+3 1.12E+l 
6.73E + 3 6.73E + 3 6.73E + 
1.61E+4 1.61E+4 1.61E+ 

- 4.22E + 4 9.88E + 
1.70E+4 1.08E+3 1.54E+ 

1.58E+6 2.29E+4 9.51E+ 
1.31E+4 1.23E+5 3.12E-1 
1.11E+5 2.87E + 3 7.77E + 
1.27E+6 7.07E+4 1.67E+ 
5.07E+5 1.32E+4 1.07E+

Nuclide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

- 7.14E + 4 
- 5.85E-2

- 1.98E+5 
- 5.62E+2 
- 3.45E+2 

5.99E+5 -

1.01E+8 
1.21E+2 
1.31E+1 
4.11E+3 
5.07E-1 

9.14E + 5 
2.04E +1 
1.86E+2 
1.90E+5 
1.88E+2 

2.35E+4 
4.29E-1 

1.78E-3 
8.10E-5

4.18E+4 
2.72E +1 

9.18E+3 
7.70E-2 
1.72E + 2 
3.48E-3 
8.51E-5

9.95E + 5 
1.42E+3

3.44E+4 
9.62E+4 
6.33E + 3 
8.40E + 4 
3.67E+4 

1.63E + 4 
1.02E + 4

- 7.99E+3 
- 1.72E+1 
- 1.89E+0 

2.16E+6 1.67E+5

- 5.96E+4 
- 3.89E+1 

- 8.62E+3 
- 8.55E-2 
- 3.92E+2 
- 5.07E-2 
- 1.45E-3

1.48E+7 
5.33E+4 
2.40E + 4 
2.62E+5 
2.81E+3 

2.63E + 6 
2.39E + 4 
7.44E+4 
2.23E + 6 
1.13E+5 

6.14E+5 
3.42E+3 
1.35E + 5 
9.51E+2 
5.85E+2

3.43E+5 
1.74E+5 
2.42E + 5 
2.68E + 5 
1.72E+3 

1.84E + 5 
2.39E+5 
3.89E + 5 
6.11E+4 
3.51E+5 

3.70E+4 
2.78E + 4 
1.27E+5 
4.81E+3 
1.63E+ 1

38

3.16E+3 
2.26E + 4 
2.80E + 4 
1.64E-1 
1.07E+0 

7.03E + 4 
8.92E-3 
2.09E + 4 
4.74E+2 
5.48E + 2

2.53E +1 
1.14E+5 
3.66E + 2 
2.90E+2 
1.72E + 4 

6.44E+6 
4.59E+0 
5.25E-1 
1.11E+2 
1.84E-2 

2.44E + 4 
5.81E-1 
5.11E+0 
3.70E + 4 
1.60E+1 

6.55E+3 
3.60E-2 
4.26E +1 
5.77E-2 
1.08E-3 
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- 1.11E+6 
- 7.07E+6 
- 2.75E + 5 
- 8.18E+3 

6.03E+0 9.58E+3

3 

3 

4 

4 

2 

3 

3 

4 

3



Table 2.6 (Continued)

R1 Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per gCi/m 3) 

Nuclide Bone Liver Ihgyroi Kidney Lg GI-LLI T.Body 

Ru-103 2.79E+3 - - 7.03E+3 6.62E+5 4.48E+4 1.07E+3 
Ru-105 1.53E+0 - 1.34E+0 1.59E+4 9.95E+4 5.55E-1 
Ru-106 1.36E+5 - - 1.84E+5 1.43E+7 4.29E+5 1.69E+4 
Rh-103m - - - - - -

Rh-106 - - - - - -

Ag-110m 1.69E+4 1.14E+4 - 2.12E+4 5.48E+6 1.OOE+5 9.14E+3 
Sb-124 5.74E + 4 7.40E + 2 1.26E + 2 - 3.24E + 6 1.64E + 5 2.OOE + 4 
Sb-125 9.84E + 4 7.59E + 2 9.10E + 1- 2.32E + 6 4.03E + 4 2.07E + 4 
Te-125m 6.73E + 3 2.33E + 3 1.92E + 3 - 4.77E + 5 3.38E + 4 9.14E + 2 
Te-127m 2.49E+4 8.55E+3 6.07E+3 6.36E+4 1.48E+6 7.14E+4 3.02E+3 

Te-127 2.77E+0 9.51E-1 1.96E+0 7.07E +0 L.OOE+4 5.62E+4 6.11E-1 
Te-129m 1.92E + 4 6.85E + 3 6.33E + 3 5.03E + 4 1.76E + 6 1.82E + 5 3.04E + 3 
Te-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3 2.55E+4 2.38E-2 
Te-131m 1.34E + 2 5.92E + 1 9.77E + 1 4.OOE + 2 2.06E + 5 3.08E + 5 5.07E + 1 
Te-131 2.17E-2 8.44E-3 1.70E-2 5.88E-2 2.05E+3 1.33E+3 6.59E-3 

Te-132 4.81E+2 2.72E + 2 3.17E + 2 1.77E + 3 3.77E + 5 1.38E + 5 2.63E + 2 
1-130 8.18E + 3 1.64E + 4 1.85E + 6 2.45E + 4 - 5.11E+3 8.44E + 3 
I-131 4.81E+4 4.81E+4 1.62E+7 7.88E+4 - 2.84E+3 2.73E+4 
1-132 2.12E+3 4.07E+3 1.94E+5 6.25E+3 - 3.20E+3 1.88E+3 
1-133 1.66E + 4 2.03E + 4 3.85E + 6 3.38E + 4 - 5.48E + 3 7.70E + 3 

1-134 1.17E+3 2.16E + 3 5.07E + 4 3.30E + 3 - 9.55E + 2 9.95E + 2 
1-135 4.92E + 3 8.73E + 3 7.92E + 5 1.34E + 4 - 4.44E + 3 4.14E + 3 
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.85E+3 2.25E+5 
Cs-136 6.51E+4 1.71E+5 - 9.55E+4 1.45E+4 4.18E+3 1.16E+5 
Cs-137 9.07E + 5 8.25E + 5 - 2.82E + 5 1.04E + 5 3.62E + 3 1.28E + 5 

Cs-138 6.33E+2 8.40E+2 - 6.22E+2 6.81E+1 2.70E+2 5.55E+2 
Ba-139 1.84E+0 9.84E-4 - 8.62E-4 5.77E+3 5.77E+4 5.37E-2 
Ba-140 7.40E + 4 6.48E + 1 - 2.11E + 1 1.74E + 6 1.02E + 5 4.33E + 3 
Ba-141 1.96E-1 1.09E-4 - 9.47E-5 2.92E+3 2.75E+2 6.36E-3 
Ba-142 5.OOE-2 3.60E-5 - 2.91E-5 1.64E+3 2.74E+0 2.79E-3 

La-140 6.44E + 2 2.25E + 2 - - 1.83E + 5 2.26E + 5 7.55E + 1 
La-142 1.30E+O 4.11E-1 - - 8.70E+3 7.59E+4 1.29E-1 
Ce-141 3.92E+4 1.95E+4 - 8.55E+3 5.44E+5 5.66E+4 2.90E+3 
Ce-143 3.66E+2 1.99E+2 - 8.36E+1 1.15E+5 1.27E+5 2.87E+1 
Ce-144 6.77E+6 2.12E+6 - 1.17E+6 1.20E+7 3.89E+5 3.61E+5 

Pr-143 1.85E+4 5.55E+3 - 3.OOE+3 4.33E+5 9.73E+4 9.14E+2 
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 1.57E+3 1.97E+2 3.OOE-3 
Nd-147 1.08E + 4 8.73E + 3 - 4.81E + 3 3.28E + 5 8.21E + 4 6.81E + 2 
W-187 1.63E+1 9.66E+0 - - 4.11E+4 9.10E+4 4.33E+0 
Np-239 4.66E + 2 3.34E + 1 - 9.73E + 1 5.81E + 4 6.40E + 4 2.35E + 1 
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Table 27 

R1 Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per gCi/m 3)

Bone 

2.65E + 4 
1.06E+4 
2.03E + 6 

1.97E + 4 
1.36E+4 

3.39E + 5 
2.39E + 0

Liver 

6.47E + 2 
5.31E+3 
1.06E+4 
1.12E + 5 

2.53E + 4 
1.54E+0 
1.17E+4 
235E+4 
6.51E+2 

1.22E+3 
8.02E + 3 
2.04E + 4 
2.84E-1 
1.88E+0

Nuclide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

4.09E + 7 
9.56E+1 
1.05E+ 1 
3.29E+3 
4.07E-1 

5.88E+5 
1.64E+1 
1.50E+2 
1.15E+5 
1.50E+2 

1.57E + 4 
3.42E-1 

1.40E-3 
6.51E-5

2.79E+4 
2.56E +1 

6.43E + 3 
7.29E-2 
1.65E+2 
2.88E-3 
8.23E-5

Thyroid Kidney

6.47E +2 
5.31E + 3 
1.06E+4 

5.75E + 1

6.47E + 2 
5.31E + 3 
1.06E+4 

1.32E + 1 

4.98E + 3 
1.10E+O

ng GI-LLI T.Body 

6.47E + 2 6.47E + 2 6.47E + 2 
5.31E+3 5.31E + 3 5.31E + 3 
1.06E + 4 1.06E+4 1.06E+4 

- 1.61E+4 7.74E + 4 
1.28E + 4 3.57E + 2 8.95E + 1 

1.OOE+6 7.06E+3 4.98E+3 
1.25E+4 7.17E+4 2.21E-1 
8.69E+4 1.09E+3 3.33E+3 
1.02E+6 2.48E+4 9.48E+3 
3.79E+5 4.86E+3 6.41E+2

1.11E+4 
3.19E + 4 
2.42E+3 
5.01E + 4 
1.50E + 4

1.82E+3 
1.18E+4 
1.16E+4 
1.23E-1 
7.74E-1

3.25E+4 6.47E+5 5.14E+4 3.11E+4 
4.02E-2 1.47E+3 132E+4 7.18E-3 

- - 1.33E+4 
- - 3.81E+2 
- - 4.OOE+2

- 3.04E+3 
- 3.39E + 2 
- 6.82E+1 

2.03E+6 6.40E + 4

- 3.11E+4 
- 2.59E+1 

- 4.72E + 3 
- 5.70E-2 
- 2.65E+2 
- 3.11E-2 
- 9.79E-4

1.12E+7 
5.26E+4 
2.38E + 4 
2.69E +5 
2.79E+3 

2.45E+6 
2.45E+4 
7.64E + 4 
1.75E+6 
1.10E+5 

4.79E + 5 
3.32E + 3 
1.35E+5 
8.11E+2 
5.84E + 2

1.31E+5 
7.34E + 4 
1.40E+5 
1.04E+5 
2.35E+3 

7.03E + 4 
1.27E+5 
1.67E +5 
2.17E+4 
1.40E+5 

1.27E + 4 
2.69E + 4 
4.87E+4 
2.03E+3 
8.44E + 2

40

2.04E +1 
8.82E+4 
2.87E + 2 
2.06E + 2 
1.14E+4 

2.59E + 6 
3.46E + 0 
3.91E-1 
8.82E+1 
1.39E-2 

1.57E+4 
4.61E-1 
4.07E+0 
2.03E + 4 
1.17E+ 1 

3.78E + 3 
2.63E-2 
3.23E +1 
3.72E-2 
8.12E-4 
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- 7.77E+5 
- 4.51E+6 
- 2.09E+5 
- 8.12E + 3 

3.98E+0 9.30E+3

1.93E+4 6.26E+4 
5.39E-2 9.67E-2 

- 1.90E+5 
- 5.57E + 2 
- 3.21E+2 

3.98E+5 -



Table 247 (Continued) 

R, Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per ACi/m 3)

Thyroi Kidney

4.24E + 3 
8.99E-1 
1.07E + 5

Nuclide 

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-132.  
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs- 137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La- 142 
Ce-141 
Ce-143 
Ce- 144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

Lg_.. GILLI T.Bod

5.52E + 5 
1.57E+4 
1.16E+7

1.09E+4 3.67E+6 
- 2.65E+6 
- 1.64E+6 
- 4.47E+5 

3.75E + 4 1.31E+6

Bone 

2.02E + 3 
1.22E+0 
8.68E+4 

9.98E + 3 
3.79E+4 
5.17E+4 
4.76E+3 
1.67E + 4 

2.23E+0 
1.41E + 4 
7.88E-2 
1.07E+2 
1.74E-2 

3.72E+2 
6.36E + 3 
3.79E+4 
1.69E + 3 
1.32E + 4 

9.21E + 2 
3.86E + 3 
3.96E+5 
4.83E + 4 
5.49E + 5 

5.05E + 2 
1.48E+0 
5.60E+4 
1.57E-1 
3.98E-2 

5.05E+2 
1.03E+0 
2.77E+4 
2.93E + 2 
3.19E+6 

1.40E+4 
4.79E-2 
7.94E + 3 
1.30E+1 
3.71E+2

1.03E+4 
1.68E + 6 
3.OOE + 3 
1.99E+5 
2.06E + 3

1.61E+4 
4.84E + 4 
1.64E+5 

3.30E+4 
5.91E + 4 
1.47E+4 
1.29E+4 
2.73E + 4 

2.44E + 4 
6.90E + 4 
2.63E + 4 
1.19E+5 
8.22E+3

3.40E+5 4.41E+4 
- 1.99E + 3 
- 1.06E+3 
- 1.90E + 3 
- 2.16E + 3

1.01E + 2 
6.23E+1 
1.62E + 3 
4.87E + 3 

1.85E+0 
5.47E + 3 
6.75E-2 
8.93E+ I 
1.58E-2 

2.79E + 2 
1.60E + 6 
1.48E + 7 
1.69E + 5 
3.56E + 6 

4.45E + 4 
6.96E + 5

7.22E + 3 
5.56E+2 
4.77E + 2 
1.99E+3 
6.90E + 3 

9.53E-1 
6.09E + 3 
3.47E-2 
5.50E+ 1 
8.22E-3 

2.37E + 2 
1.39E + 4 
4.44E + 4 
3.54E + 3 
1.92E + 4 

1.88E + 3 
7.60E + 3 
7.03E + 5 
1.35E + 5 
6.12E + 5 

7.81E+2 
9.84E-4 
5.60E+1 
1.08E-4 
3.30E-5 

2.OOE + 2 
3.77E-1 
1.67E+4 
1.93E + 2 
1.21E+6 

5.24E+3 
1.85E-2 
8.13E+3 
9.02E+ 0 
3.32E + 1

41

6.79E+2 
4.10E-1 
1.09E+4 

5.OOE + 3 
1.20E+4 
1.09E+4 
6.58E + 2 
2.07E + 3 

4.89E-1 
2.23E + 3 
1.88E-2 
3.63E+ 1 
5.OOE-3

1.76E+2 
5.57E + 3 
1.96E+4 
1.26E + 3 
5.60E + 3 

6.65E + 2 
2.77E + 3 
7.45E+4 
5.29E+4 
4.55E + 4 

3.98E + 2 
4.30E-2 
2.90E+3 
4.97E-3 
1.96E-3 

5.15E+ 1 
9.04E-2 
1.99E+3 
2.21E + I 
1.76E+5 

6.99E+2 
2.41E-3 
5.OOE + 2 
3.12E+0 
1.88E + 1 
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Liver

4.86E+0 
3.18E + 4 
1.75E-1 
2.65E+2 
3.99E-2 

1.03E+3 
1.53E + 4 
5.18E+4 
3.95E + 3 
2.24E + 4 

2.09E + 3 
8.47E + 3 
1.90E+5 
5.64E+4 
1.72E + 5 

4.10E+2 
5.92E-4 
1.34E+1 
6.50E-5 
1.90E-5 

5.25E+3 
5.64E+1 
5.38E+5 

1.97E+3 
6.72E-3 
3.15E+3 

6.62E + 1

7.97E + 4 
1.18E+4 
7.13E + 4 

6.54E + 1 
5.95E+3 
1.60E+6 
2.97E+3 
1.55E+3 

1.68E+5 
8.22E + 3 
5.17E+5 
1.16E+5 
9.84E+6 

4.33E+5 
1.61E+3 
3.22E+5 
3.96E+4 
5.95E + 4

1.29E + 3 
1.83E + 3 
1.33E + 3 
1.43E+3 
1.33E + 3 

8.76E + 2 
5.10E+4 
3.84E+4 
4.75E + 3 
6.93E + 2 

8.48E+4 
5.95E + 4 
2.16E+4 
4.97E+4 
1.48E+5 

3.72E + 4 
4.28E + 3 
3.12E + 4 
3.56E + 4 
2.49E + 4



Table 2.8 

R1 Vegetation Pathway Dose Factors - ADULT 

(mrem/yr per pCi/m 3 ) for H-3 and C-14 (m2 x mrem/yr per pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body

8.97E+5 
2.76E + 5 
1.40E+9 

2.09E+8 
1.27E + 8 

1.04E + 10 
6.15E + 1

2.26E + 3 
1.79E+5 
2.76E + 5 
8.73E+7 

3.11E+8 
1.61E+1 
1.45E+8 
2.99E + 8 
1.17E+7 

3.09E + 7 
1.67E+8 
7.21E + 8 
7.99E + 0 
9.27E + 3

3.17E+8 1.01E+9 
8.75E-6 1.67E-5

- 2.19E+8

9.96E + 9 

6.05E + 11 
3.20E + 5 
4.27E + 2 
1.33E+4 
5.83E-9 

5.13E+6 
9.01E-1 
1.74E+2 
1.19E + 6 
333E+2 

1.42E+5 
2.90E-6 

3.06E+ 0

3.81E + 5 
6.73E+1 

7.91E+4 
7.34E-7 
6.25E + 6 
8.66E+0

4.32E+7 1.02E+8 

1.60E +9 2.86E+8

5.97E + 5 
1.02E+2 

7.81E+4 
8.56E-7 
1.41E+7 
1.32E+2

1.75E+10 
1.52E+6 
8.46E + 3 
1.41E +8 
1.71E-8 

2.82E+9 
1.58E + 4 
5.52E +6 
1.21E + 9 
2.08E + 7

- 4.80E+8 
- 2.71E-3 
- 1.45E+7 

4.24E+0 5.12E+3

42

2.26E + 3 
1.79E+5 
'76E+5 

2.79E + 4

2.26E + 3 
1.79E+5 
2.76E + 5 

1.03E+4 

9.27E + 7 
2.04E +1

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84

2.26E + 3 
1.79E+5 
2.76E + 5 

6.19E+4 

8.06E+7 
8.35E +7

2.26E + 3 
1.79E+5 
2.76E + 5 
1.58E+8 
1.17E+7 

9.54E + 8 
5.13E + 2 
8.29E+7 
9.96E + 8 
2.97E+8 

6.26E+8 
3.14E+9 
1.50E + 8 
2.03E + 2 
7.90E + 5 

6.36E + 8 
2.51E-6 
1.73E+6.  
4.63E + 0

2.26E + 3 
1.79E+5 
2.76E + 5 
5.42E+7 
4.66E + 4 

5.94E + 7 
2.85E+0 
3.37E +7 
1.14E+8 
1.95E + 7 

6.92E+7 
3.69E + 8 
3.49E + 8 
3.65E + 0 
4.35E + 3 

4.56E+8 
1.16E-6 
1.51E+6 
3.21E + 0

2.34E + 4 

6.75E+8 
1.09E-5

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

1.48E+11 
1.29E+4 
1.85E + 1 
3.56E+2 

1.37E+5 
2.63E-2 
4.80E + 0 
2.58E + 5 
3.08E+ 1 

4.25E + 4 
2.68E-7 
1.19E+6 
1.10E+2
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Table 2.8 (Continued) 

R, Vegetation Pathway Dose Factors - ADULT 

(mrem/yr per ILCi/m 3) for H-3 and C-14(m x mrem/yr per pCi/sec) for others

Nuclide Bone

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-132 
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs-137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

4.80E+6 
5.39E+1 
1.93E+8 

1.06E + 7 
1.04E + 8 
1.36E + 8 
9.66E + 7 
3.49E+8 

5.76E + 3 
2.55E + 8 
6.65E-4 
9.12E+5 

4.29E+6 
3.96E + 5 
8.09E + 7 
5.74E + 1 
2.12E + 6 

1-06E-4 
4.08E + 4 
4.66E+9 
4.20E + 7 
6.36E + 9 

2.95E-2 
1.29E+8 

1.97E+3 
1.40E-4 
1.96E + 5 
1.OOE+3 
3.29E+7 

6.34E+4 

3.34E + 4 
3.82E+4 
1.42E+3

Liver llyroi Kidney 

- - 1.83E+7 
- - 6.96E+2 
- - 3.72E+8

9.76E+6 
1.96E + 6 
1.52E+6 
3.50E+7 
1.25E + 8 

2.07E + 3 
9.50E + 7 
2.50E-4 
4.46E + 5 

2.77E+6 
1.17E+6 
1.16E+8 
1.54E + 2 
3.69E + 6 

2.88E-4 
1.07E + 5 
1.11E+ 10 
1.66E+8 
8.70E+9 

2.10E-5 
1.62E+5 

9.92E + 2 
6.35E-5 
1.33E + 5 
7.42E+5 
1.38E + 7 

2.54E + 4 

3.86E + 4 
3.19E+4 
1.40E + 2

2.52E + 5 
1.39E + 5 
2.90E + 7 
8.92E + 7 

4.27E + 3 
8.75E + 7 
5.10E-4 
7.06E + 5 

3.06E+6 
9.90E + 7 
3.79E+10 
5.38E + 3 
5.42E + 8 

5.OOE-3 
7.04E + 6

1.92E+7 

3.93E + 8 
1.42E+9 

2.35E + 4 
1.06E + 9 
2.79E-3 
4.52E + 6 

2.67E+7 
1.82E+6 
1.98E+8 
2.45E + 2 
6.44E + 6 

4.59E-4 
1.71E+5 
3.59E + 9 
9.24E + 7 
2.95E+9 

1.96E-5 
5.49E+4 

6.17E+4 
3.26E + 2 
8.16E+6 

1.47E+4 

2.25E + 4 

4.37E+2

Lung GI-LLI T.Body

8.08E + 7 
1.05E+8

5.61E + 8 
3.30E + 4 
1.25E+ 10 

3.98E+9 
2.95E + 9 
1.50E+9 
3.86E+8 
1.17E+9 

4.54E+5 
1.28E + 9 
5.02E-4 
4.43E+7

- 1.31E+8 
- 1.01E+6 
- 3.05E+7 
- 2.89E + 1 
- 3.31E+6

1.19E+9 
1.27E + 7 
9.81E+8 

1.19E-5 
9.25E + 4

2.51E-7 
1.21E + 5 
1.94E+8 
1.89E + 7 
1.68E+8 

5.23E-2 
2.65E+8

- 7.28E+7 
- 4.64E-1 
- 5.08E+8 
- 2.77E+7 
- 1.11E+10 

- 2.78E+8 

- 1.85E + 8 
- 1.05E+7 
- 2.87E+7
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2.07E+6 
2.13E+ 1 
2.44E +7 

5.80E + 6 
4.11E+7 
3.25E + 7 
1.29E+7 
4.26E + 7 

1.25E + 3 
4.03E + 7 
1.62E-4 
3.72E+5

2.60E+6 
4.61E+5 
6.63E + 7 
5.38E + 1 
1.12E + 6 

1.03E-4 
3.94E + 4 
9.07E+9 
1.19E+8 
5.70E + 9 

8.64E-4 
8.43E+6 

2.62E + 2 
1.58E-5 
1.51E + 4 
8.21E+ 1 
1.77E + 6 

3.14E+3 

2.31E + 3 
1.12E+4 
7.72E +1 
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Table 23 

R, Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per pCi/m3) for H-3 and C-14(m x mrem/yr per ;tCi/sec) for others

Nuclide Bone

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

1.45E + 6 
2.45E + 5 
1.61E + 9 

3.25E+8 
1.81E+8 

1.61E + 10 
5.73E + 1 

4.24E + 8 
8.19E-6

Liver 

2.59E + 3 
2.91E + 5 
2.45E + 5 
9.96E + 7 

4.52E + 8 
1.45E+ 1 
2.31E+8 
4.22E + 8 
1.79E+7 

4.38E + 7 
2.49E+8 
1.13E+9 
7.32E + 0 
8.40E + 3 

1.47E + 9 
1.56E-5

Thyroid Kidney

2.59E + 3 
2.91E+5 
2.45E + 5 

3.44E+4

2.59E+3 
2.91E+5 
2.45E + 5 

1.36E+4 

1.35E + 8 
1.83E + I

Lug GI-LLI T.Body

2.59E + 3 
2.91E+5 
2.45E + 5 

8.85E+4 

1.46E+8 
1.33E+8

2.12E+4 

9.41E + 8 
1.02E-5

2.73E+8

1.51E+ 10 

7.51E+11 
2.99E+5 
3.97E + 2 
1.24E+4 
5.43E-9 

7.87E + 6 
8.47E-1 
1.63E+2 
1.74E+6 
3.09E+2 

1.92E + 5 
2.69E-6 

2.70E+0

5.49E+5 
6.11E+1 

1.06E+5 
6.67E-7 
5.74E+6 
7.54E+0

- 8.07E+5 
- 9.26E+1

1.03E + 5 
7.80E-7 
1.31E+7 
1.12E+2

2.59E + 3 
2.91E+5 
2.45E + 5 
1.35E + 8 
1.04E+7 

9.27E + 8 
9.54E + 2 
9.98E + 7 
9.98E+8 
3.34E+8 

6.04E+8 
3.24E+9 
1.81E+8 
3.97E + 2 
6.51E+5

2.59E + 3 
2.91E+5 
2.45E + 5 
6.23E+7 
6.20E+4 

8.97E + 7 
2.58E+0 
5.38E + 7 
1.63E+8 
3.OOE+7 

1.01E+8 
5.60E+8 
5.45E + 8 
3.33E + 0 
3.95E + 3

6.23E + 8 6.86E + 8 
2.88E-5 1.09E-6 

- 1.33E+6 
- 3.01E+0 

4.05E+7 1.28E+8 

1.80E+9 4.33E+8 

2.11E+10 1.85E+11 
1.36E+6 1.19E+4 
1.O1E+4 1.69E+1 
1.02E+8 3.34E+2 
2.56E-7 

3.23E + 9 2.11E+5 
2.32E+4 2.45E-2 
4.98E + 6 4.47E + 0 
1.27E+9 3.78E+5 
1.65E+7 2.81E+1

- 4.55E+8 
- 1.59E-2 
- 1.03E+7 

4.19E+0 4.95E+3

5.86E + 4 
2.44E-7 
1.09E+6 
9.77E+ 1
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Table 2.9 (Continued)

R1 Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per pCi/m 3) for H-3 and C-14(m x mrem/yr per ;&Ci/sec) for others 

Nuclide Bone Liver Thyroi Kidney Lung GI-LLI T.Body 

Ru-103 6.87E+6 - - 2.42E+7 - 5.74E+8 2.94E+6 
Ru-105 5.OOE+1 - - 6.31E+2 - 4.04E+4 1.94E+1 
Ru-106 3.09E+8 - - 5.97E+8 - 1.48E+10 3.90E+7 
Rh-103m - - - - - -

Rh-106 - - - - -

Ag-110m 1.52E+7 1.44E+7 - 2.74E+7 - 4.04E+9 8.74E+6 
Sb-124 1.55E + 8 2.85E + 6 3.51E+5 - 1.35E + 8 3.11E+9 6.03E + 7 
Sb-125 2.14E+8 2.34E+6 2.04E+5 - 1.88E+8 1.66E+9 5.OOE+7 
Te-125m 1.48E+8 5.34E+7 4.14E+7 - - 4.37E+8 1.98E+7 
Te-127m 5.51E+8 1.96E+8 1.31E+8 2.24E+9 - 1.37E+9 6.56E+7 

Te-127 5.43E+3 1.92E+3 3.74E+3 2.20E+4 - 4.19E+5 1.17E+3 
Te-129m 3.67E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E+9 5.81E+7 
Te-129 6.22E-4 2.32E-4 4.45E-4 2.61E-3 - 3.40E-3 1.51E-4 
Te-131m 8.44E + 5 4.05E + 5 6.09E + 5 4.22E + 6 - 3.25E + 7 3.38E + 5 
Te-131 - - - - -

Te-132 3.90E+6 2.47E +6 2.60E+6 2.37E+7 - 7.82E+7 2.32E+6 
I-130 3.54E + 5 1.02E+6 8.35E + 7 1.58E + 6 - 7.87E + 5 4.09E + 5 
1-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 2.13E+7 5.79E+7 
1-132 5.18E + 1 1.36E + 2 4.57E + 3 2.14E + 2 - 5.91E+1 4.87E + 1 
I-133 1.97E + 6 3.34E + 6 4.66E + 8 5.86E + 6 - 2.53E + 6 1.02E + 6 

1-134 9.59E-5 2.54E-4 4.24E-3 4.01E-4 - 3.35E-6 9.13E-5 
1-135 3.68E+4 9.48E+4 6.10E+6 1.50E+5 - 1.05E+5 3.52E+4 
Cs-134 7.09E+9 1.67E+10 - 5.30E+9 2.02E+9 2.08E+8 7.74E+9 
Cs-136 4.29E+7 1.69E+8 - 9.19E+7 1.45E+7 1.36E+7 1.13E+8 
Cs-137 1.01E+10 1.35E+10 - 4.59E+9 1.78E+9 1.92E+8 4.69E+9 

Cs-138 - - - - -

Ba-139 2.77E-2 1.95E-5 - 1.84E-5 1.34E-5 2.47E-1 8.08E-4 
Ba-140 1.38E + 8 1.69E + 5 - 5.75E + 4 1.14E+5 2.13E + 8 8.91E + 6 
Ba-141 - - - - . . .  

Ba-142 - - - - - . .  

La-140 1.80E+3 8.84E+2 - - - 5.08E+7 2.35E+2 
La-142 1.28E-4 5.69E-5 - - - 1.73E+O 1.42E-5 
Ce-141 2.82E+5 1.88E+5 - 8.86E+4 - 5.38E+8 2.16E+4 
Ce-143 9.37E+2 6.82E+5 - 3.06E+2 - 2.05E+7 7.62E+1 
Ce-144 5.27E+7 2.18E+7 - 1.30E+7 - 1.33E+10 2.83E+6 

Pr-143 7.12E+4 2.84E+4 - 1.65E+4 - 2.34E+8 3.55E+3 
Pr-144 -

Nd-147 3.63E+4 3.94E+4 - 2.32E+4 - 1.42E+8 2.36E+3 
W-187 3.55E + 4 2.90E-+ 4 - - - 7.84E + 6 1.02E + 4 
Np-239 1.38E+3 1.30E+2 - 4.09E+2 - 2.10E+7 7.24E+1 
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Table 2.10 

R1 Vegetation Pathway Dose Factors - CHILD 

(mrem/yr per pCi/m 3 ) for H-3 and C-14(m 2 x mrem/yr per pCi/sec) for others

Liver 

4.01E+3 
7.0 1E+5 
3.83E+5 
1.58E+8 

6.61E + 8 
1.90E + 1 
4.24E + 8 
6.49E + 8 
2.99E + 7 

6.47E+7 
3.78E+8 
2.11E + 9 
9.89E + 0 
1.11E+4 

2.16E + 9 
2.18E-5

Thyroid Kidney

4.01E + 3 
7.01E + 5 
3.83E + 5 

6.54E+4

4.01E + 3 
7.01E + 5 
3.83E + 5 

1.79E+4 

1.85E + 8 
2.29E + 1

Luna GI-LLI T.Body

4.01E + 3 
7.01E + 5 
3.83E+5 

1.19E+5 

2.40E + 8 
1.88E + 8

Nuclide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

- 4.52E+8

Bone 

3.50E + 6 
3.83E+5 
3.37E+9 

8.00E+8 
4.01E + 8 

3.95E + 10 
1.05E + 2 

8.12E + 8 
1.51E-5

4.01E + 3 
7.01E + 5 
3.83E + 5 
1.30E+8 
1.18E+5 

1.76E + 8 
4.28E +0 
1.31E+8 
3.23E + 8 
6.04E + 7 

1.98E+8 
1.12E+9 
1.34E + 9 
5.77E + 0 
6.69E + 3 

1.35E + 9 
2.02E-6 
2.04E + 6 
5.55E+0

2.91E+7 2.78E+8 

1.39E+9 1.03E+9

8.58E + 5 
8.15E+1 

1.59E + 5 
8.85E-7 
7.83E + 6 
9.12E + 0

1.23E + 6 
1.17E+2 

1.50E + 5 
9.82E-7 
1.67E +7 
1.33E + 2 4.63E + 0

1.67E + 10 
1.21E+6 
1.38E+4 
6.56E+7 
1.95E-5 

2.49E+9 
4.51E+4 
4.48E + 6 
8.95E + 8 
1.23E+7 

2.95E + 8 
2.73E-1 
6.48E + 6 
5.19E+3

3.15E+11 
2.08E + 4 
2.92E +1 
6.17E+2 

5.01E+5 
4.46E-2 
8.25E+0 
7.64E + 5 
4.81E+ 1 

1.14E+5 
4.13E-7 
1.94E + 6 
1.51E+2
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2.68E+4 

1.36E + 9 
1.32E-5

4.01E + 3 
7.01E + 5 
3.83E + 5 
9.30E + 7 
6.25E + 6 

5.55E + 8 
2.75E + 3 
7.86E + 7 
6.76E + 8 
2.45E+8 

3.77E+8 
2.10E+9 
1.42E + 8 
1.21E + 3 
5.20E + 5 

3.80E + 8 
1.38E-3

3.59E+10 

1.24E+12 
5.50E + 5 
7.28E + 2 
2.30E + 4 
9.94E-9 

1.87E+7 
1.56E+0 
3.01E+2 
3.90E + 6 
5.64E + 2 

4.10E+5 
4.90E-6 

4.65E+0



Table 7.10 (Continued) 

R, Vegetation Pathway Dose Factors - CHILD 

(mrem/yr per pCi/m3) for H-3 and C-14(m2 x mrem/yr per PCi/sec) for others 

Nuclide Bone Liver Thyroid Kidney g GI-LLI T.Body 

Ru-103 1.55E+7 - - 3.89E+7 - 3.99E+8 5.94E+6 
Ru-105 9.17E+1 - - 8.06E+2 - 5.98E+4 3.33E+1 
Ru-106 7.45E+8 - - 1.01E+9 - 1.16E+10 9.30E+7 
Rh-103m - - - - - . .  

Rh-106 - - - - - .

Ag-110m 3.22E+7 2.17E+7 - 4.05E+7 - 2.58E+9 1.74E+7 
Sb-124 3.52E + 8 4.57E + 6 7.78E + 5 - 1.96E + 8 2.20E + 9 1.23E + 8 
Sb-125 4.99E + 8 3.85E + 6 4.62E + 5 - 2.78E + 8 1.19E+9 1.05E + 8 
Te-125m 3.51E+8 9.50E + 7 9.84E + 7 - - 3.38E + 8 4.67E + 7 
Te-127m 1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8 

Te-127 1.OOE + 4 2.70E + 3 6.93E + 3 2.85E + 4 - 3.91E + 5 2.15E + 3 
Te-129m 8.54E + 8 2.39E + 8 2.75E + 8 2.51E+9 - 1.04E + 9 1.33E + 8 
Te-129 1.15E-3 3.22E-4 8.22E-4 3.37E-3 - 7.17E-2 2.74E-4 
Te-131m 1.54E + 6 5.33E + 5 1.10E+6 5.16E + 6 - 2.16E + 7 5.68E + 5 
Te-131 - - - - - . .  

Te-132 6.98E + 6 3.09E + 6 4.50E + 6 2.87E + 7 - 3.11E+7 3.73E + 6 
1-130 6.21E+5 1.26E+6 1.38E +8 1.88E+6 - 5.87E+5 6.47E+5 
1-131 1.43E + 8 1.44E + 8 4.76E + 10 2.36E + 8 - 1.28E +7 8.18E + 7 
1-132 9.20E + 1 1.69E + 2 7.84E + 3 2.59E + 2 - 1.99E + 2 7.77E + 1 
I-133 3.59E + 6 4.44E + 6 8.25E + 8 7.40E + 6 - 1.79E + 6 1.68E + 6 

1-134 1.70E-4 3.16E-4 7.28E-3 4.84E-4 - 2.1OE-4 1.46E-4 
1-135 6.54E+4 1.18E+5 1.04E+7 1.81E+5 - 8.98E+4 5.57E+4 
Cs-134 1.60E+10 2.63E+10 - 8.14E+9 2.92E+9 1.42E+8 5.54E+9 
Cs-136 8.06E + 7 2.22E + 8 - 1.18E+8 1.76E +7 7.79E + 6 1.43E + 8 
Cs-137 2.39E + 10 2.29E + 10 - 7.46E + 9 2.68E + 9 1.43E + 8 3.38E + 9 

Cs-138 - - - - . . .  

Ba-139 5.11E-2 2.73E-5 - 2.38E-5 1.61E-5 2.95E+0 1.48E-3 
Ba-140 2.77E+8 2.43E+5 - 7.90E+4 1.45E+5 1.40E+8 1.62E+7 
Ba-141 - - - . . . .  

-Ba-142 - - - . . .

La-140 3.23E+3 1.13E+3 - - - 3.15E +7 3.81E+2 
La-142 2.32E-4 7.40E-5 - - - 1.47E+ 1 2.32E-5 
Ce-141 635E+5 3.26E+5 - 1.43E+5 - 4.07E+8 4.84E+4 
Ce-143 1.73E+3 9.36E+5 - 3.93E +2 - 1.37E+7 1.36E+2 
Ce-144 1.27E+8 3.98E+7 - 2.21E+7 - 1.04E+10 6.78E+6 

Pr-143 1.48E+5 4.46E+4 - 2.41E+4 - 1.60E+8 7.37E+3 
Pr-144 - - - - .

Nd-147 7.16E+4 5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3 
W-187 6.47E+4 3.83E+4 - - - 5.38E+6 1.72E+4 
Np-239 2.55E+3 1.83E+2 - 5.30E+2 - 1.36E + 7 1.29E+2 
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Table 211 

Ri Gra s-Cow-Milk Pathway iose Factors - ADULT 
(mrem/yr per pCi/m") for H-3 and C-14(m x mrem/yr per p&Ci/sec) for others

Bone LiverNuclide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

7.63E + 2 
7.26E + 4 
2.54E + 6 
1.06E + 9 

8.40E + 6 
4.23E-3 
1.73E + 7 
7.OOE + 7 
1.28E+6 

4.72E+6 
1.64E + 7 
4.66E + 8 
4.81E-2 
2.41E+4

1.37E + 9 4.36E + 9

'[1roid Kidney

7.63E + 2 
7.26E+4 
2.54E + 6 

1.71E + 4

7.63E + 2 
7.26E + 4 
2.54E + 6 

6.30E + 3 

2.50E + 6 
5.38E-3

_Lung_ GI-LLI T.Body

7.63E + 2 
7.26E+4 
2.54E + 6 

3.80E + 4 

9.67E + 6 
1.95E + 7

3.63E+5 
2.54E + 6 
1.71E+ 10 

2.51E +7 
2.98E + 7 

6.73E+9 
3.70E-1

7.63E + 2 
7.26E + 4 
2.54E + 6 
1.92E+9 
7.20E + 6 

2.57E + 7 
1.35E-1 
9.95E + 6 
233E + 8 
3.25E+7 

9.57E+7 
3.08E+8 
9.73E + 7 
1.22E+0 
2.05E+6

2.75E + 9 1.97E + 9

3.72E+7 
1.49E-1

2.59E + 9

1.45E+9 

4.68E +10 
3.13E+4 
4.89E-1 
7.07E+1 

8.60E + 3 
5.42E-5 
233E-1 
9.46E+2 
4.26E-1 

8.25E+4 

3.25E+0

3.03E + 2 
8.59E-2 

4.59E + 4 

2.52E+7 
9.19E+0

5.11E+8 1.21E+9 

2.33E+8 4.16E+7

4.76E + 2 
1.30E-1 

4.54E + 4 

5.72E+7 
1.40E + 2

1.35E + 9 
1.49E + 5 
9.68E + 0 
7.50E+5 

4.73E+6 
9.49E-1 
7.39E + 3 
9.62E+5 
2.66E+4

- 2.79E+8 
- 5.47E-9 
- 5.85E+7 

4.50E+0 5.44E+3
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7.63E + 2 
7.26E+4 
2.54E + 6 
6.60E + 8 
2.86E + 4 

1.60E + 6 
7.51E-4 
4.04E + 6 
2.68E+7 
2.13E + 6 

1.06E+7 
3.62E + 7 
2.26E + 8 
2.19E-2 
1.13E+46.08E+4 

2.92E + 9

3.25E+7 
1.03E-1

1.15E+ 10 
1.27E + 3 
2.11E-2 
1.90E + 0 

2.30E + 2 
1.58E-6 
6.43E-3 
2.05E + 2 
3.93E-2 

2.47E+4 

4.80E + 6 
1.17E+2
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Table M!l (Continued) 

R1 Grass-Cow-Milk Pathway Dose Factors - ADULT 

(mrem/yr per uCi/m 3) for H-3 and C-14 (m2 x mrem/yr per PCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body

6.24E+4 
2.08E+4 
4.90E + 6 
1.17E+7

3.89E+3 
1.11E-2 
3.94E + 4 

1.06E +8 

6.63E+7 
1.86E+8

2.OOE + 7 
1.58E+7

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
I-132 
1-133

1.59E+2 6.37E+1

1.71E +6 
1.07E + 8 
1.39E + 11 
1.53E+1 
1.01E+9

1.49E + 7 
1.96E + 6 
7.27E + 8 
6.97E-1 
1.20E+7

2.40E + 6 5.83E + 4 
- 4.35E + 9 
- 5.74E + 8 
- 3.43E+9 

- 1.52E +3 
- 1.36E+ 1 
- 8.87E +4 

- 3.68E +1 

- 1.12E+3

49

1.44E + 9 
7.87E +7 
1.14E+9

1.19E+5 
5.24E-1 
1.32E + 6 

2.20E +10 
7.31E + 8 
2.25E + 8 
6.50E+7 
1.54E +8

4.39E+2 
3.38E-4 
2.58E + 3 

3.20E+7 
1.02E+7 
4.86E + 6 
2.18E+6 
5.58E+6

5.30E+4 1.45E+2 
3.04E+8 9.57E+6 

1.75E + 7 1.47E + 5

7.32E + 7 
1.08E + 6 
1.12E + 8 
8.22E-2 
6.20E+6 

4.10E+4 
2.35E + 8 
1.17E+8 
1.95E+8

- 8.34E-8 
1.93E+4 5.54E+7 

- 1.66E+5 
- 3.03E-8 
- 1.25E+7 
- 1.16E+6 
- 1.21E+8

1.45E + 6 
4.96E + 5 
2.43E + 8 
1.53E-1 
2.10E+6 

1.34E+4 
1.10E + 10 
7.42E + 8 
6.61E+9 

1.38E-9 
1.76E+6 

5.97E-1 

3.71E+2 
3.42E+0 
1.92E+4

6.%E+5 7.88E+0 

5.23E + 5 6.52E + 0 
1.80E+6 1.92E+3 
7.39E+4 1.98E-1 
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1.02E+3 
8.57E-4 
2.04E + 4 

5.83E+7 
2.57E + 7 
2.04E + 7 
1.63E+7 
4.58E + 7

5.39E + 7 
4.86E + 5 
2.28E + 5 
5.90E+6 
1.64E+7

6.72E+2 2.41E+2 4.98E+2 2.74E+3 
6.04E+7 2.25E+7 2.08E+7 2.52E+8 

3.61E+5 1.77E + 5 2.80E + 5 1.79E + 6

I-134 
I-135 
Cs-134 
Cs-136 
Cs-137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

2.39E + 6 
4.26E + 5 
2.96E + 8 
1.64E-1 
3.97E+6 

1.39E+4 
5.65E + 9 
2.61E+8 
7.38E + 9 

4.70E-8 
2.69E + 7 

4.49E+0 

4.84E + 3 
4.19E+ 1 
3.58E + 5

1.55E + 6 
1.26E + 6 
4.24E + 8 
4.37E-1 
6.90E+6 

3.63E+4 
1.34E + 10 
1.03E + 9 
1.01E+ 10 

3.38E+4 

2.26E + 0 

3.27E+3 
3.09E + 4 
1.50E + 5

9.42E + 1 
6.56E+3 
3.66E+0

1.09E + 2 
5.48E + 3 
3.60E-1



Table 2.12 

R1 Grass-Cow-Milk Pathway Dose Factors - TEEN 

(mrem/yr per pCi/m 3) for H-3 and C-14 (m2 x mrem/yr per pCi/sec) for others

Bone 

6.70E + 5 
4.44E + 6 
3.15E+10 

4.45E + 7 
5.20E + 7 

1.18E+10 
6.78E-1

Liver 

9.94E + 2 
1.34E + 5 
4.44E + 6 
1.95E + 9 

1.40E + 7 
7.51E-3 
3.16E+7 
1.21E+8 
2.25E+6 

7.95E+6 
2.78E + 7 
8.35E+8 
8.66E-2 
4.29E + 4

Nudide 

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

4.73E + 9

2.67E + 9 

6.61E+10 
5.75E+4 
8.95E-1 
1.30E+2 

1.58E + 4 
1.OOE-4 
4.30E-1 
1.65E+3 
7.75E-1 

1.41E + 5 

5.64E+0

Thyroid Kidney

9.94E + 2 
1.34E + 5 
4.44E + 6 

2.78E+4

9.94E'+ 2 
1.34E + 5 
4.44E + 6 

1.10E+4 

4.17E+6 
9.50E-3

L& GI-LLI T.Body

9.94E + 2 
1.34E + 5 
4.44E + 6 

7.13E+4 

2.OOE + 7 
3.82E + 7

- 1.09E+5

4.68E + 9

9.94E + 2 
1.34E + 5 
4.44E + 6 
2.65E + 9 
8.40E+6 

2.87E+7 
4.94E-1 
1.37E+7 
2.87E+8 
4.19E+7 

1.10E + 8 
3.62E+8 
1.33E+8 
4.70E+0 
3.33E + 6

9.94E + 2 
1.34E + 5 
4.44E + 6 
1.22E+9 
5.OOE+4 

2.78E+6 
1.33E-3 
7.36E + 6 
4.68E + 7 
3.76E+6 

1.83E+7 
6.26E + 7 
4.01E + 8 
3.94E-2 
2.02E + 4

3.10E+9 3.41E + 9 

- 5.64E+7 
- 1.91E-1

7.OOE + 8 2.22E + 9

3.18E+8 7.66E+7

5.22E + 2 
1.53E-1 

7.80E + 4 

4.56E + 7 
1.57E+ 1

7.67E+2 
2.32E-1 

7.57E + 4 

1.04E+8 
2.34E + 2 8.73E+0

1.86E+9 
2.61E + 5 
2.28E+1 
1.07E+6 

6.48E + 6 
2.75E + 0 
1.31E+4 
1.20E+6 
4.15E+4 

3.34E + 8 
6.34E-8 
8.16E+7 
1.03E+4

1.63E + 10 
2.29E+3 
3.81E-2 
3.50E+0 

4.24E + 2 
2.90E-6 
1.18E-2 
3.59E + 2 
7.06E-2 

4.30E + 4 

8.69E+6 
2.04E + 2

Rev. 5 
02/15/9350

2.11E+9 7.31E + 9



Table Zgl (Continued) 

R Grass-Cow-Milk Pathway Dose Factors - TEEN 

(mrem/yr per uCi/m 3) for H-3 and C-14 (m2 x mrem/yr per pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-132 
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs-137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

4.01E + 7 
3.21E+7

1.52E + 5 
1.26E + 0 
1.80E + 6 

2.56E + 10 
9.25E+8 
2.84E + 8 
8.86E + 7 
2.10E+8

1.81E + 3 
1.57E-3 
3.75E + 4 

9.63E + 7 
4.59E + 7 
3.65E+7 
3.OOE+7 
8.44E+7 

1.24E + 3 
1.11E + 8 

6.57E+5 

4.28E+6 
7.49E + 5 
5.38E + 8 
2.90E-1 
7.24E+6 

2.47E+4 
9.81E + 9 
4.45E + 8 
1.34E+10 

8.69E-8 
4.85E + 7 

8.06E+0 

8.87E+3 
7.69E + 1 
6.58E+5 

2.92E + 2 

1.81E + 2 
1.20E + 4 
6.99E+ 0

1.04E + 5 
3.49E+4 
8.39E + 6 
2.01E + 7 

8.59E + 2 
3.57E + 7 

4.74E + 5 

2.86E+6 
1.77E + 8 
2.20E + 11 
2.56E +1 
1.72E+9 

4.08E+6

9.11E +7 
8.46E + 5 
3.99E + 5 
108E + 7 
2.99E + 7 

4.41E + 2 
4.10E +7 

3.15E+5 

2.71E + 6 
2.17E + 6 
7.53E + 8 
7.59E-1 
1.23E + 7 

6.35E+4 
2.31E + 10 
1.75E + 9 
1.78E+ 10 

5.95E+4 

3.96E+0 

5.92E + 3 
5.60E + 4 
2.72E+5 

1.17E+2 

1.97E + 2 
9.78E + 3 
6.59E-1

- 6.77E+1 

- 1.16E+2 

- 2.07E+0

6.40E + 3 
1.97E-2 
7.23E + 4 

1.74E + 8 

3.42E+8 

5.04E + 3 
4.62E + 8 
1.67E-9 
3.29E + 6 

2.60E + 7 
3.34E + 6 
1.30E + 9 
1.20E+0 
2.15E + 7 

1.OOE+5 
7.34E + 9 
9.53E + 8 
6.06E+9

7.75E + 2 
6.08E-4 
4.73E + 3 

5.54E + 7 
1.79E+7 
8.54E+6 
4.02E + 6 
1.OOE+7 

2.68E + 2 
1.75E + 7 

2.63E + 5 

2.55E + 6 
8.66E + 5 
4.04E + 8 
2.72E-1 
3.75E+6 

2.35E+4 
1.07E + 10 
1.18E+9 
6.20E+9 

2.53E-9 
3.13E + 6 

1.05E + 0 

6.81E+2 
6.25E+0 
3.54E+4

9.61E+5 1.45E+ 1

7.11E + 5 
2.65E + 6 
1.06E+5

1.18E + 1 
3.43E + 3 
3.66E- 1

2.80E + 9 
1.50E + 8 
2.35E+9

- 9.61E+4 
- 4.15E+8 
- 2.18E-9 
- 2.53E+7 

- 8.58E+7 
- 1.67E + 6 
- 1.49E + 8 
- 3.31E-1 
- 9.30E+6

7.03E+4 
2.87E + 8 
1.41E + 8 
2.53E+8 

7.75E-7 
7.49E+7 

2.27E + 5 
2.23E-7 
1.69E+7 
1.68E+6 
1.66E+8

2.02E + 4 4.OOE + 4 

2.79E+3 
2.51E+1 
1.63E+5 -

51
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Table 2.3 

Ri Grass-Cow-Milk Pathway Dose Factors - CHILD 

(mrem/yr per Ci/m 3) for H-3 and C-14 (m x mrem/yr per PCi/sec) for others

Nuclide Bone Liver Thyroid Kidney ne GI-LLI T.Body

1.65E+6 
9.23E + 6 
7.77E + 10 

1.12E+8 
1.20E + 8 

2.96E +10 
1.66E + 0

1.57E + 3 
3.29E+5 
9.23E + 6 
3.64E + 9 

2.09E+7 
1.31E-2 
5.93E+7 
1.95E + 8 
3.84E+6 

1.21E+7 
4.32E + 7 
1.59E+9 
1.56E-1 
7.55E+4

H-3 
C-14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

1.57E + 3 
3.29E+5 
9.23E + 6 

5.66E+4

1.57E + 3 
3.29E + 5 
9.23E + 6 

1.55E + 4 

5.87E+6 
1.58E-2

1.57E + 3 
3.29E+5 
9.23E + 6 

1.03E+5 

3.35E + 7 
5.65E + 7

1.57E + 3 
3.29E+5 
9.23E + 6 
2.15E + 9 
5.41E + 6 

1.76E+7 
1.90E+0 
1.10E+7 
2.03E + 8 
3.14E+7

- 7.08E+7 
- - - 2.39E+8 

- - - 1.07E+8 

- - - 1.91E+1 

- 1.82E+5 - 3.54E+6

- 6.94E + 9

8.77E + 9

6.62E+9 

1.12E+ 11 
1.41E+5 
2.19E+0 
3.22E+2 

3.91E+4 
2.46E-4 
1.06E+0 
3.84E+3 
1.89E+0 

3.18E + 5 

1.29E+1

8.45E+2 
2.72E-1 

1.24E + 5 

8.29E+7 
2.54E+ 1

1.21E+3 
3.91E-1 

1.16E+5 

1.77E+8 
3.68E+2

1.57E + 3 
3.29E+5 
9.23E + 6 
3.OOE + 9 
1.02E+5 

5.58E+6 
2.95E-3 
1.84E+7 
9.71E + 7 
7.77E+6 

3.72E+7 
1.27E+8 
1.01E+9 
9.11E-2 
4.56E + 4

1.93E + 9 6.85E + 9 
2.14E-9 

- 1.15E+8 
- 4.69E-1 

5.64E + 8 5.39E + 9 

2.56E+8 1.89E+8

1.29E+ 1

1.51E+9 
3.12E+5 
4.14E+ 1 
9.15E+5 

5.21E + 6 
7.10E+0 
1.57E+4 
8.81E + 5 
4.13E + 4 

2.29E + 8 
1.45E-6 
6.86E + 7 
1.44E+4

52

2.83E + 10 
5.33E+3 
8.76E-2 
8.61E+0 

1.04E + 3 
7.03E-6 
2.90E-2 
7.52E + 2 
1.61E-1 

8.84E + 4 

2.05E + 7 
4.20E + 2

4.13E + 9 1.10E + 10

Rev. 5 
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Table ZU (Continued) 

R Grass-Cow-Milk Pathway Dose Factors - CHILD 

(mrem/yr per jCi/m3) for H-3 and C-14 (m2 x mrem/yr per sCi/sec) for others

Bone LiverNucide 

Ru-103 
Ru- 105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-13.2 
1-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs-137

4.29E + 3 
3.82E-3 
9.24E + 4 

2.09E + 8 
1.09E + 8 
8.70E+7 
7.38E + 7 
2.08E + 8 

3.06E+3 
2.72E+8 

1.60E + 6 

1.02E + 7 
1.75E+6 
1.30E+9 
6.86E-1 
1.76E+7 

5.84E + 4 
2.26E + 10 
1.OOE + 9 
3.22E + 10 

2.14E-7 
1.17E+8 

1.93E+ 1 

2.19E + 4 
1.89E + 2 
1.62E+6

7.23E+2 2.17E+2

4.45E+2 
2.91E+4 
1.72E+ 1

3.60E + 2 
1.72E + 4 
1.23E+0

Thyroid Kidney L& GI-LLI T.Body

2.40E + 5 
8.06E+4 
2.07E+7 
4.97E+7 

2.12E+3 
8.78E+7 

1.14E+6 

6.58E+6 
3.90E+8 
4.34E+11 
5.85E+ 1 
4.04E + 9

1.08E+4 
3.36E-2 
1.25E + 5 

2.63E+8 

5.93E+8 

8.71E+3 
8.00E+8 
2.87E-9 
5.35E + 6 

4.20E+7 
5.29E + 6 
2.15E+9 
1.93E+0 
3.63E + 7

1.41E + 8 
1.41E + 8 
1.41E+6 
2.00E + 7 
5.60E + 7 

8.25E + 2 
7.61E + 7 

5.53E + 5 

4.52E + 6 
3.54E + 6 
1.31E+9 
1.26E+0 
2.18E+7 

1.05E + 5 
3.71E + 10 
2.76E+9 
3.09E + 10 

1.03E+5 

6.74E+0 

1.09E+4 
1.02E + 5 
5.09E+5

6.03E + 7 
4.85E+7

4.13E + 9 
2.19E+8 
3.62E + 9

1.11E+5 
2.49E+0 
1.44E + 6 

1.68E+ 10 
6.79E + 8 
2.08E + 8 
7.12E+7 
1.68E+ 8 

1.20E+5 
3.32E + 8 
6.12E-8 
2.24E + 7 

4.55E + 7 
1.66E+6 
1.17E+8 
1.48E+0 
8.77E+6 

8.00E + 4 
2.OOE + 8 
9.70E + 7 
1.93E + 8

- 1.23E-5 
3.34E+4 6.12E+4 5.94E+7

1.88E + 5 
2.51E-6 
1.36E+7 
1.50E+6 
1.33E+8

4.78E + 3 
4.29E +1 
2.82E+5 

1.17E+2 

1.98E+2 

3.57E+0

7.80E + 5 3.59E +1

53

9.30E + 6 1.61E + 5 
- 1.15E + 10 
- 1.47E+9 
- 1.01E + 10

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce- 141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

1.65E+3 
1.39E-3 
1.15E + 4 

1.13E+8 
3.81E + 7 
1.82E+7 
9.84E+6 
2.47E+7 

6.56E + 2 
4.23E+7 

5.89E + 5 

5.46E+6 
1.82E+6 
7.46E+8 
5.80E- 1 
8.23E+6 

4.97E + 4 
7.83E + 9 
1.79E+ 9 
4.55E + 9 

6.19E-9 
6.84E+6 

2.27E+0 

1.62E+3 
1.48E+1 
8.66E+4

5.71E+5 
2.42E + 6 
9.14E+4

2.79E+ 1 
7.73E + 3 
8.68E-1

Rev. 5 
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Table 2.14 

RI Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per #Ci/m 3 ) for H-3 and C-14 (m2 x mrem/yr per PCi/sec) for others

Bone Liver Thyroi Kidney LuaNuclide 

H-3 
C- 14 
Na-24 
P-32 
Cr-51 

Mn-54 
Mn-56 
Fe-55 
Fe-59 
Co-57 

Co-58 
Co-60 
Ni-63 
Ni-65 
Cu-64 

Zn-65 
Zn-69 
Br-82 
Br-83 
Br-84 

Br-85 
Rb-86 
Rb-88 
Rb-89 
Sr-89 

Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 

Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 

Nb-95 
Nb-97 
Mo-99 
Tc-99m 
Tc-101

2.38E+3 
6.89E + 5 
1.61E+7 
9.42E + 9 

3.89E + 7 
3.21E-2 
8.72E+7 
3.93E+8 
8.95E+6 

2.43E+7 
8.81E + 7 
2.16E + 9 
3.97E-1 
1.88E + 5 

1.90E+ 10

2.38E+3 
6.89E+5 
1.61E+7 

1.05E + 5

2.38E + 3 
6.89E+5 
1.61E+7 

2.30E + 4 

8.63E + 6 
2.76E-2 

3.17E+ 5 

9.23E +9

2.38E + 3 
6.89E+5 
1.61E+7 

2.05E+5 

4.27E+7 
1.16E+8

GI-LLI T.Body 

2.38E+3 2.38E+, 
6.89E+5 6.89E+I 
1.61E+7 1.61E+ 
2.17E+9 6.21E+ 
4.71E+6 1.61E+1 

1.43E + 7 8.83E + 
2.91E+0 5.53E-3 
1.11E+7 2.33E+, 
1.88E+8 1.55E+ 
3.05E+7 1.46E +,

3.23E+6 
1.61E+7 
1.60E+ 11 

1.35E+8 
2.25E+8 

3.49E + 10 
3.51E + 0 

5.55E+9

- 2.22E + 10

1.26E + 10 

1.22E+11 
2.94E + 5 
4.65E+0 
6.80E + 2 

7.33E+4 
5.22E-4 
2.25E+0 
6.83E+3 
3.99E + 0 

5.93E + 5 

2.69E + 1

6.06E+7 
2.08E + 8 
1.21E+9 
1.81E-1 
8.69E + 4 

8.78E+9 

1.94E + 8 
9.95E-1

5.69E + 8 1.10E + 10 

2.59E+8 3.61E+8

1.66E+3 
6.85E-1 

2.44E+5 

2.12E+8 
5.55E + 1

1.79E+3 
6.91E-1 

1.75E+5 

3.17E+8 
5.97E + 2 2.90E + 1

1.52E+9 
3.48E + 5 
5.01E +1 
9.39E + 5 

5.26E + 6 
9.97E+0 
1.78E4 4 
8.28E+5 
4.37E+4 

2.06E + 8 
3.70E-6 
6.98E + 7 
1.61E + 4

3.10E+ 10 
1.06E + 4 
1.73E-1 
1.82E+1 

1.95E+3 
1.47E-5 
6.13E-2 
1.18E+3 
3.13E-1 

1.41E + 5 

4.13E+7 
7.15E + 2

. Rev. 5 
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- 6.05E+7 
- 2.10E+8 
- 1.07E + 8 
- 3.02E+1 
- 3.85E + 6 

- 1.61E+10 
7.36E-9



Table 214 (Continued) 

R1 Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per gCi/m 3 ) for H-3 and C-14 (m2 x mrem/yr per gCi/sec) for others

Liver Thyroid KidneyNuclide 

Ru-103 
Ru-105 
Ru-106 
Rh-103m 
Rh-106 

Ag-110m 
Sb-124 
Sb-125 
Te-125m 
Te-127m 

Te-127 
Te-129m 
Te-129 
Te-131m 
Te-131 

Te-132 
1-130 
1-131 
1-132 
I-133 

1-134 
1-135 
Cs-134 
Cs-136 
Cs-137 

Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 

La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 

Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239

Bone 

8.69E + 3 
8.06E-3 
1.90E+5 

3.86E + 8 
2.09E + 8 
1.49E+8 
1.51E+8 
4.21E+8 

6.50E+3 
5.59E + 8 
2.08E-9 
3.38E+6 

2.10E+7 
3.60E + 6.  
2.72E + 9 
1.42E+0 
3.72E+7 

1.21E+5 
3.65E + 10 
1.96E+9 
5.15E + 10 

4.55E-7 
2.41E + 8 

4.03E + 1 

4.33E + 4 
4.OOE+2 
2.33E + 6 

1.49E+3 

8.82E + 2 
6.12E+4 
3.64E+1

1.81E+4 
5.92E-2 
2.25E + 5 

4.03E + 8 

1.04E+9 

1.59E+4 
1.40E+9 
5.18E-9 
9.35E +6 

6.51E+7 
8.70E + 6 
3.75E + 9 
3.22E + 0 
6.36E + 7 

2.69E + 5 
1.75E + 10 
2.30E + 9 
1.62E + 10

Lung GI-LLI T.Body 

- 1.06E+5 2.91E+3 
- 3.21E+0 2.71E-3 
- 1.44E+6 2.38E+4

1.31E+8 
9.38E+7

2.82E + 8 
3.08E+6 
1.45E+6 
5.04E+7 
1.40E+8 

2.18E + 3 
1.92E+8 

1.36E+6 

1.04E+7 
7.92E + 6 
3.21E + 9 
2.89E+0 
5.41E + 7 

2.41E+5 
6.80E + 10 
5.77E + 9 
6.02E + 10 

2.41E + 5 

1.59E+ I 

2.64E + 4 
2.65E+5 
9.529+5 

5.59E + 2 

9.06E+ 2 
4.26E + 4 
3.25E + 0

5.73E+4 1.48E+5

8.15E + 3 
7.72E+1 
3.85E+5 

2.08E + 2 

3.49E+2 

6.49E+0

5.56E + 5 
1.87E+5 
5.07E + 7 
1.22E+8 

5.29E + 3 
2.15E+8 
1.75E-9 
2.76E +6 

1.54E + 7 
8.88E + 8 
1.05E + 12 
1.35E + 2 
9.84E + 9 

1.01E-9 
2.16E + 7

55

7.18E + 9 
4.70E + 8 
6.55E + 9

1.46E + 10 
6.46E+8 
1.99E+8 
7.18E + 7 
1.70E+8 

1.36E+5 
3.34E+8 
1.66E-7 
2.29E+7 

3.85E+7 
1.70E + 6 
1.15E + 8 
2.34E + 0 
9.16E+6 

8.74E+4 
1.85E + 8 
8.76E+7 
1.88E + 8 

2.88E-5 
5.92E + 7 

1.87E + 5 
5.21E-6 
1.37E+7 
1.55E+6 
1.33E+8 

7.89E + 5 

5.74E+5 
2.50E + 6 
9.40E+4

1.86E + 8 
6.49E+7 
3.07E+7 
2.04E + 7 
5.10E+7 

1.40E + 3 
8.62E + 7 

1.12E+6 

9.72E+6 
3.18E + 6 
1.41E + 9 
1.03E+0 
1.58E+7 

8.80E+4 
6.87E + 9 
2.15E+9 
4.27E + 9 

1.32E-8 
1.24E + 7 

4.09E+0 

3.11E+3 
3.02E+ 1 
1.30E + 5 

7.41E +1 

5.55E+ 1 
1.47E+4 
1.84E+0

Rev. 5 
02/15/93



Table 2.15 

R1 Grou id Plane Pathway Dose Factors 
(m x mrem/yr per PCi/sec) 

Nuclide Any Orman 

H-3 
C-14 
Na-24 1.21E+7 
P-32 
Cr-51 4.68E+6 

Mn-54 1.34E + 9 
Mn-56 9.05E + 5 
Fe-55 
Fe-59 2.75E+8 
Co-57 4.37E + 8 
Co-58 3.82E + 8 

Co-60 2.16E + 10 
Ni-63 
Ni-65 2.97E + 5 
Cu-64 6.09E+5 
Zn-65 7.45E + 8 

Zn-69 
Br-82 4.57E+7 
Br-83 .4.89E+3 
Br-84 2.03E + 5 
Br-85 
Rb-86 8.98E + 6 

Rb-88 3.29E+4 
Rb-89 1.21E + 5 
Sr-89 2.16E+4 
Sr-90 
Sr-91 2.19E+6 

Sr-92 7.77E + 5 
Y-90 4.48E+3 
Y-91m 1.01E + 5 
Y-91 1.08E + 6 
Y-92 1.80E + 5 

Y-93 1.85E+5 
Zr-95 2.48E + 8 
Zr-97 2.94E+6 
Nb-95 1.36E + 8 
Nb-97 2.28E+6 
Mo-99 4.05E + 6 

Tc-99m 1.83E + 5 
Tc-101 2.04E+4 
Ru-103 1.09E+8 
Ru-105 6.36E + 5 
Ru-106 4.21E+8 
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Table 2I (Continued) 

R Ground Plane Pathway Dose Factors 

(m2 x mrem/yr per PCi/sec) 

Nucide Any Orman 

Rh-103m 
Rh-106 
Ag-110m 3.47E+9 
Sb-124 2.87E + 9 
Sb-125 6.49E + 9 
Te-125m 1.55E+6 
Te-127m 9.17E+4 

Te-I127 3.OOE + 3 
Te-129m 2.OOE+7 
Te-129 2.60E + 4 
Te-131m 8.03E + 6 
Te-131 2.93E+4 

Te-132 4.22E + 6 
1-130 5.53E + 6 
I-131 1.72E+7 
1-132 1.24E + 6 
1-133 2.47E + 6 

1-134 4.49E+5 
1-135 2.56E + 6 
Cs-134 6.75E+9 
Cs-136 1.49E+8 
Cs-137 1.04E + 10 

Cs-138 3.59E + 5 
Ba-139 1.06E+5 
Ba-140 2.05E+7 
Ba-141 4.18E+4 
Ba-142 4.49E + 4 

La-140 1.91E+7 
La-142 7.36E + 5 
Ce-141 1.36E+7 
Ce-143 2.32E + 6 
Ce-144 6.95E+7 

Pr-143 
Pr-144 1.83E+3 
Nd-147 8.40E+6 
W-187 2.36E + 6 
Np-239 1.71E+6 
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314 RADIOLOGICAL EPFLUENT SPECIFICATIONS AND SURVEILLANCE 
REQUIREMENT

3/4.0 APPLICAILITY AND 
(78.0)4

SURVEILLANCE REQUIREMENTS

4-.0.2Each Surveilance Requirement sha. be perfon.d witn the specified time 
(8.0.21 interval with:

e

aMs
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3/4.1 RADIOACTIVE IQUID EFFLUENT MONITORING INSTRUMENTATION 
(7/8.1) 

3.1 The radioactive liquid effuent monitoring inst entation channels shown in 
(7.1) Table 3.1 (7.1) shall be OPERABLE with their alarm/trip setpoints set to 

ensure that the limits of Specification 3.3.1 (7.3.1) are not exceeded. The 
alann/trip setpoints of these channels shall be determined in accordance with 
the methodology in Section 1.0 of the OFFSITE DOSE CALCULATION 
MANUAL (ODCM).  

APPWIABILIT 

N: ring rel.e ase via the moioedp -way .  

a. With a radioactive liquid effluent monitor in tmmentation channel alarm/trip 
setpoint less conservative than required by the above specification, without delay 
suspend the release of radioactive liquid effluents monitored by the affected 
channel, or declare the channel inoperable, or change the setpoint so it is 
acceptably conservative.  

b. With less than the minimum number of radioactive liquid effluent monitoring 
instrumentati channels OPERABLE, take the ACT.ON shown in Table 3.1 
(7.1). Exert best efforts to return the instenuem to OPERABLE status within 
30 days and, if unsuccessful, explain in the next Radioactive Effluent Release 
Report why the inoperability was not corrected in a timely manner.  

4.1 Each radioactive liquid effluent monitoring insrentation channel shall be 
(81) demonstrated.OPABL by performance of the CHANNEL CHECK, 

SOURCE CBBCK, CHANNEL CALIBRATION and CHANNEL 
FUNCTIALTESToperadonst t Table 4.1 (8.1).  
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314.2 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 
(718.2) 

SIPE!ItAIN 

3.2 The radioactive gaseous effluent monitoring instrumentation channels shown 
(7.2) in Table 3.2 (7.2) shall be OPERABLE with their alarm/trip setpoints set to 

ensure that the limits of Specification 3.4.1 (7.4.1) are not exceeded. The 
alarm/trip setpoints of these channels shall be determined in accordance with 
the methodology in the ODCM.  

As shown In Table 3.2 (7.2).  

ACION 

a. With a radioactive gaseous effluent monitoring instmmentation channel 
alarmitrip setpoint less conservative than required by the above Specification, 
without delay suspend the release of radioactive gaseous effluents monitored by 
the affected channel, or declare the channel inoperable, or change the setpoint 
so it is acceptably conservative.  

b. With less than the minimum number of radioactive gaseous effluent monitoring 
instrmentation channels OPERABLE5 take the ACTION shown in Table 3.2 
(7.2). Exe t best efforts to return the instruments to OPERABLE status within 
30 days and, if unsuccessful, explain in the next Radioactive Effluent Release 
Report why the inoperability was not corrected in a timely manner.  

4.2 Eac radioactive gaseous effluent monitoring instrumentation channel shall be 
(8.2) demonstrated OPERABLE by performance of the CHANNEL CHECK, 

SOURCS CHCX, CHANNEL CALIBRATON and CHANNEL 
FUNCTIONAL TEST operations at the frequencies shown in Table 4.2 (8.2).  
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UQUID EFFLUENTS

3.3.1 
(7.3.1)

The concentrtion of radioactive material released in liquid effluents to 
UNRESTRICTED AREAS shall be limited to the concentrations specified 
in 10 CFR Pat 20, Appendix B, Table II, Column 2 for radionuclides other 
than dissolved or entrained noble gases. For dissolved or entrained noble 
gases, the concentration shall be limited to 2 x 104 uCi/ml total activity.

During release via the monitored pathway.  

ACTIO 

With the concentration of radioactive material released ii liquid effluents to 
UNRESTRICTED AREAS exceeding the above limits, without delay restore the 
concenation to within the above limits, 

S..........i..i.iiR

with 
the 

ts of

Rev. 5 
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3.3.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from 
(7.3.2) radioactive materials in liquid effluents released to UNRESTRICTED 

AREAS shall be limited: 

a. During any calendar quarter to less than or equal to 1.5 mrems to the 
total body and to less than or equal to 5 mrems to any organ, and 

b. During any calendar year to less than or equal to 3 mrems to the total 
body and to less than or equal to 10 mrerns to any organ.  

At all times.  

a. With the calculated dose from the release of radioactive materials in liquid 
effluents exceeding any of the above limits, in lieu of a Licensee Event Report, 
prepam and submit to the Commission within 30 days, pursuant to Technical 
Specification (TS) 6.9.3.c, a Special Report that identifies the cause(s) for 
exceeding the limit(s) and defines the corrective actions that have been taken to 
reduce the release and the proposed corrective actions to be taken to assure that 
subsequent releases will be in compliance with the above limits.  

4.3.2 Cumulative dose contributions from liquid effluents for the current calendar 
(8-3.2) quarter and the current calendar year shall be determined in accordance with 

the methodology and parameters in the ODCM once per 31 days.  
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3.33 
(7.3.3)

'The liquid radwaste treatment system as described in the ODCM shall be 
used to reduce the radioactive materials in liquid wastes prior to their 
discharge when the projected doses, due to the liquid effluent, to 
UNRESTRICTED AREAS would exceed 0.19 mrem to the total body or 
0.62 mmem to any organ in a calendar quarter.

Ataltimes.  

ACIO

1. Explanation of why liquid radwaste was being discharged without 
teatment, identification of any inoperble equipment or subsystems, and 
the reason for the inoperability, 

2. Action(s) taken to restore the inoperable equipment to OPERABLE status, 
and 

3. Summary description of action(s) taken to p--ven a recurrence, 
SURVEILLANCEREOUIREMENT
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GASEOUS EFFLUENTS 

SPECIFICATIONS

3.4.1 
(7.4.1)

The dose rate due to radioactive materials released in gaseous effluents from 
the site to areas at and beyond the SITE BOUNDARY shall be limited to 
the following.  

a. For noble gases: Less-than or equal to 500 mremslyr to the total 
body and less than or equal to 3000 mwrnslyr to the skin, and

At all times.

the

4.4.1.1 The dose rate due to noble gases in gaseous effluents shall be detemined 
(8.4.L1) to be within the above imits in acodnce with the methodology and 

parameters in the ODCM.
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DOSE - NOLE GAME

3.4.2 The air dose due to noble gases released in gaseous effluents, to areas at 
(7.4.2) and beyond the SITE BOUNDARY shall be limited to the following: 

a. During any calendar quarter-. Less than or equal to 5 mrads for 
gamma radiation and less than or equal to 10 mrads for beta radiation 
and, 

b. During any calendar year: Lzss than or equal to 10 mrads for gamma 
radiation and less than or equal to 20 mrads for beta radiation.  

At all times.  

ACTION 

. With the calculated air dose from radioactive noble gases in gaseous effluents 
exceeding any of the above limits, in lieu of a Licensee Event Report, prepare 
and submit to the Commission within 30 days, pursuant to TS 6.9.3.c, a Special 
Report that identifies the cause(s) for exceeding the limit(s) and defines the 
corrctive actions that have been taken to reduce the releases and the proposed 
correctve actions to be taken to assue that subsequent releases Will be in 
compliance with the above timits& 

4.4.2 Cumulative dose contributions for the current calendar quarter and current 
(8.4.2) calendar year for noble gases shall be determined in accordance with the 

methodology and parameters in the ODCM once per 31 days.  
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DOSE -Q. IODINB-133 AND RADIONVCUDES IN PARTICULATE 

3.4.3 The dose to a MEMBER OF THE PUBUC frotm iodine-131, iodine-133, 
(7.4.3) tritium, and all radionuclides in particulate form with half-lives greater than 

8 days in gaseo effluents released to areas at and beyond the SITE 
BOUNDARY shall be limited to the following: 

a. During any calendar quarter- Less tua orequal to 7.5 mrms to any 
organ and, 

b. During any calendar year Les than or equal to 15 mrems to any 

At all tms 

a. With the cakulated dose from the release of iodine-11, iodine-433, tritium, and 
radionelides in particulate form with half lives greater than 8 days, in gaseous 
effluents exceeding any of the above limits, in lieu of a Licensee Event Report, 
prepare and subit to the Commission within 30 days, pusant to TS 6.9.3.c, 
a Special Report that i s for e t and defines 
the corrective actions that have been taken to reduce the releases and the 
proposed corective actions to be taken to assure that subsequent releases will 
be in compliance with the above limits.  

4.4.3 Camulative dose contributions for the current calendar quarter and current 
(8.4.3) calendar yer for Iodine-31, iodine-133, tritium, and radionuclides in 

particulate form with half ives rater th 8 days shaft be determined in 
accodane with the methodology and parameters in the ODCM once per 
31days.  
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3.44 The GASEOUS RADWASTB TREATMENT SYSTEM and the 
(7.4.4) VENTILATION EXHAUST TREATMENT SYSTEM shall be used to 

reduce radioactive materials in gaseous waste prior to their discharge when 
the projected gaseous effluent air doses doe to gaseous effluent releases to 
areas at and beyond the SITE BOUNDARY would exceed 0.62 mrad for 
gamma radiation and 1.25 mrad for beta radiation in a calendar quarter.  
The VENTILATION EXHAUST TREATMENT SYSTEM shall be used to 
reduce radioactive materials in gaseous waste prior to their discharge when 
the projected doses due to gaseous effluent releases, to areas at and beyond 
the SITE BOUNDARY would exceed 0.94 mrem to any organ in a calendar 

At all times.  

a. With gaseous waste being discharged without treatment and in excess of the 
above limits, in lieu of a Licensee Event Report, prepare and submit to the 
Commission within 30 days, pursuant to TS 69!3. a Special Repon that 
includes the following information: 

1. Explanation of why gaseous radwaste was being discharged without 
treatment, identification of any inoperable equipment or subsystems, and 
the reason for the inoperability, 

2. Action(s) taken to restore the inoperable equipment'to OPERABLE status, 
and 

3. Summary description of action(s) taken to prevent a recurrence.  

4.4 Doses due to gaseous releases from areas at and beyond the SITE 
(8.4.4) BOUNDARY shall be projected once per 31 days in accordance with the 

methodology. ad parameters in the ODCM.  
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TOTAL DOSE

3.5 
(7-6)

The annual (calendar year) dose or dose commitment to any MEMBER OF 
THE PUBLIC due to releases of radioactivity and to radiation from uranium 
fuel cycle sources shall be limited to less than or equal to 25 mrems to the 
total body or any organ, except the thyroid, which shall be limited to less than 
or equal to 75 mrems.

At all times.  

ACTION

Rev. 5 
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445.1 Cimlative dose contributions from liquid and gaseous effluents shall be 
(86.1) detmined in accordance with Specifications4.3.2, 4.4.2, and 4.4.3 (8.3.2, 

8.4.2, and 8.4.3), and in accordance with the methodology and parameters 
in the ODCM.  

4. 5.2 Cumulative dose contributions frm direct radiation from the reactor unit 
(8.6.2) shall be determined in accordance with the methodology and parameters in 

the ODCM. This requirement Is applicable only under conditions set forth 
in Specification 3.5.a. (76.a).  
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RADIOLOGICAL ENVIRONMENTAL MONITORING 

Mo .lOINPRAM

3.6.1 
(7.7.1)

The radiological environmental monitoring program shall be conducted as 
specified in Table 3.3 (7.3).

At"Um~

.. + ... 1.0 

orting level (1) reporting level (2)

5The methodology and parameters used to estimate the potential annual dose to a member 
of the public shall be indicated in this report.  
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(The methodology and parameters used to estimate the potential annual dose to a member 
of the public shall be indicated in this report.  

Rev. 5 
72 02/15/93



3.6.2 
(7.71.2)

A land use census shall be conducted and shall identify within a distance of 
8 km (5 miles) the location in each of the 10 meteorological sectors of the 
nearest milk animal, the nearest residence and the nearest garden7 of 
gteater than 50 2 (500 ft) prodcing broad leaf vegetation.

At all times.

per 
her 
The

7Sampling of leaf vegetation may be performed at the site boundary in each of two different 
direction sectors with the highest predicted D/Qs in lieu of the garden census. Specifications 
for broad leaf vegetation sampling in Table 3.3 (7.3) item 4c, shall be followed, including 
analysis of control samples.  
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mosults of the IWn use eea shall be included Ift the Annua Radiological 
linvirommental Monitoring Repot pursuam tom TS 6.4.$.a.  

3.6.3 Analyses shallBe eiOr&me on raioaidve tntdl upied as part Of an 
(7.7.3) Interlaboratory Comparison Progr~m thiat has been approved by the 

Commissimn 

At all times.  

taken to prevmn a itcurence to th omsinI h nulRadiological 
FnviomwWa MoioigReport pws............ X.a 

4.6.3 Thenerlbrtr oprs~ rga l .......... i he REMMi 
(&-713) A-mimway :of:I th 0esult obta:0 ie * s pt of W-1 above required 

Intdaor Owr C dprio PM"'m whl e1c*ei the mnuam 
Radilogcal nv entl Moitoing1~eprt. toTS 6.9.3.a.  
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RPORING REQUIREMENTS 

(6.9.3*) 

The Annual Radiological Environmental Monitoring Repoft shall include:

The SeianulRadioactive Effuent Release Rport shall include the 
following: 

Rev. 5 
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hi

e. Any change made during the reprin peod to the ODCM.  

8 In lieu of submission with the second half year Radioactive Effluent Release Report, the 
licensee has the option of retaining this summary of required meteorological data on site in a file 
that shall be provided to the NRC upon request.  
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BASIS 

3/4.1 
(718.1)

314.2 .aioctv Gso EflnMntrgT rmeai 
(7/8.2)

3/4.3 
(718.3)

3/4. 3.1 CONCENTRATIO 
(7/8.3.1)

77

3/4.8 
(7/3.&)

4diaactive Ligaid Effluent Monitoring Instrumentation

Rev. 5 
02/15/93



an equivalent concentration in water using the methods 
described in International Commission on Radiological 
Protection (ICRP) Publication 2.  

The required detection capabilities for radioactive materials in 
liquid waste samples are tabulated in terms of the lower limits 
of detection (LLDs). Detailed discussion of the LLD, and 
other detection limits can be found in HASL Procedures 
Manual, HASL-30 (revised annually), Currie, L.A., 'Limits 
for Qualitative Detection and Quantitative Determination 
Application to Radiochemistry," Anal. Chem. 40. 586-93 
(1968), and Hartwell. .K., 'Detection Limits for 
Radioanalytical Counting Techniques, Atlantic Richfield 
Hanford Company Report A SA-215 (June 1975).  

3/4.3.2 DOSE 
(7/8.3.2) 

This specificatiois s provide to implement the requirements 
of Sections ILA, IILA and IV.Aof Appendix I, 10 CPR 50.  
The Limiting Condition for Operation implements the guides 
set forth in Section IIA of AppediX 1. The ACTION 
statements provide the required operating flexibility and at the 
same time implement the guides set forth in Section IV.A of 
Appendix I to assure that the releases of radioactive material 
in liquid effluents to UNRESTRICTD AREAS will be kept 
"as low as is eas ac abl. The dose calculation 
methodology and parameters in the ODCM implement the 
requirements in Section MI.A of Appendi I that conformance 
with the guides of Appendix I be shown by calculational 
procedures based on models and data, such that the actual 
exposure of a MEMBER OF THE PUBUC through 
appropriate pathways is unlikely 'to be substantially 
underestimated. The equations specified in the ODCM for 
calculating the doses due to the actual release rates of 
radioactive materials in liquid effluents are consistent with the 
meth l provided in RGguatory Guide 1.109, 
"Calculation of Annual Doses to Man from Routine Releases 
of Reactor Effluents for the Purpose of .aluating Compliance 
with 10 CFR Pait 50, Appendix I,- Revision 1, October 1977 
and Regulatory Guide 1.113, "Estimating Aquatic Dispersion 
of Effluents from Accident and Routine Reactor Releases for 
the.Purpose of gAppendixI," April 1977.  
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3/4.3.3 ...... ...A. .I.... ..IN. s. ST...  
(713 3 3) 

The requirement that the appropriate portions of this system be 
used, when specified, provides assurance that the releases of 
radioactive materials in liquid effluents will be kept "as low as 
is reasonably achievable'. This specification implements the 
requirements of 10 CMR Part 50.36a, General Design 
Criteion 60 of Appendix A to 10 CPR Part 50 and the design 
objective given in Section I.D of Appendix I to 
10 CFR Part 50. The specified limits governing the use of 
aW priate portions of the liquid radwaste treatment system 
were specified as a suitable fraction of the dose design 
objectives set forth in Section H.A of Appendix I, 
10 CPR Part 50 orliquid 
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3/4.4 GASOEQU&ELIJENTS 
(7 /t.4) 

3/4.4.1 DOSIATE 
(7/8.4.1) 

This specification is provided to ensure that the dose at any 
time at and beyond the SITB BOUNDARY from gaseous 
effluents will be within the annal dose limits of 
10 CFR Part 20 to UNRESTRICTED ARBAS. The annual 
dose limits are the doses associated with the concentrations of 
10 CPR Part 20, Appendix B, Table U, Column 1. These 
limits provide reasonable assurance that radioactive material 
discharged in gaseous effluents will not result in the exposure 
of a MEMBER OF THE PUBLIC in an UNRESTRICTED 
AREA, either within or outside the SITE BOUNDARY, to 
an l avere concentrationsexceding the limits specified in 
Appendix B, Table II of 10 CFR Par- 20 (10 CFR Pat 
20X106(b)). For MBMBERS OF THB PUB11C who may at 
times be within the SITEBOUNDARY, the occupancy of that 
MEMBER OF THE PUBLIC will usually be sufficiently low 
to compensate for any increase in the atmospheric diffusion 
factor above that for the SITE BOUNDARY. Bxamples of 
calculations for such MEMBERS OF THE PUBLIC, with the 
appropriate occupancy factors, shall be given in the ODCM.  
The specified release rate limits restrict, at all times, the 
corresponding gamma and beta dose rates above background 
to a MEMBER OF THB PUBC at or beyond the SITE 
BOUNDARY to less than or equal to 500 Mems/yr to the 
total body or to less than or equal to 3000. erems/year to the 
skin. These release rate limits also restrict, at all times, the 
corresponding thyroid dose rate above background to a child 
via the inhalation pathway to less than or equal to 1500 
neatinsear.  

The required detection capabilities for radioactive materials in 
gaseous waste samples are tabulated In terms of the lower 
limits of detection (LIDs). Detailed discussion of the LLD, 
and other detection limits can be found in EASL Procedures 
Manual, HASLc300 (revised annually), Currie, L.A., "Limits 
for Qualitative Detection and Quantitative Determination 
Application to Radiochemistry,* , 586-93 
(1968), and Hartwell, JK, "Detection Limits for 
Radioanaytical Counting Techniques,t Atlantic Richfield 
Hanford Company Report ARI-S -15 (Jue 1975).  
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3/4.4.2 DOSE - NOBLE GASES 
(7/3.412)

81
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forth in Sections .B and ILC of AppendiI, 1o CFR Part 
50, for gaseous effluent.

/.$ TOT DOS

3/4.6 
(7181)

3/4.6.1 MRTBN RGA 
(7/8.7.1)
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314.6-2 LA)]lSECgMS.$ 
(7/3.7.2)

3/4.6.3 INERLABORATORY 00) 140NPR A 
(7/ 8.7.3)
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TABLE 3.1 (7.1) 
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

Minimum 
Instrument Channels Action 

Operable 

1. Gross Radioactivity Monitors Providing Alarm and Automatic Termination of Release 

a. Liquid Radwaste Effluent Line (R-18) 1 1 

b. Steam Generator Blowdown Effluent Line (R-19) 1 2 

2. Gross Beta or Gamma Radioactivity Monitors Providing Alarm But Not Providing 
Automatic Termination of Release 

a. Service Water System Effluent Line 1 3 
(Component cooling, R-20) 

b. Service Water System Effluent Line 1 3 
(Containment fan cooling, R-16)

ACTION I -

ACTION 2 -

ACTION 3 -

With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE 
requirement, effluent releases may continue provided that prior to initiating a release: 

a. At least two independent samples are analyzed in accordance with Specification 4.3.1.1 
(8.3.1.1), and 

b. At least two technically qualified members of the Facility Staff independently verify the release 
rate calculations and discharge line valving; 

Otherwise, suspend release of radioactive effluents via this pathway.  

With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE 
requirement, effluent releases via this pathway may continue provided grab samples are analyzed for 
gross radioactivity (beta or gamma) at a lower limit of detection of 1.OE-6 uCi/ml: 

a. At least once per week with no indication of primary-to-secondary leakage; or 

b. At least once per 24 hours with identified primary-to-secondary leakage (with secondary side 
activity > 1.OE-05 uCi/mi) 

With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE 
requirement, effluent releases via this pathway may continue provided that, at least once per 12 hours, 
grab samples are collected and analyzed for gross radioactivity (beta or gamma) at a lower limit of 
detection of 1.OE-6 uCilml. (Xotc Fait t* eomlet sanviman VnaWyss rior to 12 hours after
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TABLE 3.2 (7.2) 
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

(PAGE 1 OF 2) 

Minimum 
Channels 

Instrument Operable Applicability Action 

I. Noble Gas Activity Monitor 

a. R-13 or R-14 I * 

- Waste Gas Holdup System 4 
(auto-isolation) 

- Auxiliary Building Ventilation System 5 

- Containment Purge 2" line 6 
(auto-isolation) 

b. R-12 or R-21 I * 

- Containment purge 36" duct 6 
(auto-isolation) 

c. R-15 1 * 5 

- Condenser Evacuation System 

2. Radioiodine & Particulate Samplers 

a. Containment Building vent (R-21) 1 * 7 

b. Auxiliary Building vent (R-13A) 1 * 7 

3. Sampler flow rate measuring devices 

a. Containment Building vent sampler I * 8 

b. Auxiliary Building vent sampler 1 * 8

*At all times
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TABLE 3.2 (7.2) 
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

(PAGE 2 OF 2) 

TABLE NOTATIONS 

ACTION 4 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, the contents of the tank(s) may be released to the environment 
provided that prior to initiating the release: 

a. At least two independent samples of the tank's contents are analyzed, and 

b. At least two technically qualified members of the Facility Staff independently 
verify the release rate calculations and discharge valve lineup; 

Otherwise, suspend release of radioactive effluents via this pathway.  

ACTION 5 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided grab 
samples are taken at least once per 12 hours and these samples are analyzed for gross 
activity within 24 hours.  

ACTION 6 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, immediately suspend PURGING of radioactive effluents via 
this pathway.  

ACTION 7 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via the affected pathway may continue 
provided samples are continuously collected with auxiliary sampling equipment as 
required in Table 8.4.  

ACTION 8 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided the 
flow rate is estimated at least once per 4 hours.



TABLE 3.3 (7.3) 
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 

PAGE 1 OF 2 

Exposure Pathway Number of Representative Samples and Sample Sampling and 
And/Or Sample Locations' Collection Frequency Type and Frequency of Analysis 

1. Direct TLD, 5 bulbs/packet, Quarterly Gamma dose; quarterly 
Radiationb 5 Inner Ring locations 

6 Outer Ring locations 

1 Control location 

1 Population center 

1 Special interest location 

1 Nearby resident 

2. Airborne 

Radioiodine and 3 samples close to the site boundary in highest Continuous sampler 
Particulates average X/Q operation 

Iodine; semi-monthly Iodine; semi-monthly 

1 sample from the closest community having the Particulates; weekly Particulates; gross beta analysis 
highest X/Q or more frequently if following filter change.d 

required by dust Gamma isotopic of composite (by 
loading. location) quarterly.' 

I sample from a control location 

3. Waterborne 

a. Surfacef 1 Upstream sample Monthly grab sample Gamma isotopice analysis monthly.  
I Downstream sample Composite of grab samples for 

tritium analysis quarterly.  

b. Ground 1-2 location likely to be affected Quarterly grab Gamma isotopice and tritium 
sample analysis quarterly.  

c. Drinking 1-3 samples of nearest water supply Monthly gross beta and gamma 
Monthly grab sample isotopic' analysis. Quarterly tritium 

analysis of the composite of 
monthly grab samples.  

d. Sediment 1 sample from downstream area with potential 
from for recreational value Semi-annual grab Gamma isotopic' analysis; 
shoreline sample semiannually.  
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TABLE 3.3 (7.3) 
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 

PAGE 2 OF 2 

4. Ingestion 

a. Milk Samples from milking animals in 3 locations Semi-monthly when Gamma isotopice and [-131 analysis 
within 5 km having the highest dose potential. animals are on semi-monthly when animals are on 

pasture. Monthly pastured. Monthly otherwise.  
I alternate location otherwise.  
I control location 

b. Fish 3 random samplings of commercially and 3 times per year Gamma isotopice on edible portions.  
recreationally important species in the vicinity of 
the discharge.  

c. Food Samples of leaf vegetables grown nearest each Annually when Gamma isotopic' and 1-131 
Products of two different offsite locations within 5 miles available Analysis.  

of the plant if milk sampling is not performed. I I 

Table Notations 

aSpecific parameters of distance and direction sector from the centerline of the reactor, and additional descriptions where pertinent, are 
provided for in Tables 1.1 and 1.2 and Figures 2.1 and 2.2 of the Radiological Environmental Monitoring Manual (REMM) for each and 
every sample location. Deviations from the required sampling schedule will occur if specimens are unobtainable due to hazardous 
conditions, seasonal unavailability, malfunction of automatic sampling equipment and other legitimate reasons. If specimens are 
unobtainable due to sampling equipment malfunction, reasonable efforts shall be made to complete corrective actions prior to the end of 
the next sampling period. All deviations from the sampling schedule shall be documented in the Annual Radiological Environmental 
Monitoring Report. It is recognized that, at times, it may not be possible or practicable to continue to obtain samples of the media of 
choice at the most desired location or time. In these instances suitable alternative media and locations may be chosen for the particular 
pathway in question and appropriate substitutions made within 30 days in the REMM. The cause of the unavailability of samples for that 
pathway and the new location(s) for obtaining replacement samples will be identified in the Annual Radiological Environmental Monitoring 
Report.  

bFor the purposes of this table, a thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a 
packet are considered as two or more dosimeters. The NRC guidance of 40 stations is not an absolute number. The number of direct 
radiation monitoring stations has been reduced according to geographical limitations; e.g., Lake Michigan.  

The frequency of analysis or readout for TLD systems depends upon the characteristics of the specific system used and selection is made 
to obtain optimum dose information with minimal fading.  

'The purpose of this sample is to obtain background information. If it is not practical to establish control locations in accordance with the 
distance and wind direction criteria, other sites that provide valid background data may be substituted.  

dAirborne particulate sample filters shall be analyzed for gross beta radioactivity 24 hours or more after sampling to allow for radon and 
thoron daughter decay. If gross beta activity in air particulate samples is greater than ten times the yearly mean of control samples, 
gamma isotopic analysis shall be performed on the individual samples.  

'Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be attributable to the 
effluents from the facility.  

'The "upstream sample" shall be taken at a distance beyond significant influence of the discharge. The "downstream" sample shall be 
taken in an area near the mixing zone.  

Rev. 5 
90 02/15/93



- 1imw

Rev. 5 
02/15/9391

TABLE 3.4 (7.4) 
REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS 

IN ENVIRONMENTAL SAMPLES

REPORTING LEVELS 

Airborne 
Particulate or Food Products 

Water Gases (pCi/mr) Fish Milk (pCilkg, wet) 
Analysis (pCil) (pCi/kg, wet) (pCi/1) 

H-3 20,000 

Mn-54 1,000 30,000 

Fe-59 400 10,000 

Co-58 1,000 30,000 

Co-60 300 10,000 

Zr-Nb-95 400 

1-131 2 0.9 3 100 

Cs-134 30 10 1,000 60 1,000 

Cs-137 50 20 2,000 70 2,000 

Ba-La- 140 200 300



'A maximum extension not to exceed 25% of the surveillance interval.

92

TABLE 4.0 (8.0) 
FREQUENCY NOTATION 

Notation Frequencyl 

S Once per shift 

St Once per 12 hours 

D Once per 24. hours 

W Once per 7 days 

M Once per 31 days 

Q Once per 92 days 

SA Once per 184 days 

R Once per refueling cycle, not to exceed 18 months 

P Prior to each reactor startup if not done previous week 

PR Completed prior to each release 

N.A. Not applicable
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TABLE 4.1 (8.1) 
RADIOACTIVE LIQUID EFFLUENT MONITORING 

INSTRUMENTATION SURVEILLANCE REQUIREMENTS 

Channel 
Channel Source Channel Functional 

Instrument Check Check Calibration Test 

1. Gross Radioactivity Monitors Providing Alarm and Automatic 
Termination of Release 

a. Liquid Radwaste Effluent Line (R-18) D PR R Q 

b. Steam Generator Blowdown Effluent Line (R-19) D M R Q 

2. Gross Beta or Gamma Radioactivity Monitors Providing 
Alarm But Not Providing Automatic Termination of Release 

a. Service Water System Effluent Line (Component cooling, 
R-20) D M R Q 

b. Service Water System Effluent Line 
(Containment fan cooling, R-16) D M R Q



TABLE 4.2 (81) 
RADIOACTIVE GASEOUS EFFLUENT MONITORING 

INSTRUMENTATION SURVEILLANCE REQUIREMENTS 

Modes 
Channel In Which 

Channel Source Channel Functional Surveillance 

Instrument Check Check Calibration Test Required 

1. Noble Gas Activity Monitor 

a. R-13 or R-14 

Waste Gas Holdup System PR PR R Q * 

(auto-isolation) 

Auxiliary Building Ventilation D M R Q * 

System 

Containment Purge 2" line D M R Q 
(auto-isolation) 

b. R-12 or R-21 

Containment purge 36" duct D PR R Q * 

(auto-isolation) 

c. R-15 
Condenser Evacuation System D M R Q * 

2. Radioiodine Particulate Samplers 

a. Containment Building vent (R
21) . W N.A. N.A. N.A.  

b. Auxiliary Building vent (R-13A) 
W N.A. N.A. N.A. * 

3. Sampler Flow Rate Measuring 
Devices 

a. Containment Building vent D N.A. R Q * 

sampler 

b. Auxiliary Building vent sampler D N.A. R Q *

*At all times other than when the line is valved out and tagged.
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TABLE 43 (83) 
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 1 of 2 

Lower Limit of 
Minimum Analysis Detection 

Sampling Frequency Frequency Type of Activity (LLD)a 

Liquid Release Type Analysis (uCilmi) 

A. Batch Waste Release Tanksb PR PR Principal Gamma 1x10
Each Batch Each Batch Emitters' 

1-131 lx10

PR M H-3 1xl0-5 

Each Batch Composited Gross Alpha 5x10 7 

PR Q Sr-89, Sr-90 5x10 4 

Each Batch Composited Fe-55 1x10 6 

B. Continuous Releases? W W 
(SG Blowdown) Grab Sample Grab Sample Principal Gamma 5x10 7 

(TB Sumpg) Edmtterse 

1-131 1xtO 

W M H-3 1xl0-5 

Grab Sample Compositef Gross Alpha 5xt0

W Q Sr-89, Sr-90 5xl0

Grab Sample Compositef Fe-55 I x10-



TABLE 43 (83) 
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 2 of 2 

Table Notations 

a The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive material in a sample that will 
yield a net count, above system background, that will be detected with 95% probability with only 5% probability of falsely 
concluding that a blank observation represents a "real" signal.  

For a particular measurement system, which may include radiochemical separation: 

LLD = 4.66s 
E * V * 2.22 X 106 * Y * exp (-Xat) 

Where: 

LLD is the a 202d lower limit of detection as defined above, as uCi per unit mass or volume, 

sb is the standard deviation of the background counting rate or of the counting rate of a blank sample as appropriate, as counts per 
minute, 

E is the counting efficiency, as counts per disintegration, 

V is the sample size in units of mass or volume, 

2.22 x 106 is the number of disintegrations per minute per microcurie, 

Y is the fractional radiochemical yield, when applicable, 

X is the radioactive decay constant for the particular radionuclide, and 

At for plant effluents is the elapsed time between the midpoint of sample collection and time of counting.  

Typical values of. E, V, Y and At should be used in the calculation.  

It should be recognized that the LLD is defined as an a prjo (before the fact) limit representing the capability of a measurement 
system and not as an a !!gi3oi (after the fact) limit for a particular measurement.  

b A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling for analysis, each batch shall be located, 
and then thoroughly mixed to ensure representative sampling.  

The principal gamma emitters for which the LLD specification applies exclusively are the following radionuclides: Mn-54, Fe-59, 
Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144. This list does not mean that only these nuclides are to be 
considered. Other gamma peaks that are identifiable, together with those of the above nuclides, shall also be analyzed and 
reported in the Radioactive Effluent Release Report pursuant to TS 6.9.3.b.  

d A composite sample is one in which the quantity of liquid sampled is proportional to the quantity of liquid waste discharged and in 
which the method of sampling employed results in a specimen that is representative of the liquids released.  

A continuous release is the discharge of liquid wastes of a nondiscrete volume, e.g., from a volume of a system that has an input 
flow during the continuous release.  

f As a minimum, the monthly and quarterly composite samples shall be comprised of weekly grab samples.  

9 During periods of identified primary-to-secondary leakage (with the secondary activity > 1.OE-05 uCi/ml), grab samples are 
collected daily and analyzed by gamma spectroscopy.  
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TABLE 4.4 (8.4) 
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 1 of 2 

Lower Limit of 
Minimum Analysis Detection 

Sampling Frequency Frequency Type of Activity (LLD)a 
Gaseous Release Type Analysis (uCilml) 

A. Waste Gas Storage Tank PR PR Principal Gamma Ix10
Each Tank Each Tank EmitterSb 

Grab Sample 

B. Containment PURGE PR PR Principal Gamma lx10-4 
Each PURGE Each Purge Emittersb 
Grab Sample 

C. Auxiliary Building and M M Principal Gamma 1x10 4 

Containment Building Vent Grab Sample Emittersb 

Continuous' W 1-131 3x10 12 

Charcoal 
Sample 

Continuous' W Principal Gamma 1x10 11 

Particulate Emitterb 
Sample (1-131, others) 

Continuouse M Gross Alpha lx10 11 

Composite 
Particulate 

Sample 

Continuous' Q SR-89, SR-90 1xl0 1 I 
Composite 
Particulate 

Sample 

Continuous' Noble Gas Noble Gases lx 10 
Monitor Gross Beta or Gamma



TABLE 4.4 (8.4) 
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 2 OF 2 

Table Notations 

a The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive 
material in a sample that will yield a net count, above system background, that will be detected with 95% 
probability with only 5% probability of falsely concluding that a blank observation represents a "real" 
signal.  

For a particular measurement system, which may include radiochemical separation: 

LLD= 4.66 sb 
E * V * 2.22 X 106 * Y * exp (-XAt) 

Where: 

LLD is the a prori lower limit of detection as defined above, as uCi per unit mass or volume, 

sb is the standard deviation of the background counting rate or of the counting rate of a blank sample as 
appropriate, as counts per minute, 

E is the counting efficiency, as counts per disintegration, 

V is the sample size in units of mass or volume, 

2.22 x 106 is the number of disintegrations per minute per microcurie, 

Y is the fractional radiochemical yield, when applicable, 

X is the radioactive decay constant for the particular radionuclide, and 

At for plant effluents is the elapsed time between the midpoint of sample collection and time of counting.  

Typical values of E, V, Y and At should be used in the calculation.  

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing the 
capability of a measurement system and not as an a posteriori (after the fact) limit for a particular 
measurement.  

b The principal gamma emitters for which the LLD specification applies exclusively are the following 
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, 
Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144 for particulate emissions.  
This list does not mean that only these nuclides are to be considered. Other gamma peaks that are 
identifiable, together with those of the above nuclides, shall also be analyzed and reported in the 
Radioactive Effluent Release Report pursuant to TS 6.9.3.b.  

C The ratio of the sample flow rate to the sampled flow stream flow rate shall be known (based on sampler 
and ventilation system flow measuring devices or periodic flow estimates) for the time period covered by 
each dose or dose rate calculation made in accordance with Specifications 3.4.1, 3.4.2, and 3.4.3 (7.4.1, 
7.4.2 and 7.4.3).  
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TABLE 4.5 (8.5) 
DETECTION CAPABLITIES FOR ENVIRONMENTAL SAMPLE ANALYSISa 

LOWER LIMIT OF DETECTION (LLD)b,c 
Page 1 of 2 

Water Airborne Fish Milk Food Sediment 
Analysis (pCi/) Particulate (pCilkg, (pCi/) Products (pCilkg, 

or Gases wet) (pCi/kg, dry) 
(pCi/m

3
) wet) 

gross beta 4 0.01 

H-3 2,000 

Mn-54 15 130 

Fe-59 30 260 

Co-58, 60 15 130 

Zr-Nb-95 15 

1-131 id 0.07 1 60 

Cs-134 15 0.05 130 15 60 150 

Cs-137 18 0.06 150 18 80 180 

Ba-La-140- 15 15

I



TABLE 4.5 (8.5) 
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSISa 

LOWER LIMIT OF DETECTION (LLD)b,c 
Page 2 of 2 

Table Notations 

a This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable, 
together with those of the above nuclides, shall also be analyzed and reported in the Annual 
Radiological Environmental Monitoring Report, pursuant to TS 6.9.3.a.  

b Required detection capabilities for thermoluminescent dosimeters used for environmental measurements 
are given in RG 4.13.  

C The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive 
material in a sample that will yield a net count, above system background, that will be detected with 
95% probability with only 5% probability of falsely concluding that a blank observation represents a 
"real" signal.  

For a particular measurement system, which may include radiochemical separation: 

LLD= 4.66 s 
E * V * 2.22 * Y * exp (-XAt) 

Where: 

LLD is the a Rdor lower limit of detection as defined above, as picocuries per unit mass or volume, 
sb is the standard deviation of the background counting rate or of the counting rate of a blank sample as 
appropriate, as counts per minute, 
E is the counting efficiency, as counts per disintegration, 
V is the sample size in units of mass or volume, 
2.22 is the number of disintegrations per minute per microcurie, 
Y is the fractional radiochemical yield, when applicable, 
X is the radioactive decay constant for the particular radionuclide, and 
At for environmental samples is the elapsed time between sample collection, or end of the sample 
collection period, and time of counting.  
Typical values of E, V, Y and At should be used in the calculation.  

It should be recognized that the LLD is defined as an a R&i (before the fact) limit representing the 
capability of a measurement system and not as an a osteriori (after the fact) limit for a particular 
measurement. Analyses shall be performed in such a manner that the stated LLDs will be achieved 
under routine conditions. Occasionally background fluctations, unavoidable small sample sizes, the 
presence of interfering nuclides, or other uncontrollable circumstances may render these LLDs 
unachievable. In such cases, the contributing factors shall be identified and described in the Annual 
Radiological Environmental Monitoring Report, pursuant to TS 6.9.3.a.  

d LLD for drinking water samples. If no drinking water pathway exists, the LLD of gamma isotopic 
analysis may be used.  
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APPENDIX A

Technical Basis for Effective Dose Factors 
Liquid Effluent Releases 

The radioactive liquid effluents for the fuel cycle years 1983, 1982 and 1981 were evaluated to 
determine the dose contribution of the radionuclide distribution. This analysis was performed 
to evaluate the use of a limited dose analysis for determining environmental doses, providing a 
simplified method of determining compliance with the dose limits of Specification 3.3.2 
(Technical Specification 7.3.2). For the radionuclide distribution of effluents from the Kewaunee 
Nuclear Power Plant, the controlling organ is either the GI-LLI or the liver. The calculated 
GI-LI dose is almost exclusively dictated by the Nb-95 releases; the liver dose is mostly a 
function of the Cs-134 and Cs-137 releases. The radionuclides, Co-58, Co-60, Sr-90, Cs-134 
and Cs-137 contribute essentially all of the calculated total body dose. The results of this 
evaluation are presented in Table A-1.  

For purposes of simplifying the details of the dose calculational process, it is conservative to 
identify a controlling, dose significant radionuclide and limit the calculational process to the use 
of. the dose conversion factor for this nuclide. Multiplication of the total release (i.e., 
cumulative activity for all radionuclides) by this dose conversion factor provides for a dose 
calculational method that is simplified while also being conservative.  

For the evaluation of the maximum organ dose, it is conservative to use the Cs-134 dose 
conversion factor (7.09E+05 mrem/hr per MCilml, liver). Only the reactor-generated 
radionuclide Nb-95 has a higher dose conversion factor (1.51E+06 mrem/hr per jiCi/ml.  
GI-LLI). However, since Nb-95 releases are typically less than 5% of the total releases, it is 
conservative to use the Cs-134 factor. By this approach, the maximum organ dose will be 
routinely overestimated. For 1983, using this simplified conservative method would 
overestimate the maximum organ dose by a factor of 85; for 1982, the conservatism is a factor 
of 35; and for 1981, a factor of 21.  

For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per MCi/ml, total 
body) is the highest among the identified dominant nuclides. For 1981, using this simplified 
conservative dose calculational method would overestimate the total body dose by a factor of 26: 
for 1982, the conservatism is a factor of 50; and for 1983, a factor of 34.  
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For evaluating compliance with the dose limits of Specification 3.3.2 (Technical Specification 
7.3.2) the following simplified equations may be used: 

Total Body 

Dtb 2 1.67E-02 x VOL x 

(A. 1) 
where: 

Dtb = dose to the total body (mrem) 

ACs-134,TB = 5.79E+05, total body ingestion dose conversion factor for Cs-134 
(mrem/hr per ACilml) 

VOL = volume of liquid effluent released (gal) 

E Ci = total concentration of all radionuclides (Cilml) 

CW = average circulating water discharge rate during release period 
(gallmin) 

1. 67E-02 = conversion factor (hr/min) 

Substituting the value for the Cs-134 total body dose conversion factor, the equation 
simplifies to: 

Dtb =9.67E+03 x VOL c, CW 

(A.2) 

Maximum Organ 

Dmax 1.67E-02 x VOL x ACs--134,L x y CW 

(A.3) 
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where:

Dmax = maximum organ dose (mrem) 

ACs-134,L = 7.09E+05, liver ingestion dose conversion factor for Cs-134 
(mrem/hr per ACilml) 

Substituting the value for ACs- 134,Liver, the equation simplifies to: 

Dmax = 1.18E+04 x VOL x Dmax "CW x C 

(A.4) 

Only the total body dose need be evaluated by this simplified method since it represents 
the more limiting (compared with the maximum organ dose) for demonstrating 
compliance with Specification 3.3.2 (Technical Specification 7.3.2).  

Tritium is not included in the limited analysis dose assessment for liquid releases, 
because the potential dose resulting from normal reactor releases is negligible. The 
average annual tritium release from the Kewaunee Nuclear Plant to Lake Michigan is 
approximately 300 curies. The calculated total body dose from such a release is 
1.36E-02 mrem/yr via the fish ingestion and drinking water pathways. This amounts to 
0.45 % of the design objective dose of 3 mrem/yr. Furthermore, the release of tritium 
is a function of operating time and power level and is essentially unrelated to radwaste 
system operation.  

Rev. 5 
A-4 02/15/93



Appendix A

1983-84 Fuel Cycle

Table A-1 
Adult Dose Contributions 

Fish and Drinking Water Pathways 

1982-83 Fuel Cycle 1981-82 Fuel Cycle

Radio- Release 
Nuclide (Ci)

5.91 E- I 

1.291-0 1 

8.41E-02 

9.46E-02 

4.60E-02 

3.91 E-02 

3.24E-02 

1.06E-02 

1.03E+00

TB 
Dose 
Frac.

GI-LLI 
Dose 
Frac.

0.01 0.02 

* 0.01 

* * 

* *

* 

* 

0.64 

0.35

* 

0.96 

0.01 

*

Liver 
Dose 
Frac.

* 

* 

* 

* 

* 

* 

0.69 

0.31 

6.53E-01

Release TB 
(Ci) Dose Frac.

2.27E-01 

2.36E-01 

1.57E-01 

3.78E-03 

8.06E-03 

3.67E-04 

2.08E-02 

4.52E-04

0.01 

0.02 

* 

* 

* 

* 

0.94 

0.03

GI-LLI 
Dose 
Frac.

0.18 

0.49 

* 

* 

* 

0.24 

0.09 

*

Liver 
Dose 
Frac.

* 

0.01 

* 

* 

* 

* 

0.96 

0.03 

1.36E+00

Release TB 
(Ci) Dose 

Frac.

8.51 E-0 I 

3.66E-01 

2.06E-02 

2.88E-02 

2.07E-02 

N/D 

5.53E-02 

1.93E-02

0.01 

0.01 

* 

* 

*

GI-LLI 
Dose 
Frac.

0.37 

0.43 

* 

* 

*

* 

0.62 0.14 

0.37 0.06

*Less than 0.01 

N/D = not detected

Co-58 

Co-60 

Ag-l l0m 

Sb- 124 

Sb-125 

Nb-95 

Cs-137 

Cs- 134 

Total

Liver 
Dose 
Frac.  

* 

* 

* 

* 

* 

* 

0.68 

0.32
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APPENDIX B

Technical Bases for Effective Dose Factors 
Gaseous Radioactive Effluents 

Overview 

The evaluation of doses due to releases of radioactive material to the atmosphere can be 
simplified by the use of effective dose transfer factors instead of using dose factors which are 
radionuclide specific. These effective factors, which can be based on typical radionuclide 
distributions of releases, can be applied to the total radioactivity released to approximate the dose 
in the environment (i.e., instead of having to perform individual radionuclide dose analyses only 
a single multiplication (Keff, Meff or Neff) times the total quantity of radioactive material 
released would be needed). This approach provides a reasonable estimate of the actual dose 
while eliminating the need for a detailed calculational technique.  

Determination of Effective Dose Factors 

Effective dose transfer factors are calculated by the following equations: 

Keff = (Ki x f1) 

(B. 1) 
where: 

Keff = the effective total body dose factor due to gamma emissions from 
all noble gases released 

K = the total body dose factor due to gamma emissions from each 
noble gas radionuclide i released 

fi= the fractional abundance of noble gas radionuclide i relative to the 
total noble gas activity 

(L + 1.1 M)eff = ((Li + 1.1 Mi) x fi) 

(B.2) 
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where:

(L + 1.1 M)eff 

(Lj + 1.1 Mi)

= the effective skin dose factor due to beta and 
gamma emissions from all noble gases released 

= the skin dose factor due to beta and gamma 
emissions from each noble gas radionuclide i 
released

Meff = E (Mi x fi)

(B.3)

where:

Meff = the effective air dose factor due 
noble gases released 

Mi = the air dose factor due to gamma 
radionuclide i released

where:

Neff

to gamma emissions from all 

emissions from each noble gas

Neff = F (Ni x fg) 

(B.4) 

= the effective air dose factor due to beta emissions from all noble 
gases released 

= the air dose factor due to beta emissions from each noble gas 
radionuclide i released

Normally, it would be expected that past radioactive effluent data would be used for the 
determination of the effective dose factors. However, the noble gas releases from Kewaunee 
have been maintained to such negligible quantities that the inherent variability in the data makes 
any meaningful evaluations difficult. For the years of 1981, 1982 and 1983, the total noble gas 
releases have been limited to 6 Ci for 1981, 56 Ci for 1982, and 167 Ci for 1983. Therefore, 
in order to provide a reasonable basis for the derivation of the effective noble gas dose factors, 
the primary coolant source term from ANSI N237-1976/ANS-18.1, "Source Term 
Specifications," has been used as representing a typical distribution. The effective dose factors 
as derived are presented in Table B-1.  
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Application

To provide an additional degree of conservatism, a factor of 0.50 is introduced into the dose 
calculational process when the effective dose transfer factor is used. This conservatism provides 
additional assurance that the evaluation of doses by the use of a single effective factor will not 
significantly underestimate any actual doses in the environment.  

For evaluating compliance with the dose limits of Specification 3.4.2 (Technical Specification 
7.4.2), the following simplified equations may be used: 

Dly = 3.17E-08 x X/Q X Meff x Qi 

(B.5) 

D 3.17-08 x X/Q x Neff x Qi 
0.5 0 

(B.6) 
where: 

Dy = air dose due to gamma emissions for the cumulative release of all 
noble gases (mrad) 

D= air dose due to beta emissions for the cumulative release of all 
noble gases (mrad) 

X/Q = atmospheric dispersion to the controlling site boundary (sec/m 3) 

Meff = 5.3E+02, effective gamma-air dose factor (mradlyr per ACi/m 3) 

Neff = 1. 1E+03, effective beta-air dose factor (mradlyr per 1sCi/m 3) 

E Qi cumulative release for all noble gas radionuclides (/ACi) 

3.17E-08 = conversion factor (yr/sec) 

0.50 = conservatism factor to account for the variability in the effluent 
data 
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Combining the constants, the dose calculational equations simplify to:

Dy = 3.5E-05 x X/Q x Qi 

and (B.7) 

Do = 7.OE-05 x X/Q x Qi 

(B.8) 

The effective dose factors are used on a very limited basis for the purpose of facilitating the 
timely assessment of radioactive effluent releases, particularly during periods of computer 
malfunction where a detailed dose assessment may be unavailable. Dose assessments using the 
detailed, radionuclide dependent calculation are performed at least every six months for 
preparation of the Semi-Annual Radioactive Effluent Reports. Comparisons can be performed 
at this time to assure that the use of the effective dose factors does not substantially 
underestimate actual doses.  
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APPENDIX B

Table B-1 

Effective Dose Factors - Noble Gases 

Noble Gases - Total Body and Skin

Radionuclide 

Kr-85 
Kr-88 
Xe-133m 
Xe- 133 
Xe- 135

Total Body Effective 
Dose Factor 

Ke ) 
(mremlyr per pCilm3)fi

0.01 
0.01 
0.01 
0.95 
0.02

TOTAL

1.5E+02 
2.5E+00 
3.0E+02 
3.6E+01 

4.8E+02

Skin Effective 
Dose Factor 
(L+1.1 Meff 

(mremlyr per Cilm3) 

1.4E+01 
1.9E+02 
1.4E+01 
6.6E+02 
7.9E+01 

9.6E+02

Noble Gases - Air

Radionuclide 

Kr-85 
Kr-88 
Xe-133m 
Xe-133 
Xe-135

Gamma Air Effective 
Dose Factor 

Meff 
(mrad/yr per uCi/m3)f.

0.01 
0.01 
0.01 
0.95 
0.02

TOTAL

1.5E+02 
3.3E+00 
3.4E+02 
3.8E+01 

5.3E+02

B-6

Beta Air Effective 
Dose Factor 

Nef 
(mrad/yr per ACi/m 

2.OE+01 
2.9E+01 
1.5E+01 
1.OE+03 
4.9E+01 

1.1E+03
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Appendix C

Evaluation of Conservative, Default MPC Value 
for Liquid Effluents 

In accordance with the requirements of Specification 3.1 (Technical Specification 7.1) the 
radioactive liquid effluent monitors shall be operable with alarm setpoints established to ensure 
that the concentration of radioactive material at the discharge point does not exceed the MPC 
value of 10 CFR 20, Appendix B, Table II, Column 2. The determination of allowable 
radionuclide concentration and corresponding alarm setpoint is a function of the individual 
radionuclide distribution and corresponding MPC values.  

In order to limit the need for routinely having to reestablish the alarm setpoints as a function of 
changing radionuclide distributions, a default alarm setpoint can be established. This default 
setpoint can be conservatively based on an evaluation of the radionuclide distribution of the 
liquid effluents from Kewaunee and the effective MPC value for this distribution.  

The effective MPC value for a radionuclide distribution can be calculated by the equation: 

MPCe - i C.  

MPCi 

(C.1) 

where: 

MPCe = an effective MPC value for a mixture of radionuclide (yCi/ml) 

Ci = concentration of radionuclide i in the mixture 

MPCi = the 10 CFR 20, Appendix B, Table II, Column 2 MPC value for 
radionuclide i (pCi/mi) 

Based on the above equation and the radionuclide distribution in the effluents for past years from 
Kewaunee, an effective MPC value can be determined. Results are presented in Table C-1.  
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Based on the annual radionuclide distributions, the most limiting effective MIPC was for the 
calendar year 1983, with a calculated value of 3.8E-05 yCi/ml. For conservatism in establishing 
the alarm setpoints, a default effective MPC value of 1.OE-05 jACilml was selected. The overall 
conservatism of this value is reaffirmed for future releases considering that 1.OE-05 /Cilml is 
more restrictive than the individual MPC values for the principal fission and activation products 
of Co-58, Co-60 and Cs-137 and is only slightly higher than the 9.OE-06 ACilml MPC value for 
Cs-134.  

In 1992, Table C-1 was updated to include data from 1984 through 1991. The default effective 
MPC value of 1.OE-05 jACilm1 previously established was reaffirmed as being a conservative 
value. Note that the 1984 through 1991 data includes more nuclides than previous years data.  
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Appendix C

Table C-1 
Calculation of Effective MPC

Nuclide 

Sr-89 

Sr-90 

Nb-95 

1-131 

1-133 

Cs- 134 

Cs- 136 

Cs- 137 

Cs-138 

Ba- 140 

Mn-54 

Co-57 

Co-58 

Co-60 

Sb- 124 

Sb- 125 

Cr-51 

Ag-1 10m 

Na-24 

Fe-59 

Sn-113 

Zr-95 

Total

MIPC 
(Uci/mI) 

3E-06 

3E-07 

1IE-04 

3E-07 

IE-6 

9E-06 

6E-05 

2E-05 

2E-05 

1E-04 

4E-04 

9E-05 

3E-05 

2E-05 

1E-04 

2E-03 

3E-05 

3E-05 

5E-05 

8E-05 

6E-05

Ci 
meCi 

MPC, (pACUim)

1976 
1981 avg.  

1.OE-03 

2.5E-04 

5.4E-03 

1.9E-02 

7.4E-04 

7.4E-02 

5.2E-04 

5.7E-02 

1.2E-04 

4.5E-04 

4.5E-02 

3.IE-04 

5.5E-01 

1.6E-01 

3.4E-02 

3.4E-02 

4.6E-02 

4.3E-02 

9.7E-03 

6.1E-03 

6.IE-04 

2.2E-03 

1.09 

9.2E+04 

1.2E-05

Activity Released (Ci) 
1982 

3E-05 

SE-05 

2.4E-03 

1.1 E-02 

4.7E-02 

9E-03 

1.7E-04 

8.1E-O1 

3.7E-01 

3E-02 

1.8E-02 

1E-02 

1.5E-01 

IE-05 

4.4E-03 

1E-04 

8E-04 

1.46 

3.2E+04 

4.6E-05

C-4

1983 

2E-04 

1.2E-04 

2.5E-03 

3 E-05 

2E-05 

9.IE-04

2.IE-02 

6E-06 

3.6E-03 

1.8E-04 

2.IE-O1 

2.OE-01 

3.8E-03 

8.4E-03 

2.8E-03 

7.2E-02 

8.3E-04

8E-05 

4E-04 

0.53

1.4E+04 

3.8E-05
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Table C-1 (con't) Calculation of Effective MIPC

MPC 
(uCilmi)

Na-24 

Cr-51 

Mn-54 

Fe-55 

Mn-56 

Co-57 

Co-58 

Fe-59 

Co-60 

Ni-63 

Sr-89 

Sr-90 

Nb-95 

Zr-95 

Nb-97 

Zr-97 

Mo-99 

Ru- 103 

Ag-ll0m 

Sn- 113 

Sn-I 17m 

Sb- 122 

Sb- 124 

Sb- 125 

1-131 

1-132 

1-133 

Cs- 134 

1-134 

1-135 

Cs- 136 

Cs-137 

Cs-138 

Co- 139 

Ba- 140 

La- 140 

Ce- 144 

W-187

Activity Released (Ci)

1984

3.OE-05 

2.0E-03 

1.0E-04 

8.0E-04 

1.OE-04 

4.0E-04 

9.0E-05 

5.0E-05 

3.0E-05 

3.0E-05 

3.0E-06 

3.0E-07 

1.0E-04 

6.OE-05 

1.OE-04 

2.OE-05 

4.OE-05 

8.0E-05 

3.0E-05 

8.0E-05 

3.OE-06 

3.0E-05 

2.OE-05 

1.0E-04 

3.0E-07 

8.0E-06 

I.0E-06 

9.0E-06 

2.OE-05 

4.0E-06 

6.OE-05 

2.0E-05 

3.0E-06 

3.0E-06 

2.0E-05 

2.OE-05 

1.0E-05 

6 OF-OS

1985

1.42E-03 

2.57E-03 

6.06E-03 

7.45E-03 

9.47E-04 

5.78E-01 

3.62E-04 

1.03E-01 

2.05E-03 

2.59E-04 

1. 23E-03 

7.30E-04 

3.91 E-02 

3.55E-04 

8.33E-02 

1.77E-03 

9.5 1E-02 

4.73E-02 

4.44E-05 

4.12E-05 

1.31E-02 

2.04E-02 

8.01E-04 

3.28E-07

1986

6.90E-03 

2.94E-02 

8.53E-03 

2.19E-04 

2.69E-01 

3.36E-03 

1.41E-01 

1.40E-04 

3.48E-05 

1.83E-02 

1.05E-02 

3.82E-02 

3.85E-03 

3.95E-02 

3.07E-02 

3.04E-04 

5.62E-03 

2.24E-02 

7.32E-05 

9.01E-06

1987

5.85E-04 

4.08E-03 

1.94E-03 

5.24E-02 

1.0 1E-04 

1.92E-01 

1.03E-03 

6.32E-02 

2.24E-02 

2.20E-03 

6.89E-04 

2.97E-02 

1.27E-03 

2.74E-02 

1.83E-02 

3.44E-05 

3.64E-05 

6.51E-04 

1.40E-03 

3.632-03 

4.07E-05

1988

6.16E-04 

2.02E-02 

3.37E-03 

1.21E-01 

8.38E-05 

8.03E-05 

1.86E-01 

5.02E-03 

4.62E-02 

4.61E-05 

1.54E-05 

5.32E-03 

2.36E-03 

8.43E-02 

1.43E-03 

1.91E-04 

2.92E-02 

2.25E-02 

1.31E-04 

1.88E-04 

5.76E-04 

2.06E-04 

4.31E-04 

2.97E-03 

2.09E-04

Total Activity 1.01E+00 6.28E-01 4.23E-01 5.33E-01 4.83E-01 
(Ci)

4.39E-05 4.19E-05 5.24E-05 5.37E-05 3.94E-05
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Nuclide

3.08E-04 

8.36E-03 

4.87E-03 

7.23E-02 

3.55E-04 

2.68E-01 

1.94E-03 

6.22E-02 

6.77E-05 

3.79E-06 

1.36E-03 

9.53E-04 

2.32E-02 

7.88E-04 

4.48E-04 

1.52E-02 

1. 15E-02 

1.33E-03 

2.62E-04 

1.75E-03 

2.60E-05 

1.92E-04 

7.91E-03.  

2.63 E-05

MPCe 
(jsCi/in)

CUMI) 1986 1987 
G; 

1988



Table C-1 (con't) - Calculation of Effective MIPC 
Activity Released (Ci) 

Nudide MPC 
(ACilmi) 1989 1990 1991 

Na-24 3.OE-05 5.12E-05 1.53E-05 3.58E-05 

Cr-51 2.OE-03 9.59E-04 2.02E-02 1.38E-02 

Mn-54 1.OE-04 5.75E-03 2.85E-03 2.34E-03 

Fe-55 8.OE-04 1.54E-01 1.53E-02 4.07E-02

Mn-56 

Co-57 

Co-58 

Fe-59 

Co-60 

Ni-63 

Sr-89 

Sr-90 

Nb-95 

Zr-95 

Nb-97 

Zr-97 

Mo-99 

Ru- 103 

Ag- I l0m 

Sn- 113 

Sn- 17m 

Sb- 122 

Sb- 124 

Sb- 125 

1-131 

1-132 

1-133 

Cs- 134 

1-134 

1-135 

Cs-136 

Cs- 137 

Cs-138 

Co-139 

Ba- 140 

La- 140 

Ce- 144 

W-187 

Total Activity 
(Ci) 

MPCe 
(MCi/mi)

6.67E-04 

4.58E-01 

4.18E-03 

9.12E-02

1.01E-04 

4.0E-04 

9.OE-05 

5.OE-05 

3.OE-05 

3.OE-05 

3.OE-06 

3.OE-07 

1.OE-04 

6.OE-05 

1.OE-04 

2.0E-05 

4.OE-05 

8.OE-05 

3.OE-05 

8.OE-05 

3.0E-06 

3.OE-05 

2.OE-05 

1.OE-04 

3.0E-07 

8.0E-06 

1.OE-06 

9.OE-06 

2.OE-05 

4.0E-06 

6.0E-05 

2.0E-05 

3.0E-06 

3.0E-06 

2.OE-05 

2.0E-05 

1OE-05 

60EF-05

4.16E-05 

8.79E-02 

3.05E-03 

3.36E-02

5.73E-03 

3.97E-03 

1. 17E-04 

1.92E-02 

2.36E-03 

1.53E-05 

1.90E-03 

2.47E-03 

6.92E-04 

8.02E-04

1.97E-04 

1.01E-01 

3.68E-03 

3.45E-02 

2.12E-06 

4.87E-03 

3.07E-03 

6.2 1E-05 

1.31 E-02 

1.93E-03 

7.2 1E-05 

1.48E-04 

2.10E-03 

2.6 1E-03 

1.49E-04 

1.95E-04

2.49E-04

Q fl2R-C~d K ~7FJ~S 1 ~1F4~

9.OOE-01 2.01E-01 2.25E-01

4.62E-05 6.16E-05 7.06E-05
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1.43E-02 

1.OOE-02 

3.98E-04 

3.16E-07 

6.95E-06 

6.12E-02 

4.38E-03 

5.69E-02 

1.22E-02 

9.04E-03 

1.45E-03 

7.47E-03 

6.25E-03
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Appendix D 
Site Maps 

Plant drawing A-408, "Radiological Survey Site Map" depicts the site area by illustrating the 
site boundary and the restricted areas. The area within the site boundary but outside the 
restricted area is considered the onsite unrestricted area. Plant drawing A-449, "Plan of Plant 
Area, Fence, Lighting, and CCTV Support Structure" shows the layout of the site buildings.  
Much of the land located within the unrestricted area is used for recreational or agricultural 
purposes. The pier, at the liquid discharge of the plant, is often occupied by fishermen.  
Occupancy factors for this location is estimated to be five fishermen per day The pier is open 
to the public from 4 AM to 11 PM. Admittance hours are posted. The school forest is most 
often visited by the Kewaunee County school system for educational purposes. It is estimated 
that 250 students visit this area per year.  

Figure D-1 presents the locations and elevations of radioactive effluent release points at the 
plant. The plant drawings referenced above are not included as part of the ODCM but can be 
found in the plant drawing system.  
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASMINGTON.0C gi

2une 17, 1992

Docket No. 50-305

Mr. C. A. Schrock 
Manager - Nuclear Engineering 
Wisconsin Public Service 

Corporation 
P. 0. Box 19002 
Green Bay, Wisconsin 54037-9002

Dear Mr. Schrock: 

SUBJECT: PROPOSED DISPOSAL OF LOW LEVEL RADIOACTIVE WASTE SLUDGE ONSITE 
AT 

THE KEWAUNEE NUCLEAR POWER PLANT (TAC NO. M75047) 

By letters dated September 12, 1989, and October 17, 1991, you submitted a 

request pursuant to 10 CFR 20.302 for the disposal of waste sludge onsite at 

the Kewaunee Nuclear Power Plant. We have completed our review of the request 

and find your procedures including documented commitments, to be acceptable.

This approval is granted provided t 

permanently incorporated into your 
an Appendix, and that future modifi 
to the NRC.  

Issuance of this safety evaluation

hat the enclosed safety evaluation is 

Offsite ose Calculation Manual (00CM) as 
cations of these commitments are reported 

completes all effort on TAC No. M75047.  

Sincerely, 

Allen G. Hansen, Project Manager 
Project Directorate 111-3 
Division of Reactor Projects III/IV/V 
Office of Nuclear Reactor Regulation

Enclosure: 
As stated 

cc w/enclosure: 
See next page

T A Has (MGM) 
J D Loock (W ) 
Lany Niesa (ANFC) 
J L Shlas (NSRAC) 
D A Bono0 G6 
K H Ever KNP

I P owuw 02 

M L Madd P 
D L MD2k K" 
R P pawm D2 (2) 
DJ Ria D2 
A J Rnag*D2

C A SdW09 D2 C R Sm~bffD 2 

TI Wbb KNP 
s F Woank 02 
QA Va11 KNP
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Mr. C. A. Schrock ' oe ln 
Wisconsin Public Service Corporation Kewaunee Nuclear Power Plant 

cc: 

David Baker, Esquire 
Foley and Lardner 
P.O. Box 2193 
Orlando, Florida 32082 

Glen Kunesh, Chairman 
Town of Carlton 
Route 1 
Kewaunee, Wisconsin 54216 

Mr. Harold Reckelberg, Chairman 
Kewaunee County Board 
Kewaunee County Courthouse 
Kewaunee, Wisconsin 54216 

Chairman 
Public Service Commission of Wisconsin 
Hill Farms State Office Building 
Madison, Wisconsin .53702 

Attorney General 
114 East, State Capitol 
Madison, Wisconsin 53702 

U.S. Nuclear Regulatory Commission 
Resident Inspectors Office 
Route #1, Box 999 
Kewaunee, Wisconsin 54216 

Regional Administrator - Region III 

U.S. Nuclear Regulatory Commission 
799 Roosevelt Road 
len Ellyn, Illinois 60137 

Mr. Robert S. Cullen 
Chief Engineer 
Wisconsin Public Service Commission 
P.O. Box 7854 
Madison, Wisconsin 53707
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A, UNITED STATES 
a NUCLEAR REGULATORY COMMISSION 

WASHINGTON. 0 C. 20M 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULAION 

RELATING TO ONSITE ISPOSAL OF LOW-LEVEL RADIOACTIVELY 

CONTAMINATED WASTE SLUDGE 

AT THE KEIAUNEE NUCLEAR-POWER PLANT 

ISCONSIN PULIC SERVICE CORPORATION 

WISCONSIN.POWER AN LIGHT COMPANY 

MA0NSON GAS AND .ELETRIC COMPANY 

DOCKET NO. 50-305 

1.0 INTRODUCTLON 

In reference 1, Wisconsin Public Service 
Corporation (WPSC) requested approval 

pursuant to Section 20.302 of Title 10 of the Code of Federal Regulations 

(CFR) for the disposal of licensed material not previously considered in the 

Kewaunee Final Environmental Statement (FES) dated December 1972. 
Additional 

related material from the licensee, from the State of 
Wisconsin, and from the 

staff are contained in references 2 through 
5.  

The WPSC request contains a detailed description 
of the licensed material 

(i.e., contaminated sludge) subject to this 10 CFR 20.302 request, based on 

radioactivity absorbed from liquid discharges 
of licensed material. The 

15,000 cubic feet of contaminated sludge identified in the request contains a 

total radionuclide inventory of 0.11 mCi of Cesium-i37 and Cobalt-6O.  

In its submittal, the licensee addresed specific information requested in 

accordance with 10 CFR 20.302(a), provided a detailed 
description of the 

licensed material, thoroughly analyzed and evaluated the information pertinent 

to the effects on the environment if the proposed disposal of licensed 

material, and committed to follow specific 
procedures to minimize the risk of 

unexpected exposures.  

2.0 DESCRIPTION OF ASTE 

Ouring the normal operation of Kewaunee, the potential exists for in-plant 

process streams which are not normally radioactive to become contaminated 

with very low levels of radioactive materials. 
These waste streams are 

normally separated from the radioactive streams. 
However, due mainly to 

infrequent, minor system leaks, and anticipated operational occurrences, the 

potential exists for these systems to become slightly 
contaminated. At 

Kewaunee, the secondary system demineralizer resins, the service water pre

treatment system sludges, the make-up water system resins, and the sewage 

treatment plant sludges are waste streams that have the potential to become 

contaminated at very low levels.
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During the yearly testing Of a batch of pre-treatment 
sludge, it was found 

that approx imtely 15,0o cubic feet of sludge had been contaminated with 

Cs-137 and Co-60.  

3.0 PROpOSED DISPOSAL METHOD 

WPSC plans to dispose of the 15,000 cubic feet of contaminated sludge onsite 

pursuant to 10 CFR 20.302. The sludge is currently contained in 
an onsite 

lagoon at the KNPP sewage treatment facility. The disposal of the sludge will 

be by land application to an area located onsite at KNPP, as shown in 

Figure 1. The area will be periodically plowed to a depth of 
6 inches.  

Table 1 lists the principal nuclides identified in the sludge. The activity 

is based on measurements made in 1989. 
The radionuclide half-lives, which are 

dominated by 30-year Cs-137, meet 
the staff's 10 CFR 20.302 guidelines 

(reference 6), which apply to radionuclides with half-lives less 
than 35 

years.  
Table 1 

Nuclide Total Activity (mLM) 

Co-60 0.076 

Cs-137 0.094 

0.170 

4.0 RADIOLOGICAL IMPACTS 

The licensee has evaluated the following 
potential exposure pathways to 

members of the general public from the radionuclides in 
the sludge: (1) 

external exposure caused by groundshine from 
the disposal site; (2) internal 

exposure from inhalation of re-suspended 
radionuclides; and (3) internal 

exposure from ingesting ground water. 
The staff has reviewed the licensee's 

calculational methods and assumptions 
and finds that they are consistent with 

NRC Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine 

Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 

CFR Part o, Appendix f," Revision 1, October 
1977. The staff finds the 

assessment methodology acceptable.  

Table 2 lists the doses calculated by the licensee 
for the maximally exposed 

member of the public based on a total activity of 0.170 mCi disposed of in te 

current year, as well as the cumulative impact of similar dfsposals during 

subsequent years. For any repetitive disposals, the licensee must 
reapply to 

the NRC when a particular disposal would exceed 
the following boundary 

conditions: (1) the annual disposal must be less than a total activity ofd.2 

mCi; (2) the whole body dose to the hypothetical maximally exposed individual 

must be less than 0.1 mrem/year; and (3) the disposal must be at the same site 

as described in Figure 1.
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TABLE 2 

Whole Body Dose Received by 
Maximally Exposed Individual 

Pathway (mrem/yearl 

Groundshine 0.034 

Inhalation 0.008 

Groundwater Ingestion 0.007 

TOTAL 

As shown in Table 2, the annual dose is expected to be on the order of 

0.1 mrem or less. Such a dose is a small fraction of the 300 mrem received 

annually by members of the general public from sources of natural background 

radiation.  

The guidelines used by the NRC staff for onsite disposal 
of licensed material 

are presented in Table 3, along with the staff's 
evaluation of how each 

guideline has been satisfied.  

The licensee's procedures and commitments as documented in the submittal are 

acceptable, provided that they are permanently incorporated 
into the 

licensee's Offsit-e Dose Calculation Manual (00CM) as an Appendix, and that 

future modifications bereported to NRC ip accordance with the applicable 0CM 

change protocol.  

Based on the above findings, the staff finds the licensee 's proposal to 

dispose of the low level radioactive waste sludge onsite in the manner 

described in the WPSC letter dated September 12, 1989, to be acceptable. The 

State of Wisconsin has also approved these procedures (reference 
5).
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TABLE 3

20.302 Guideline 
for Onsite Discosal 

1. The radioactive material should 

be disposed of in a manner that it 

is unlikely that the material would 

be recycled.  

2. Doses to the total body and any 

body organ of a maximally exposed 
individual (a member of the general 

public or a non-occupationally 
exposed worker) from the probable 
pathways of exposure to the disposed 
material should be less than 
1 mrem/year.  

3. Doses to the total body and any 
body organ of an inadvertent 
intruder from the probable pathways 
of exposure should be less than 
5 mrem/year.  

4. Doses to the total body and any 
body organ of an individual from 
assumed recycling of the disposed 
material at the time the disposal 
site is released from regulatory 
control from all likely pathways of 

exposure should be less than 1 mrem.

Staff's Evaluation 

1. Due to the nature of the 
disposed material, recycling to the 
general public is not considered 
likely.  

2. This guideline is addressed in 
Table 2.  

3. Because the material will be 
land-spread, the staff considers the 
maximally exposed individual 
scenario to also address the 
intruder scenario.  

4. Even if recycling.were to occur 
after release from regulatory 
control, the dose to the maximally 
exposed member of the public is not 
expected to exceed 1 mrem/year, 
based on the exposure scenarios 
considered in this analysis.
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(1) WPSC letter from K. H. Evers to NRC Document Control Desk, September 12, 

1989.  

(2) Memorandum from L. J. Cunningham, OREP, to J. N. Hannon, "Request For 

Additional Information," December 11, 1989.  

(3) NRC letter from M. J. Davis to K. H. Evers of WPSC dated February 13, 1990.  

(4) WPSC letter from K. H. Evers to NRC Document 
Control Desk, October 17, 

1991.  

(5) Letter from L. Sridharon of the State of Wisconsin 
Department of Natural 

Resources to M. Vandenbusch of WPSC, dated June 
13, 1991.  

(6) E. F. Branagan Jr. and F. u. Congel, 0isposal of Contaminated 

Radioactive Wastes from Nuclear Power Plants,* 
presented at the Health 

Physics Society's midyear Symposium on 
Health Physics Considerations in 

Decontamination/Decommulissioning, Knoxville, TN, February 1986 

(CONF-860203).  

Principal Contributor: J. Minns 

Date: June 17, 1992

E-8



-6-

Figure 1 

Kewaunce Nuclear Power Plant Site Area Map
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