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10 CFR 50.36a(a)(2)

U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D.C. 20555 

Ladies/Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Radioactive Effluent Release Report January - December, 1994

Enclosed please find a copy of the Kewaunee Nuclear Power Plant Radioactive Effluent Release 
Report for January through December, 1994. This report is submitted to meet the requirements 
of Technical Specification 6.9.b.2.  

Sincerely, 

M. L. Marchi 
Manager - Nuclear Business Group 

BJD/jmf 

Enc.

cc - US NRC Senior Resident Inspector 
US NRC Region III LIC\NRC\EFFLUENT.WP
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.0 SUMMARY 

During 1994 all solid, liquid, and gaseous radioactive effluents from the Kewaunee Nuclear Plant were 

well below regulatory limits. For individual effluent streams , the limit most closely approached was 

GASEOUS: Ingestion Pathway-Organ-Liver 
Specification (nRems) 15 
Actual Dose (mRems) 0.0001444 

% of Specification 0.0009626 

LIOUID: Organ-GI-LLI 
Quarterly Limit (mRems) 10 
Actual Dose (mRems) 0.02926 

% of Limit 0.29 

SOLID No upper limit for solid radioactive waste applies.  

Cubic Meters Shipped 50.6 

1.0 INTRODUCTION 

This report is being submitted in accordance with the requirements of Kewaunee Technical 

Specifications, Section 6.9.b.2 and the Offsite Dose Calculation Manual, Section 3/4.7. It includes data 

from all effluent releases made from January I - December 31, 1994. 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 Effluent Dose 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) describes the methodology and parameters 

used in.  

I. 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 1, 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 redundant 
"off-line" sample trains. 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 LLD's for gaseous radioanalyses, as listed in Table 4.4 of the Kewaunee ODCM are:

Analysis LLD (iCi/ml)

Gaseous Gamma Emitters 
Iodine 131 
Particulate Gamma Emitters 
Particulate Gross Alpha 
Strontium 89. 90 
Noble Gases, Gross Beta or Gamma

1.00 E-04 
3.00 E-12 
1.00 E-1 I 
1.00 E-1 I 
1.00 E-1 I 
1.00 E-06

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

Isotope a priori LLD (pCi/ml)

a. Gaseous emissions:

Kr-87 
Kr-88 
Xe- 133 
Xe- 133m 
Xe-135 
Xe-138

5.84 E-8 
8 27 E-8 
6.01 E-8 
2 28 E-7 
2 39 E-8 
1.03 E-7

b. Particulate emissions:

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Mo-99 
Cs-134 
Cs-137 
Ce- 141 
Ce-144

5 34 E-14 
1 33 E-13 
I.04 E-13 
1,87 E-13 
2.98 E-13 
5.01 E-14 
1.02 E-13 
6.70 E-14 
6.15 E-14 
3.50 E-13
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c. Other identifiable gamma emitters.

Ar-41 4.96 E-8 
Kr-85 6.37 E-6 

Kr-85m 2.59 E-8 

Kr-89 1.21 E-6 
Xe-127 2.92 E-8 
Xe-131m 9.24 E-7 
Xe-135m 3.48 E-8 
Xe-137 3.82 E-7 
1-131 1.09 E-13 

d. Composite particulate samples: 

Sr-89 I 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.
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2.2 Gaseous Batch Release Statistics

The following is a summation of all gaseous batch releases made during 1994 

Number of batch releases.. ............... 27 

Total time for all batch releases (min)............ 17800 

Maximum time for a batch release (min)............. 4063 

Average time for a batch release (min)............. 659.5 

Minimum time for a batch release (min) . I 

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 the 
calculated doses for the year due to gaseous effluents.
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Table 2.1 
Annual Radioactive Effluent Release Report 1994 

Gaseous Effluents - Summation of all Releases

Fission and Activation Gases 

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

Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter

3.419E-001 
4.349E-002

9.618E-002 
1.223E-002

1.139E-003 
1.448E-004

0.OOOE+000 
O.OOOE+000

lodines

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

0. OOOE+000 
o.OOOE+000

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

0.OOOE+000 
oOOOE+000

Particulates

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

Gross Alpha Released (Ci)

2.885E-009 
3.670E-010 

1.155E-003

4.597E-005 
5.847E-006

4.302E-007 
5.472E-008

8.259E-004 3.528E-004

0.OOOE+000 
o.OOOE+000 

1. 189E-007

Tritium

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

2.019E-001 
2.569E-002

6.135E-001 
7.803E-002

1.345E+000 
1.71 E-001

2.18 1E+000 
2.775E-001
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Table 2.2 
Annual Radioactive Effluent Release Report 1994 

Gaseous Effluents 

Nuclides Released (Ci) 
Continuous Mode

2nd Quarter 3rd Quarter 4th Quarter

Fission Gases

0.OOOE+000 

o OOOE±000

0.OOOE+000 
0. 000E+000 
2 885E-009 
0 000E+000 
o 000E+000 
2 885E-009

0. 000E+000 

o.OOOE+000

3. IIOE-005 
1.042E-005 
4.861 E-007 
2.527E-006 
1.440E-006 
4.597E-005

0.OOOE+000 

0. 000E+000

0.000E+000 
0.000E+000 
4.302E-007 
0.000E+000 
0.000E+000 
4.302E-007

0.OOOE+000 

o.000E+000

0.000E+000 
0.000E+000 
0.000E+000 
o.000E+000 
o.000E+000 
o OOOE+000

Nuclides Released (Ci) 
Batch Mode

Fission Gases

3.66 1E-002 
6.327E-005 
1.064E-004 
2.300E-001 
7.5 15E-002 
3.419E-001 

0. OOOE+000

1.993E-002 
1.682E-004 
2.043E-004 
7.293E-002 
2.948E-003 
9.618E-002 

0.OOOE+000

O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
1. 139E-003 
0.OOOE+000 
1.139E-003 

0.OOOE+000

o.000E+000 
o.000E+000 
0.000E+000 
0. 000E+000 
0.OOOE+000 
0.OOOE+000 

0.OOOE+000

Particulates

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

lodines

Total

Particulates

Co-58 
Co-60 
Sr-89 
Nb-95 
Cs-137 
Total

Ar-41 
Xe- 13 Im 
Xe-133m 
Xe- 133 
Xe- 135 
Total

lodines

Total

Total



Table 2.3 
Annual Radioactive Effluent Release Report 1994 

1st Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

January

3.661 E-002 
6.327E-005 
1,064E-004 
2.300E-001 
7.515E-002 
3.4 19E-001

February

O.OOOE+000 
O.000E+000 
0. 000E+000 
0.000E+000 
0. 000E+000 
0. 000E+000

March

0.000E+000 
O.OOOE+000 
O.000E+000 
0.000E+000 
0.0OOE+000 
o.000E+000

Total

3.661E-002 
6.327E-005 
1.064E-004 
2.300E-001 
7.515E-002 
3 419E-001

Particulates (Curies)

Isotope January

0.OOOE+000 
0.OOOE+O00

0.000E+000 
0.000E+000

2.885E-009 
2.885E-009

2.885E-009 
2.885E-009

Halogens (Curies) 

Isotope

0.OOOE+000 0.OOOE+000 0.OOOE+000 0.OOOE+000
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Ar-41 
Xe-13 Im 
Xe-133m 
Xe- 133 
Xe- 135 
Total

Sr-89 
Total

February March Total

January

Total

February March Total



Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

1st Quarter Gaseous Release 
Total of all Releases

Summary
January February March Total

Total Noble 
Gases (Ci) 3.419E-001 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) 4.566E-002 

Total Particulate 
Gross Alpha 
(Ci) 8 673E-004

0.OOOE+000 

O.OOOE+000 

0. OOOE+000 

O.OOOE+000

1.858E-004

0.OOOE+000 

0.OOOE+000 

2.885E-009 

1.563E-001

1.016E-004

3.419E-001 

0.OOOE+000 

2,885E-009 

2.019E-001

1.15 5E-003

Page 10 of 45



Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

2nd Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

April

1.993E-002 
1.682E-004 
2.043E-004 
7 279E-002 
2 948E-003 
9 604E-002

May

0.OOOE+000 
o.OOOE+000 
o.OOOE+000 
1.407E-004 
o OOOE+00 
I 407E-004

June

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

Total

1.993E-002 
1.682E-004 
2.043E-004 
7.293E-002 
2.948E-003 
9.618E-002

Particulates (Curies) 

Isotope I April

3 IOE-005 
1 042E-005 
4 86 1 E-007 
2 527E-006 
1 440E-006 
4.597E-005

0.OOOE+000 
o.OOOE+000 
0.000E+000 
o.OOOE+000 
o.OOOE+000 
o.OOOE+000

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

3.1I OE-005 
1.042E-005 
4.861 E-007 
2.527E-006 
1.440E-006 
4.597E-005

Halogens (Curies) 

Isotope

0.OOOE+000 0.OOOE+000 0.OOOE+000 0. 000E+000
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Ar-41 
Xe-131m 
Xe-133m 
Xe- 133 
Xe-135 
Total

May

Co-58 
Co-60 
Sr-89 
Nb-95 
Cs-137 
Total

June Total

April

Total

May June Total



Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

2nd Quarter Gaseous Release 
Total of all Releases

Summary
April May June Total

Total Noble 
Gases (Ci) 9.604E-002 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 4.597E-005 

Total Tritium 
(Ci) 1.253E-001

1.407E-004 

0. OOOE+000 

o.OOOE+000 

1.034E-002

0.OOOE+000 

O.OOOE+000 

o.OOOE+000 

4.779E-00 I

9.618E-002 

0.000E+000 

4.597E-005 

6. 135E-001

Total Particulate 
Gross Alpha 
(Ci) 4.432E-004 2.338E-004 1.489E-004 8.259E-004
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Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

3rd Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

Isotope

Xe- 1 33 
Total

July'

1.3 9E-003 
1.139E-003

August

o.OOOE+OOO 
O.OOOE+OOO

September 

o.OOOE+000 
O.OOOE+000

Particulates (Curies) 

Isotope July

o OOOE-000 
o 000E-r000

August

o OOOE+000 
0.OOOE+000

September 

4.302E-007 
4.302E-007

Total

4.302E-007 
4 302E-007

Halogens (Curies) 

Isotope

Total

July

O.OOOE+000

August

O.OOOE+000

September 

0.OOOE+000

Total

O.OOOE+000

Page 13 of 45

Total

1.13 9E-003 
1.13 9E-003

Sr-89 
Total
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Table-2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

3rd Quarter Gaseous Release 
Total of all Releases

Summary
July Augus 

PAui~us September Total

Total Noble 
Gases (Ci) 1. 13 9E-003 

Total Halogens 
(Ci) 0 OOOE+000 

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

Total Tritium 
(Ci) 2.783E-004

0.OOOE+000 

o.OOOE+000 

o.OOOE+O00 

9.128E-001

O.OOOE+000 

o.OOOE+000 

4.302E-007 

4.320E-001

I. 139E-003 

0.OOOE+000 

4.302E-007 

1 .345E+000

Total Particulate 
Gross Alpha 
(Ci) 1.780E-004 8.501E-005 8.979E-005 3.528E-004
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Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

4th Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

October 

o.OOOE+000

November 

O.OOOE+000

December 

O.OOOE+000

Total 

O.OOOE+000

Particulates (Curies)

October 

0.OOOE+000

November 

0. OOOE+000

December 

O.OOOE+000

Total 

0.OOOE+000

Halogens (Curies) 

Isotope 

Total

October 

0.OOOE+000

November 

0.OOOE+000

December 

0.OOOE+000

Total 

0.OOOE+000
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Table 2.3(con't) 
Annual Radioactive Effluent Release Report 1994 

4th Quarter Gaseous Release 
Total of all Releases

Summary
October November December Total

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) 6.997E-001

0.OOOE+000 

0.OOOE+000 

0. OOOE+000 

2.63 1E-001

0.OOOE+000 

o.OOOE+000 

oOOOE+000 

1.219E+000

0. OOOE+000 

o.OOOE+000 

o.OOOE+000 

2. 181E+000

Total Particulate 
Gross Alpha 
(Ci) 9.452E-008 2.440E-008 0. OOOE+000
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Table 2.4 
Annual Radioactive Effluent Release Report 1994 

Dose From Gaseous Effluents 

The offsite dose limits from radioactive materials in gaseous effluents are specified in Section 3/4.4 of 

the Kewaunee ODCM and can be summarized as follows:

Whole Body 
Gamma 

5.0 mRad 
10 0 mRad

Skin 
Beta

10.0 mRad 
20.0 mRad

Organ

7.5 mRem 
15.0 mRem

The total release of gaseous effluents during 1994 was within 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 limits are shown below.

Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr

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 (mRens) 
Actual Dose (mRems) 
% of Specification

5.000E+000 
6.459E-005 
1.292E-003 

1.000E+001 
6.239E-005 
6.239E-004 

7.500E+000 
4.324E-006 
5.765E-005 
TBody

5.OOOE+000 
2.474E-005 
4.949E-004 

1.OOOE+00 1 
1.708E-005 
1.708E-004 

7.500E+000 
6.557E-005 
8.743E-004 
Liver

5.OOOE+000 
4.588E-008 
9.175E-007 

1.000E+001 
1.365E-007 
1.365E-006 

7.500E+000 
2.843E-005 
3.790E-004 
TBody

5.000E+000 
0.OOOE+000 
0.OOOE+000 

1. OOOE+001 
0.000E+000 
0.OOOE+000 

7.500E+000 
6.144E-004 
4.608E-005 
Liver
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Table 2.4 (cont) 
Annual Radioactive Effluent Release Report 1994 

Dose From Gaseous Effluents 

In addition, the cumulative annual offsite doses for the period January I - December 31, 1994 versus the 

ODCM annual 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 (mRens) 
Actual Dose (mRems) 
% of Specification

1.OOOE+001 
8.938E-005 
8.938E-004 

2.OOOE+001 
7.960E-005 
3.980E-004 

1.500E+001 
1.444E-004 
9.626E-004 
Liver
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3.0 LIQUID EFFLUENTS

3.1 Lower 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 LLD's for liquid batch release radioanalyses, as listed in Table 4.3 of the ODCM, are: 

Analysis LLD (pCi/ml) 

Principal Gamma Emitters 1 00 E-06 
Iodine 13 1 1 00 E-06 
Tritium L .00 E-05 
Gross Alpha 5 00 E-07 
Strontium 89, 90 5 00 E-08 
Iron 55 1.00 E-06 

The actual obtained "a priori" LLD values for batch releases are shown below.  

Isotope Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr Average 
a priori LLD 
( PCi/ml ) 

Mn-54 8.57E-10 8.12E-10 8.12E-10 8.12E-10 8.23E-10 
F-59 1.86E-09 1.77E-09 1.77E-09 1.77E-09 1.79E-09 
Co-58 8.44E-08 7.99E-10 7.99E-10 7.99E-08 4.15E-08 
Co-60 . 1.22E-09 1.05E-07 1.16E-09 1.16E-09 2.71E-08 
Zn-65 2. 1 OE-09 I.99E-09 I.99E-09 I.99E-09 2.02E-09 
Mo-99 1.34E-07 5.79E-09 5.82E-07 5.79E-09 1. 82E-07 
Cs-134 1.35E-07 6,52E-10 2.02E-07 6.52E-10 8.46E-08 
Cs-137 8.45E-08 2.20E-07 8.00E-10 8.00E-10 7.65E-08 
Ce-141 1.55E-07 5.93E-08 9.29E-08 9.29E-08 1.00E-07 
Ce-144 3.22E-07 3.92E-07 1. 37E-06 2.45E-07 5.82E-07 
1-131 5.52E-08 1.19E-07 5.26E-08 5.26E-08 6.99E-08 
H-3 3.60E-06 3.45E-06 3.58E-06 3.74E-06 3.59E-06 
Sr-89 8.60E-09 9.27E-09 7.97E-09 8.30E-09 8.54E-09 
Sr-90 7.93E-09 7.20E-09 6.63E-09 5.83E-09 6.90E-09 
Gross Alpha 8.27E-09 7.03E-09 7.83E-09 1.OOE-08 8.28E-09 
Fe-55 6.07E-07 7.63E-07 6.73E-07 5.60E-07 6.51E-07
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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 4.3 of the Kewaunee ODCM, 
are: 

Analysis LLD (pCi/ml) 

Principal Gamma Emitters 5.00 E-07 
Iodine 131 1.00 E-06 
Tritium 1.00 E-05 
Gross Alpha 5.00 E-07 
Strontium 89, 90 5.00 E-08 
Iron 55 1.00 E-06 

The actual obtained "a priori" LLD values for continuous releases are shown below.  

Isotope Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr Average 
a priori LLD 
( PCi/ml ) 

Mn-54 1 43E-08 2.05E-08 1.91E-08 1.35E-08 1.69E-08 

F-59 3.1 IE-10 2.95E-08 2.95E-08 5.74E-08 2.92E-08 
Co-58 5.20E-08 4.18E-08 1.33E-08 1.36E-08 3.02E-08 
Co-60 2.61E-08 5.25E-08 3.50E-08 2.48E-08 3 .46E-08 

Zn-65 3.36E-08 3.75E-08 8.13E-08 5.75E-08 5.25E-08 
Mo-99 5.86E-08 4.64E-07 9.75E-10 1.57E-07 1.70E-07 
Cs-134 3.78E-07 2.65E-08 4.56E-08 2.17E-08 1 18E-07 
Cs-137 5.72E-08 6.50E-08 6.90E-08 7.16E-08 6.57E-08 
Ce-141 1 52E-07 2.36E-08 4. 1OE-08 3.34E-08 6.25E-08 
Ce-144 2.83E-07 2.34E-07 2.28E-07 1.83E-07 2.32E-07 
1-131 2.45E-08 2.82E-08 1.92E-08 3.91E-08 2.78E-08 
H-3 3.60E-06 3.45E-06 3.58E-06 3.74E-06 3.59E-06 
Sr-89 6.37E-09 8.03E-09 6.50E-09 8.13E-09 7.26E-09 
Sr-90 6.05E-09 5.97E-09 4.37E-09 5.30E-09 5.42E-09 

Gross Alpha 5.92E-09 6.I3E-09 6.38E-09 8.OOE-09 6.61E-09 
Fe-55 5.98E-07 7.65E-07 6.63E-07 5.50E-07 6.44E-07
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3.2 Liquid Batch Release Statistics

The following is a summation of all liquid batch releases made during 1994.

Release Type 
A SGBT Monitor Tk
B SGBT Monitor Tk.  
A Waste Condensate 
B Waste Condensate 
A CVC Monitor 
B CVC Monitor 

Total time for all batch releases.  

Maximum time for a batch release 

Minimum time for a batch release.  

Average time for a batch release...

Number 
7 
15 
134 
135 
24 
24

Gallons Released 
58533.0 
129360.0 
124925.0 
124050.0 
154045.0 
156300.0

. 29291.0 Min.  

...... 969.0 M in.  

..... 5.0 M in.  

86.4 Min.

3.3 Liquid Efluent 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 each quarter and the calculated doses this year from liquid effluents.

Page 21 of 45

0



TABLE-3.1 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Summation of all Releases

Ist Qtr 2nd Qtr 3rd Qtr

Fission and Activation Products 

Total Release Excluding 
H' and Dissolved Gases 
(Ci) 
Average Concentration 
(PCi/ml) 

Tritium 

Total Release (Ci) 
Average Concentration 
(PCi/ml) 
% of Tech. Spec.  
Li-mit(3.0E-3 pCi/mnl) 

Dissolved Gases 

Total Release (Ci) 
Average Concentration 
(PCi/ml) 
% of Tech. Spec.  
Liniit(2.OE-4 pCi/ml) 

Gross Alpha Activity 

Total Release (Ci) 

Volume of Waste Released 

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

Volume of Dilution Water 

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

4.065E-002 

3.255E-010 

5.584E+001 

4.472E-007 

1.491E-002

o .OOOEt000 

0.OOOE±000 

o .OOOE+O000 

0.OOOE+000

3.555E-002 1.057E-002 2.668E-003 

2.558E-010 5.129E-011 2.006E-011

2.035E+001 

1.464E-007 

4.880E-003

o.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.000E+000

2.974E+00 I 

1.443E-007 

4.809E-003

6.996E-005 

3.394E-013 

1.697E-007 

0.OOOE+000

5.808E+001 

4.368E-007 

1.456E-002

2.362E-004 

1.776E-012 

8.881E-007 

0.OOOE+000

1.116E+006 1.152E+006 2.966E+005 2.644E+005 
4.623E+007 2.509E+007 2.873E+007 3.556E+007 
4.734E+007 2.624E+007 2.903E+007 3.582E+007

9.947E+009 
1. 149E+0 I I 
1.249E+01 I

8.793E+009 5.516E+009 3.292E+009 
1.302E+011 2.006E+011 1.297E+0I1 
1.390E+011 2.061E+011 1.330E+011
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TABLE 3.2A 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

January February March Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 1.348E-003 

Avg. Conc.  
(PCi/ml) 2.976E-0 10 

Tritium 

Total Release 
(Ci) 3.674E+001 

Avg. Conc.  
(pCi/ml) 8.11IE-006 

Dissolved Gases 

Total Release 

(Ci) 0.OOOE+000 
Avg. Conc.  
(PCi/ml) . 0.OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) O.000E+000 
Avg. Conc.  
(VCi/ml) 0.000E+000 

Volume of Waste Released 

(liters) 5.488E+005 

Volume of Dilution Water 

(liters) 4.530E+009

1 .751E-003 

1.041 E-009 

6.539E+000 

3.889E-006 

0.OOOE+000 

0.OOOE+000 

O.000E+000 

0.000E+000 

2.029E+005 

1.681E+009

3.952E-003 

1.058E-009 

1.256E+001 

3.362E-006 

0.000E+000 

0.000E+000 

0.000E+000 

O.000E+000 

3.642E+005 

3.736E+009

7.05 1E-003 

5.584E+001 

0.OOOE+000 

O.OOOE+000 

1.11 6E+006 

9.947E+009
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TABLE 3.2A (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

Isotope (Ci) January February

3.674E+00 I 
9.330E-004 
4.587E-005 
4.145E-005 
9.579E-005 
2.318E-004 
3.674E+00 I

6.539E+000 
2.840E-004 
9.402E-004 
8.932E-005 
5.424E-005 
3.833E-004 
6.54 1E+000

1.256E+001 
1.784E-003 
1.587E-003 
5.8 1OE-004 
o.OOOE+000 
O.OOOE+000 
1.257E+001

5.584E+001 
3.002E-003 
2.573E-003 
7.117E-004 
1.500E-004 
6.15 1E-004 
5.585E+001
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TABLE 3.2B 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

April May June Total

Gross Radioactivity 

Total Release 
Excluding H
and Dissolved 
Gases (Ci) 3.137E-003 

Avg- Conc.  
(PCi/ml) 8.576E-010 

Tritium 

Total Release 
(Ci) 9.551E+000 
Avg. Conc.  
(pCi/mI) 2.611 E-006 

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

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

Volume of Waste Released 

(liters) 6.842E+005 

Volume of Dilution Water 

(liters) 3.658E+009

7.875E-003 

3. 163E-009 

7.995E+000 

3.211 E-006 

0.000E+000 

o.OOOE+000 

o.OOOE+000 

0.OOOE+000 

3.248E+005 

2.490E+009

2.147E-002 

8.117E-009 

2.801E+000 

1.059E-006 

0.OOOE+000 

0.000E+000 

0.000E+000 

0.OOOE+000 

1.426E+005 

2.645E+009

3.248E-002 

2.035E+001 

0.OOOE+000 

o.OOOE+000 

1.152E+006 

8.793E+009

Page 25 of 45



TABLE 3.2B (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

Isotope (Ci) 

H-3 
Cr-51 
Mn-54 
Fe-55 
Co-58 
Fe-59 
Co-60 
Nb-95 
Zr-95 
AE-1 IOm 
Sn-113 
Sn-I 17m 
Sb- 124 
Total

April

9.55 1E+000 
5.308E-004 
0.OOOE+000 
0.OOOE+000 
1.855E-003 
0.OOOE+000 
3.923E-004 
5.996E-005 
3 884E-005 
1.650E-004 
5 932E-005 
2 612E-005 
9 412E-006 
9 554E+000

May

7.995E+000 
9.129E-004 
4.290E-005 
3.572E-003 
2.149E-003 
7.979E-005 
3.477E-004 
2.442E-004 
2.188E-004 
2.552E-004 
5.156E-005 
0.OOOE+000 
0.OOOE+000 
8.003E+000

June

2.80IE+000 
3.945E-004 
1.058E-004 
1.71 IE-003 
1.063E-002 
2.584E-004 
3.230E-003 
7.035E-004 
4.361E-004 
4.006E-003 
1. 141E-006 
0.OOOE+000 
0.OOOE+000 
2.823E+000

Total

2.0O35E0O1 

1.838E-003 
1.487E-004 
5.284E-003 
1.463E-002 
3.382E-004 
3.970E-003 
1.008E-003 
6.938E-004 
4.427E-003 
1 120E-004 
2.612E-005 
9.412E-006 
2.038E+00 I
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TABLE 3.2C 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

August September Total

Gross Radioactivity 

Total Release 
Excluding H' 
and Dissolved 
Gases (Ci) 4.148E-003 

Avg. Conc.  
(p.Ci/ml) 2.704E-009 

Tritium 

Total Release 
(Ci) 6.802E+000 

Avg. Conc.  
(pCi/ml) 4.435E-006 

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  
(pCi/mI) O.OOOE+000 

Gross Alpha Activity 

Total Release 

(Ci) O.OOOE+000 
Avg. Conc.  
(pCi/mi) O.OOOE+000 

Volume of Waste Released 

(liters) 1.048E+005 

Volume of Dilution Water 

(liters) 1.534E+009

3.683E-003 

5.736E-009 

7.092E-00 I 

1. 105E-006 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

o.OOOE+000 

5.637E+004 

6.420E+008

1.842E-003 

5.514E-010 

2.222E+001 

6.654E-006 

O.OOOE+000 

o.OOOE+000 

O.OOOE+000 

o.OOOE+000 

1.355E+005 

3.340E+009

9.672E-003 

2.974E+00 I 

0. OOOE+000 

0 .OOOE+000 

2.966E+005 

5.516E+009

Page 27 of 45

July



TABLE 3.2C (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

Isotope (Ci) 

H-3 
Fe-55 
Co-58 
Co-60 
Nb-95 
Ag-I 10m 
Total

July

6.802E+000 
6.285E-004 
I.615E-003 
8.01 OE-004 
1.009E-004 
1.002E-003 
6.806E+000

August

7.092E-00 1 
4.5 1OE-004 
2.734E-003 
2.637E-004 
O.OOOE+000 
2.341E-004 
7.129E-001

September 

2.222E+001 
2.575E-004 
1.264E-003 
1.937E-004 
0.OOOE+000 
1.269E-004 
2.223E+001

Total

2.974E+001 
1.337E-003 
5.613E-003 
1.258E-003 
1.009E-004 
1.363E-003 
2.975E+001
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TABLE 3.2D 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

October November December Total

Gross Radioactivity 

Total Release 
Excluding H3 

and Dissolved 
Gases (Ci) 1.726E-006 
Avg. Conc.  
(pCi/rnI) 1.494E-012 

Tritium 

Total Release 
(Ci) 2.447E-001 

Avg. Conc.  
(PCi/ml) 2.118E-005 

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

Ave. Conc.  
(PCi/ml) 0 OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 
Avg. Conc.  
(PCi/ml) 0 OOOE+000 

Volume of Waste Released 

(liters) 6.199E+004 

Volume of Dilution Water 

(liters) 1.155E+009

5.216E-004 

1.003E-009 

2.624E+000 

5.046E-006 

o.OOOE+000 

0.000E+000 

o.OOOE+000 

0. OOOE+000 

5.713E+004 

5.201 E+008

1.212E-003 

7.497E-010 

3.099E+00 I 

1.917E-005 

0.OOOE+000 

O.000E+000 

0.OOOE+000 

O.OOOE+000 

1.453E+005 

1.616E+009

1.735E-003 

5.808E+001 

O.OOOE+000 

0.000E+000 

2.644E+005 

3.292E+009
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TA BLE-3.2D-(con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Batch Releases

Isotope (Ci) 

H-3 
Fe-55 
Co-58 
Co-60 
Sr-89 
Ag-I 10m 
Sb-125 
Total

October

2.447E+001 
O.OOOE+000 
1.726E-006 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
o.OOOE+000 
2.447E--00 I

November 

2.624E+ 000 
1.828E-004 
2.095E-004 
6.755E-005 
7.426E-007 
6.096E-005 
o.0OOE+000 
2.625E+000.

December

3.099E+001 
4.650E-004 
3.925E-004 
1.11 1E-004 
O.OOOE+000 
5.992E-005 
1.832E-004 
3.099E+00 I

Total

5.808E+00I 
6.478E-004 
6.038E-004 
1.786E-004 
7.426E-007 
1.209E-004 
1.832E-004 
5.809E+001

Page 30 of 45



TABLE 3.3A 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

January February March Total

Gross Radioactivity 

Total Release 
Excluding HW 
and Dissolved 
Gases (Ci) 1.809E-002 
Avg. Conc.  
(PCi/ml) 5.353E-010 

Tritium 

Total Release 
(Ci) O.OOOE+000 

Avg. Conc.  . (pCi/ml) 0.000E+000 

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

Avg. Conc.  
(pCi/mi) O.OOOE+000 

Gross Alpha Activity 

Total Release 

(Ci) O.OOOE+000 
Avg. Conc.  
(pCi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 1.655E+007 

Volume of Dilution Water 

191 (liters) 3.380E+010

1.454E-002 

4.762E-010 

o.OOOE+000 

o.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

1.682E+007 

3.053E+010

9.68 1E-004 

1.913E-011 

0.000E+000 

o.OOOE+O00 

0.OOOE+000 

O.OOOE+000 

o.OOOE+000 

0.OOOE+000 

1.285E+007 

5.060E+O10

3.360E-002 

0. OOOE+000 

0.OOOE+000 

o.OOOE+000 

4.623E+007 

1.149E+O I1
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TABLE 3.3A (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

Isotope (Ci) January February

1.717E-002 
2-320E-005 
1.623E-005 
5.023E-006 
2.849E-004 
1.809E-002

1.325E-002 
O.OOOE+000 
0.OOOE+000 
0.OOOE+000 
1.981E-004 
1.454E-002

5.497E-004 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
1.212E-005 
4.063E-004 
9.68 1E-004

2.23 1E-003 
3.042E-002 
2.320E-005 
1.623E-005 
1.714E-005 
8.892E-004 
3.360E-002
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Co-58 
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I-133 
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TABLE 3.3B 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases 

l May June T

Gross Radioactivity 

Total Release 
Excluding H' 
and Dissolved 
Gases (Ci) 2.863E-003 

Avg. Conc.  
(PCi/ml) 1.221E-010 

Tritium 

Total Release 
(Ci) 0.OOOE+000 
Avg Conc.  
(PCi/nl) 0 000E+000 

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 
Avg. Conc.  
(pCi/ml) 0.OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 
Avg. Conc.  
(pCi/ml) 0.000E+000 

Volume of Waste Released 

(liters) 2.842E+006 

Volume of Dilution Water 

(liters) 2.345E+010

1.951E-004 

4 719E-012 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

1. 104E+007 

4.134E+010

5.315E-006 

8.126E-0 14 

0.OOOE+000 

0.000E+000 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

o.OOOE+000 

1.121 E+007 

6.541E+010

3.064E-003 

o.OOOE+000 

0.000E+000 

O.000E+000 

2.509E+007 

1.302E+01 I
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TABLE-3.3B (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

Isotope (Ci) April May

1.394E-005 
2.703E-003 
1.230E-004 
2.002E-006 
2.172E-005 
0.000E+000 
o.000E+000 
2.863E-003

0.OOOE+000 
0. OOOE+000 
8.965E-005 
0.OOOE+000 
9.015E-005 
1.303E-005 
2.242E-006 
1.951E-004

0.OOOE+000 
0.OOOE+000 
0.000OE+000 
0.OOOE+000 
0.OOOE+000 
0.OOOE+000 
5.315E-006 
5.315E-006

1.394E-005 
2.703E-003 
2.127E-004 
2.002E-006 
1.11 9E-004 
1.303E-005 
7.557E-006 
3.064E-003
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Mn-54 
Fe-55 
Co-58 
Fe-59 
Co-60 
Sb-125 
1-133 
Total

Total



TABLE 3.3C 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

August September Total

Gross Radioactivity 

Total Release 
Excluding H' 
and Dissolved 
Gases (Ci) 3.053E-005 

Avg. Conc.  
(VCi/mi) 4 51 7E-0 13 

Tritium 

Total Release 
(Ci) 0.000E+000 

Avg. Conc.  
(pCi/ml) 0.000E+000 

Dissolved Gases 

Total Release 
(Ci) 0000E+000 
Avg. Conc.  
(pCi/ml) 0.000E+000 

Gross Alpha Activity 

Total Release 
(Ci) 0.000E+000 
Avg. Conc.  
(pCi/ml) 0.000E+000 

Volume of Waste Released 

(liters) 7.657E+006 

Volume of Dilution Water 

(liters) 6.759E+010

0.000E+000 

o.OOOE+000 

o.000E+000 

o.000E+000 

1.852E-005 

2.740E-013 

o.000E+000 

o.000E+000 

1. 103E+007 

6.759E+010

8.684E-004 

1.328E-011 

0.OOOE+000 

0.OOOE+000 

5.144E-005 

7.864E-0 13 

O.000E+000 

0.000E+000 

1.005E+007 

6.54 1E+0 10

8.990E-004 

0.000E+000 

6.996E-005 

o000E+000 

2.873E+007 

2.006E+01 I
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TABLE 3.3C (con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

Isotope (Ci)

* Mn-54 
Sr-89 
Sr-90 
1-133 
Xe-135 
Total

July

0.OOOE+000 
O.000E+000 
0.OOOE+000 
3.053E-005 
0.OOOE+000 
3.053E-005

August

0.000E+000 
0.000E+000 
0.OOOE+000 
0.OOOE+000 
1,852E-005 
1.852E-005

September 

7.35 4E-005 
4.403E-004 
7.091E-005 
2.837E-004 
5.144E-005 
9.199E-004

Total

7. 354E- 005 

4.403E-004 
7.091E-005 
3.143E-004 
6.996E-005 
9.689E-004
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TABLE 3.3D 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases 

ber November December T otal

Gross Radioactivity 

Total Release 
Excluding H3 

and Dissolved 
Gases (Ci) 1.542E-004 

Avg. Conc.  
(pCi/ml) 2.523E-012 

Tritium 

Total Release 
(Ci) 0.OOOE+000 

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

Dissolved Gases 

Total Release 
(Ci) 6.7o1E-005 
Avg. Conc.  
(pCilmi) 1.107E-0 12 

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

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

Volume of Waste Released 

(liters) 9.429E+006 

Volume of Dilution Water 

(liters) 6.11 OE+010

2.571E-004 

7.389E-012 

0OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.000E+000 

o.OOOE+000 

9.894E+006 

3.480E+010

5.219E-004 

1.544E-01 1 

o.OOOE+000 

0.OOOE+000 

1.686E-004 

4.989E-0 12 

o.OOOE+000 

o.OOOE+000 

1.624E+007 

3.380E+O10

9.33 1E-004 

o.OOOE+000 

2.362E-004 

o.OOOE+000 

3.556E+007 

1.297E+01 I

Page 37 of 45

Octo



TABLE 3.3D-(con't) 
Annual Radioactive Effluent Release Report 1994 

Liquid Effluents - Continuous Releases

Isotope (Ci)

Co-60 
Sr-89 
Sr-90 
1-133 
Xe-135 
Total

October

0.OOOE+000 
0.OOOE+000 
1.434E-005 
1.398E-004 
6.761E-005 
2.218E-004

November 

4.'736E-005 
It. / Ul- VV-) 

0.OOOE+000 
6.715E-005 
1.426E-004 
0.OOOE+000 
2.571E-004

December

0.000E+000 
7.890E-005 
0.000E+000 
4.430E-004 
1.686E-004 
6.905E-004

Total

4-736E-005 
7.890E-005 
8.149E-005 
7.254E-004 
2.362E-004 
1.I69E-003
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Table 3.4 
Annual Radioactive Effluent Report 1994 

Dose From Liquid Effluents 

The dose to a member of the public from total liquid radioactive release for each quarter was well below 

the ODCM 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 
Ist 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

4.901E-004 
4.978E-004 
7.339E-004 
6.162E-004 
3.952E-004 
5.771E-004 
7.647E-004 

Dose 
Total 
mRem 

2.470E-004 
1. 193E-004 
2.711 E-004 
1.304E-004 
1.365E-004 
1.735E-004 
2.606E-002
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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 

0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 

Percent 
of Limit 

0.02 
0.00 
0.01 
0.00 
0.00 
0.00 
0.52



Table 3.4 (con't) 
Annual Radioactive Effluent Report 1994 

Dose From Liquid Effluents

Organ 
3rd Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
Gl-LL1 

Organ 
4th Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI

Dose 
Total 
mRern

2.393E-004 
5.497E-004 
1.280E-004 
1. 544E-004 
1.099E-004 
1.1 18E-004 
2.015E-003 

Dose 
Total 
mRem 

5.643E-004 
9.600E-004 
3.433E-004 
5.263E-004 
3.353E-004 
3.367E-004 
4.199E-004

Calculated Dose This Year

Organ Dose 
Total 
mRem

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI

1.54 1 E-003 
2.127E-003 
1.476E-003 
1.427E-003 
9.770E-004 
1.199E-003 
2.926E-002
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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 

0.02 
0.01 
0.00 
0.00 
0.00 
0.00 
0.04 

Percent 
of Limit 

0.04 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01

Quarterly 
Limit 
mRem

3.0 
10.0 
10.0 
10.0 
10.0 
10.0 
100

Percent 
of Limit

0.05 
0.02 
0.01 
0.01 
0.01 
0.01 
0.29



4.0 UNPLANNED RELEASES

One unplanned release occurred on April 26, 1994. At about 1830, the Nuclear Auxiliary Operator 

discovered that the pressure in the B Waste Gas Decay Tank had decreased by about 28 PSIG from 
what it was at 0700 that morning.  

Upon discovery, grab samples were taken in the containment building and in the auxiliary building. No 
airborne gaseous isotopes were detectable in any of these samples. Radiation detectors monitoring 
both the containment and the auxiliary building ventilation exhaust stacks were checked for abnormal 
or increasing trends, but all data was normal.  

The cause of the release is indeterminant. Earlier that day, a tagout was cleared following maintenance 
work on the B Reactor Coolant Pump seals, and during the time of the release Operations personnel 
were establishing system conditions and valve lineups in preparation for a containment Integrated Leak 
Rate Test (ILRT). However, follow-up investigations could not conclusively determine exact cause for 
the pressure decrease nor identify the area or building into which the pressure was released.  

Based on a sample of the tank taken at 2108 the same day, a total; of 1.43 E+02 microcuries of Xenon
133 and 1.67 E+02 microcuries of tritium were calculated as being inadvertently released. This amount 
of activity relates to the following at the site boundary: 

Total Body Dose Rate 5.18 E-06 mrem/yr Limit = 500 mrem/yr.  
Skin Dose Rate 1.22 E-05 mrem/yr Limit = 3000 mrem/yr.  
Max. Organ Dose Rate 2.31 E-5 mrem/yr. Limit = 1500 mrem/yr.  
Gamma Air Dose 5.77 E-09 mrad Limit = 5 mrad/qtr, 10 mrad/yr.  
Beta Air Dose 1.72 E-08 mrad Limit = 10 mrad/qtr, 20 mrad/yr.  

All calculated doses resulting from this unplanned release were well below all established limits stated in 
the Offsite Dose Calculation Manual.  

5.0 METEOROLOGICAL DATA 

Meteorological data for I 994 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 ODCM Section 
3/4.7. 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 during 1994. 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 4.47 Cu.M 

LSA Box (B-25) 98 ft3 2.77 Cu.M 

LSA Box 50 ft3 1.41 Cu.M 

DOT-17H Drum 7.5 ft3 0.21 Cu.M 

A composite sample from the 1994 dewatered resin shipments was analyzed by a contractor for 

transuranic nuclides. The results showed an average transuranic concentration of 8.85 E-06 nCi/g, well 

within the disposal site limit of 10 nCi/g.  

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 6.1 
Annual Radioactive Effluent Report 1994 

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) 

1. Type of Waste Unit Quantity 

a Dewatered resin Cu.M 1.79E+01 
Container: HIC Ci 5.01E+02 

b Dry Active Waste (Compactible DAW) Cu.M 3.27E+01 
Ci 5.30E-01 

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

a. Dewatered Resin

Cr-51 
Co-58 
Co-60 
Zr-95 
Nb-95 
*Fe-55 
*C-14 
Ni-63 
.Sn-I 17m 
TOTALS

1.64 E+00 
2.13 E+01 
5.48 E+00 
1.71 E+00 
2.63 E+00 
4.21 E+01 
5.74 E-01 
2.27 E+01 
1.89 E+00 
1.00 E+02

Ci 
8.23 E+00 
1.07 E+02 
2.75 E+01 
8.56 E+00 
1.32 E+01 
2.11 E+02 
2.87 E+00 
1.14 E+02 
9.45 E+00 
5.01 E+02
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b. Dry Active Waste (Compactible DAW)

Mn-54 
Co-58 
Co-60 
Zr-95 
Nb-95 
Cs-137 
Sb- 125 
Sn-113 
Sr-90 
Sn-117m 
TOTAL

3. Solid Waste Disposition

Date of Shipment

5-22-94 
6-9-94 
6-15-94 
6-16-94 
6-20-94 
6-23-94

Mode of Transpotation 

CNSI 14-190H Cask 
CNSI 14-190H Cask 
VAN 
CNSI 14-190H Cask 
VAN 
CNSI 14-190H Cask

Destination 

Barnwell, SC 
Barnwell, SC 
Barnwell, SC 
Barnwell, SC 
Barnwell, SC 
Barnwell, SC

B Irradiated Fuel Shipments

No irradiated fuel shipments were made from the 
Kewaunee Nuclear Power Plant during 1994.
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2.07 E+00 
1.28 E+01 
3.46 E+01 
4.39 E+00 
5.61 E+00 
1.36 E+01 
4.15 E+00 
5.46 E-01 
1.88 E+01 
3.44 E+00 
1.00 E+02

Ci 
1.10 E-02 
6.78 E-02 
1.83 E-01 

2.97 E-02 
7.23 E-02 
2.20 E-02 
2.90 E-03 
9.97 E-02 
1.83 E-02 
5.30 E-01



7.0 PROGRAM REVISIONS

In accordance with Technical Specifications 6.18.b.3 and 6.19.a, the revisions to the Offsite Dose 

Calculation Manual and radioactive waste treatment systems are listed below.  

7.1 Offsite Dose Calculation Manual 

The Offsite Dose Calculation Manual (ODCM) was revised during this reporting period. In accordance 

with Technical Specification 6.18.b, a copy of the revised ODCM is attached as Appendix B to this 

report.  

The revisions 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 7 Changes: 

Due to replacement of the Radiation Monitoring System per Design Change 2172, new default setpoints 

were calculated and incorporated into the ODCM. Table 1. 1 (Parameters for Liquid Alarm Setpoint 

Determinations) and Table 2.2 (Parameters for Gaseous Alarm Setpoint Determinations) were revised 

to include new default Sensitivity values and new default Setpoint values for the listed channels along 

with a new reference to Calculation #C10690 which documented these calculations.  

7.2 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 
Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

January 1, 1994 - December 31, 1994 

Missing Data Totals 

First Quarter 1994: 57 

Second Quarter 1994: 75 

Third Quarter 1994: 168 

Fourth Quarter 1994: 148



Kewaunee Nuclear Power Plant 
1994 Meteorological Data

Missing Meteorological Data

Wind Wind Wind 
Speed Delta Dir. Dir. Hours 

Start and End Date and Time @ 10 m T @ 10 m @ .60 m OOS 
M0308G M0304G M0309G M0302G 

1/31/94 14:30 to 23:30 X X X X 10 

2/24/94 07:30 to 08:30 X X X X 2 

2/28/94 10:30 to 23:30 X X X X 14 

3/3/94 12:30 X X X X 1 

3/4/94 13:30 X X X X 1 

3/7/94 09:30 to 14:30 X X X X 6 

3/9/94 13:30 to 16:30 X X X X 4 

3/14/94 09:30 to 10:30 X X X X 2 

3/29/94 14:30 to 15:30 X X X X 2 

3/31/94 08:30 to 22:30 X X X X 15 

4/3/94 02:30 X X X X 1 

4/13/94 09:30 X X X X 1 

5/16/94 08:30 to 5/17/94 16:30 X X X X 33 

5/19/94 08:30 to 12:30 X X X X 5 

5/26/94 09:30 to 10:30 X X X X 2 

5/31/94 08:30 to 23:30 X X X X 16 

6/15/94 09:30 to 10:30 X X X X 2 

6/30/94 09:30 to 23:30 X X X X 15 

7/19/94 12:30 to 7/22/94 08:30 X X X X 69 

8/7/94 12:30 to 8/8/94 14:30 X X X X 27 

8/31/94 08:30 to 23:30 X X X X 16 

9/17/94 17:30 to 9/19/94 08:30 X X X X 40 

9/30/94 08:30 to 23:30 X X X X 16 

10/4/94 10:30 to 14:30 X X X X 5 

10/5/94 09:30 to 15:30 X X X X 7 

10/7/94 08:30 X X X X 1 

10/10/94 10:30 to 14:30 X X X X 5 

10/22/94 01:30 to 10/24/94 07:30 X X X X 55 

10/31/94 07:30 to 23:30 X X X X 17 

11/3/94 19:30 X X X X 1 
11/28/94 14:30 X X x x 1 

11/30/94 09:30 to 23:30 X X X X 15 

12/12/94 08:30 X X x x 1 
12/30/94 08:30 to 12/31/94 23:30 X X X X 40 

Total Time (hours) 448
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

January 1994 - March 1994 

Stability Class A 

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

Wind Direction 

N 43 0 4 3 4 0 0 54 

NNE 1 1 1 6 5 4 1 19 

NE 10 0 1 1 11 38 20 81 

ENE 5 0 2 3 12 21 0 43 

E 22 2 3 6 29 4 0 66 

ESE 0 0 0 6 6 6 0 18 

SE 19 4 1 4 9 0 0 37 

SSE 13 3 5 2 2 2 0 27 
S 17 1 1 10 10 4 0 43 

SSW 7 1 6 3 0 0 0 17 

SW 5 .0 2 1 0 0 0 8 

WSW . 15 2 8 9 5 3 0 42 

W 6 0 1 10 15 15 1 48 

WNW 3 1 2 7 8 1 0 22 

NW 2 0 7 11 7 1 0 28 

NNW 27 9 18 15 13 1 0 83 

TOTAL 195 24 62 97 136 100 22 636
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
January 1994 - March 1994 

Stability Class B 

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

N 9 1 0 0 1 1 0 12 

NNE 0 0 0 0 0 0 1 1 

NE 1 0 1 1 2 0 0 5 

ENE 1 0 0 0 0 0 0 1 

E 1 0 0 0 1 0 0 2 

ESE 1 0 1 2 2 0 0 6 

SE 4 1 0 2 1 0 0 8 

SSE 1 1 1 0 2 0 0 

S 3 0 2 3 4 0 0 12 

SSW 1 0 0 1 1 0 0 3 

SW 1 0 0 1 1 0 0 3 

WSW 4 2 0 2 9 2 0 19 

W 1 0 0 6 8 6 0 21 

WNW 1 0 0 3 0 0 0 4 

NW 1 1 2 4 0 0 0 8 

NNW 2 0 2 6 4 0 0 14 

TOTAL 32 6 9 31 36 9 1 124
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

January 1994 - March 1994 

Stability Class C 

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

Wind Direction 

N 5 0 3 0 0 4 0 12 

NNE 0 0 1 1 0 0 0 2 

NE 1 0 1 1 0 0 0 3 

ENE 0 0 0 2 0 0 0 2 

E 4 1 1 2 2 0 0 10 

ESE 0 0 0 0 1 0 0 1 

SE 4 0 0 0 2 0 0 6 

SSE 4 2 1 0 0 0 0 7 
S 4 0 0 4 1 0 0 9 

SSW 1 0 0 1 1 0 0 3 

SW 2 0 2 2 4 1 0 11 

WSW 3 3 0 5 6 4 0 21 

W 0 0 3 3 11 2 0 19 

WNW 0 0 1 4 0 0 0 5 

NW 0 0 1 1 0 1 0 3 

NNW 3 0 1 5 9 1 0 19 

TOTAL 31 6 15 31 37 13 0 133
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
January 1994 - March 1994 

Stability Class D

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

N 

NNE 

NE 

ENE 

E 

ESE

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL

29 

1 

4 

0 

11 

0

91

1 

1 

0 

2 

0 

0 

0 

2 

10 

6 

6 

8 

12 

2 

5 

13

3 

0 

1 

0 

1 

0 

2 

6 

4 

1 

6 

18 

42 

10 

13 

11

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

10 

11 

6 

2 

0

4 50 68 118 31

MetData Page 6 of 69

36 

4 

5 

3 

17 

1 

8

22 

20 

23 

48 

70 

24 

30 

36

2 364



Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

January 1994 - March 1994 

Stability Class E 

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

Wind Direction 

N 14 1 0 0 0 0 0 15 

NNE 1 0 1 0 0 0 0 2 

NE 1 2 0 0 0 2 0 5 

ENE 0 0 0 0 0 0 0 0 

E 8 0 1 3 0 0 0 12 

ESE 0 1 0 0 0 0 0 1 

SE 3 1 0 0 0 0 0 4 

SSE 5 0 3 2 1 0 0 11 

5 1 6 8 7 0 0 27 

SSW 5 2 5 5 0 0 0 17 

SW 1 3 5 9 7 1 0 26 

WSW 7 0 5 14 10 1 0 37 

W 0 2 5 5 18 8 0 38 

WNW 0 0 6 9 10 1 0 26 

NW 4 4 11 12 17 0 0 48 

NNW 10 3 4 7 5 0 0 29 

TOTAL 64 20 52 74 75 13 0 298
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
January 1994 - March 1994 

Stability Class F

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

N 

NNE

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL

7 

0 

2 

1 

4 

0 

1 

2 

2 

13 

0 

3 

2 

0 

2 

10

0 

0 

0 

0 

1 

0 

0 

1 

6 

2 

8 

3 

14 

5 

4 

3

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

12 

3 

2 

1 

1

49 23 41 47 26
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3 

3 

8 

0 

2

10 

22 

20 

26 
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12 

12 

25
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

January 1994 - March 1994 

Stability Class G 

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

Wind Direction 

N 1 0 0 0 0 0 0 1 

NNE 0 0 0 0 0 0 0 0 

NE 2 0 0 0 0 0 0 2 

ENE 0 0 0 0 0 0 0 0 

E 3 1 0 2 0 0 0 6 

ESE 0 0 0 0 0 0 0 0 

SE 2 0 1 0 0 0 0 3 

) SSE 5 2 1 0 0 0 0 8 

S 3 3 5 0 0 0 0 11 

SSW 7 3 15 1 0 0 0 26 

SW 0 9 12 10 0 0 0 31 

WSW 2 4 20 5 3 0 0 34 

W 2 6 25 32 13 0 0 78 

WNW 0 9 7 7 1 0 0 24 

NW 1 2 9 4 0 0 0 16 

NNW 14 13 11 5 0 0 0 43 

TOTAL 42 52 106 66 17 0 0 283
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class A

CALM 1-3
Wind Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

31 

0 

4 

2 

12 

1 

4 

10 

9 

3 

2 

17 

2 

1 

0 

7

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

0 

2 

11 

5 

4 

6 

5 

4 

1 

0 

1 

4 

6 

7 

1 

1

3 

26 

1 

2 

1 

0 

0 

2 

7 

0 

3 

14 

8 

11 

10 

8

4 

40 

7 

1 

3 

1 

0 

1 

8 

1 

5 

17 

7 

6 

8 

18

0 

7 

7 

1 

0 

0 

0 

0 

0 

0 

11 

3 

10 

2 

1 

2

38 

75 

30 

11 

20 

8 

10

3 58 96 127

26 

4 

23 

58 

37 

29 

23 

36

44 13 446
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class B 

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

Wind Direction 

N

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

7 

0

15TOTAL

1 

13 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

3

7 12 21 22
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20 
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6
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class C 

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

Wind Direction

12 

11 

6 

2 

2 

3

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL 18 8 18 12 1 62
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

April 1994 - June 1994 

Stability Class D

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

Wind Direction

15 

0 

2 

0 

1 

2 

4 

2 

3 

2 

4 

1 

0 

2 

1

47 16 55 80 37
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N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W

WNW 

NW 

NNW 

TOTAL

19 

12 

1 

1 

4 

1 

3 

2 

11 

3 

2 

2 

6 

7 

1 

5

42 

27 

14 

6 

26 

5 

8 

10 

19 

14 

11 

12 

17 

9 

7 

16

1 243

1. 
0



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class E 

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

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

68 28 127 62 33
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23 
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0 

5 
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3 

6

33 

23 

18 

16 

23 

16 
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5 

9 

10 
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14 

11 
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9 

22 

3 
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4 
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5 

8 

2 

1 
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2 

0 

1 

12 

6 

4 

2 

8 

3 

2 

5

1 

0 

0 

3

TOTAL

50 

14 

25 

21 

14 

10 

11 

21

8 4 330



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class F

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

Wind Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

62 32 101 42 21
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0 
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0 

0

21 

15 

12 

3 

13 

8 

19 

37 

36 

18 

11 

16 

9 

16 

9 

17

TOTAL 2 0 260



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
April 1994 - June 1994 

Stability Class G 

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

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

SW 

SSW

24 0 

0 1 

2 1 

9 10 

0 6 

4 11 

4 6 

7 25 

1 31

SW 

WSW 

W 

WNW 

NW 

NNW

21 

4 

4 

8 

8 

7

70 145 296 145
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34 

13 

18 
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28 

11 

29
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10 
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7 

5 

12 

73 

48 

43 

21 

21 

10 

14 

8

3 
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3 
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1 

64 

25 

2 

9 

13 

6 
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3 

2

0 
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0 
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31 

6 
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3 

10 
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2 

0 

0

TOTAL

111 

77 

58 

52 

21 

31 

21 

24

55 3 0 714



Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

July 1994 - September 1994 

Stability Class A 

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

Wind Direction 

N 0 0 5 4 2 0 0 11 

NNE 0 1 14 19 3 0 0 37 

NE 0 1 15 6 1 0 0 23 

ENE 0 3 14 3 4 0 0 24 

E 0 2 17 4 2 0 0 25 

ESE 0 1 12 4 0 0 0 17 

SE 0 4 3 1 1 0 0 9 

SSE 0 0 4 3 8 0 0 15 

S 0 2 6 10 10 0 0 28 

SSW 0 1 7 9 9 0 0 26 

SW 0 2 8 14 9 1 0 34 

WSW 0 2 13 30 17 0 0 62 

W 0 0 15 25 20 0 0 60 

WNW 0 0 11 15 10 0 0 36 

NW 0 2 9 11 5 0 0 27 

NNW 0 1 8 6 2 0 0 17 

TOTAL 0 22 161 164 103 1 0 451
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

July 1994 - September 1994 

Stabi1 ity Class B 

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

N 0 0 0 4 2 0 0 6 

NNE 0 0 2 0 0 0 0 2 

NE 0 0 1 0 1 0 0 2 

ENE 0 0 3 1 1 0 0 5 

E 0 0 0 4 0 0 0 4 

ESE 0 0 3 0 0 0 0 3 

SE 0 0 0 0 0 0 0 0 

SSE 0 0 2 0 2 0 0 6 
S 0 1 2 1 2 0 0 6 

SSW 0 0 3 1 1 0 0 5 

SW 0 0 5 1 0 0 0 6 

WSW 0 0 1 5 3 1 0 10 

W 0 0 3 0 0 0 0 3 

WNW 0 0 1 1 0 0 0 2 

NW 0 1 1 0 0 0 0 2 

NNW 0 0 0 2 2 0 0 4 

TOTAL 0 2 27 20 14 1 0 64
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

July 1994 - September 1994 

Stability Class C 

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

Wind Direction 

N 0 0 1 4 1 0 0 6 

NNE 0 0 6 0 0 0 0 6 

NE 0 1 2 0 1 0 0 4 

ENE 0 0 4 1 1 0 0 6 

E 0 0 1 1 0 0 0 2 

ESE 0 1 0 1 0 0 0 2 

SE 0 0 0 0 0 0 0 0 

SSE 0 1 1 0 0 0 0 2 
0 0 2 0 0 0 0 2 

SSW 0 0 1 1 0 0 0 2 

SW 0 0 1 1 0 0 0 2 

WSW 0 0 0 2 1 0 0 3 

W 0 0 1 1 1 0 0 3 

WNW 0 0 0 0 0 0 0 0 

NW 0 0 0 3 0 0 0 3 

NNW 0 0 2 1 1 0. 0 4 

TOTAL 0 3 22 16 6 0 0 47
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

July 1994 - September 1994 

Stability Class D

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

N 

NNE 

NE 

ENE 

E 

ESE

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

0 26 125 86 38

MetData Page 20 of 69

14 

27 

16 

23 

33 

11 

13

3 

15 

5 

10 

20 

7 

9 

7 

9 

8 

5 

4 

5 

5 

6 

7

10 

9 

7 

4 

7 

3 

1 

2 

8 

1 

2 

6 

8 

10 

2 

6

TOTAL

17 
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16 

20 
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23

3 0 278



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

July 1994 - September 1994 

Stability Class E 

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

Wind Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW.  

W 

WNW 

NW 

NNW

TOTAL 0 43 187 122
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

July 1994 - September 1994 

Stability Class F 

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

Wind Direction 

N 0 0 3 0 0 0 0 3 

NNE 0 0 2 1 0 0 0 3 

NE 0 2 8 3 0 0 0 13 

ENE 0 6 2 6 0 0 0 14 

E 0 5 10 3 0 0 0 18 

ESE 0 9 17 0 0 0 0 26 

SE 0 2 15 6 0 0 0 23 

SSE 0 8 15 11 3 0 0 

S 0 7 32 6 1 0 0 

SSW 0 5 13 1 0 0 0 19 

SW 0 6 8 4 0 0 0 18 

WSW 0 3 8 12 0 0 0 23 

W 0 2 10 9 2 0 0 23 

WNW 0 2 10 1 0 0 0 13 

NW 0 2 8 0 0 0 0 10 

NNW 0 0 1 1 0 0 0 2 

TOTAL 0 59 162 64 6 0 0 291
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

July 1994 - September 1994 

Stability Class G

CALM 1-3

Wind Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

) SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL

0 

1 

0 

0 

2 

14 

10 

6 

12 

38 

19 

13 

4 

0 

2 

4

0 125

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

0 

2 

3 

16 

10 
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18 

39 
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19 
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0 

0 
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93 23 0
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0 550
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data

October 1994 - December 1994

Stability Class A

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

N 

NNE

7 
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data

October 1994 - December 1994

Stability Class B

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

Wind Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

S SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL 1 15 27 26

0*
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

October 1994 - December 1994 

Stability Class C 

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

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTAL 0 2 26 30 24 10
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data

October 1994 - December 1994

Stability Class D 

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

Wind Direction
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I

Kewaunee Nuclear Power Plant 

1994 Meteorological Data 
October 1994 - December 1994 

Stability Class E 

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

Wind Direction 

N 0 0 4 5 3 0 0 12 

NNE 0 1 4 3 0 0 0 8 

NE 0 3 4 1 0 0 0 8 

ENE 0 0 2 0 0 0 0 2 

E 0 1 7 0 0 0 0 8 

ESE 0 1 4 2 1 0 0 8 

SE 0 0 5 3 1 0 0 9 

SSE 0 0 9 14 8 5 0 

S 0 5 44 29 2 0 0 6 
SSW 0 6 17 4 3 1 0 31 

SW 0 7 11 8 8 4 0 38 

WSW 1 1 14 14 8 3 2 43 

W 0 0 9 16 11 1 0 37 

WNW 0 0 4 5 1 0 0 10 

NW 0 4 7 1 2 0 0 14 

NNW 0 0 5 10 0 0 0 15 

TOTAL 1 29 150 115 48 14 2 359
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

October 1994 - December 1994 

Stability Class F 

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

Wind Direction 

N 0 0 0 0 0 0 0 0 

NNE 0 0 0 0 0 0 0 0 

NE 0 2 1 1 0 0 0 4 

ENE 0 0 1 0 0 0 0 1 

E 0 1 1 0 0 0 0 2 

ESE 0 0 1 2 0 0 0 3 

SE 0 0 5 7 0 0 0 12 

SSE 0 5 9 6 5 2 0 27 
S 0 6 37 10 1 0 0 54 

SSW C 9 25 4 3 0 0 41 

SW 0 5 10 7 5 0 0 27 

WSW 0 1 19 9 .0 0 0 29 

W 0 1 10 10 3 0 0 24 

WNW 0 1 5 3 3 0 0 12 

NW 0 1 4 1 0 0 0 6 

NNW 0 0 1 0 0 0 0 1 

TOTAL 0 32 129 60 20 2 0 243
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data

October 1994 - December 1994

Stability Class G

CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
Wind Direction
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2 69 248 74 21

0
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TOTAL
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Batch Release Meteorological Data

Release Number 
94-0001 
94-0002 
94-0003 
94-0004 
94-0005 
94-0006 
94-0007 
94-0008 
94-0009 
94-0010 
94-0011 
94-0012 
94-0013 
94-0014 
94-0015 
94-0016 
94-0017 
94-0018 
94-0019 
94-0020 
94-0021 
94-0022 
94-0023 
94-0024 
94-0025 
94-0026 
94-0027

Start Date and Time 
01/06/94 02:52 
01/09/94 08:54 
01/09/94 15:38 
01/12/94 20:00 
01/14/94 08:30 
02/08/94 10:58 
02/15/94 15:28 
03/17/94 08:11 
03/23/94 08:59 
04/02/94 02:54 
04/03/94 19:26 
04/05/94 19:20 
04/29/94 01:52 
04/30/94 22:51 
05/07/94 14:03 
05/13/94 11:25 
05/31/94 15:13 
06/13/94 14:50 
07/02/94 13:23 
07/05/94 15:49 
07/13/94 10:13 
08/12/94 10:53 
09/13/94 10:03 
10/13/94 08:18 
11/14/94 11:15 
04/26/94 13:00 
12/13/94 08:56

Stop Date and Time 

01/07/94 06:05 
01/09/94 09:22 
01/09/94 16:47 

01/12/94 20:45 

01/14/94 22:50 
02/08/94 16:07 
02/16/94 03:00 
03/17/94 18:46 
03/23/94 09:32 
04/04/94 22:37 
04/03/94 20:10 

04/05/94 20:02 
04/29/94 14:02 

05/02/94 16:28 
05/07/94 14:42 

05/14/94 00:46 
.05/31/94 15:45 

06/14/94 01:46 

07/02/94 13:46 

07/05/94 16:00 
07/13/94 20:35 
08/12/94 23:45 

09/13/94 20:16 
10/13/94 18:34 
11/15/94 01:10 
04/26/94 21:08 

12/13/94 19:16
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Stability Class A 

Wind 
Direction (from)

Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9401 

Calm 1-3 4-7 8-12 13-18- 19-24 >24 Total

0 

0

0 2

0 16

3 12 39

0 15

0 0 2

6 

0

0 

9 

2 

7 

0

3 29 63 18
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NE

ENE

E

ESE

SE

TOTAL

0 

0 

0 

0

0 

0 

0 

0 

0 

0

0 2

0 25 

0 56 

0 28

0

0 2

0 113



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9402 

Stability Class F 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

WNW 0 0 1 0 0 0 0 1 

TOTAL 0 0 1 0 0 0 0 1 

Stability Class G 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

W 0 0 0 1 0 0 0 1 

WNW 0 0 0 3 0 0 0 3 

TOTAL 0 0 0 4 0 0 0 4
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9403

Stability Class E 

Wind 
Direction (from)

SSW 

WSW

W

TOTAL

Calm

0 

0 

0 

0

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

0 1
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0
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0 

0
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0 

0 

0
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2 

1 

4

Stability Class F 

Wind 
Direction (from)

WSW

TOTAL

Calm 1-3

0 

0

0 

0

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

1 

1

0 

0

0 

0

0 

0

10 

0 1
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 
Release Permit: 9404 

Stability Class D 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

WNW 0 0 0 1 0 0 0 1 

TOTAL 0 0 0 1 0 0 0 1
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9405

Stability Class A 

Wind 
Direction (from) 

W 

TOTAL 

Stability Class B 

Wind 
Direction (from) 

W 

TOTAL 

Stability Class C 

Wind 
Direction (from) 

W 

TOTAL 

Stability Class D 

Wind 
Direction (from) 

W 

WNW 

NW 

TOTAL

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0

0 

0

0 

0

0 

0

21 

21

5 

5

0 

0

26 

26

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0

0 

0

0 

0

Calm 1-3 4-7
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0

0 

0
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0 
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0 

0

0 
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0

0 

0

0 

0

4 

4

0 

0

0 

0

4 

4

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

0 

0

3 

3

0 

0
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0

3 

3

4-7 8-12 13-18 19-24 >24 Total
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0 
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2
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0
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16 
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24
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 
Release Permit: 9406

Stability Class A 

Wind 
Direction (from) 

NNE 

NE 

ENE 

E 

TOTAL

Calm 1-3 4-7

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0 

0

8-12 13-18 19-24

0 

0 

0 

0 

0

1 

4 

3 

0 

8

3 

6 

4 

1 

14

>24 Total

0 

3 

0 

0 

3

4 

13 

7 

1 

25
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9407

Stability Class C 

Wind 
Direction (from) 

NE 

ENE 

TOTAL 

Stability Class D 

Wind 
Direction (from) 

ENE 

E 

SE 

W 

TOTAL 

Stability Class E 

Wind 
Direction (from) 

ENE 

W 

WNW 

TOTAL

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0

0 

0 

0

Calm 1-3

0 

0 

0 

0 

0

0 

0 

0 

0 

0

1 

2 

3

4-7 

1 

2 

1 

0 

4

0 

5 

5

0 

0 

0

0 

0 

0

0 

0 

0

1 

7 

8

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

3 

0 

0 

0 

3

0 

0 

0 

0 

0

0 

0 

0 

2 

2

0 

0 

0 

0 

0

4 

2 

1 

2 

9

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

1 

0 

1 

2

0 

4 

5 

9

0 

9 

0 

9

0 

0 

0 

0

1 

13 

6 

20
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9407 (continued)

Stability Class F 

Wind 
Direction (from) 

W 

WNW 

NW 

TOTAL 

Stability Class G 

Wind 
Direction (from) 

W 

NW 

NNW 

TOTAL

Calm 1-3 4-7

0 

0 

0 

0

0 

0 

0 

0

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0 

4-7 

0 

1 

4 

5

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

1 

2 

1 

4

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

1 

2 

1 

4

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

1 

0 

2 

3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

1 

6 

8
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9408

Stability Class A 

Wind 
Direction (from) 

N

S

SSW

Calm 1-3 

19 0

4

3

W 

NW 

NNW 

TOTAL

1 

1 

13 

41

4-7 

0 

0 

0 

0 

0 

0 

0

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

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 ,

19 

4 

3 

1 

1 

13 

41

0
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Stability Class A 

Wind 
Direction (from)

NNW

TOTAL

Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9409 

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

0 

0

0 

0

5 

5

0 0 

0 0

0 

0

>24 Total

0 

0

5 

5
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9410

Stability Class A 

Wind 
Direction (from) 

N 

NNW 

TOTAL 

Stability Class B 

Wind 
Direction (from) 

N 

NNW 

TOTAL 

Stability Class C 

Wind 
Direction (from) 

N 

NNW 

TOTAL 

Stability Class D 

Wind 
Direction (from) 

N 

NNW 

TOTAL

Calm 1-3 4-7

71 

33 

104

0 

0 

0

Calm 1-3

15 

41 

19

0 

0 

0

Calm 1-3

16 

1 

17

0 

0 

0

0 

0 

0 

4-7

0 

0 

0 

4-7 

0 

0 

0

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

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

71 

33 

104

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

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

15 

4 

19

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

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

16 

1 

17

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

36 

13 

49

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

36 

13 

49
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9410 (continued)

Stability Class E 

Wind 
Direction (from) 

N 

NNW 

TOTAL 

Stability Class F 

Wind 
Direction (frcm) 

Nl 

NNW 

TOTAL 

Stability Class G 

Wind 
Direction (from) 

N 

NNW 

TOTAL

Calm 1-3

18 

12 

30

0 

0 

0

Calm 1-3

15 

10 

25

0 

0 

0

4-7 

0 

0 

0

4-7 

0 

0 

0

8-12 13-18 19-24

0 

0 

0

0 

0 

0

0 

0 

0

>24 Total

0 

0 

0

18 

12 

30

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

0 

0 

0

0 

0 

0

0 

0 

0

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

11 

14 

25

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

0 

0 

0

15 

10 

25

>24 Total

0 

0 

0

11 

14 

25
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9411 

Stability Class B 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

NNW 1 0 0 0 0 0 0 1 

TOTAL 1 0 0 0 0 0 0 1 

Stability Class D 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

N 1 0 0 0 0 0 0 1 

NNW 3 0 0 0 0 0 0 3 

TOTAL 4 0 0 0 0 0 0 4
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Stability Class A 

Wind 
Direction (from)

N

TOTAL

Kewaunee Nuclear Power Plant 

1994 Meteorological Data 
Release Permit: 9412 

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

5 

5

0 

0

0 

0

0 

0

0 

0

0 

0

>24 Total

0 

0

5 

5
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9413

Stability Class A 

Wind 
Direction (from) 

WSW 

W 

WNW 

TOTAL 

Stability Class B 

Wind 
Direction (from) 

WSW 

TOTAL 

Stability Class C 

Wind 
Direction (from) 

SSE 

WSW 

W 

TOTAL

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

Calm 1-3 4-7

0 

0

0 

0

0 

0

Calm 1-3 4-7

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

0 

3 

1 

4

4 

20 

0 

24

0 

1 

0 

1

4 

24 

1 

29

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

0 

0

0 

0

1 

1

0 

0

1 

1

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

1 

0 

0 

1

0 

0 

0 

0

0 

1 

1 

2

0 

0 

0 

0

1 

1 

1 

3
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9413

Stability Class D 

Wind 
Direction (from) 

S 

SSW 

WSW 

W 

TOTAL 

Stability Class E 

Wind 
Direction (from) .O SSW 

SW 

WSW 

TOTAL

Calm 1-3 4-7

0 

0 

0 

0 

0

0 

0 

0 

0 

0

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

1 

1 

0 

0 

2

4-7 

0 

0 

0 

0

8-12 13-18 19-24

5 

0 

0 

0 

5

0 

0 

0 

0 

0

0 

0 

3 

2 

5

>24 Total

0 

0 

0 

1 

1

6 

1 

3 

3 

13

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

2 

0 

0 

2

0 

2 

0 

2

0 

2 

1 

3

0 

0 

0 

0

2 

4 

1 

-7
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9414

Stability Class A 

Wind 
Direction (from) 

SSE 

W 

WNW 

NW 

NNW 

TOTAL 

Stability Class B 

Wind 
Direction (from) 

SSE 

NW 

TOTAL 

Stability Class C 

Wind 
Direction (from) 

WSW 

W 

TOTAL

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

1 

0 

4 

1 

2 

8

3 

11 

4 

1 

2 

21

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0

4 

15 

10 

2 

6 

37

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0

0 

0 

0

1 

0 

1

1 

2 

3

0 

0 

0

0 

0 

0

0 

0 

0

2 

2 

4

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0

1 

0 

1

0 

0 

0

0 

1 

1

0 

1 

1

0 

0 

0

0 

0 

0

1 

2 

3

0
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9414 (continued) 

Stability Class D 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

N 0 0 0 0 1 0 0 1 

NNE 0 0 0 1 0 0 0 1 

SSE 0 0 1 2 0 0 0 3 

W 0 0 0 11 3 0 0 14 

WNW 0 0 0 3 0 0 0 3 

NW 0 0- 1 1 0 0 0 2 

NNW 0 0 0 12 1 0 0 13 

TOTAL 0 0 2 30 5 0 0 37 

) Stability Class E 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

NNE 0 0 0 0 2 0 0 2 

NE 0 1 0 0 0 0 0 1 

SSE 0 0 3 0 1 0 0 4 

W 0 0 2 2 0 0 0 4 

WNW 0 0 3 1 0 0 0 4 

NW 0 0 1 2 0 0 0 3 

NNW 0 0 0. 2 0 0 0 2 

TOTAL 0 1 9 7 3 0 0 20
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

Release Permit: 9414 (continued)

Stability Class F 

Wind 
Direction (from) 

N 

NNE 

NE 

ENE 

SE 

SSE 

NW 

NNW 

TOTAL 

Stability Class G 

Wind 
Direction (from) 

N 

NE 

ESE 

SE 

SSE 

WSW 

W 

WNW 

NW 

NNW 

TOTAL

Calm 1-3 4-7 

0 

1 

1 

1 

2 

0 

1 

0 

6

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

2 

3 

3

1 

2 

5 

1 

1 

18

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

3 

1 

0 

0 

0 

3 

3 

1 

2 

5 

18

1 

0 

2 

2 

0 

2 

6 

6 

1 

21

4 

1 

2 

2 

6

5 

12 

8 

4 

6 

50
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

Release Permit: 9415

. Stability Class A
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

Wind 
Direction (from)
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NE

TOTAL

0 

0

0 

0

1 

1

0 0

0

0 

00

10 

0 1



Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9416

Stability Class 

Wind 
Direction (from) 

SE 

'S 

SSW 

TOTAL

E
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0 

0

0 

0 

0 

0

2 

2 

1

0 

1 

0 

1

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

2 

3 

1 

6

Stability Class F 

Wind 
Direction (from) 

SSE 

S 

SSSW 

TOTAL 

Stability Class G 

Wind 
Direction (from) 

SSE 

S 

SSW 

TOTAL

Calm 1-3 4-7

0 0 

o 0 

O 0 

o 0 

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

0 

8 

1 

9 

4-7 

3 

1 

1 

5

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

1 

1 

0 

2

8 

0 

0 

8

2 

0 

0 

2

0 

0 

0 

0

11

1 

21

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

7 

0 

0 

7

8 

0 

0 

8

6 

0 

0 

6

0 

0 

0 

0

24 

1 

1 

26
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9417 

The meteorological tower was not in service for this 32 minute release.
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Stability Class A 

Wind 
Direction (from) 

NNE 

NE 

E 

TOTAL 

Stability Class E 

Wind 
Direction (from) 

NE 

TOTAL 

Stability Class D 

Wind 
Direction (from) 

NE 

ENE 

ESE 

TOA 

TOTAL

Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9418 

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

0 

0 

0 

0

0 

0 

1 

1

1 

3 

0 

4

Calm 1-3 4-7

0 

0

0 

0

Calm 1-3

0 

0 

0 

0 

0

1 

1 

1 

1 

4

2 

2

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

>24 Total

0 

0 

0 

0

1 

3 

1 

5

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

0 

0

0 

0

0 

0

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

1 

4 

0 

0 

5

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0

2 

2

>24 Total

0 

0 

0 

0 

0

2 

5 

1 

1 

9

0
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9418 (continued)

Stability Class E 

Wind 
Direction (from) 

NE 

ENE 

E 

ESE 

TOTAL 

Stability Class F 

Wind 
Direction (from) 

NNE 

NE 

ENE 

E 

SE 

TOTAL 

Stability Class G 

Wind 
Direction (from) 

NE 

TOTAL

Calm 1-3

0 

0 

0 

0 

0

0 

1 

2 

2 

5

Calm 1-3

0 

0 

0 

0 

0 

0

0 

1 

1 

1 

1 

4

4-7 

4 

1 

2 

0 

-7

8-12 13-18 19-24

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0 

0

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

1 

2 

3 

0 

0 

6

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0

Calm 1-3 4-7 8-12 13-18

0 

0

1 

1

6 

6

0 

0

0 

0

0 

0 

0 

0 

0 

0

>24 Total

0 

0 

0 

0 

0

4 

2 

4 

2 

12

>24 Total

0 

0 

0 

0 

0 

0

1 

3 

4 

1 

1 

10

19-24 >24 Total

0 

0

0 

0

7 

7
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9419 

Stability Class A 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

ENE 0 0 0 1 0 0 0 1 

TOTAL 0 0 0 1 0 0 0 1
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 

Release Permit: 9420

Stability Class A 

Wind 
Direction (from) 

S 

TOTAL 

Stability Class D 

wind 
Direction (from) 

S 

WSW 

TOTAL

Calm 1-3

0 

0

0 

0

Calm 1-3

0 

0 

0

0 

0 

0

1 

0 

1

4-7

1 

1

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

2 

2

0 

0

0 

0

8-12 13-18 19-24

0 

1 

1

0 

0 

0

0 

0 

0

0 

0

3 

3

>24 Total

10 

0 

0

1

2
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 
Release Permit: 9421

Stability Class A 

Wind 
Direction (from) 

N 

NNE 

NE 

TOTAL 

Stability Class B 

Wind 
Direction (from)

N 

NNE 

TOTAL

Calm 1-3 4-7

0 

0 

0 

0

0 

0 

0 

0

Calm 1-3

0 

0 

0

0 

0 

0

1 

0 

0 

1

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

5 

13 

6 

24

2 

2 

1 

5

0 

0 

0 

0

0 

0 

0 

0

8 

15 

7 

30

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

1 

0 

1

3 

1 

4

1 

0 

1

0 

0 

0

0 

0 

0

5 

1 

6

Stability Class C 

Wind 
Direction (from)

N 

NNE 

TOTAL

Stability Class D 

Wind 
Direction (from) 

NNE 

TOTAL

Calm 1-3

0 

0 

0

0 

0 

0

4-7 

1 

1 

2

Calm 1-3 4-7

0 

0

0 

0

2 

2

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

1 

0 

1

0 

0 

0

0 

0 

0

0 

0 

0

2 

1 

3

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

0 

0

0 

0

0 

0

0 

0

2 

2

0s
MetData Page 58 of 69



Kewaunee Nuclear Power Plant 
1994 Meteorological Data

Release Permit: 9422

Stability Class A 

Wind 
Direction (from) 

SSW 

SW 

WSW 

TOTAL

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

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

2 

0 

0 

2

3 

4 

2 

9

0 

2 

0 

2

0 

0 

0 

0

0 

0 

0 

0

5 

6 

2 

13

Stability Class B 

Wind 
Direction (from) 

S 

TOTAL 

Stability Class C 

Wind 
Direction (from) 

SSE 

S 

TOTAL

Calm 1-3 4-7

0 

0

0 

0

Calm 1-3

0 

0 

0

0 

0 

0

2 

2 

4-7 

1 

4 

5

8-12 13-18 19-24

0 

0

0 

0

0 

0

>24 Total

0 

0

8-12 13-18 19-24 >24

0 

1 

1

0 

0 

0

0 

0 

0

2 

2

Total

0 

0 

0

1 

5 

6

Stability Class D 

Wind 
Direction (from) 

SSE 

S 

SSW 

A~hk TOTAL

Calm 1-3

0 

0 

0 

0

0 

0 

1 

1

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

1 

9 

2 

12

2 

1 

0 

3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

3 

10 

3 

16
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

Release Permit: 9422 (continued)

Stability Class E 

Wind 
Direction (from)

SSE

S

SSW

SW 

TOTAL 

Stability Class F 

Wind 
Direction (from)

SSE

TOTAL

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0 

0

0 

1 

3

0 1

O 5

0 

5 

2 

0 

-7

3 

0 

0 

0 

3

0 

0 

0 

0 

0

0 

0 

0 

0 

0

0 

0 

0 

0

3 

6 

5 

1

0 15

Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

0 

0

0 

0

0 

0

0 

0

1 

1

0 

0

10 

0 1
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Kewaunee Nuclear Power Plant 

1994 Meteorological Data 
Release Permit: 9423

Stability Class A 

Wind 
Direction (from) 

SW 

WSW 

NNW 

TOTAL 

Stability Class B 

Wind 
Direction (from) 

N 

) WSW 

NNW 

TOTAL

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

Calm 1-3

0 

0 

0 

0

0 

0 

0 

0

4-7 

0 

0 

0 

0

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

0 

4 

0 

4

1 

9 

1 

11

0 

1 

0 

1

0 

0 

0 

0

1 

14 

1 

16

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

0 

0 

0 

0

1 

0 

0 

1

0 

1 

1 

2

.0 

0 

0 

0

0 

0 

0 

0

1 

1 

1 

3

Stability Class C 

Wind 
Direction (from) 

NW 

TOTAL 

Stability Class D 

Wind 
Direction (from) 

N 

WSW 

dk TOTAL

Calm 

0 

0

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

0 

0

1 

1

0 

0

0 

0

0 

0

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

0 

0 

0

0 

0 

0

2 

1 

3

0 

2 

2

0 

1 

1

0 

0 

0

>24 Total

0 

0

1 

1

>24 Total

0 

0 

0

2 

4 

6
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Kewaunee Nuclear Power Plant 
1994 Meteorological Data 

Release Permit: 9423 (continued) 

Stability Class E 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

NNE 0 0 1 0 0 0 0 1 

NE 0 0 1 0 0 0 0 1 

ENE 0 0 1 0 0 0 0 1 

SE 0 0 1 0 0 0 0 1 

SSE 0 0 1 0 0 0 0 1 

SW 0 0 0 2 0 0 0 2 

WSW 0 0 1 0 0 0 0 1 

TOTAL 0 0 6 2 0 0 0 8 

Stability Class F 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

NE 0 0 1 0 0 0 0 1 

WSW 0 0 0 1 0 0 0 1 

WNW 0 0 0 1 0 0 0 1 

TOTAL 0 0 1 2 0 0 0 3 

Stability Class G 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

SE 0 0 1 0 0 0 0 1 

SSE 0 0 2 0 0 0 0 2 

SSW 0 0 1 0 0 0 0 1 

TOTAL 0 0 4 0 0 0 0 0
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0 

0 
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2 

1 

3

>24 Total

Wind 
Direction 

N 

NNE 

) NE 
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Stability Class D
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total

Wind 
Direction 

N 

NNE 

NE 

TOTAL

Stability Class E 

Wind 
Direction (from) 

N 

NNE 

TOTAL

Calm

0 

0 

0

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

0 

0 

0

2 

12 

14

3 

0 

3

0 

0 

0

0 

0 

0

>24 Total

0 

0 

0

5 

12 

17
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0

0 

0 

0 

0

1 

3 

1 
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1 

0 

0 

1

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

2 

3 

1 

6

(from)

0 

0 

0 

0

0 

0 

0 

0

2 

5 

1 

8

3 

0 

0 

3

0 

0 

0 

0

0 

0 

0 

0

0 

0 

0 

0

5 

5 

1 
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Stability Class F 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

N 0 0 1 0 0 0 0 1 

NNE 0 0 2 0 0 0 0 2 

TOTAL 0 0 3 0 0 0 0 3 

Stability Class G 
Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 

Wind 
Direction (from) 

NNW 0 0 1 0 0 0 0 1 

TOTAL 0 0 1 0 0 0 0 1
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.Stability Class C 

Wind 
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W 
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Stability Class D 

Wind 
Direction (from) 

W 

TOTAL

Calm 1-3

0 

0 

0

0 

0 

0

4-7 

0 

0 

0

8-12 13-18 19-24

0 

0 

0

0 

1 

1

3 

6 

9

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

0 

0

0 

0

0 

0

0 

0

1 

1

1 

1

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

0 

0

Calm 

0 

0

0 

0

0 

0

0 

0

2 

2

4 

4

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

0 

0

0 

0

0 

0

4 

4

2 

2
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1 

1 

2

4 

8 
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0 

0

2 

2
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0 

0

6 

6
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0 

0

6 

6

Stability Class E 

Wind 
Direction (from) 

W 

TOTAL

Calm 1-3 4-7

0 

0

0 

0

1 

1

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

5 

5

0 

0

0 

0

0 

0

6 

6
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1 
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4 
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2 
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0 
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0 
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2 
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6 

4
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a
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N

NE 
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NW 
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0 

0 

0 

0 

0 

0

0 

1 

0 

0

1

1 
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1 

1

1 11 

2 25

4 

0 
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0 

0 

0 

0 

0 

0 
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12 

1 

1

0 

0 

0 

0 

0 

0 
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-1 

13 

33
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8 
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0
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1 
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2 
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3
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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-OPERABILTY 

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.
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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 > L.OE-05 /ACilml), 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 Specification 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 jACi/ml for 
dissolved or entrained noble gases). The following equation1 must be satisfied 

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

c ! 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 1sCi/ml 

c = the setpoint, in ACilml, 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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MPCe x SEN x CW 
SP + bkg 

RR 

(1.2) 
and 

MPC G e c.  
~MPCi 

(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 (pCilml) 

Ci = the concentration of radionuclide i in the liquid effluent (PCi) 

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

SEN = the sensitivity value to which the monitor is calibrated (cpm per 
14Ci/ml) 

CW = the circulating water flow rate (dilution water flow) at the time of 
release (gallmin) 

RR = the liquid effluent release rate (gallmin) 

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 5 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 PCilml 
(refer to Appendix C for justification); 

b) substitutions of the lowest operational circulating water flow, in 
gallmin; and, 

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

1.3 Liquid Effluent Concentration Limits - 10 CFR 20 

Spedification 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 ACilml. 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 Specification 3.31(Technical Specification 7.3.1) may be 
performed using the following equation: 

[(Ci + MIPCi) x (RR +CW)] !- 1 

where: 

Ci= concentration of radionuclide i in the undiluted liquid effluent 
(ACilml) 

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

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

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

5 1.5 mrem to total body 

5.0 mrem to any organ 

- during any calendar year; 

3.0 mrem to total body 

r 10.0 mrem to any organ.  

Per the surveillance requirements of 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 (C A0 ) 
CW 

(1.5) 
where: 

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

Ai= site-related ingestion dose commitment factor to the total 
body or any organ o for radionuclide i (mrem/hr per 
MCilml) (Table L2) 

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

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

1. 67E-02 = conversion factor (hr/min) 

The site-related ingestion dose/dose commitment factors (Ai.) 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 - D,) + (UF x BF)] DFj 

(1.6) 
where: 

Ai0  = 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 ACilml) 

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

U= adult water consumption (730 kg/yr) 

DW =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, unitless) 

UF = adult fish consumption (21 kg/yr) 

BFj = bioaccumulation factor for radionuclide i in fish from Table 
1.3 (pCilkg per pCi/) 

DFj = dose conversion factor for nuclide i for adults in 
preselected organ, o, from Table E-l 1 of Regulatory Guide 
1.109, 1977 and NUREG 0172, 1977 (mrem/pCi) 

The radionuclides included in the periodic dose assessment per the requirements 
of Specifiation 3/4.3.2 (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 Specifcation4.3.1, (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

Dtb = 9.67E+03 x VOL 
CWi

(1.7)
Maximum Organ 

Dmax 1.18E+04 x VOL CW

where:

Ci

VOL 

CW 

Dtb 

Dmax

9.67E+03 

1.18E+04

(1.8) 

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

= 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 ,Cilml) 

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

Specification 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 1 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.  
Cuetly onl the sewage treatment faciliy lagoon shadge has been approved for 
disposat by land spreading.  
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During operation with a primary-toscondary leak, the potential exists for 
ondwoactive systemsOne system is the heating 

boiler. Activity is transfered fao the actor coolant syst. into the secondary 
main steam systemthrh the leak and then Into the heating boiler by bleed 
steam from the main steamsstem 

When the heating boiler is operated, it must be peiodically blw down to 
remove impurities which collect in th syn Thi bowdoWn is normally 
directed to the steam fas tankbt can b .divetd techding water.  
Either way, the blowdown beomes t sa pt orthe 

envimment. Th hetn baller blowdown ..s .ampled, usigorent plant 
procedures, whenever the primay-tosecondary lekagqe eees 10) gallons per 
day and the gross gammn activity or tritme activkty exceeds L0P.00 jsCilmfI.  
The reslts of these samples allow for the activity being isesed to the 
envrnenwobe uniid Thsis similo th naidnsedor the turbine 

buidin smp elesepat. he adiaciveef~enhmirisat 10 CPR Part 20, 
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Figure 1 
Liquid Radioactive Effluent Flow Diagram 
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Table 1.1 
Parameters for Liquid Alarm Setpoint Determinations 

Parameter I Actual Valuej Default Value* Units Comments 

MPCe calculated 1.OE-05** 1LCi/ml Calculate for each batch to be released 

C measured N/A ACi/ml Taken from gamma spectral analysis of 
liquid effluent 

MPCi as determined N/A pCi/ml Taken from 10 CFR 20, Appendix B, Table 
]I, Col. 2 

Sensitivity (SEN) 
R-18 as determined 1.0E+08 cpm Radwaste effluent 
R-19 as determined LOE+48 per Steam Generator blowdown 
R-20 as determined 1.OE+08 pCi/ml Service Water - component cooling 
R-16 as determined 1.OE+08 Service Water - Containment fan cooling 

CW as determined 2.58E+05 gpm Circulating Water System default = winter, 
single CW pump 

Release Rate (RR) 
R-18 as determined 8.0E+01 gpm Determined prior to release; release rate can 

be adjusted for Technical Specification 
compliance 

R-19 as determined 2.OE+02 Steam Generator A and B combined 
R-20 as determined 5.OE+03 Service Water - component cooling 
R-16 as determined 1.5E+03 Service Water - Containment fan cooling 

background (bkg) 
R-18 as determined 2.OE+03 cpm Nominal values only; actual values may be 
R-19 as determined 8.0E+01 used in lieu of these reference values 
R-20 as determined 6.OE+01 
R-16 as determined 8.0E+01 

SetpoinO (SP) 
R-18 calculated 3,22+06 + Rg cpm Default alarm setpoints; more conservative 
R-19 calculated L.29E+06 + hk values may be used as deem appropriate and 
R-20 calculated 5.6E+04 + bkg desirable for assuring regulatory compliance 
R-16 calculated L72E+09 + bkg and for maintianing releases ALARA.  

Setpoint* (SP) with no Circulating Water System flow, CW=0 

R-18 calculated L25E+05 + bkg cpm For outages with no Circulating Water 
R-19 calculated 500E+04 + Bkg System flow (CW=0) and a dilution flow as 
R-20 calculated 2"00E+03 + bkg provided by the Service Water system of 
R-16 calculated 6.67E+03 + bkg 10,000 gpm total.  

R~fer to Calculation # C10690 for th~e default setpoint cluation, 
** Refer to Appendix C for derivation
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Table 1.2

Ao Site Related Ingestion Dose Commitment Factors 
(mrem/hr per ACi/ml)

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 
NiL65 
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

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 
1.01E + 1 

7.38E+4 
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 -

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

T.Body Thyroid Kidney Lung GI-LLI

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

6.61E + 2 
1.04E + 3 

3.13E+4 
1.27E+2 

2.32E + 4 
4.93E +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

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+ 1 
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 

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

1.26E-2 
6.90E-3

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

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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Table 1. (Continued)

o Site Related Ingestion Dose Commitment Factors 
(mrem/hr per ACi/ml)

Nuclide Bone Liver

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

4.61E+O 
3.84E-1 
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

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

T.Body Throi Kidney Luna GI-LLI

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

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+ 0 
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

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

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

7.38E + 0 
4.67E+ 0

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

3.79E+ 1 
4.14E-4 
1.54E-1 
2.13E-4 
1.31E-4
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5.39E + 2 
2.35E+2 
4.44E + 3 

3.92E + 2 
2.69E + 2 
6.67E+1 
1.03E+4 
2.18E + 4 

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 

9.26E-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 + 1 
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)*

Element Freshwater Fish 

H 9.OE-01 
C 4.6E+03 
Na 1.OE+02 
P 3.0E+03 
Cr 2.OE+02 
Mn 4.0E+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 3.0E+04 
Mo 1.0E+01 
Tc 1.5E+01 
Ru 1.OE+01 
Rh 1.0E+01 
Ag 2.3E+00 
Sb 1.0E+00 
Te 4.OE+02 
I 1.5E+01 
Cs 2.OE+03 
Ba 4.OE+00 
La 2.5E+01 
Ce 1.OE+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 phosphorus 
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 Specification 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) 
where: 

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

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

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

Cl = concentration of noble gas radionuclide i as determined by 
radioanalysis of grab sample (Ci/cm 3) 

K, = total body dose conversion factor for noble gas radionuclide 
i (mrem/yr per ACilm3, from Table 2.1) 

Li= beta skin dose conversion factor for noble gas radionuclide 
i (mrem/yr per ACilm 3, from Table 21) 

= gamma air dose conversion factor for noble gas 
radionuclide i (mradlyr per jCilm3, from Table 2.1) 

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

4.72E+02 = conversion factor (cm 3/ft3 x min/sec) 

500 = total body dose rate limit (mrem/yr) 

3000 = skin dose rate limit (mrem/yr) 

Rev. 5 
19 02/15/93



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 ACi/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.  

2.3 Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20 

2.3.1 Site Boundary Dose Rate - Noble Gases. Specification34.1.a (Technical 
Specification 7.4.1.a) limits the dose rate at the site boundary due to noble 
gas releases to 500 mrem/yr to the total body, and 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/Qx (Ki x (j) 

and (2.4) 

Ds = X/Q x E((Li + 1.1Mi) x (j) 

(2.5) 
where: 

Dtb = total body dose rate (mrem/yr) 

Ds = skin dose rate (mremlyr) 

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 (jCilsec) 

K, = total body dose conversion factor for noble gas radionuclide i 
(mrem/yr per ACilm3, from Table 2.1) 

Li = beta skin dose conversion factor for noble gas radionuclide i 
(mrem/yr per ACilm3, from Table 2.) 

= gamma air dose conversion factor for noble gas radionuclide i 
(mradlyr per ACilm 3, from Table 2 ) 

1.1 = nrem 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 Particulate. Specification 
3.4b (Technical Specification 7.4.1.b) limits the dose rate to s 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: 

Do =X/Q x (Ri x() 

(2.6) 
where: 

Do= average organ dose rate over the sampling time period (mremlyr) 

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 uCilm3) for the 
child inhalation pathway from Table 2 

Q = average release rate over the appropriate sampling period and 
analysis frequency for radionuclide i, 1-13 1, 1-133, tritium or other 
radionuclide in particulate form with half-life greater than 8 days 
(pCilsec) 

By substituting 1500 mrem/yr for Do 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 -- Rg = 1.62E+07 mrem/yr per ACilm3) 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 Specification .41. L(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 !10 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 E (Mi x Q1)

and (2.7) 

D = 3.17E-08 x X/Q x (Ni x Qi) 

(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 (mrad/yr per pCilm3 from Table 2.1) 

Ni= air dose factor due to beta emissions from noble gas 
radionuclide i (mradlyr per uCilm3, 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 Speification 3A.2 (Technical 
Specification 7.4.2). (Refer to Appendix B for the derivation and justification for 
this simplified method.) 
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3.17E-08 xX/QxMeffX Qi 
0.50 

and (2.9) 

3. 17E-08 
D = .50 x X/Q x Neff X Q 

(2.10) 
where: 

Meff = 5.3E+02 effective gamma-air dose factor (mradlyr per liCi/m 3) 

Neff = 1.IE+03 effective beta-air dose factor (mradlyr per Cilm 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. 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 (R1 x Qj) 

(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) 

R = dose factor for radionuclide i, (mrem/yr per ACilm 3) or 
(m2 - mrem/yr per piCilsec) from Table 2. 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.  

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

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 ocps 
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 Speciicatio 3.4.3 (Technical 
Specification 7.4.3).  
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Dmax =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 - mrem/yr per uCi/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, e Spcfication1 16.2 (Technical 
Specification 7.7.2). Otherwise, the dose will be evaluated based on the 
predetermined controlling pathways as identified in Table .  

2.5 Gaseous Effluent Dose Projection 

a 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 
equations:

are performed at least once per 31 days by the following

D, = D x (91 - d)

(2.13)

Dgp = Dg x (91 +d)

(2.14)

DMxp = Dmax x (91 - d)

(2.15)
where:

U

Dmkp =

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

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

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

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

maximum organ dose projection for current calendar quarter (mrem)

Di = 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 Specfcat 3,5 (RETS Technical Specification 
7.6) on the EPA environmental radiation protection standard and Technical 
Specifcation 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 
compliance with 40 CFR Part 190 when radioactive effluents exceed the Appendix 
I portion of the specifications.  
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Figure 2 
Gaseous Radioactive Effluent Flow Diagram

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.  

The containment air sampler (R-11) and radiation monitor (R-12) 
can also be aligned as needed for sampling containment vent.  
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Figure 3
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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/m3 ) 

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 
(mrem/yr per uCi/m3) (mradlyr per pCi/m 3) (mrad/yr per pCi/m3 )

1.46E+03 

1.34E+03 

9.73E+03 

2.37E+03 

1.O1E+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

2.88E+02 

1.97E+03 

1.95E+03 

1.03E+04 

2.93E+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

Parameter Actual Value Default Value* Units Comments 

X/Q calculated 3.6E-06 sec/m 3  Licensing technical specification value 

VF fan curves 33,000 cfm Containment -normal plus purge modes 
54,000 Auxiliary Building - normal operation 

C1  measured N/A . Ci/m
3 

Kj nuclide specific N/A mrem/yr Values from Table 2.1 
per tCi/m3 

Li nuclide specific N/A mrem/yr Values from Table 2.1 
_ _per uCilm _ 

M nuclide specific N/A mrem/yr Values from Table 2.1 
. , per uCi/m

3
I

Sensitivity** (SEN) 
R-12 
R-21 
R-13 
R-14 

background (bkg) 
R-12 
R-21 
R-13 
R-14

as determined

as determined 4.OE+02 
4.0E+01 
6.OE+02 
9.OE+02

cpm per 
ACi/cm3

cpm

I.

Containment 
Containment 
Auxiliary Building 
Auxiliary Building

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

Setpoint* (SP) 
R-12 calculated 24+05 + bh3 cpm Default alarm setpoints; more 
R-21 calculated 12E+4 + k conservative values may be used as 
R-13 calculated LS.+OS + bkg deemed appropriate and desirable for 
R-14 calculated 1.E+O5 + bkg ensuring reulatory compliance and for 

maintaining releases ALARA.  

ReIfer to Calation #f CO69G for th default setpoint alculaion 
** Conservatively based on Xe-133 sensitivity

Rev. 7 
04/07/9432



Table 2.3 
Controlling Locations, Pathways and 

Atmospheric Dispersion for Dose Calculations

(Technical) 
Specification 

3.41.a(7.4. 1.a)

3A.4.b(7.4. 1. b)

3.4.2W7.4.2)

3.4.3(7.4.31

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

Atmospheric 
X/Q 

(sec/m) 

3.6E-06

3.6E-06

gamma-air 3.6E-06 

beta-air 

vegetation, milk and 5.6E-07 

ground plane

33

Dispersion 
D/Q 

N/A

N/A

N/A

5.6E-09
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Table 2.4

1 Inhalation Pathway Dose Factors - ADULT 
(mrem/yr per uCi/m 3)

Thyroid Kidney

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

Lane GI-LLI T.Body 

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

- 8.64E+4 5.01E+4 
1.44E + 4 3.32E + 3 1.OOE + 2 

1.40E + 6 7.74E + 4 6.30E + 3 
9.44E+3 2.02E+4 1.83E-1 
7.21E+4 6.03E+3 3.94E+3 
1.02E+6 1.88E+5 1.06E+4 
3.70E+5 3.14E+4 6.71E+2

Liver 

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

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

Bone 

1.82E 4 
1.02E + 4 
1.32E + 6 

2.46E+ 4 
1.18E+4 

4.32E + 5 
1.54E+O 

3.24E + 4 
3.38E-2 

3.04E + 5 

9.92E + 7 
6.19E+ 1 
6.74E+O0 
2.09E +3 
2.61E-1 

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

1.41E + 4 
2.22E-1 

1.03E-3 
4.18E-5

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

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

34

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+1 
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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- 9.28E+5 
- 5.97E+6 
- 1.78E+5 
- 5.60E+3 

4.62E + 0 6.78E + 3

1.35E+5 
3.87E + 2 
2.56E + 2

6.90E + 4 
4.22E-2

8.64E + 5 
9.20E+2

3.44E + 4 
1.96E+1 

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



Table 2.4 (Continued) 

R, Inhalation Pathway Dose Factors - ADULT 

(mrem/yr per ACi/m 3)

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

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

Liver

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 + 1 
7.53E-5 
2.70E-5 

1.74E+2 
3.1OE-1 
135E + 4 
1.38E + 2 
1.43E+6 

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

Thyroid Kidney Le GI-LLI T.Bod

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

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

1.97E+4 

1.24E+4 
4.58E + 4 

5.10E+0 
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

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 
139E+3 

2.88E + 5 

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 
633E + 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

1.10E+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 

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

1.O1E+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

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

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

3.10E-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 + 1 
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

R, Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per gCi/m 3)

Nuclide Bone

2.60E + 4 
1.38E + 4 
1.89E+6 

3.34E+4 
1.59E+4 

5.80E + 5 
2.18E+0

Liver 

1.27E+3 
4.87E + 3 
1.38E + 4 
1.10E+5 

5.11E+4 
1.70E+O 
2.38E+4 
3.70E+4 
6.92E + 2 

2.07E+3 
1.51E+4 
4.34E+4 
2.93E-1 
2.03E + 0

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

Thyroid Kidney Lung GI-LLI T.Body

1.27E + 3 
4.87E + 3 
1.38E + 4 

7.50E +1

1.27E+3 
4.87E + 3 
1.38E + 4 

3.07E+ 1 

1.27E+4 
1.79E+0

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 

6.41E+0 1.11E+4

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

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 + 0 
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)

Ri Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per uCi/m 3) 

Liver Thyroid Kidney Lung GI-LLI T.Body

7.43E+3 
1.41E+O 
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 

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

I-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

7.83E + 5 
1.82E+4 
1.61E + 7

2.50E + 4 6.75E + 6 
- 3.85E+6 
- 2.74E + 6 
- 5.36E+5 

6.54E+4 1.66E+6

Bone 

2.10E+3 
1.12E+0 
9.84E+4 

1.38E + 4 
4.30E + 4 
7.38E + 4 
4.88E + 3 
1.80E+4 

2.01E+O 
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

1.31E + 4 
7.94E+2 
8.08E + 2 
2.24E+3 
8.16E+3 

9.12E-1 
6.58E+3 
3.38E-2 
6.O1E+ 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

1.12E+4 
1.98E+6 
3.30E+3 
2.38E + 5 
2.34E + 3

1.09E+5 
9.04E+4 
9.60E + 5 

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

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

8.96E + 2 
4.34E-1 
1.24E+4 

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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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

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



Table 2.6 

Rj Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per zCi/m 3 ) 

Nuclide Bone Liver Thyroid Kidney Lung GI-LL[ T.Bod

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

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 

6.03E + 0

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

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

4.18E+4 
2.72E+ 1 

9.18E+3 
7.70E-2 
1.72E + 2 
3.48E-3 
8.51E-5

5.96E+4 
3.89E+ 1 

8.62E+3 
8.55E-2 
3.92E + 2 
5.07E-2 
1.45E-3

1.12E+3 
6.73E + 3 
1.61E+4 

1.70E + 4 

1.58E+6 
1.31E+4 
1.11E+5 
1.27E+6 
5.07E+5 

1.11E + 6 
7.07E+6 
2.75E + 5 
8.18E+3 
9.58E + 3

1.12E+3 
6.73E + 3 
1.61E+4 
4.22E + 4 
1.08E + 3 

2.29E+4 
1.23E+5 
2.87E+3 
7.07E+4 
1.32E + 4 

3.44E + 4 
9.62E+4 
6.33E + 3 
8.40E + 4 
3.67E+4

9.95E+5 1.63E+4 
1.42E +3 1.02E + 4

- 7.99E+3 
- 1.72E+1 
- 1.89E+0 

2.16E+6 1.67E+5

1.48E+7 
533E+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

1.12E + 3 
6.73E + 3 
1.61E+4 
9.88E+4 
1.54E + 2 

9.51E+3 
3.12E-1 
7.77E+3 
1.67E+4 
1.07E+3 

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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- 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



Table 2.6 (Continued) 

R, Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per ACi/m 3)

Nuclide Bone Liver Thyroid Kidney

7.03E + 3 
1.34E + 0 
1.84E + 5

Lun GI-LLI 

6.62E + 5 4.48E + 4 
1.59E+4 9.95E+4 
1.43E+7 4.29E+5

2.12E+4 5.48E+6 
- 3.24E + 6 
- 2.32E+6 
- 4.77E+5 

6.36E+4 1.48E+6

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 
I-130 
I-131 
1-132 
1-133 

I-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

2.79E + 3 
1.53E+0 
1.36E + 5 

1.69E+4 
5.74E + 4 
9.84E+4 
6.73E+3 
2.49E+4 

2.77E+ 0 
1.92E+4 
9.77E-2 
1.34E + 2 
2.17E-2 

4.81E + 2 
8.18E+3 
4.81E+4 
2.12E+3 
1.66E+4 

1.17E+3 
4.92E + 3 
6.51E+5 
6.51E+4 
9.07E+5 

6.33E + 2 
1.84E+0 
7.40E + 4 
1.96E-1 
5.OOE-2 

6.44E+2 
1.30E+0 
3.92E + 4 
3.66E + 2 
6.77E+6 

1.85E + 4 
5.96E-2 
1.08E+4 
1.63E+ 1 
4.66E + 2

1.OOE+4 
1.76E+6 
2.93E+3 
2.06E + 5 
2.05E+3

3.77E+5 1.38E+5 
- 5.11E+3 
- 2.84E+3 
- 3.20E+3 
- 5.48E+3

1.26E + 2 
9.10E+ 1 
1.92E+3 
6.07E+3 

1.96E+0 
6.33E + 3 
7.14E-2 
9.77E + 1 
1.70E-2 

3.17E+2 
1.85E+6 
1.62E + 7 
1.94E+5 
3.85E+6 

5.07E + 4 
7.92E+5
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1.00E+5 
1.64E + 5 
4.03E + 4 
3.38E+4 
7.14E+4 

5.62E+4 
1.82E+5 
2.55E + 4 
3.08E + 5 
1.33E+3

1.14E+4 
7.40E + 2 
7.59E + 2 
2.33E + 3 
8.55E+3 

9.51E-1 
6.85E+3 
3.50E-2 
5.92E + 1 
8.44E-3 

2.72E+2 
1.64E+4 
4.81E+4 
4.07E+3 
2.03E + 4 

2.16E + 3 
8.73E + 3 
1.01E + 6 
1.71E+5 
8.25E + 5 

8.40E+2 
9.84E-4 
6.48E + 1 
1.09E-4 
3.60E-5 

2.25E+2 
4.11E-1 
1.95E+4 
1.99E + 2 
2.12E + 6 

5.55E + 3 
1.85E-2 
8.73E+3 
9.66E + 0 
3.34E + 1

7.07E+0 
5.03E+4 
2.57E-1 
4.OOE + 2 
5.88E-2 

1.77E+3 
2.45E+4 
7.88E + 4 
6.25E+3 
3.38E+4 

3.30E + 3 
1.34E+4 
3.30E + 5 
9.55E+4 
2.82E + 5 

6.22E+2 
8.62E-4 
2.11E + 1 
9.47E-5 
2.91E-5 

8.55E+3 
8.36E+1 
1.17E+6

- 3.OOE + 3 
- 9.77E-3 
- 4.81E+3 

- 9.73E + 1

1.21E + 5 
1.45E+4 
1.04E+5 

6.81E+1 
5.77E + 3 
1.74E + 6 
2.92E + 3 
1.64E + 3 

1.83E+5 
8.70E+3 
5.44E+5 
1.15E+5 
1.20E+7 

4.33E + 5 
1.57E+3 
3.28E + 5 
4.11E+4 
5.81E + 4

T.Body 

1.07E + 3 
5.55E-1 
1.69E+4 

9.14E+3 
2.OOE + 4 
2.07E+4 
9.14E+2 
3.02E + 3 

6.11E-1 
3.04E + 3 
2.38E-2 
5.07E + 1 
6.59E-3 

2.63E + 2 
8.44E+3 
2.73E + 4 
1.88E + 3 
7.70E + 3 

9.95E + 2 
4.14E+3 
2.25E + 5 
1.16E+5 
1.28E+5 

5.55E+2 
5.37E-2 
4.33E + 3 
6.36E-3 
2.79E-3 

7.55E+ 1 
1.29E-1 
2.90E + 3 
2.87E+ 1 
3.61E+5 

9.14E + 2 
3.OOE-3 
6.81E+2 
4.33E+0 
2.35E + 1

9.55E + 2 
4.44E + 3 
3.85E + 3 
4.18E + 3 
3.62E + 3 

2.70E + 2 
5.77E + 4 
1.02E + 5 
2.75E+2 
2.74E+0 

2.26E + 5 
7.59E + 4 
5.66E + 4 
1.27E+5 
3.89E + 5 

9.73E + 4 
1.97E+2 
8.21E+4 
9.10E+4 
6.40E + 4
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Table 2.7 

P. Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per pCi/m 3)

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

2.65E + 4 
1.06E + 4 
2.03E + 6 

1.97E+4 
1.36E+4 

3.39E+5 
2.39E + 0 

1.93E + 4 
5.39E-2

Liver 

6.47E + 2 
5.31E+3 
1.06E + 4 
1.12E+5 

2.53E + 4 
1.54E+0 
1.17E+4 
2.35E+4 
6.51E + 2 

1.22E + 3 
8.02E+3 
2.04E + 4 
2.84E-1 
1.88E+0 

6.26E + 4 
9.67E-2

Throid 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 

3.98E+O0 

3.25E +4 
4.02E-2

- 1.90E+5 
- 5.57E+2 
- 3.21E+2 

3.98E+5 -

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

Lu.. GI-LLI T.BodL

6.47E + 2 
5.31E + 3 
1.06E+4 

1.28E + 4 

1.OOE+6 
1.25E + 4 
8.69E + 4 
1.02E+6 
3.79E+5 

7.77E+5 
4.51E+6 
2.09E + 5 
8.12E+3 
9.30E+3 

6.47E + 5 
1.47E + 3

6.47E + 2 
5.31E + 3 
1.06E+4 
1.61E+4 
3.57E + 2 

7.06E + 3 
7.17E+4 
1.09E + 3 
2.48E+4 
4.86E + 3 

1.11E+4 
3.19E+4 
2.42E + 3 
5.01E + 4 
1.50E+4 

5.14E + 4 
1.32E + 4

- 3.04E+3 
- 3.39E+2 
- 6.82E+1 

2.03E + 6 6.40E + 4

- 1.12E+7 
- 5.26E+4 
- 2.38E+4 
- 2.69E+5 
- 2.79E+3

2.79E + 4 
2.56E +1 

6.43E + 3 
7.29E-2 
1.65E+2 
2.88E-3 
8.23E-5

3.11E +4 
2.59E + 1

- 4.72E + 3 
- 5.70E-2 
- 2.65E+2 
- 3.11E-2 
- 9.79E-4

2.45E+6 
2.45E+4 
7.64E + 4 
1.75E + 6 
1.10E+5 

4.79E + 5 
3.32E + 3 
135E+5 
8.11E+2 
5.84E + 2

1.31E+5 
7.34E+4 
1.40E + 5 
1.04E+5 
235E + 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

6.47E + 2 
5.31E + 3 
1.06E+4 
7.74E+4 
8.95E + 1 

4.98E+3 
2.21E-1 
3.33E + 3 
9.48E+3 
6.41E+2 

1.82E+3 
1.18E+4 
1.16E+4 
1.23E-1 
7.74E-1 

3.11E+4 
7.18E-3 
1.33E + 4 
3.81E+2 
4.OOE + 2

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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Table 2.7 (Continued) 

R, Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per ICi/m3)

Tlyroid 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 
I-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

L&g GI-LLI T.Body 

5.52E+5 1.61E+4 6.79E+2 
1.57E+4 4.84E+4 4.1OE-1 
1.16E+7 1.64E+5 1.09E+4

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

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

1.1E + 2 
6.23E+1 
1.62E+3 
4.87E + 3 

1.85E+0 
5.47E + 3 
6.75E-2 
8.93E+ 1 
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

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 + 1 
1.76E + 5 

6.99E + 2 
2.41E-3 
5.OOE + 2 
3.12E+0 
1.88E+1 
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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

Liver

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 

R 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

8.97E+5 
2.76E+5 
1.40E+9 

2.09E+8 
1.27E + 8 

1.04E + 10 
6.15E+1 

3.17E + 8 
8.75E-6

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 

1.01E+9 
1.67E-5

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

9.96E+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

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

Lng GI-LLI T.Body

2.26E+3 
1.79E + 5 
2.76E+5 

6.19E+4 

8.06E + 7 
8.35E + 7

2.34E + 4 

6.75E + 8 
1.09E-5

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

4.32E+7 1.02E+8

- 1.60E+9 2.86E+8

3.81E + 5 
6.73E+ 1 

7.91E + 4 
7.34E-7 
6.25E + 6 
8.66E + 0

5.97E + 5 
1.02E+2 

7.81E+4 
8.56E-7 
1.41E+7 
1.32E+2 4.24E+0

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 
5.12E + 3

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) 

Ri Vegetation Pathway Dose Factors - ADULT 

(mrem/yr per pCi/m 3) for H-3 and C-14(m 2 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

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 
635E-5 
1.33E+5 
7.42E+5 
1.38E+7 

2.54E + 4 

3.86E+4 
3.19E+4 
1.40E+2

Thyroid Kidney

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 

5.00E-3 
7.04E + 6

1.83E + 7 
6.96E + 2 
3.72E+8 

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

1.19E+9 
1.27E+7 
9.81E+8 

1.19E-5 
9.25E + 4

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 

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

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 

231E+3 
1.12E+4 
7.72E+ 1
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Table 2.9 

R1 Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per ACi/m 3) for H-3 and C-14(m 2 x mrem/yr per pCi/sec) for others

Thyroid _Kidney _Lung GI-LLI T.Body

2.59E + 3 
2.91E + 5 
2.45E + 5 

8.85E+4 

1.46E + 8 
1.33E+8

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 

6.23E + 8 
2.88E-5

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

- 2.11E+ 10 
- 1.36E+6 
- 1.01E+4 
- 1.02E+8 
- 2.56E-7 

- 3.23E+9 
- 2.32E + 4 
- 4.98E+6 
- 1.27E+9 
- 1.65E + 7 

- 4.55E+8 
- 1.59E-2 
- 1.03E+7 

4.19E+0 4.95E+3

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 + 1

Bone 

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

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 

1.1E + 8 
5.60E + 8 
5.45E + 8 
3.33E + 0 
3.95E + 3 

6.86E + 8 
1.09E-6 
1.33E+6 
3.01E+0

4.05E+7 1.28E+8 

1.80E+9 4.33E+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

1.85E + 11 
1.19E+4 
1.69E+1 
3.34E+2 

2.11E+5 
2.45E-2 
4.47E+0 
3.78E + 5 
2.81E + 1 

5.86E+4 
2.44E-7 
1.09E+6 
9.77E+ 1

8.07E+5 
9.26E + 1 

1.03E+5 
7.80E-7 
1.31E+7 
1.12E+2
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Table 2.9 (Continued)

R1 Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per p&Ci/m 3) for H-3 and C-14(m 2 x mrem/yr per pCi/sec) for others 

Nuclide Bone Liver Thyroid 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 
1-130 3.54E+5 1.02E+6 8.35E+7 1.58E+6 - 7.87E+5 4.09E+5 
I-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 
1-133 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 
I-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 937E+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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R 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 

de Bone Liver Thyroid Kidney Lung GI-LLI T.Body

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

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

3.50E+6 
3.83E + 5 
3.37E+9 

8.OOE + 8 
4.01E+8 

3.95E + 10 
1.05E + 2 

8.12E+8 
1.51E-5

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

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

Table 2.10

Nucli

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

4.01E+3 
7.01E+5 
3.83E + 5 

1.19E+5 

2.40E + 8 
1.88E + 8

4.01E + 3 
7.01E+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

3.80E+8 1.35E+9 
1.38E-3 2.02E-6 

- 2.04E+6 
- 5.55E+0 

2.91E + 7 2.78E + 8 

1.39E+9 1.03E+9

2.68E + 4 

1.36E+9 
1.32E-5

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

4.52E + 8

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

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
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Table 211 (Continued)

R, Vegetation Pathway Dose Factors - CHILD 

(mrem/yr per 1Ci/m 3) for H-3 and C-14(m2 x mrem/yr per PCi/sec) for others

Nuclide Bone Liver Thyroid Kidney

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 

I-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

1.55E + 7 
9.17E+ 1 
7.45E+8 

3.22E + 7 
3.52E+8 
4.99E + 8 
3.51E+8 
1.32E+9 

1.OOE + 4 
8.54E + 8 
1.15E-3 
1.54E + 6 

6.98E+6 
6.21E+5 
1.43E+8 
9.20E+ 1 
3.59E + 6 

1.70E-4 
6.54E + 4 
1.60E+ 10 
8.06E + 7 
2.39E + 10 

5.11E-2 
2.77E + 8 

3.23E + 3 
232E-4 
6.35E+5 
1.73E+3 
1.27E + 8 

1.48E + 5 

7.16E+4 
6.47E + 4 
2.55E + 3

2.17E+7 
4.57E+6 
3.85E+6 
9.50E+7 
3.56E+8 

2.70E + 3 
2.39E + 8 
3.22E-4 
5.33E + 5 

3.09E + 6 
1.26E+6 
1.44E+8 
1.69E+2 
4.44E+6 

3.16E-4 
1.18E+5 
2.63E + 10 
2.22E + 8 
2.29E + 10 

2.73E-5 
2.43E+5 

1.13E+3 
7.40E-5 
3.26E+5 
9.36E+5 
3.98E + 7 

4.46E + 4 

5.80E + 4 
3.83E + 4 
1.83E+ 2

7.78E+5 
4.62E + 5 
9.84E + 7 
3.16E + 8 

6.93E + 3 
2.75E + 8 
8.22E-4 
1.10E+6 

4.50E + 6 
1.38E+8 
4.76E + 10 
7.84E + 3 
8.25E + 8 

7.28E-3 
1.04E+7

3.89E + 7 
8.06E + 2 
1.01E+9 

4.05E + 7 

3.77E+9 

2.85E + 4 
2.51E + 9 
3.37E-3 
5.16E + 6 

2.87E+7 
1.88E+6 
2.36E + 8 
2.59E + 2 
7.40E + 6 

4.84E-4 
1.81E + 5 
8.14E+9 
1.18E+8 
7.46E + 9 

2.38E-5 
7.90E + 4

Unit GI-LLI T.Bodt

1.96E+8 
2.78E+8

2.92E + 9 
1.76E+7 
2.68E + 9 

1.61E-5 
1.45E+5

1.43E+5 
3.93E+ 2 
2.21E + 7 

2.41E+4 

3.18E+4 

5.30E+2

3.99E + 8 
5.98E + 4 
1.16E+10 

2.58E + 9 
2.20E+9 
1.19E+9 
3.38E + 8 
1.07E+9 

3.91E + 5 
1.04E + 9 
7.17E-2 
2.16E + 7 

3.11E+7 
5.87E+5 
1.28E+7 
1.99E+2 
1.79E+6 

2.1OE-4 
8.98E + 4 
1.42E+8 
7.79E+6 
1.43E + 8 

2.95E+0 
1.40E+8 

3.15E+7 
1.47E + 1 
4.07E+8 
1.37E+7 
1.04E + 10 

1.60E+8 

9.18E+7 
5.38E + 6 
1.36E+7

5.94E + 6 
3.33E+ 1 
9.30E + 7 

1.74E + 7 
1.23E+8 
1.05E + 8 
4.67E + 7 
1.57E + 8 

2.15E + 3 
1.33E + 8 
2.74E-4 
5.68E + 5 

3.73E + 6 
6.47E+5 
8.18E+7 
7.77E+ 1 
1.68E+6 

1.46E-4 
5.57E + 4 
5.54E + 9 
1.43E+8 
3.38E + 9 

1.48E-3 
1.62E + 7 

3.81E + 2 
2.32E-5 
4.84E + 4 
1.36E + 2 
6.78E + 6 

7.37E+3 

4.49E + 3 
1.72E + 4 
1.29E+2

Rev. 5 
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Table 2.11

R, Gras-Cow-Milk Pathway Dose Factors - ADULT 
(mrem/yr per gCi/m3) for H-3 and C-14(m2 x mrem/yr per PCi/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

3.63E + 5 
2.54E + 6 
1.71E + 10 

2.51E+7 
2.98E + 7 

6.73E+9 
3.70E-1 

137E+9 

1.45E+ 9 

4.68E + 10 
3.13E + 4 
4.89E-1 
7.07E+1I 

8.60E + 3 
5.42E-5 
2.33E-1 
9.46E + 2 
4.26E-1 

8.25E +4 

3.25E + 0

Liver 

7.63E + 2 
7.26E+4 
2.54E + 6 
1.06E + 9 

8.40E + 6 
4.23E-3 
1.73E + 7 
7.00E + 7 
1.28E + 6 

4.72E+6 
1.64E+7 
4.66E + 8 
4.81E-2 
2.41E+4 

4.36E + 9

Thyroid Kidney Lung.. GI-LLI T.Body

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

7.63E + 2 
7.26E + 4 
2.54E + 6 

3.80E + 4 

9.67E+6 
1.95E+7

6.08E + 4 

2.92E + 9

2.59E + 9

3.03E+2 
8.59E-2 

4.59E + 4 

2.52E + 7 
9.19E+ 0

4.76E + 2 
1.30E-1 

4.54E + 4 

5.72E+ 7 
1.40E+2 4.50E+0

7.63E + 2 
7.26E + 4 
2.54E + 6 
1.92E + 9 
7.20E+6 

2.57E + 7 
1.35E-1 
9.95E+6 
2.33E + 8 
3.25E + 7 

9.57E+7 
3.08E + 8 
9.73E+7 
1.22E+0 
2.05E+6 

2.75E + 9 

3.72E+7 
1.49E-1 

5.11E+8 

233E + 8 

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 
5.44E + 3

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+4 

1.97E + 9 

3.25E+7 
1.03E-1 

1.21E+9 

4.16E+7 

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

Rev. 5 
02/15/9348



Table 2.1 (Continued) 

Ri Grass-Cow-Milk Pathway Dose Factors - ADULT 

(mrem/yr per ACi/m 3) for H-3 and C-14 (m2 x mrem/yr per ACi/sec) for others

Bone Liver 

1.02E+3 
8.57E-4 
2.04E+4 -

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 
130 
1-131 
1-132 
1-133 

I-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

5.39E + 7 
4.86E + 5 
2.28E+5 
5.90E+6 
1.64E+7 

2.41E + 2 
2.25E+7 

1.77E + 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.O1E+ 10 

3.38E+4 

2.26E+0 

3.27E+3 
3.09E+4 
1.50E + 5 

6.37E+1 

1.09E+2 
5.48E + 3 
3.60E-1

TThyroid Kidney Lung GI-LLI T.Body

6.24E+4 
2.08E+4 
4.90E + 6 
1.17E+7 

4.98E + 2 
2.08E + 7 

2.80E + 5 

1.71E+6 
1.07E+8 
1.39E + 11 
1.53E+ 1 
1.01E+9 

2.40E + 6

3.89E + 3 
1.11E-2 
3.94E + 4 

1.06E+8 

6.63E + 7 
1.86E+8 

2.74E + 3 
2.52E + 8 

1.79E +6 

1.49E + 7 
1.96E + 6 
7.27E + 8 
6.97E-1 
1.20E + 7 

5.83E+4 
4.35E + 9 
5.74E+8 
3.43E+9 

1.15E+4

2.00E + 7 
1.58E+7

5.83E + 7 
2.57E+7 
2.04E + 7 
1.63E+7 
4.58E + 7 

6.72E + 2 
6.04E + 7 

3.61E + 5 

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 

1.59E+2 

9.42E+ 1 
6.56E + 3 
3.66E+0

1.52E + 3 
1.36E+ 1 
8.87E + 4 

3.68E+1 

6.37E+1 

1.12E+ 0

1.19E+5 
5.24E-1 
1.32E + 6 

2.20E+ 10 
7.31E + 8 
2.25E + 8 
6.50E+7 
1.54E+8 

5.30E + 4 
3.04E+8 

1.75E + 7 

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 
5.54E+7 

1.66E+5 
3.03E-8 
1.25E + 7 
1.16E+6 
1.21E + 8 

6.96E+5 

5.23E+5 
1.80E+6 
7.39E+4

49

4.39E + 2 
3.38E-4 
2.58E + 3 

3.20E+7 
1.02E + 7 
4.86E+6 
2.18E+6 
5.58E + 6 

1.45E + 2 
9.57E+6 

1.47E + 5 

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 

7.88E+0 

6.52E + 0 
1.92E+3 
1.98E-1

1.44E + 9 
7.87E+7 
1.14E+9 

1.93E+4

Rev. 5 
02/15/93



Table 2.12 

Ri Grass-Cow-Milk Pathway Dose Factors - TEEN 

(mrem/yr per yCi/m 3) for H-3 and C-14 (m2 x mrem/yr per 1ACi/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

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

2.11E+9 7.31E+9

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

1.09E+5 

4.68E + 9

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

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

Lung GI-LLI T.Body

9.94E + 2 
1.34E + 5 
4.44E + 6 

7.13E + 4 

2.OOE + 7 
3.82E + 7

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 
333E+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

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 
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Table 2.12 (Continued) 

Rj Grass-Cow-Milk Pathway Dose Factors - TEEN 

(mrem/yr per jzCi/m 3 ) for H-3 and C-14 (m2 x mrem/yr per PCi/sec) for others 

Nuclide Bone Liver Thyroid Kidney Lug GI-LLI T.Bod

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

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

9.11E+7 
8.46E + 5 
3.99E + 5 
1.08E+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+O 

5.92E + 3 
5.60E + 4 
2.72E+5 

1.17E+2 

1.97E+2 
9.78E + 3 
6.59E-1

4.01E + 7 
3.21E +7

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

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-7 
4.OOE + 4 7.49E + 7 

- 2.27E+5 
- 2.23E-7 
- 1.69E+7 
- 1.68E+6 
- 1.66E+8

6.77E+1 

1.16E+2 

2.07E+0

9.61E+5 

. l 
7.11E+5 
2.65E+6 
1.06E+5

51

2.80E + 9 
1.50E+8 
2.35E + 9

1.52E + 5 
1.26E+0 
1.80E + 6 

2.56E + 10 
9.25E + 8 
2.84E + 8 
8.86E + 7 
2.10E+8 

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

- 2.02E+4 

- 2.79E+3 
- 2.51E+1 
- 1.63E+5

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 

1.45E+ 1 

1.18E+ 1 
3.43E+3 
3.66E-1

Rev. 5 
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Table 2.13 

Rj Grass-Cow-Milk Pathway Dose Factors - CHILD 

(mrem/yr per ACi/m 3) for H-3 and C-14 (m2 x mrem/yr per ACi/sec) for others

Bone Liver Thyroid Kidney

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

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

1.57E + 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

jupg. GI-LLI T.Bodv

1.57E + 3 
3.29E + 5 
9.23E + 6 

1.03E+5 

3.35E + 7 
5.65E + 7

1.82E+5 

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 
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 
3.54E+6

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

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

Rev. 5 
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Table 2.13 (Continued) 

R, Grass-Cow-Milk Pathway Dose Factors - CHILD 

(mrem/yr per uCi/m 3 ) for H-3 and C-14 (m2 x mrem/yr per gCi/sec) for others 

ide Bone Liver Thyroid Kidney Lung GI-LLI T.Body

6.03E + 7 
4.85E+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 
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

4.29E+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 

4.45E + 2 
2.91E+4 
1.72E+1

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 

1.61E + 5 
1.15E + 10 
1.47E+9 
1.01E + 10 

3.34E+4 

4.78E + 3 
4.29E +1 
2.82E+5 

1.17E+2 

1.98E + 2 

3.57E+0

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.OOE + 4 
2.OOE + 8 
9.70E + 7 
1.93E + 8

Nucl

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 

9.30E + 6

1.41E+8 
1.41E+8 
1.41E+6 
2.OOE + 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+O 

1.09E+4 
1.02E+5 
5.09E+5 

2.17E+2 

3.60E + 2 
1.72E+4 
1.23E+0

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 

3.59E +1 

2.79E + 1 
7.73E + 3 
8.68E-1 
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- 1.23E-5 
6.12E+4 5.94E+7 

- 1.88E+5 
- 2.51E-6 
- 1.36E+7 
- 1.50E+6 
- 1.33E+8 

- 7.80E+5 

- 5.71E + 5 
- 2.42E + 6 
- 9.14E+4

4.13E + 9 
2.19E+8 
3.62E + 9
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Table 2.14

Rj Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per pCi/m 3 ) for H-3 and C-14 (m2 x mrem/yr per pCi/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

3.23E+6 
1.61E+7 
1.60E + 11 

1.35E + 8 
2.25E + 8 

3.49E + 10 
3.51E+O 

5.55E+9

Liver 

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

Thyroid Kidney Lg GI-LLI 'T.Bod

2.38E + 3 
6.89E+5 
1.61E + 7 

1.05E+5

2.38E + 3 
6.89E + 5 
1.61E+7 

2.30E+4

2.38E + 3 
6.89E + 5 
1.61E+7 

2.05E + 5

- 8.63E+6 
- 2.76E-2 

4.27E + 7 
- - 1.16E+8

3.17E+5 

9.23E + 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

1.66E+3 
6.85E-1 

2.44E + 5 

2.12E+8 
5.55E+1

2.38E + 3 
6.89E + 5 
1.61E+7 
2.17E + 9 
4.71E + 6 

1.43E+7 
2.91E + 0 
1.11E+7 
1.88E + 8 
3.05E+7 

6.05E+7 
2.10E+8 
1.07E + 8 
3.02E+ 1 
3.85E+6 

1.61E + 10 
7.36E-9

5.69E+8 1.10E+10 

2.59E+8 3.61E+8

1.79E+3 
6.91E-1

- 1.75E+5 

- 3.17E+8 
- 5.97E+2

1.52E+9 
3.48E+5 
5.01E+ 1 
9.39E + 5 

5.26E + 6 
9.97E+ 0 
1.78E+4 
8.28E + 5 
4.37E + 4

- 2.06E+8 
- 3.70E-6 
- 6.98E+7 

2.90E+1 1.61E+4
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2.38E+3 
6.89E+5 
1.61E + 7 
6.21E + 9 
1.61E+5 

8.83E+6 
5.53E-3 
2.33E + 7 
1.55E + 8 
1.46E + 7 

6.06E + 7 
2.08E + 8 
1.21E+9 
1.81E-1 
8.69E + 4 

8.78E+9 

1.94E+8 
9.95E-1

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 
02/15/93



Table 2.14 (Continued)

R, Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per uCi/m 3) for H-3 and C-14 (m2 x mrem/yr per gCi/sec) for others

Bone 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 
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

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 
4.00E + 2 
2.33E + 6

1.49E+3 5.59E+2

8.82E + 2 
6.12E+4 
3.64E+1

9.06E+2 
4.26E + 4 
3.25E+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

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 
- 3.21E+0 
- 1.44E+6

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+1 

2.64E + 4 
2.65E+5 
9.52E + 5

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 
- 5.73E + 4 1.48E + 5 5.92E + 7

8.15E+3 
7.72E+ 1 
3.85E + 5 

2.08E + 2 

3.49E+2 

6.49E+0

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

2.91E+3 
2.71E-3 
2.38E + 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
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Table 2.15 

Ri Grould Plane Pathway Dose Factors 
(m x mrem/yr per PCi/sec) 

Nuclide Any Organ 

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 2.15 (Continued) 

R, Ground Plane Pathway Dose Factors 

(m2 x mrem/yr per PCi/sec) 

Nuclide Any Organ 

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-127 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 
1-131 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 EFFLUENT SPECIFICATIONS AND SURVEILLANCE 
REQUUfKfl 

3/4.0 APPUCABILTY AND SURVEILLANCE REQUIREMENTS 
(7/8.0

a. A maximum allowabls etn int to exceed 25% of the surveillance 
iterval, but

4
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

SPEOCIIAON

APPUCABULITY

During Telease via the monitored pathway.  

ACTION

Rev. 5 
02/15/9360

3/4.1 
(7/8.1)

XWOUA. ... m .... suzusaw



RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

SPECIFICATIONS

As shown in Table 3.2 (7.2).  

AH1TON

Rev. 5 
02/15/9361

3/4.2 
(7/8.2)

............... .-...... -............



3/4.3 UQUID EFFLUENTS 
(7/8.3) 

CONCENTRATION 

3.3.1 The concentation of radioactive material released in liquid effluents to 
(7.3.1) 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 1074 uCi/mi total activity.  

During release va the moitored pathway.  

Witb the concentration of radioactive material released in liquid effluents to 
UNRESTRICTED ARA x n t above limits, without delay restore the 
c.ocentation to withn the ave limits 

4.3.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the 
(8.3.1.1) samnpling and analysis program of Table 4.3 (8$3) 

4.3.1.2 The results of the radioactivity analyses shall -eue in accordance with 
(8.3.1 .2)the methoooy and parameters in the ODCM to assure that the 

concentrations at the point of release are maintained within the limits of 
speci~cation~ 3.3.1 (73).  
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SPECIFICATIONS 

3.3.2 The dose or dose commitment to a MEMBER OF THE PUBUC 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 nerns to any organ, and 

b. During anycalendaryarto less than or equal to 3 mrems to the total 
body and to less than or equal to 10 mrns 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, 
prepae and submit to the Commission within 30 days, pursuant to Technical 
Specification (TS) 6.93.c, a Special.Report that identifies the cause(s) for 
exceeding the limnit(s> and defines the cornective actions that have been taken to 
redceth release and the proposed corrective actions to be taken to assure that 
subsequent releases will be in compliance with the above limits.  

443.2 Cumulative dose contributions fwom liquid effluents for the current calendar 
(8.3.2) quarter ndthe curret calendar year sha~be determined in accordance with 

the methodolog and parmeters in the ODCM once per 31 days.  
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SPECIPICAIN

APPLICAMMIT 

At aUfiam.

...........  ............  ..........  
W SOMA ... .. ...  

..... ..... I ........... ....... I. ... .. ... .. .....  

.......................... .........
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GASEOUS EFFLUENTS 

DOSE ATE 

SPECIFICATIONS

3.4.1 
(7.4.1)

The dose rate doe to radioactive materials released i gaseous effluents from 
the site to areas at and beyond the SITE BOUNDARY shall be limited to 
the following.

.........  
...............  ............ .........  ............... ................  .... I ....................... -
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3/4.4 
(7/8.4)

................  
........... ... .............. ...... ....  ......................... --... --



DOSE - NOBLE GASES

SPECIFICATIONS 

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 
andf

At all times.

mmTREILN ---- IRMET
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DOSE - IOINE-131. 0DINEAS33 AND RADIONUCUDiES IN PARTICULATE 
FORM 

SPECIFICATIONS 

3.4.3 The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133, 
(7.4.3) tritium, and all radionuclides in particulate form with half-lives greater than 

8 days in gaseous effluents released to areas at and beyond the SITE 
BOUNDARY shall be limited to the following: 

a. During any calendar quarter Less thU or equal to 7.5 mrems to any 
organ and, 

6. During any calendar year Less than or equal to 15 mrems to any 

At alltimes.  

aL With the calculated close from the release of iodine-131, iodine-133, tritium1 and 
radionnelides in particulate form with half lives greater than 8 days, in gaseous 
effluents exceeding any of the above limits, in lies of a Licnsce Event Report, 
prepare and submit to the Commission within 30 days, pursnant to TS 6.9 .3.c, 
a Special Report that identifies the cause(s) for exceeding the limit and defines 
the corractive actions thatbave been taken to reduce the releases and the 
proposed corrective actions to be taken to assure that subsequent releases will 
be in copinewith the above limits.  

4.4.3 Cumulative dose cnrbtosfor the current calendar quarter and curnt 
(8.4.3) calendar year for iodine-131,.iodine4133, tritiumi, and madionuclides in 

patclt fonn with halt lives greater than 8 days shali be determined in 
acceace with the methodology and prmtr in the 0DCM once per 
31 days.  
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3/4,5 TOTAL DOSE 
(7/8.6) 

315 Thexannua (calendar year) dms or : dSie ommihnent to any MEMBER OF 
(7.6) THE PUBLIC due to releases of radioactivity an tordito from uranium 

fuel cycle sources shalbe limited to less than or equal to 25 rnrems to the 
tota body or any organ, except the thyroidl which shall be limited to less than 
or equal to 75 mrems.  

At alltibies.  

a. With the 4-nlculte doe rmteies.o aatv aErils in liqid or 
gasouseffuents exceeding twice: the: iMits-ij$ of 3pcfcto.3.2.a, 3.3.2A h 

'24,.a.4.b 3A3.a, or3AT...2a . ... 714a. 7,4.2,b, 1.4.1,~ 
6r 7A..b .. ajluains ~ md inczdn direcUrdiaton contributions 

fr~ he ~actr uit t dee~rm~e hethr te abve imit .. e been exceeded.  
... b .............. a kiene ... ~pi,~ .~~itt C ~ ... ................. to. 6 ... .....li~otthtdeie 

recurenceof.....t abov limts ad Inludes.........a..e.in 

to a MEM~~~~SR ~~.B C .~ ........r.s ncudn 
~~~~~~f~~ts Saj~j 2  nove.adte~ to eprsure 

acco~ian .... ... 0 .a 19 umttlo 0herpn 
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4.5.1 Cumulative dose contributions from liquid and gaseous effluents shall be 
(8.6.1) determined 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 f"nm 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 aplicable only under conditions set forth 
in Specification 3.5.a (7.6.a).  
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3/4.6 
(7/8.7)

RADIOLOGICAL ENVIRONMENTAL MONITORING 

MONITORING PROGRAM

SPE-CIFIMCAON

3.6.1 
(7.7.1)

The radiological environm ental monitoring program shall be conducted as 
specified in Table 3.3 (7.3).

APPLICABILITY 

At.atimes.

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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dose to a MEMBER OF THE PUBLIC is equal to or greater than the calendar 
year limits of Specifications 3.3.2, 3.4.2 and 3.4.3 (7.3.2, 7.4.2 and 7.4.3).  
This report is not required if the measured level of radioactivity was not the 
result of plant effluents; however, in such an event the condition shall be 
reported and described in the Annual Radiological Environmental Monitoring reporten.::ithAna

6The 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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SPECIFICATIONS

Atall times.

..... ..... ..... .. .... .. ..... .. .. .. .. .

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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results of the laW use censui shall be included in the Annual RadiologiCal 
Environmental Monitoring Report pursuant to TS 6,9.3.a.  

RITERLABRATORY COMPARISON PROGRAM 

SPECMFCAhS 

3.6.3 Analysets shlbe pedbrmed fin miatvemiatei suppld as part of an 
(7.7-3) Intedlaboratary Comaio Progmm that: hg:: been approved by the 

C.... ......  

AMPAMM 
A t. .. ... .. ... ... ..... .....  

afi.. Wi..........n eor~ s epre ~ve~prtcrecieaci 

................ it.igR~ot~~*san o S .. 3a 
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3/4.7 REPORTING REQUIRMENTS 
(6,9.3) 

314.711 Annual Radiological Environmental Monitoring Repon 
(6.9.3.a) 

The Annual Radiological Environmenta Monitoring Report shall include:

The Semiannual Rdioactive Effluent Release Report shall include the 
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a. A summiary of the quantities of radioactive liquid and gaseous 
effluents and solid waste released from the unit following the format 
of Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting 
Radioactivity in Solid Wastes and Releases of Radioactive Materials 
in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear 
Power Plants," Revision 1, June 1974.

e. Any changes made during the reporting pede~d to the OD2CM.  

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 Radioactive Liquid Effluent Monitoing Instrumentation 
(7/8.1)

3/4.2 
(7/ 8.2)

314.3 
(718.3)

3/4.3.1 CONCETRATION 
(7/8.3.1)

77

3/4.8 
(7/8.8)
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an equivalent concentration in water using the methods 
described in International Commission on Radiological 
Protection (ICRP) Publication 2.

3/4.3.2.  
(78.32
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3/4.3,3 LIUID RADWASTE TREATMENT SYSTEM 
(7/8.3.3) 

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 CFR Pait 50.36a, General Design 
Criterion 60 of Appendix A to 10 CFR Pat 50 and the design 
objective given in Section II.D of Appendix I to 
10 CFR Part 50. The specified limits governing the use of 
approriate portions of the liquid radwaste treatment system 
were specified as a suitable fraction of the dose design 
objectives set forth in Section IA of Appendix I, 
10 CFR Part 50,for liquid effluents 
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314.4 GASEOUSEFL NT 

314.4.1 DOERT 

This specification fs- provided to ensure that the dose at any 
time at and beyond. the SITE BOUND)ARY from gaseous 
effluent will be witini the annwa dose limits of 
10 CFR Part 20) to U NXES.TfICTED AREAS. The annual 
dose limits am the dose& associated with the cocentrations of 
10:: CFR Part 20~ Appendix B, Table U, Column.1. These 

limitsrviermoal aswr. t~a radioactive material 
disChared ingi heepsr 

... ... ... .. . ....... ...ex o u 
AREA, eihrwti otieth SITE BOUNDARY, to 

averagei the limits specified in 
Appendix BTa1 .f. CF at21)0 W p 

20&i~(b). ~M~AEI~SOP 1I~f P~Uwho may at 
"ies be within Wh --BBONAY~toccupancy of that 

f~ aovetha fo th SIE BUNDRY.Examples*.o.+ 
1.ton~o s ... ..MER ....UUC with'.the 

a .r .....nc ....s ...... ..........n in the ODC W ~ 

g~mIa ~~ do raes~aovebackground 

skin. ~ ~ ~ ~ IV Ths hee~ meiit l 
.................dos sat . ck o tt achl 
.........i ...... a ....... tha or Y0...t.1 0 

... .. ..e. ....  
The. .....r~ det...t... yaaiiisfrrdoci m trasi 

........o .. Oheisy ALbn.0.863 
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3/4.4.2 DOSE - NOBLE GASES 
(718.4.2)

81
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forth in Sections ILD and ILC of Appendix 1, 10 CFR, Pant 
50, for gaseous effluents.

TOTAL DOSE

1 . ...... - O fO IGP~CfA 
(71Mao"1
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LAND USE CENSUS

85

3/4.6.2 
(7/8.7.2)

314.6.3 
(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 

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 1 -

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 samplesare 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 uCilml: 

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/ml) 

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 uCi/mi. .. F. ... i4e a jg ~ie o 12 fe
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*At all times
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TABLE 3.2 (7.2) 
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

(PAGE 1 OF 2) 

Minimum 
Channels 

Instrument Operable Applicability Action 

1. Noble Gas Activity Monitor 

a. R-13 or R-14 1 

- 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 1 * 

- 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 1 * 8 

b. Auxiliary Building vent sampler 1 * 8
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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 Locationsa 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 

I 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.  
1 Downstream sample Composite of grab samples for 

tritium analysis quarterly.  

b. Ground 1-2 location likely to be affected Quarterly grab Gamma isotopic' 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 isotopice 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 1-131 analysis 
within 5 km having the highest dose potential. animals are on semi-monthly when animals are on 

pasture. Monthly pastured. Monthly otherwise.  
1 alternate location otherwise.  
1 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 isotopice and 1-131 
Products of two different offsite locations within 5 miles available Analysis.  

of the plant if milk sampling is not performed.  

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.  

cThe 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.  

eGamma 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.  
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TABLE 3.4 (7.4) 
REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS 

IN ENVIRONMENTAL SAMPLES 

REPORTING LEVELS 

Airborne 
Particulate or Food Products 

Water Gases (pCi/m3 ) Fish Milk (pCi/kg, wet) 
sis (pCi/) (pCi/kg, wet) (pCi/i) 

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
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'A maximum extension not to exceed 25 % of the surveillance interval.

TABLE 4.0 (8.0) 
FREQUENCY NOTATION 

Notation Frequency 

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 (8.2) 
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 (8.3) 
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 (uCi/mi) 

A. Batch Waste Release Tanksb PR PR Principal Gamma Ix10 
Each Batch Each Batch Emitters' 

1-131 1x10 6 

PR M H-3 lx10-5 

Each Batch Composited Gross Alpha 5x0-7 

PR Q Sr-89, Sr-90 5x10-8 

Each Batch Composited Fe-55 1x10 

B. Continuous Releasese W W 
(SG Blowdown) Grab Sample Grab Sample Principal Gamma 5x0-7 

(TB Sumpg) Emitterse 

1-131 1x106 

W M H-3 1X10-5 
Grab Sample Compositef Gross Alpha 5x,0 7 

W Q Sr-89, Sr-90 5x108 

Grab Sample Compositef Fe-55 1x106



TABLE 43 (8.3) 
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 = 4.66 sb 
E * V * 2.22 X 106 * Y * exp (-XAt) 

Where: 

LLD is the a R 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 2rior (before the fLzt) limit representing the capability of a measurement 
system and not as an a 2ogteagri (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.  

c 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.  

As a minimum, the monthly and quarterly composite samples shall be comprised of weekly grab samples.  

g During periods of identified primary-to-secondary leakage (with the secondary activity > 1.0-05 uCilml), 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 lx10 4 

Each Tank Each Tank Emittersb 
Grab Sample 

B. Containment PURGE PR PR Principal Gamma 1x10-4 
Each PURGE Each Purge Emittersb 
Grab Sample 

C. Auxiliary Building and M M Principal Gamma lx10-4 
Containment Building Vent Grab Sample Emittersb 

Continuouse W 1-131 3x10 12 

Charcoal 
Sample 

Continuouse W Principal Gamma 1x IG 11 
Particulate Emitter' 

Sample (1-131, others) 

Continuous' M Gross Alpha 1x10 11 

Composite 
Particulate 

Sample 

Continuouse Q SR-89, SR-90 lx17X11 

Composite 
Particulate 

Sample 

Continuouse Noble Gas Noble Gases 1xl0-6 
Monitor Gross Beta or Gamma
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TABLE 4.4 (8.4) 
SRADIOACTIVE 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% 
E * V * 2.22 X 106 *Y * exp (-XAt) 

Where: 

LLD is the a Rriori 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 grior (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 CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSISa 

LOWER LIMIT OF DETECTION (LLD)b,c 
Page 1 of 2 

Water Airborne Fish Milk Food Sediment 
Analysis (pCi/) Particulate (pCi/kg, (pCill) Products (pCi/kg, 

or Gases wet) (pCi/kg, dry) 
(PCi/m3

) 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



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= 4.66sb 

E * V * 2.22 * Y * exp (-XAt) 
Where: 

LLD is the a drir 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 Rson (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. 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-LLI 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 jACilml, liver). Only the reactor-generated 
radionuclide Nb-95 has a higher dose conversion factor (1.51E+06 mrem/hr per JzCi/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 /ACi/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= 1.67E-02 x VOL 
CW x ACs-134TB 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 ACi/ml) 

VOL = volume of liquid effluent released (gal) 

SCi = total concentration of all radionuclides (Cilml) 

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

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 x CW 

(A.2) 

Maximum Organ 

1.67E-02 x VOL x Acs.-134,L 
D max - 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 pCi/ml) 

Substituting the value for ACs-134,Liver, the equation simplifies to: 

Dmax - 1.18E+04 x VOL 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.  
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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)

TB 
Dose 
Frac.

GI-LLI 
Dose 
Frac.

Liver 
Dose 
Frac.

Release TB GI-LLI 
(Ci) Dose Frac. Dose 

Frac.

Liver 
Dose 
Frac.

Release TB 
(Ci) Dose 

Frac.

5.91 E-0 1 

1.29E-01 

8.41 E-02 

9.46E-02 

4.60E-02 

3.91 E-02 

3.24E-02 

1.06E-02 

1.03E+00

0.01 

* 

*

0.02 

0.01 

*

* * 

* * 

* 0.96 

0.64 0.01 

0.35 *

* 

* 

* 

* 

* 

* 

0.69 

0.31 

6.53E-01

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

0.18 

0.49 

* 

* 

* 

0.24 

0.09 

*

* 

0.01 

* 

* 

* 

* 

0.96 

0.03 

1.36E+00

8.51 E-0 1 

3.66E-01 

2.06E-02 

2.88E-02 

2.07E-02 

N/D 

5.53E-02 

1.93E-02

0.01 

0.01 

*

0.37 

0.43 

*

* * 

* * 

* 

0.62 0.14 

0.37 0.06

*.Less than 0.01 

N/D = not detected
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Co-58 

Co-60 

Ag- ll0m 

Sb- 124 

Sb-125 

Nb-95 

Cs-137 

Cs- 134 

Total

GI-LLI 
Dose 
Frac.

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 (Kef, 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 = (K x ffi) 

(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 M1) x f1) 

(B.2) 
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where:

(L + 1.1 M)eff 

(Li + 1.1 M)

= 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 f1)

(B.3)

where:

= the effective air dose factor due 
noble gases released 

= the air dose factor due to gamma 
radionuclide i released

to gamma emissions from all 

emissions from each noble gas

Neff = E (Ni x fi)

(B.4)
where:

Neff = the effective air dose factor due to beta emissions from all noble 
gases released 

N = 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: 

= 3.17E-08 X XIQ X Meff x Q 
0.50 

(B.5) 

D = 3.17E-08 x X/Q x Neff x Qi 

(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 jtCi/m 3) 

Neff = 1. E+03, effective beta-air dose factor (mradlyr per JzCilm 3) 

E Qi = cumulative release for all noble gas radionuclides (tiCi) 

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 Qj 

and (B.7) 

D= 7.OE-05 x X/Q x E 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

Total Body Effective 
Dose Factor 

Keff 
(mremlyr per uCilm3 )f.

0.01 
0.01 
0.01 
0.95 
0.02

1.5E+02 
2.5E+00 
3.OE+02 
3.6E+01 

4.8E+02

Skin Effective 
Dose Factor 
(L+1.1 Meff 

(mremlyr per uCilm3 )

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 

TOTAL

Gamma Air Effective 
Dose Factor 

Meff 
(mrad/yr per ICi/m3)f

0.01 
0.01 
0.01 
0.95 
0.02

1.5E+02 
3.3E+00 
3.4E+02 
3.8E+01 

5.3E+02

B-6

Beta Air Effective 
Dose Factor 

Neff 
(mrad/vr per Ci/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 = F, i 
C

(C.1) 

where: 

MPCe = an effective MPC value for a mixture of radionuclide (/LCilml) 

Ci .concentration of radionuclide i in the mixture 

MPCi = the 10 CFR 20, Appendix B, Table II, Column 2 MPC value for 
radionuclide i (jpCilml) 

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 MPC was for the 
calendar year 1983, with a calculated value of 3.8E-05 ItCi/ml. For conservatism in establishing 
the alarm setpoints, a default effective MPC value of 1.OE-05 yCilml was selected. The overall 
conservatism of this value is reaffirmed for future releases considering that 1.OE-05 tCilml 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-I was updated to include data from 1984 through 1991. The default effective 
MPC value of 1.OE-05 ACilml 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 MEPC

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-I l0m 

Na-24 

Fe-59 

Sn- 113 

Zr-95 

Total

MPC 
(ui/Cmi) 

3E-06 

3E-07 

1IE-04 

3E-07 

IE-06 

9E-06 

6E-05 

2E-05 

2E-05 

IE-04 

4E-04 

9E-05 

3E-05 

2E-05 

1E-04 

2E-03 

3E-05 

3E-05 

5E-05 

8E-05 

6E-05

Ci 
mrCi 

MPCe (JLCiI ml)

Activity Released (Ci)
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 

6.1E-04 

2.2E-03 

1.09 

9.2E+04 

1.2E-05

1982 

3E-05 

5E-05 

2.4E-03

1. 1 E-02 

4.7E-02 

9E-03 

1.7E-04 

8.IE-01 

3.7E-01 

3E-02 

1.8E-02 

1E-02 

1.5E-01 

1E-05 

4.4E-03 

1E-04 

8E-04 

1.46 

3.2E+04 

4.6E-05

1983 

2E-04 

1.2E-04 

2.5E-03 

3E-05 

2E-05 

9.IE-04 

2.IE-02 

6E-06 

3.6E-03 

1.8E-04 

2.1E-1 

2.OE-I 

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

Nuclide

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- 117m 

Sb- 122 

Sb- 124 

Sb- 125 

1-131 

1-132 

1-133 

Cs-134 

1-134 

1-135 

Cs-136 

Cs-137 

Cs-138 

Ce- 139 

Ba- 140 

LA- 140 

Ce- 144 

W-187

Total Activity 1.OIE+00 6.28E-01 4.23E-01 5.33E-01 4.83E-01 
(Ci)

MPCe 
(j&Ci/mi)

4.39E-05 4.19E-05 5.24E-05 5.37E-05 3.94E-05
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MPC 
(tiCi/ml) 

3.0E-05 

2.OE-03 

1.0E-04 

8.OE-04 

1.0E-04 

4.0E-04 

9.OE-05 

5.0E-05 

3.OE-05 

3.0E-05 

3.0E-06 

3.0E-07 

1.0E-04 

6.OE-05 

1.OE-04 

2.OE-05 

4.0E-05 

8.OE-05 

3.0E-05 

8.0E-05 

3.OE-06 

3.0E-05 

2.0E-05 

1.0E-04 

3.0E-07 

8.OE-06 

1.0E-06 

9.0E-06 

2.0E-05 

4.0E-06 

6.0E-05 

2.02-05 

3.OE-06 

3.0E-06 

2.0E-05 

2.0E-05 

1.0E-05 

6.0E-05

1984 

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 

3.91E-02 

3.55E-04 

8.33E-02 

1.77E-03 

9.51E-02 

4.73E-02 

4.44E-05 

4.12E-05 

1.31E-02 

2.04E-02 

8.01E-04 

3.28E-07

1985 

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

Activity Released (Ci) 

1986 

5.85E-04 

4.08E-03 

1.94E-03 

5.24E-02 

1.01E-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 

3.63E-03 

4.07E-05

1987 1988 

6.16E-04 3.08E-04 

2.02E-02 8.36E-03 

3.37E-03 4.87E-03 

1.21E-01 7.23E-02 

8.38E-05 

8.03E-05 3.55E-04 

1.86E-01 2.68E-01 

5.02E-03 1.94E-03 

4.62E-02 6.22E-02 

4.61E-05 6.77E-05 

1.54E-05 3.79E-06 

5.32E-03 1.36E-03 

2.36E-03 9.53E-04 

8.43E-02 2.32E-02 

1.43E-03 7.88E-04 

1.91E-04 4.48E-04 

2.92E-02 1.52E-02 

2.25E-02 1.15E-02 

1.31E-04 1.33E-03 

1.88E-04 

5.76E-04 2.62E-04 

2.06E-04 1.75E-03 

4.31E-04 2.60E-05 

1.92E-04 

2.97E-03 7.91E-03 

2.09E-04 2.63E-05



Table C-1 (con't) -

MPC 
(ACilmi)

Calculation of Effective MIPC 
Activity Released (Ci)

1989 1990

5.12E-05 

9.59E-04 

5.75E-03 

1.54E-01 

6.67E-04 

4.58E-01 

4.18E-03 

9.12E-02

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-I 10m 

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 

Ce- 139 

Ba- 140 

La- 140 

Co- 144 

W-187

1.53E-05 

2.02E-02 

2.85E-03 

1.53E-02 

4.16E-05 

8.79E-02 

3.05E-03 

3.36E-02

3.0E-05 

2.0E-03 

1.OE-04 

8.0E-04 

1.0E-04 

4.0E-04 

9.OE-05 

5.0E-05 

3.0E-05 

3.OE-05 

3.0E-06 

3.0E-07 

1.OE-04 

6.OE-05 

1.OE-04 

2.0E-05 

4.0E-05 

8.0E-05 

3.OE-05 

8.OE-05 

3.OE-06 

3.OE-05 

2.0E-05 

1.0E-04 

3.OE-07 

8.OE-06 

1.OE-06 

9.OE-06 

2.OE-05 

4.OE-06 

6.OE-05 

2.OE-05 

3.OE-06 

3.OE-06 

2.OE-05 

2.0E-05 

1.0E-05 

6.0E-05

2.49E-04

9.02E-04 6.87E-04 L832-04

Total Activity 9.00E-01 2.01E-01 2.25E-01 
(Ci)

4.62E-05 6.16E-05 7.06E-05
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Nuclide

1991

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

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

MPCe 
(ACilm1)

3.58E-05 

1 .38E-02 

2.34E-03 

4.07E-02 

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 

1.3 1E-02 

1.93E-03 

7.21 E-05 

1.48E-04 

2. 1OE-03 

2.61E-03 

1.49E-04 

1.95E-04

1991
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Appendix D 

Site Maps 

Plant drawing A-408, "Radiological Surve 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 

WASIINGTON 0 C 20M

9**** June 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 that the 

permanently incorporated into your Offsite 
an Appendix, and that future modifications 
to the NRC.

enclosed safety evaluation is 
Dose Calculation Manual (ODCM) as 
of these couumitments are reported

Issuance of this safety evaluation 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 HA (MGAE) 
J D Loock (WPL) 
LM Nielsa (ANFC) 
I L Belosw (NSRAC) 
D A BolloM G6 
K H Even KNP

J P Giudor D2 
ML Mach ENP 
D L Maik KNP 
R P Puhs D2 (2) 
DJ Risla D2 
A J Ruap D2

CA Schok D2 
CI SUidD2 
T I Webb KNP 
S F Wousk D2 
QA Vult KNP
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Mr. C. A. Schrock 
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 
Glen 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 

~( NUCLEAR REGULATORY COMMISSION 
I WASHINGTON. 0 C. 206 

SAFTY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATING TO ONSITE DISPOSAL OF LOW-LEVEL RADIOACTIVELY 

CONTAMINATED WASTE SLUDGE 

AT THE KEWAUNEE NUCLEAR POWER PLANT 

WISCONSIN PUBLIC SERVICE CORPORATION 
WISCONSIN POWER AND LIGHT COMPANY 
MADIS0N GAS AND ELECTRIC COMPANY 

DOCKET NO. 50-305 

1.0 INTRODUCTION 

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 0.17 mCi of Cesium-137 and 
Cobalt-60.  

In its submittal, the licensee addressed 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 nf the proposed disposal of licensed 

material, and committed to follow specific procedures to minimize the risk of 

unexpected exposures.  

2.0 DESCRIPTION OF WASTE 

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 pre

treatment system sludges, the make-up wate r 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 approximately 15,00 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 I 

Nuclide Total Activity (mCi) 

Co-60 0.076 

Cs-137 0.094 

0.170 

4.0 RADIOLOGICAL IMPACTS 

The licensee has evaluated the following pot 
ential 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 

calculatiolal methods and assumptions and finds that they are consistent with 

NRC Regulatory Guide 1.109, aCalculation of 
Annual Doses to Man from Routine 

Releases of Reactor Effluents for the Purpose 
of Evaluating Compliance with 10 

CFR Part 50, Appendix I," 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 the 

current year, as well as the cumulative impact of similar disposals 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 of 0.2 

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/vear) 

Groundshine 0.034 
Inhalation 0.008 
Groundwater Ingestion 0.007 

TOTAL U* 

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 Offsite Dose Calculation Manual (00CM) as an Appendix, and that 
future modifications be reported to NRC in accordance with the applicable 00CM 
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

1.  
be 
is 
be

20.302 Guideline 
for Onsite Disposal 

The radioactive material should 
disposed of in a manner that it 
unlikely that the material would 
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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Figure 1 

Kewaunee Nuclear Power Plant Site Area Map
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