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Attention: Document Control Desk KPS/LIC/NW: RO
Washington, DC 20555 Docket No. 50-305

License No. DPR-43

DOMINION ENERGY KEWAUNEE, INC.
KEWAUNEE POWER STATION
2006 ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT

Enclosed is a copy of the Kewaunee Power Station (KPS) 2006 Annual Radioactive
Effluent Release Report for January through December 2006. This report is submitted
to meet the requirements of KPS Technical Specification 6.9.b.2 and 10 CFR
50.36a(a)(2).

in a letter from Dominion Energy Kewaunee, Inc. (DEK) to the NRC, dated April 28,
2006 (reference 1), a required correction from the 2001 to 2005 Annual Radioactive
Effluent Release Reports was identified. The item identified was a computer program
used to calculate gaseous releases that did not include the volume purged at the end of
the release. The updated data is included with this report.

If you have questions or require additional information, please feel free to contact Mr.
Mike Hale at 920-388-8103.

Very truly yours,

NV Ute

Leslie N. Hartz
Site Vice President, Kewaunee Power Station

Reference

1. Letter from Michael G. Gaffney (DEK) to Document Control Desk (NRC) dated April
28, 2006, “Radioactive Effluent Release Report January — December 2005.”

Enclosure

Commitments made by this letter: NONE
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0.0 SUMMARY -

During 2006 all solid, liquid, and gaseous radioactive effluents from the Kewaunee Power Station were
well below regulatory limits. For individual effluent streams , the quarterly limit most closely
approached was: ' :

GASEOQUS: Ingestion Pathway-Organ  Liver
Quarterly Limit (mRems) 7.5
Actual Dose (mRems) - . 0.0001337 (4™ Quarter)
% of Specification 0.001783
LIQUID: Ingestion Pathway-Organ  Total Body
Quarterly Limit (mRems) 1.5
Actual Dose (mRems) 0.009768 (2™ Quarter)
% of Limit 0.6512
SOLID: “No upper limit for solid radioactive waste applies.
Cubic Meters Shipped 93.4 m® (3298 %)

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 1 - December 31, 2006. 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. Values indicated as 0 (zero) in this report refer to actual values less than the
detection limits. A table of these less than (LLD) values is identified in sections 2.1 and 3.1.

1.1 Effluent Dose Limits

Specifications are set to insure that offsite doses are maintained as low as reasonabiy 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:

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

2) The calculation of radioactive liquid and gaseous concentrations, dose rates and
cumulative quarterly and annual doses. The ODCM methodology is acceptable for use
in demonstrating compliance with 10 CFR 20.1302; 10 CFR 50, Appendix I; and 40
CFR 190.
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2.0 GASEOUS EFFLUENTS -

2.1 Lower Limits of Detection (LLD) for Gaseous Effluents

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

The LLDs for gaseous radioanalyses, as listed in Table 4.4 of the Kewaunee ODCM are:

Analysis LLD (uCi/ml)
Gaseous Principal Gamma Emitters 1.00 E-04
Iodine 131 3.00E-12
Particulate Principal Gamma Emitters 1.00 E-11
Particulate Gross Alpha 1.00 E-11
Strontium 89, 90 ' 1.00 E-11
Noble Gases, Gross Beta or Gamma 1.00 E-06

The nominal "a priori" LLD values are shown below.
Isotope a priori LLD (uCi/ml)

a. Gaseous emissions:

Kr-87 5.61E-08
Kr-88 1.02E-07
Xe-133 6.68E-08
Xe-133m 2.75E-07
Xe-135 : 2.99E-08
Xe-138 1.13E-07
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b. Particulate emissions:

Mn-54 1.11E-13
Fe-59 2.27E-13
Co-58 2.28E-13
Co-60 3.57E-13
Zn-65 1.68E-13
Mo-99 2.73E-13
Cs-134 4.69E-13
Cs-137 1.68E-13
Ce-141 2.08E-13
Ce-144 1.24E-12

c. Other identifiable gamma emitters:

Ar-4] 3.97E-10
Kr-85 8.63E-05
Kr-85m 4.62E-08
Kr-89 2.04E-06
Xe-127 4.20E-08
Xe-131m 1.82E-06
Xe-135m 1.90E-08
Xe-137 2.88E-07
I-131 1.32E-13

d. Composite particulate samples:

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

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

The following is a summation of all gaseous batch releases made during 2006.

Number of batch releases.................o.... 65

Total time for all batch réleases (rriin) ............ 26,749.0
Maximum time for a batch release (min)............ 2,694.0-
Average time for a batch releése (min)............. 411.5

. Minimum time for a batch release (min)............. 6.0

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 this year from gaseous effluents.
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Annual Radioactive Effluent Release Report 2006

Table 2.1

Gaseous Effluents - Summation of all Releases

Fission and Activation Gases

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

Iodines

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

Particulates

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

Gross Alpha Released (Ci)

Tritium

Total Activity Released (Ci)

Average Release Rate (uCi/sec)

Ist Quarter

3.411E-003
4.338E-004

0.000E+000
0.000E+000

0.000E+000
0.000E+000

0.000E+000

2.007E+000
2.552E-001

2nd Quarter 3rd Quarter

4th Quarter

6.977E-003 5.655E-002 2.158E-003

8.873E-004

0.000E+000
0.000E+000

0.000E+000
0.000E+000

0.000E+000

1.983E+000
2.523E-001
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7.193E-003

0.000E+000
0.000E+000

0.000E+000
0.000E+000

0.000E+000

2.114E+000
2.688E-001

2.744E-004

0.000E+000
0.000E+000

8.595E-006
1.093E-006

7.326E-005

4.877E+000
6.203E-001



Fission Gases
Total

Todines

Tota]‘

Particulates
Mn-54
Co-57
Co-58
Co-60
Sb-125
Cs-137
Total

Table 2.2

-

Annual Radioactive Effluent Release Report 2006
Gaseous Effluents

1st Quarter
0.000E+000
0.000E+000

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

Nuclides Released (Ci)
Continuous Mode

2nd Quarter 3rd Quarter
0.000E+000 0.000E+000 -
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
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4th Quarter

0.000E+000

0.000E+000

8.439E-008
3.618E-008

~ 3.002E-008

7.518E-006
6.790E-007
2.478E-007
8.595E-006



Fission Gases
Ar-41
Xe-133m
Xe-133
Xe-135

Total

Iodines

Total
Particulates

Total

0.000E+000
0.000E+000
3.411E-003
0.000E+000
3.411E-003

0.000E+000

0.000E+000

Table 2.2(cont)
Annual Radioactive Effluent Release Report 2006
Gaseous Effluents

Nuclides Released (Ci)

Batch Mode
0.000E+000 1.353E-002
0.000E+000 4.430E-004
6.977E-003 4.256E-002
0.000E+000 1.704E-005
6.977E-003 5.655E-002
0.000E+000 0.000E+000
0.000E+000 0.000E+000
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0.000E+000
2.158E-003
0.000E+000
2.158E-003

0.000E+000

0.000E+000



Table2.3A

‘Annual Radioactive Effluent Release Rep'of't 2006

Noble Gasses (Curies)

Isotope | J anﬁary

Xe-133 0.000E+000

Total 0.000E-+000
Particulates (Curies)

Isotope January
Total 0.000E+000

Halogens (Curies)
Isotope January

Total 0.000E+000

1st Quarter Gaseous Release .

Total of all Releases
February March
3.411E-003 0.000E+000
3.411E-003 0.000E+000
February March
0.000E+000 0.000E+000
February March
0.000E+000 0.000E+000
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Total

3.411E-003
3.411E-003

Total

0.000E+000

Total

0.000E+000



Summary
January -

Total Noble
Gases (C1) 0.000E+000
Total Halogens

(Ci) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(Ci) 0.000E+000

Total Tritium
(C) 0.000E+000

Total Particulate
Gross Alpha
(Cy) 0.000E+000

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 2006

1st Quarter Gaseous Release

Total of all Releases

February

3.411E-003

0.000E+000

0.000E+000

1.614E+000

0.000E+000
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March

0.000E+000

0.000E+000

0.000E+000

3.928E-001

0.000E+000

Total

3.411E-003

0.000E+000

0.000E+000

2.007E+000

0.000E+000



Table 2.3A (Con't)

-

Annual Radioactive Effluent Release Report 2006

Noble Gasses (Curies)

Isotope April 4
Xe-133 ~ 0.000E+000
Total 0.000E+000
- Particulates (Curies)

Isotope April

Total 0.000E~+000

Halogens (Curies)

Isotope April

Total 0.000E+000

2nd Quarter Gaseous Release
Total of all Releases

May June
4933E-003  2.044E-003
4.933E-003 2.044E-003

May June
0.000E+000 ~  0.000E+000

May June

" 0.000E+000 0.000E+000
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Total

6.977E-003
6.977E-003

Total

0.000E+000

Total

0.000E+000



Table 2.3A (Con't)

Annual Radioactive Effluent Release Report 2006

2nd Quarter Gaseous Release
Total of all Releases

Summary
April May June

Total Noble
Gases (Ci) 0.000E+000 4.933E-003 2.044E-003

Total Halogens
(Ci) 0.000E+000 0.000E+000 0.000E+000

Total Particulate

Gross Beta-Gamma

Half-Lives>8 Days

() 0.000E+000 0.000E+000 0.000E+000

Total Tritium
(Ci) 4.584E-001 1.263E+000 2.618E-001

Total Particulate

Gross Alpha
(Cy) 0.000E+000 0.000E+000 0.000E+000
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Total

6.977E-003

0.000E+000

0.000E+000

1.983E+000

0.000E+000
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Noble Gasses (Curies)

Isotope July

Ar-41 0.000E+000 .
Xe-133m 0.000E+000
Xe-133 0.000E+000
Xe-135 . . 0.000E+000
Total 0.000E+000
Particulates (Curies)

Isotope July

Total - 0.000E+000

Halogens (Curies)
Isotope Jul)}

Total 0.000E+000

Table 2.3A_(c6n't) -
- Annual Radioactive Effluent Release Report 2006
3rd Quarter Gaseous Release

Total of all Releases
Atfgust September
0.000E+000 1.353E-002 -
~ 0.000E+000 4.430E-004
2.437E-003 4.012E-002
1.206E-005 4.980E-006
2.449E-003 5.410E-002
August September
0.000E+000 0.000E+000
August Séptember
0.000E+000 0.000E+000
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Total -
1.353E-002
4.430E-004
4.256E-002

1.704E-005
5.655E-002

Total

0.000E+000

Total

0.000E+000



Summary
‘ July

Total Noble
Gases (Ci) 0.000E+000
Total Halogens

(Ci) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(CY) 0.000E+000

Total Tritium
() 5.016E-003

Total Particulate
Gross Alpha
(C)) 0.000E+000

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 2006

3rd Quarter Gaseous Release

Total of all Releases
August - September
2.449E-003 5.410E-002
0.000E+000 0.000E+000
0.000E+000 0.000E+000
4.009E-002 2.069E+000
0.000E+000 0.000E+000
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Total

5.655E-002

0.000E+000

0.000E+000

2.114E+000

0.000E+000



Halogens (Curies)

Isotope

Total

Noble Gasses (Curies)

Isotope October
Xe-133 1.389E-004
Total 1.389E-004 .
Particulates (Curies)

Isotope October
Mn-54 - 0.000E+000
Co-57 0.000E+000
Co-58 0.000E+000
Co-60 0.000E+000
Sb-125 0.000E+000
Cs-137 0.000E+000
Total 0.000E+000 .

October

0.000E+000

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 2006

4th Quarter Gaseous Release

‘Total of all Releases
November December
1.893E-003 1.255E-004
1.893E-003 1.255E-004
November December
© 8.439E-008 0.000E+000
3.618E-008 0.000E+000
3.002E-008 0.000E+000
7.518E-006 0.000E+000
6.790E-007 0.000E+000
2.478E-007 0.000E+000
8.595E-006 0.000E+000
November December
0.000E+000 0.000E+000
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Total

2.158E-003
2.158E-003

Total

8.439E-008
3.618E-008
3.002E-008
7.518E-006
6.790E-007
2.478E-007
8.595E-006

Total

0.000E+000



Table 2.3A (Con't) -
Annual Radioactive Effluent Release Report 2006
4th Quarter Gaseous Release
Total of all Releases

Sumrh'ary
October November December Total

Total Noble
Gases (Ci) 1.389E-004 1.893E-003 1.255E-004 2.158E-003

Total Halogens
(Cy) 0.000E+000 0.000E+000 0.000E+000 0.000E+000

Total Particulate

Gross Beta-Gamma

Half-Lives>8 Days

(Cy) 0.000E+000 8.595E-006 0.000E+000 8.595E-006

Total Trittum
(C) "~ 3.001E+000 8.445E-001 1.032E+000 4.877E+000

Total Particulate

Gross Alpha
(Ci) 7.326E-005 0.000E+000 0.000E+000 7.326E-005
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Table 2.3B

Annual Radioactive Effluent Release Report 2006

Noble Gasses (Curies)

Isotope ' January
Total 0.000E+000
Particulates (Curies)

Isotope January
Total 0.000E+000
Halogens (Curies)

Isotope January
Total 0.000E+000

1st Quarter Gaseous Release

Continuous Mode Only
February March

0.000E+000  0.000E+000
February March

0.000E+000 0.000E+000
February March
~0.000E+000 0.000E+000
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Total

0.000E+000

Total

0.000E+000

Total

0.000E+000



Summary

January
Total Noble
Gases (Ci) 0.000E+000
Total Halogens
(o)) ' _ 0.000E+000

Total Particulate
Gross Beta-Gamma
Half-Lives>8 Days

(Ci) 0.000E+000

Total Tritium
(Cy) 0.000E+000

Total Particulate
Gross Alpha
(Cy) 0.000E+000

Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 2006

1st Quarter Gaseous Release

Continuous Mode Only
February March -
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
1.606E+000 3.895E-001
0.000E+000 0.000E+000
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Total

0.000E+000
0.000E+000
0.000E+000

1.995E+000

0.000E+000



.Ann'ual R‘acﬁoa

Nobl¢ Gasses (Cliries)

Isotope - April

Total 0.000E+000
Particulates (Curies)

isotope April

Total 0.000E+000
Halogens (Curies)

Isotope April

Total 0.000E+000

Table 2.3B (Con't)

Total

0.000E+000

Total

0.000E+000

Total

ctive Effiuent Release Report 2006
2nd Quarter Gaseous Release
Continuous Mode Only
May June
0.000E+000 0.000E+000
May June
0.000E+000 0.000E+000
‘May June
0.000E+000 0.000E+000
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0.000E+000



Summary
April

Total Noble
Gases (Ci) 0.000E+000
Total Halogens

(Cy) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(C) 0.000E+000

Total Trittum
(C1) 4.505E-001

Total Particulate
Gross Alpha
(Ci) 0.000E+000

Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 2006

2nd Quarter Gaseous Release

Continuous Mode Only

May

0.000E+000

0.000E+000

0.000E+000

1.259E+000

0.000E+000
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June

0.000E+000

0.000E+000

0.000E+000

2.618E-001

0.000E+000

Total

0.000E+000

0.000E+000

0.000E+000

1.971E+000

0.000E+000



Table 2.3B (con't)

Annual Radioactive Effiuent Release Report 2006

Noble Gasses (Curies)

Isotope July

Total 0.000E+000
Particulates (Curies)

Isotope July

Total 0.000E+000
Halogens (Curies)

Isotope July

Total 0.000E+000

3rd Quarter Gaseous Release

Continuous Mode Only
August September
0.000E+000  0.000E+000
August September
0.000E+000 0.000E+000
August September
0.000E+000

0.000E+000
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Total

0.000E+000

Total

0.000E+000

Total

0.000E+000



Summary
July

Total Noble
Gases (Ci) 0.000E+000
Total Halogens

(Ciy 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(Ci) 0.000E+000

Total Tritium
Ci) 0.000E+000

Total Particulate
Gross Alpha
(Cy) 0.000E+000

Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 2006

3rd Quarter Gaseous Release

Continuous Mode Only
August September
0.000E+Q00 0.000E+000
0.000E+000 0.000E+000
0.000E+000 0.000E+000
0.000E+000 1.013E+000
0.000E+000 0.000E+000
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Total

0.000E+000

0.000E+000

0.000E+000

1.013E+000

0.000E+000



Noble Gasses (Curies)

Isotope October
Total 0.000E+000
Particulates (Curies)

Isotope October
Mn-54 0.000E+000
Co-57 0.000E+000
Co-58 0.000E+000
Co-60 0.000E+000
Sb-125 0.000E+000
Cs-137 0.000E+000
Total 0.000E+000
Halogens (Curies)

Isotope October
Total 0.000E+000

Table 2.3B (Con't)
“Annual Radioactive Effiuent Release Report 2006

4th Quarter Gaseous Release

Continuous Mode Only
November December
0.000E+000 0.000E+000
November December
8.439E-008 0.000E+000
3.618E-008 - 0.000E+000
3.002E-008 0.000E+000
7.518E-006 0.000E+000
6.790E-007 0.000E+000
- 2.478E-007 "~ 0.000E+000
8.595E-006 0.000E+000
November December
0.000E+000 0.000E+000
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Total

0.000E+000

Total

8.439E-008
3.618E-008
3.002E-008
7.518E-006
6.790E-007
2.478E-007
8.595E-006

Total

0.000E+000



Summary

: October
Total Noble
Gases (Ci) 0.000E+000
Total Halogens
(Cy) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(C1) 0.000E+000

Total Tritium
(Ci) 2.999E+000

Total Particulate
Gross Alpha
(&) 0.000E+000

Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 2006

4th Quarter Gaseous Release

Continuous Mode Only
November December
0.000E+000 0.000E+000
0.000E+000 0.000E+000
8.595E-006 0.000E+000
8.437E-001 1.032E+000
0.000E+000 0.000E+000
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Total

0.000E+000

0.000E+000

8.595E-006

4.874E+000

0.000E+000



Table 2.3C

Annual Radioactive Effluent Release Report 2006

Noble Gasses (Curies)
Isotope January
Xe-133 0.000E+000
Total 0.000E+000
Particulates (Curies)

Isotope January
Total 0.000E+000

Halogens (Curies)
Isotope January

Total 0.000E+000

1st Quarter Gaseous Release

Batch Mode Only
February March
3.411E-003 0.000E+000
3.411E-003 0.000E+000
February March
0.000E+000 0.000E+000
February March
0.000E+000 0.000E+000
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Total

3.411E-003
3.411E-003

Total

0.000E+000

Total

 0.000E+000



Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 2006
1st Quarter Gaseous Release

Batch Mode Only

Summary

January February March Total
Total Noble _
Gases (Ci) 0.000E+000 3.411E-003 0.000E+000 3.411E-003
Total Halogens
(Cr) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Particulate
Gross Beta-Gamma
Half-Lives>8 Days .
() 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Tritium .
(C1) 0.000E+000 8.147E-003 3.238E-003 1.138E-002
Total Particulate
Gross Alpha
(Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Table 2.3C (Con't)

Annual Radioactive Effiuent Release Report 2006

Noble Gasses (Curies) .
isotope . April

Xe-133 0.000E+000
Total 0.000E+000
Particulates (Curies)

Isotope April

Total 0.000E+000
Halogens (Curies)

Isotope April

Total 0.000E+000

2nd Quarter Gaseous Release

Batch Mode Only
May June
4.933E-003  2.044E-003
4.933E-003 - 2.044E-003
May June
0.000E+000 0.000E+000
May June
0.000E+000 0.000E+000
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Total

6.977E-003
6.977E-003

Total

- 0.000E+000

Total

0.000E+000



Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 2006
2nd Quarter Gaseous Release

Batch Mode Only
Summary
April May June Total

Total Noble

Gases (Ci) 0.000E+000 4.933E-003 2.044E-003 6.977E-003
Total Halogens

(Ci) 0.000E+000 0.000E+000 0.000E+000 - 0.000E+000
Total Particulate
-Gross Beta-Gamma

Half-Lives>8 Days

(Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Tritium

(Cy) 7.925E-003 4.171E-003 7.830E-005 1.217E-002
Total Particulate

Gross Alpha

(C1) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Noble Gasses (Curies)

Isotope July

Ar-41 0.000E+000
Xe-133m 0.000E+000
Xe-133 - 0.000E+000
Xe-135 0.000E+000
Total 0.000E+000
Particulates (Curies)

Isotope July

Total ' 0.000E+000

Halogens (Curies)
Isotope July

Total 0.000E+000

Table 2.3C (con't)
Annual Radioactive Effluent Release Report 2006

3rd Quarter Gaseous Release

Batch Mode Only
August September
- 0.000E+000 1.353E-002
0.000E+000 4.430E-004
~ 2.437E-003 4.012E-002
1.206E-005 4.980E-006
2.449E-003 5.410E-002
August September
0.000E+000 0.000E+000
August September
0.000E+000 0.000E+000
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Total
1.353E-002
4.430E-004
4.256E-002

1.704E-005
5.655E-002

Total

0.000E+000

Total

0.000E+000



Summary
July
Total Noble
Gases (Ci) 0.000E+000
Total Halogens
(C1) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(Ci) 0.000E+000

Total Tritium
(C1) 5.016E-003

Total Particulate
Gross Alpha
(C1) 0.000E+000

Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 2006

Batch Mode Only
August September
2.449E-003 5.410E-002
0.000E+000 0.000E+000
0.000E+000 0.000E+000
4.009E-002 1.056E+000
0.000E+000 0.000E+000
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3rd Quarter Gaseous Release

Total

5.655E-002

0.000E+000

0.000E+000

1.101E+000

0.000E+000



Table 2.3C (Con't)

Annual Radioactive Effluent Release keport 2006

Noble Gasses (Curies)

Isotope October
Xe-133 - 1.389E-004
Total " 1.389E-004
Particulates (Curies)

Isotope October
Total 0.000E+000

Halogens (Curies)

Isotope October

Total 0.000E+000

4th Quarter Gaseous Release

Batch Mode Only

November December
1.893E-003 1.255E-004
1.893E-003 1.255E-004

November December
0.000E+000 0.000E-!-OOO

November December
| 0.000E+000 0.000E+000
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Total

2.158E-003
2.158E-003

Total

 0.000E+000

Total

0.000E+000



Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 2006
4th Quarter Gaseous Release
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Batch Mode Only

Summary

October November December Total
Total Noble
Gases (Ci) 1.389E-004 1.893E-003 1.255E-004 2.158E-003
Total Halogens
(&) 0.000E+000 0.000E+000 0.000E+000 0.000E+000 -
Total Particulate
Gross Beta-Gamma
Half-Lives>8 Days
(CY) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Tritium
(Ci) ' 1.972E-003 8.793E-004 7.747E-005 2.929E-003
Total Particulate
Gross Alpha
(C1) 7.326E-005 0.000E+000 0.000E+000 7.326E-005



- Table 2.4
Annual Radioactive Effluent Release Report 2006
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 Skin

Limit ' Gamma Beta Organ
Quarterly - 5.0mRad 10.0 mRad 7.5 mRem

Annual 10.0 mRad 20.0 mRad 15.0 mRem

The total release of gaseous effluents during each quarter of 2006 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:

st Qtr 2nd Qtr 3rd Qtr 4th Qtr

1. Gamma-Whole Body
Specification (mRads) 5.000E+000  5.000E+000  5.000E+000 5.000E+000
Actual Dose (mRads) 1.374E-007 2.810E-007 1.610E-005 8.693E-008
% of Specification 2.748E-006 5.621E-006  3.220E-004 1.739E-006

2. Beta-Skin
Specification (mRads) 1.000E+001 1.000E+001  1.000E+001 1.000E+001
Actual Dose (mRads) 4.087E-007 8.360E-007  1.025E-005 2.586E-007
% of Specification 4.087E-006 8.360E-006  1.025E-004 2.586E-006

3. Ingestion Pathway-Organ
Specification (mRems) 7.500E+000  7.500E+000  7.500E+000 7.500E+000
Actual Dose (mRems) 4.239E-005 4.190E-005 4.465E-005 1.337E-004
% of Specification 5.652E-004 5.586E-004  5.954E-004 1.783E-003
Liver Liver Liver Liver
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Table 2.4 (Con't)
Annual Radioactive Effluent Release Report 2006 -
Dose From Gaseous Effluents

In addition, the cumulative annual offsite doses for the period January 1 - December 31, 2006 versus
the ODCM annual limits were: '

Annual
1. Gamma-Whole Body
Specification (mRads) 1.000E+001
Actual Dose (mRads) 1.660E-005
% of Specification 1.660E-004
2. Beta-Skin
Specification (mRads) 2.000E+001
Actual Dose (mRads) 1.175E-005
% of Specification 5.874E-005
3. Ingestion Pathway-Organ
Specification (mRems) 1.500E+001
Actual Dose (mRems) 2.627E-004
% of Specification 1.751E-003

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
Ttetained 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 Kewaunee Power Station
Off-Site Dose Calculation Manual, are:

Analysis : LLD (uCi/ml)
Principal Gamma Emitters 1.00 E-06
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 batch releases are shown below.
Batch o
Releases
Isotope Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter Average a
priori LLD
(nCi/ml) -
Mn-54 7.81E-10 1.35E-07 7.81E-10 7.88E-10 - 3.43E-08
Fe-59 1.74E-09  1.73E-09 1.74E-07 1.75E-09 - 4.48E-08
Co-58 7.66E-100  7.66E-08 7.66E-10 7.73E-10 1.97E-08
Co-60 1.15E-09 1.03E-09 1.15E-09 - 1.17E-09 1.13E-09
Zn-65 1.96E-09 195E-09 196E-09 1.98E-07 5.10E-08

Mo-99 5.49E-09 S5.57E-09 5.49E-09 5.81E-07 1.49E-07
Cs-134 7.22E-08 6.00E-10 © 6.01E-10 1.28E-07 5.04E-08
Cs-137 8.98E-08 747E-10 836E-08 7.59E-10 4.37E-08
Ce-141 1.18E-07 1.18E-07 6.54E-08 4.77E-08 8.73E-08
Ce-144 2.93E-07 1.76E-09 6.95E-07 1.76E-09 2.48E-07

I-131 4.44E-08 4.46E-10 4.44E-10 5.58E-08 2.53E-08
H-3 3.12E-06 3.97E-06 3.71E-06 3.46E-06 3.57E-06
Sr-89 1.20E-08 1.60E-08 1.50E-08 1.20E-08 1.38E-08
Sr-90 7.30E-09 7.10E-09 7.60E-09 7.50E-09 7.38E-09
Gross Alpha  5.20E-09 4.60E-09 5.40E-09 6.00E-09 5.30E-09

Fe-55 7.40E-07 6.90E-07 7.20E-07 9.00E-07 7.63E-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 Power
Station Off-Site Dose Calculation Manual, are:

Analysis LLD (uCi/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.

Continuous

Release
Isotope Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter Average a
priori LLD
(pCi/ml)
Mn-54 1.30E-10 1.45E-08 1.30E-08 1.71E-08 1.12E-08
Fe-59 492E-08 2.89E-10 3.48E-08 2.92E-10 2.11E-08
Co-58 2.55E-08 2.85E-08 1.28E-10 1.29E-10 1.36E-08
Co-60 2.30E-08 1.72E-10 1.91E-08 3.37E-08 1.90E-08
Zn-65 3.26E-10 3.26E-08 5.54E-08 3.29E-08 3.03E-08

Mo-99 2.68E-07 1.55E-07 2.93E-07 1.92E-07 2.27E-07
Cs-134 8.59E-08 3.81E-08 1.00E-10 2.18E-08 3.65E-08
Cs-137 3.92E-08 4.10E-08 3.54E-08 1.27E-10 - 2.89E-08
Ce-141 4.89E-08 3.20E-08 3.08E-08 4.72E-08 3.97E-08
Ce-144 294E-10 2.44E-07 2.29E-07 1.87E-07 1.65E-07

I-131 3.09E-08 2.80E-08 2.06E-08 1.86E-08 2.45E-08
H-3 3.12E-06 3.97E-06 3.71E-06 3.46E-06 3.57E-06
Sr-89 1.40E-08 1.70E-08 1.85E-08 1.40E-08 1.59E-08
Sr-90 7.75E-09  7.25E-09 8.60E-09 7.40E-09 7.75E-09
Gross Alpha  5.40E-09 4.35E-09 5.75E-09 5.05E-09 5.14E-09
Fe-55 7.25E-07 7.05E-07 7.00E-07 820E-07 7.38E-07
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3.2 Liquid Batch Release Statistics

The following is a summation of all liquid batch releases made ‘duririg 2006.

Release Type Number Gallons Released
A SGBT Monitor Tk. 13 117,858
B SGBT Monitor Tk. 13 120,871
A CVC Monitor 18 120,435
B CVC Monitor 18 118,440
Both WCTs 2 2,900
Total time for all batch releases............. 29,728.0 Min.

Maximum time for a batch release.............. 1,264.0 Min.
Minimum time for a batch release.............. 33.0 Min.

Average time for a batch release.............. 464.5 Min.

3.3 Liquid Effluent Data

‘The following Table 3.1 presents a quarterly summation of the total activity released and average »
concentration for all liquid effluents. It also presents the gross alpha activity released, volume of waste
released and volume of dilution water used. Tables 3.2 and 3.3 are monthly summations of the same
information in Table 3.1. Table 3.2 contains the quantity of the individual isotopes released to the
unrestricted area for batch releases. Table 3.3 presents a monthly summation of gross radioactivity,
tritium, gross alpha and isotopic activity for the secondary blowdown and leakage releases. It also
presents the monthly total volume for these releases and dilution volumes. Table 3.4 presents the doses
from liquid effluents for each quarter and the calculated doses this year from liquid effluents.
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TABLE 3.1
Annual Radioactive Effluent Release Report 2006 .
Liquid Effluents - Summation of all Releases

1st Qtr

Fission and Activation Products

Total Release Excluding
H3 and Dissolved Gases

(Ci)
Average Concentration
(uCi/ml)

Trittum

Total Release (Ci)
Average Concentration
(nCi/ml)

% of Tech. Spec.
Limit(3.0E-3 pCi/ml)

Dissolved Gases

Total Release (Ci)
Average Concentration
(uCi/ml)

% of Tech. Spec.
Limit(2.0E-4 pCi/ml)

Gross Alpha Activity

Total Release (Ci)

1.729E-003

1.573E-011

3.832E+001

3.487E-007

1.162E-002

0.000E+000

0.000E+000

0.000E+000

0.000E+000

Volume of Waste Released

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

1.772E+005
1.849E+007
1.867E+007

Volume of Dilution Water

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

1.927E+009
1.080E+011
1.099E+011

2nd Qtr

3.345E-003

1.817E-011

1.277E+002
6.939E-007

2.313E-002

0.000E+000
0.000E+000

0.000E+000
0.000E+000

4.069E+005
2.271E+007
2.312E+007

7.377E+009
1.767E+011
1.840E+011
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3rd Qtr

3.297E-002

2.022E-010

8.428E+001
5.168E-007

1.723E-002

0.000E+000
0.000E+000

0.000E+000

0.000E+000

7.270E+005
1.935E+007
2.008E+007

1.469E+010
1.484E+011
1.631E+011

4th Qtr

5.886E-003

5.093E-011

2.466E+001

2.134E-007

7.113E-003

0.000E+000

0.000E+000

0.000E+000

0.000E+000

5.076E+005
1.537E+007
1.588E+007

5.059E+009
1.105E+011
1.156E+011



January
Gross Radioactivity -

Total Release
Excluding H3
and Dissolved
Gases (Ci)
Avg. Conc.
(uCi/ml)

5.617E-004
1.766E-009
Tritium

Total Release

(Ci) 1.648E+000
Avg. Conc.
(1Ci/ml) 5.182E-006
Dissolved Gases

Total Release
(Ci) 0.000E+000
Avg. Conc.
(nCi/ml) 0.000E+000
Gross Alpha Activity

Total Release

(9)) 0.000E+000
Avg. Conc.
(uCi/ml) 0.000E+000

Volume of Waste Released

(liters) 3.137E+004
Volume of Dilution Water
(liters) 3.179E+008

. TABLE 3.2A - ‘
Annual Radioactive Effluent Release Report 2006

February

7.527E-004

6.045E-010

3.516E+001

2.823E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000
1.132E+005

1.245E+009
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Liquid Effluents - Batch Releases

March

4.146E-004

* 1.141E-009

1.510E+000

4.157E-006

0.000E-+000

0.000E+000

0.000E+000

0.000E+000

3.258E+004

3.634E+008

Total

1.729E-003

3.832E+001

0.000E+000

0.000E+000

1.772E+005

1.927E+009



Isotope (Ci)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

January

1.237E-004
0.000E+000
0.000E+000
5.251E-005
2.032E-004
8.469E-005
1.648E+000
2.663E-005
0.000E+000
7.092E-005
0.000E+000
0.000E+000

1.648E+000

TABLE 3.2A (Con't)
Annual Radioactive Effluent Release Report 2006

" February

1.782E-004
0.000E+000

0.000E+000

2.008E-005
1.068E-004
3.057E-004
3.516E+001
0.000E+000
0.000E+000
1.419E-004
0.000E+000
0.000E+000

3.516E+001
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Liquid Effluents - Batch Releases

March

1.310E-004
0.000E+000
0.000E+000
1.214E-005
9.045E-005
8.797E-005
1.510E+000
1.256E-005
0.000E+000
8.041E-005
0.000E+000
0.000E+000

1.511E+000

Total

4.329E-004
0.000E+000
0.000E+000
8.473E-005
4.004E-004
4.784E-004
3.832E+001
3.918E-005
0.000E+000

- 2.933E-004

0.000E+000
0.000E+000

3.832E+001



April
Gross Radioactivity

Total Release

Excluding H3

and Dissolved _
Gases (Ci) 6.182E-004
Avg. Conc.

(nCi/ml) - 7.410E-010
Tritium

Total Release

(Ci) 2.390E+000
Avg. Conc.

(1Ci/ml) 2.865E-006
Dissolved Gases

Total Release

(C1) 0.000E+000
Avg. Conc.

(nCv/ml) 0.000E+000
Gross Alpha Activity

Total Release 8

(C1) 0.000E+000
Avg. Conc. -

(nCi/ml) 0.000E+000

Volume of Waste Released
(liters) 3.531E—!-004
Volume of Dilution Water

(liters) 8.342E+008

, “TABLE 3.2B |
Annual Radioactive Effluent Release Report 2006

May

1.496E-003

5.854E-010

8.428E+001

3.298E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000
2.080E+005

2.550E+009
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Liquid Effiuents - Batch Releases

. June

1.231E-003

~ 3.086E-010

4.103E+001

1.029E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.636E+005

3.988E+009

Total

3.345E-003

1.277E+002

0.000E+000

0.000E+000

4.069E+005

7.377E+009



Isotope (Ci)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

April

1.415E-004
0.000E+000
0.000E+000
0.000E+000
5.056E-005
2.048E-004
2.390E+000
0.000E+000
0.000E+000
2.213E-004
0.000E+000
0.000E+000

2.391E+000

TABLE 3.2B (Con't)
Annual Radioactive Effluent Release Report 2006

May

2.494E-005

0.000E+000
0.000E+000
0.000E+000
0.000E+000
1.206E-003

8.428E+001
0.000E+000
0.000E+000
2.643E-004

0.000E+000
0.000E+000

8.428E+001
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Liquid Effluents - Batch Releases

June

3.168E-005
0.000E+000
0.000E+000
0.000E+000
1.105E-005
9.491E-004
4.103E+001
0.000E+000
0.000E+000
2.390E-004
0.000E+000
0.000E+000

4.103E+001

Total

1.981E-004
0.000E+000
0.000E+000
0.000E+000
6.161E-005
2.360E-003
1.277E+002
0.000E+000
0.000E+000
7.246E-004
0.000E+000
0.000E+000

1.277E+002



July

- Gross Radioactivity

Total Release

Excluding H3

and Dissolved

Gases (Ci) . 7.132E-004
Avg. Conc.

(uCi/ml) 1.286E-010
Tritium

Total Release

(Ci) 2.425E+001
Avg. Conc. |

(pCi/ml) 4.374E-006
Dissolved Gases

Total Release

(Ci) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000
Gross Alpha Activity

Total Release

(C1) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000
Volume of Waste Released
(liters) 2.398E+005

Volume of Dilution Water

(liters) 5.544E+009

_ TABLE 3.2C ‘
Annual Radioactive Effluent Release Report 2006

August

6.735E-005

1.787E-011

2.005E+001

5.322E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.449E+005

3.768E+009
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Liquid Effluents - Batch Releases

September

3.219E-002

5.992E-009

3.997E+001

7.440E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000
3.422E+005

5.372E+009

Total

3.297E-002

8.428E+001

0.000E+000

0.000E+000

7.270E+005

1.469E+010



Isotope (Ci1)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

July

7.846E-005
0.000E+000
0.000E+000
3.937E-005
7.088E-005
0.000E+000
2.425E+001
0.000E+000
0.000E+000
5.245E-004
0.000E+000
0.000E+000

2.425E+001

TABLE 3.2C (Con't)
Annual Radioactive Effluent Release Report 2006

August

0.000E+000
0.000E+000
0.000E+000
8.340E-006

0.000E+000
0.000E+000
2.005E+001
0.000E+000
0.000E+000
5.901E-005

0.000E+000
0.000E+000

2.005E+001
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Liquid Effluents - Batch Releases

September

4.065E-003
0.000E+000

2.981E-004 .

3.889E-003
2.023E-002
0.000E+000
3.997E+001
2.803E-003
1.589E-004
7.435E-004
0.000E+000
0.000E+000

4.000E+001

Total

4.144E-003
0.000E+000
2.981E-004
3.937E-003
2.031E-002
0.000E+000
8.428E+001
2.803E-003
1.589E-004
1.327E-003
0.000E+000
0.000E+000

8.431E+001



October
Gross Radioactivity

Total Release
Excluding H3
and Dissolved
Gases (Ci)

Avg. Conc.
(pCi/ml)

1.794E-003
- 1.724E-009
 Tritium
Total Release
(Ci) 9.042E+000

Avg. Conc.

(nCi/ml) 8.690E-006

Dissolved Gases

- Total Release

(Ci) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000

Gross Alpha Activity

Total Release _
(Ci) 0.000E+000
Avg. Conc.

(1Ci/ml) 0.000E+000

Volume of Waste Released
(liters) 1.739E+005
Volume of Dilution Water

(liters) 1.040E+009

TABLE 3.2D -~
 Annual Radioactive Effluent Release Report 2006

November

1.919E-003

7.810E-010

1.211E+001

4.930E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000
2.034E+005

2.456E+009

Page 46 of 63

Liquid Effluents - Batch Releases

December

2.174E-003

1.391E-009

3.512E+000

2.248E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.304E+005

1.562E+009

. Total

5.886E-003

2.466E+001

0.000E+000

0.000E+000

5.076E+005

5.059E+009



Isotope (C1)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

October

2.582E-004
0.000E+000
0.000E+000
1.756E-004
5.709E-004
6.954E-004
9.042E+000
6.038E-005
0.000E+000
3.364E-005
0.000E+000
0.000E+000

9.044E+000

- TABLE 3.2D (Con't)
Annual Radioactive Effluent Release Report 2006

November

2.385E-004
0.000E+000
0.000E+000
1.446E-004
5.821E-005
8.134E-004
1.211E+001
0.000E+000
0.000E+000
6.638E-004
0.000E+000
0.000E+000

1.211E+001
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Liquid Effluents - Batch Releases

December

1.625E-004
0.000E+000
0.000E+000
9.552E-005
3.525E-005
5.215E-004
3.512E+000
0.000E+000
0.000E~+000
1.359E-003
0.000E+000
0.000E+000

3.514E+000

Total

6.591E-004
0.000E+000
0.000E+000
4.157E-004
6.644E-004
2.030E-003
2.466E+001
6.038E-005
0.000E+000
2.056E-003
0.000E+000
0.000E+000

2.467E+001



Liquid Effluents - Continuous Releases

January

Gross Radioactivity a

Total Release

Excluding H3

and Dissolved

Gases (Ci) 0.000E+000
‘Avg. Conc. .
(rCi/ml) 0.000E+000
Tritium

Total Release

(C) 0.000E+000
Avg. Conc.

(rCi/ml) 0.000E+000
Dissolved Gases

Total Release

(C)) 0.000E+000
Avg. Conc.

(rCi/ml) 0.000E+000
Gross Alpha Activity

Total Release

(Ci) - 0.000E+000
Avg. Conc.

(rCi/ml) 0.000E+000

Volume of Waste Released
(liters) 6.195E+006

Volume of Dilution Water

(liters) 4.348E+010 .

N 'TABLE 3.3A :
Annual Radioactive Effluent Release Report 2006

February

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

6.664E+006

3.050E+010
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March

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000
5.633E+006

3.399E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.849E+007

1.080E+011



Isotope (Ci)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

Liquid Effluents - Continuous Releases

January

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

TABLE 3.3A (Con't)
Annual Radioactive Effluent Release Report 2006

February

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Page 49 of 63

March

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Total

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000



Liquid Effluents - Continuous Releases

Aprii

Gross Radioactivity

Total Release

Excluding H3

and Dissolved

Gases (Ci) 0.000E+000
Avg. Conc. -
(pCi/ml) 0.000E+000
Tritium |

Total Release

(Ci) 0.000E+000
Avg. Conc. _
(nCi/ml) 0.000E+000
Dissolved Gases

Total Release

(Ci) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000
Gross Alpha Activity

Total Release

(C1) _ 0.000E+000
Avg. Conc.

(pCi/ml) 0.000E+000
Volume of Waste Released
(liters) 4.817E+006

Volume of Dilution Water

(liters) 4.589E+010

'TABLE 3.3B
Annual Radioactive Effluent Release Report 2006

May

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.254E+007

6.972E+010
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June

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000
5.350E+006

6.105E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

2.271E+007

1.767E+011



Isotope (C1)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

Liquid Effluents - Continuous Releases

April

0.000E+000
0.000E+000

- 0.000E+000

0.000E+000
0.000E+000

0.000E+000 -

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

TABLE 3.3B (Con't)
Annual Radioactive Effluent Release Report 2006

May

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Page 51 of 63

June

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Total

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000



Liquid Effluents - Continuous Releases

July
Gross Radioactivity _
Total Release
Excluding H3
and Dissolved
Gases (Ci) 0.000E+000
Avg. Conc. -
(1Ci/ml). 0.000E+000
Tritium
Total Release
(Ci) 0.000E+000
Avg. Conc.
(rCi/ml) 0.000E+000
Dissolved Gases
Total Release
(Ci) 0.000E+000
Avg. Conc.
(nCi/ml) 0.000E+000
Gross Alpha Activity
Total Release
(Ci) 0.000E+000
Avg. Conc.
(nCi/ml) 0.000E+000

Volume of Waste Released

(liters)

8.123E+006
Volume of Diluti_on Water
(liters) 7.693E+010

| TABLE 3.3C |
Annual Radioactive Effluent Release Report 2006

August

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

7.639E+006

5.325E+010
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‘September

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000
3.589E+006

1.820E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.935E+007

1.484E+011



Isotope (Ci)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn-54
Nb-95
Sb-125
Sr-89
Sr-90

Total

Liquid Effluents - Continuous Releases

July

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

TABLE 3.3C (Con't)
Annual Radioactive Effluent Release Report 2006

August

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000
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September

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Total

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000



Annual Radioacti

October

Gross Radioactivity

Total Release

Excluding H3

and Dissolved
- Gases (Ci) 0.000E+000
Avg. Conc.

- (uCi/mtl) 0.000E+000 A

Tritium

Total Release

(Ci) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000
Dissolved Gases

Total Release

(C1) 0.000E+000
Avg. Conc. )

(nCi/ml) 0.000E+000
Gross Alpha Activity

Total Release .

(Ci) 0.000E+000
Avg. Conc. :

(unCi/ml) 0.000E+000
Volume of Waste Released

(liters) 7.633E+006

Volume of Dilution Water

(liters) 4.561E+010

November

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

5.236E+006

3.302E+010
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TABLE 3.3D
ve Effluent Release Report 2006
Liquid Effiuents - Continuous Releases

December

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

2.502E+006

3.190E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.537E+007

1.105E+011



Isotope (Ci1)

Ag-110m
Alpha
Co-57
Co-58
Co-60
Fe-55
H-3
Mn754
Nb-95
Sb-125
Sr-89
Sr-90

Total

Liquid Effluents - Continuous Releases

October

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

TABLE 3.3D (Con't)
Annual Radioactive Effluent Release Report 2006

November

0.000E+000
0.000E+000

- 0.000E+000

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000
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December

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000

Total

0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000
0.000E+000

0.000E+000



Table 3.4
Annual Radioactive Effluent Report 2006
Dose From Liquid Effiuents

The dose to a member of the public from total liquid radioactive releases for each quarter was below
the ODCM limits of 1.5 mrems to the total body and less than or equal to 5 mrems to any organ.
Additionally, the dose to 2 member of the public from total liquid radioactive releases for the year was
below the ODCM limits of 3 mrems to the total body and less than or equal to 10 mrems 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 1.7 from the Kewaunee ODCM.

Organ Dose - Quarterly Percent

1st Qtr Dose Total Limit of Limit
mRem mRem
Total Body 2.865E-004 1.5 1.910E-002
Bone 7.026E-006 5.0 1.405E-004
Liver 2.903E-004 5.0 5.805E-003
Thyroid 2.792E-004 50 5.584E-003
Kidney 2.804E-004 5.0 5.607E-003
Lung 2.819E-004 5.0 5.638E-003
GI-LLI 3.440E-004 5.0 6.880E-003
Organ Dose Quarterly Percent
2nd Qtr Dose Total Limit of Limit
mRem mRem
Total Body 7.377E-004 1.5 4.918E-002
= Bone 2.501E-005 5.0 5.001E-004
Liver 7.506E-004 5.0 1.501E-002
Thyroid 7.332E-004 5.0 1.466E-002
Kidney 7.332E-004 5.0 1.466E-002
Lung ' 7.428E-004 5.0 1.486E-002
GI-LLI 7.481E-004 5.0 1.496E-002
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Annual Radioactive Effluent Report 2006

Organ Dose
3rd Qtr Dose Total
mRem
Total Body 7.773E-004
Bone 1.799E-006
Liver 8.479E-004
Thyroid 4.527E-004
Kidney 5.344E-004
Lung 4.528E-004
GI-LLI 8.937E-003
Organ Dose
4th Qtr Dose Total
mRem
Total Body 6.448E-004
Bone 7.924E-005
Liver 6.965E-004
Thyroid 5.978E-004
Kidney 6.071E-004
Lung 6.283E-004
GI-LLI 9.815E-004
Calculated Dose This Year
Organ Dose
Total
mRem
Total Body 2.446E-003
Bone 1.131E-004
Liver 2.585E-003
Thyroid 2.063E-003
. Kidney 2.155E-003
Lung 2.106E-003
GI-LLI 1.101E-002

Table 3.4 (Con't)

Dose From Liquid Effluents

Quarterly Percent
Limit of Limit
mRem
1.5 5.182E-002
5.0 3.598E-005
5.0 1.696E-002
5.0 9.054E-003
5.0 1.069E-002
5.0 9.056E-003
5.0 1.787E-001
Quarterly Percent
Limit of Limit
mRem
1.5 4.299E-002
5.0 1.585E-003
5.0 1.393E-002
5.0 1.196E-002
5.0 1.214E-002
5.0 1.257E-002
5.0 1.963E-002
Annual
Limit of Limit
mRem
3.0 8.154E-002
10.0 1.131E-003
10.0 2.585E-002
10.0 2.063E-002
10.0 2.155E-002
10.0 2.106E-002
10.0 1.101E-001
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4.0 UNPLANNED RELEASES

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

5.0 METEOROLOGICAL DATA

Meteorological data for 2006 is retained on file at the Kewaunee Power Station. 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
3/4.6. See Appendix A for missing meteorological data and the joint frequency distribution tables.

6.0 SOLID WASTE DISPOSAL
Table 6.1 is a summation of solid wastes shipped during 2006. Presented are the types of wastes, major

nuclide composition, disposition of the wastes. Table 6.1 contains the radionuclide content (curies)
and percent abundance for each type of waste. '

Pége 580f63 =



Table 6.1

Annual Radioactive Effluent Report 2006
Solid Waste and Irradiated Fuel Shipments

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL

1. Type of Waste

a. Spent resins, filter sludges, evaporator bottom
b. Dry compressible waste, contaminated equipment, etc.
c. Irradiated components, control rods, etc.

d. Other

2. Estimate of Major Nuclide by Composition

a. Spent resins, filter sludges, evaporator bottom
Nuclide
None

b. Dry Compressible waste, contaminated equipment, etc.

Nuclide
Cr51
Mn54
Co57
CoS58
Co60
Zr95
Nb95
Agl10m
Csl34
Csl137
Sb124
Sb125
Snl13
Fes5S
Fe59
Ci4
Ni59
Tc99
1129
Nbo4
Pu238
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Ci

None
None
2.60E-01

None

%
N/A

%
0.00E+00
1.48E-02
0.00E+00
5.05E-01
3.71E-02
2.57E-03
8.94E-03
9.44E-03
0.00E+00
2.86E-04
0.00E+00
1.88E-03
0.00E+00
2.70E-01
8.79E-04
5.59E-04
0.00E+00
6.51E-04
0.00E+00
0.00E+00
1.52E-06

M3

None
None
9.34E+01

None

Ci
N/A

Ci
0.00E+00
3.85E-03
0.00E+00
1.31E-01
9.64E-03
6.67E-04
2.33E-03
2.46E-03
0.00E+00
7.45E-05
0.00E+00
4.89E-04
0.00E+00
7.03E-02°
2.28E-04
1.45E-04
0.00E+00
1.69E-04
0.00E+00
0.00E+00
3.96E-07



Pu241 - 0.00E+00 0.00E+00
Am?241 0.00E+00 0.00E+00
H3 1.98E-03 5.16E-04
Ni63 1.44E-01 3.76E-02"
Sr90 0.00E+00 0.00E+00
Ra226 0.00E+00 - 0.00E+00
Sr89 0.00E+00 0.00E+00
Zn65 3.31E-04 8.62E-05
AglO8m 0.00E+00 0.00E+00
Bal40 0.00E+00 0.00E+00
Cel41 0.00E+00 0.00E+00
Cm242 ~ 0.00E+00 0.00E+00
Cm?243 " 0.00E+00 0.00E+00
Pu239 4.82E-07 1.25E-07
‘Rul03 0.00E+00 0.00E+00
1133 0.00E+00 0.00E+00
Zr97 0.00E+00 0.00E+00
1135 0.00E+00 0.00E+00
Cel44 8.78E-04 2.28E-04
Nb97 0.00E+00 0.00E+00
Cs138 0.00E+00 0.00E+00
1131 0.00E+00 0.00E+00
Sn117m 0.00E+00 0.00E+00
1.00E+00 2.60E-01
c. Irradiated components, control rods, etc.
Nuclide % Ci
None N/A N/A
d. Other
Nuclide % Ci
None N/A N/A
3. Solid Waste Disposition
NUMBER OF SHIPMENTS MODE OF TRANSPORTATION DESTINATION
3 : Highway RACELLC
’ Memphis, TN
B. IRRADIATED FUEL SHIPMENTS
NUMBER OF SHIPMENTS MODE OF TRANSPORTATION DESTINATION

No irradiated fuel shipments were made from the Kewaunee Power Station during 2006.
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7.0 PROGRAM REVISIONS

In accordance with Technical Specifications 6.18.b.3 and 6.19.a, the revisions to the Process Control
Program, Offsite Dose Calculation Manual and radioactive waste treatment systems are listed below.

7.1 Offsite Dose Calculation Manual

The Offsite Dose Calculation Manual (ODCM) has been revised during this report period. (See
Attachment B)

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

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

On June 27, 2006 PORC approved NAD-1.16 “Solid Radioactive Waste Process Control Program
(PCP) revision "G". As required by T.S. 6.19 the revision needs to be noted in the 2006 Annual
Effluent Report. Changes were:

1) Deleted all text regarding site solidification process because the solidification system at KPS has
been abandoned in place and is not used.

2) Deleted all text regarding Waste Evaporator Bottoms because this system also has been abandoned
in place and is not used.

3) Other changes were editorial in nature.
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8.0 REPORTABLE OCCURRENCES

8.1 Inthe 2005Annual Effluent Release Report KPS described that the dose for certain waste gas
decay tank releases were under reported due to not accounting for purges of the tanks. This occurred in
releases from 2001 through 2005. The following pages show the quarterly and annual affects of
increased release totals. The increases were determined by:

1. Reviewing the releases from waste gas decay tanks for the years 2001 through 2005 and
identifying, which were purged. If there was no clear indication that the tank was purged, then
purging was assumed.

2. For tanks that were purged the additional volume of the tank was added to the release volume to
determine the corrected volume. ‘

3. The ratio of the corrected volume to the original volume was determined

4. This ratio was used as a multiplier for the gamma whole body dose, the beta-skin dose and the
ingestion pathway-organ dose to determine the total dose for each release.

5. The original doses for each release was subtracted from the corrected doses to determme the
additional doses for each release.

6. The additional dose information was added to the quarterly and annual summary information
provided in Table 2.4 of each year’s Annual Effluent Release Reports.

7. The original, corrected and additional dose for each type, by quarter and for each year is
reported in the attached pages. (See. Attachment C)

The largest change in Gamma Whole Body dose was in 2001. The additional‘dose was 1.605 E-6
mRads. The percent of the specification remained in the E-4 range of the allowable annual dose of 10
mRads.

The largest change in Beta-skin dose was also in 2001. The additional dose was 3.114 E-6 mRads.
The percent of the specification remained in the E-4 range of the allowable annual dose of 20 mRads.

The largest change in Ingestion Pathway-Organ dose was in 2005. The additional dose was 2.944 E-8
mRads. The percent of the specification remained in the E-3 range of the allowable annual dose of 15
mRads.

82  Per ODCM 3.1 Action b, “With less than the minimum number of radioactive liquid effluent
monitoring instrumentation channels OPERABLE, take the ACTION shown in Table 3.1. Exert best
efforts to return the instruments to OPERABLE status within 30 days and, if unsuccessful, explain in
the next Radioactive Effluent Release Report why the inoperability was not corrected in a timely
manner.”

The four liquid effluent monitors in service at KPS were each out of service greater than 30 days at
some time during 2006. Some were returned to service shortly thereafter due to intervention, others

remain out of service.

R-16 and R-20 have flow delivery issues that contributed to the high unavailability time. R-18 and R-
19 have issue with non-linear response in the response region where the high alarms setpoints are
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established. All four radiation monitoring channels have related non-linear response in the regions
required to support certain aspects of the Emergency Action Levels (EAL) as described in the station
EAL Classification charts.

Long term corrective action is in progress with project design/study phase completing mid-2007.
Station management expectations are to have the design change implemented during 2007. The design
changes will be to address flow-monitoring issues associated with R-16 and R-20 and to address upper
range expansion, or extended range capacity, for all four liquid monitors, R-16, R-18, R-19, and R-20.

R-16
Alternate flow calculations have determined minimum required flows are achievable and thus returned
the radiation monitor channel to service. Long term expanded range capacity remains an issue.

R-18
The high alarm setpoints have been reduced to correspond with the linear response region. Long term
expanded range capacity remains an issue.

R-19
The high alarm setpoints have been reduced to correspond with the linear response region. Long term
expanded range capacity remains an issue.

R-20

Alternate flow calculations were unable to determine that minimum required flows are achievable and
thus the radiation monitor channel remains out of service. Long term expanded range capacity remains
an issue.
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Appendix A
Kewaunee Power Station

2006 Meteorological Data

Missing Data

First Quarter: 5.75 hours
Second Quarter: 222.50 hours
Third Quarter: 123.50 hours
Fourth Quarter: 37.00 hours

Note: A total of 388.75 hours of data is missing or otherwise unavailable. This represents
the availability of 95.55 % of the data for the year. Continuous strip chart indication for 2006
data is available onsite.



APPENDIX A
Annual Radioactive Effluent Release Report 2006

FIRST QUARTER 2006 )
Total Hours Missing = 5.75 Total Hours = 2160
Stability Class A
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24
N 0 0 2.25 12.5 12.25 1.25
NNE 0 0 0.25 - 2.25 7.25 1.5
NE 0 0.25 2.25 19.75 8.75 1.75
ENE 0 0.5 0 17.75 195 5
E 0 0.25 0.75 425 20.25 19
ESE 0 0.25 025 825 3.75 0
SE 0 0.75 1.25 6 7.75 0
SSE 0 0.25 0.75 11 16.75 6.5
S 0 0 2.25 13.25 12.5 10.25
SSW 0 0 6 T 275 2.5 0
SwW 0 0 25 1.5 3.25 -0
WSW 0 0 1.5 325 1325 0
\" 0 1.5 8.25 13.5 17.75 5.75
WNW 0 0.2 6.5 17.25 31.75 6
NW 0 0.25 10.75 23.25 8.75 2.5
NNW 0 0 6.5 12.25 3 3.5
TOTAL 0 4.25 52 168.75 189 63
Stability Class B
Wind Direction '
CALM 1-3 4-7 8-12 13-18 19-24 -
N 0 0.25 1 10.5 425 0
NNE 0 0 0 2 4.5 0.5
" NE 0 0 0 0 0 0.25
ENE 0 0 0 1 4.75 0
E 0 0 0 2 4.5 0
ESE 0 0 L. 025 .75 - 0
SE 0 0 1.2 1.5 0.5 0
SSE 0 0 0.25 3 16.5 1.25
S 0 0 1.75 1 0.25 -0
SSwW 0 0 3.25 2.5 0.25 0
SW 0 0 3.25 0 2 0
WSW 0 0 0 0.25 2.25 0
A\ 0 0 0.75 5.25 4.75 2.25
WNW 0 0 0.75 4.5 5.75 0.5
NwW 0 0 0.75 3.25 4 0.25
NNW 0 0 2.5 7.25 6.25 0.75
TOTAL 0 0.25 17 44.25 62.25 5.75
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

Stability Class C
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 -0 2.5 8.75 5 1.5 0 17.75
NNE 0 0.25 0 7 9.5 0 0 16.75
NE 0 0.25 0 2.5 0 0 0 2.75
ENE 0 0 0 2.75 0.75 0 0 3.5
E 0 0 0 35 . 0 0 0 3.5
ESE 0 1 1. 3.25 0 0 0 5.25
SE 0 0 2.25 0.5 0.5 0 0 3.25
SSE 0 0 0.25 5.25 3.5 0.25 0 9.25
S 0 0.25 2 3.25 0 0.25 0 5.75
SSwW 0 0 3.25 2.5 0.75 0.25 0 6.75
SwW 0 0 3.25 0.75 2.75 0 0 6.75
WSwW 0 0 1.25 0.75 2.5 1.25 0 5.75
w 0 0 4 8.25 3 2.25 0 17.5
WNW 0 0.5 2 6.5 6.75 0.25 0 16
NwW 0 0 1.75 5 075 0 0 7.5
NNwW 0 0 425 9 6.75 5.25 0 25.25
TOTAL 0 2.25 27.75 69.5 42.5 11.25 0 153.25
Stability Class D
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 0.25 6.5 33 6 2 0 47.75
NNE 0 0 1.5 - 125 4.5 0.5 1.5 20.5
NE 0 0.25 1.25 2 2.5 0.25 0 6.25
ENE 0 0.25 0.25 2.5 7.75 0 0 10.75
E 0 1.25 2.75 1 2.5 0 0 7.5
ESE 0 4.25 35 1.5 3.75 1.25 0 14.25
SE 0 1.25 2.5 3.75 0.25 0. 0 7.75
SSE 0 1 4 17.5 10.75 0 0 33.25
S -0 0.25 7.5 9.5 3.25 2.25 0 22.75
SSwW 0 0 10 33 6.25 0 0 49.25
SW 0 1.25 9.75 12.5 9.25 5.75 0 38.5
WSwW 0 0.75 - 10.5 7.75 10.5 6 0 35.5.
W 0 0.5 11.5 27.25 28.5 6.75 0 74.5
WNW 0 0.25 12.75 20 30.75 4.75 0 68.5
NwW 0 0.25 9.25 21.75 15.75 2.25 0 49.25
NNW 0 0 12 36 21.25 3.25 0 72.5
TOTAL 0 11.75 105.5 241.5 163.5 35 1.5 558.75
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APPENDIX A

Annual Radioactive Effluent Release Report 2006

Stability Class E
Wind Direction
. CALM 1-3 4-7 8-12
N 0.25 1.5 4.5 16.5
NNE 0 1.25 1.25 12.5
NE 0 1 1 1
ENE 0 1 0.5 4.5
E 0 1 0.75 4
ESE 0 125 175 2.5
SE 0 1 2.5 4
SSE 0 1.25 475 8
S 0 0.5 9.75 7
SSW 0 0.5 13.25 15.25
SW 0 1.25 10.5 11.75
WSwW 0 2.25 10.5 13.5
W 0 1 9.25 31
WNW 0 1.5 15.25 28.5
NwW 0 1.5 7.25 10.75
NNW 0 1.25 18.25 15.25
TOTAL 0.25 19 111 186
Stability Class F
Wind Direction
CALM 1-3 4-7 8-12
N 0 1 1.75 1.75
NNE 0 0.5 2.25 0.25
NE 0 0 0.75 0
ENE 0 0 0.5 0
E 0 0.5 0.75 0
ESE 0 0.5 0.25 0.25
SE 0 0.5 3.7 = 0.75
SSE 0 0.25 3.75 1.5
S 0 1 6 5
SSwW 0 1.5 10.2 2
SwW 0 4.75 8- 7.75
WSW 0 4 10 7.25
w 0 3.25 8 5.25
WNW 0 0.75 9.25 21.5
NwW 0 1.5 11.25 8.25
NNwW 0 6.5 5 10.75
TOTAL 0 26.5 81.5 72.25
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

Stability Class G
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 2.25 6.75 2.5 0 0 0 11.5
NNE 0 0.25 0.75 0 0 0 0 1
NE 0 0.25 3 0 0 0 0 3.25
ENE 0 0.75 0 0.25 0 0 0 1
E 0 0 0.75 0 0 0 0 0.75
ESE 0 0.75 0 0 0 0 0 0.75
SE 0 0 0.5 0 0 0 0 0.5
SSE 0 0.75 8 3.75 0 0 0 12.5
S 0 1.25 10 4 0 0 0 15.25
SSW 0 275 225 0 0 0 0 25.25
SW 0 2.25 16.5 7 0 0 0 25.75
WSW 0 2.75 16.25 6.75 0 0 0 25.75
W 0 1 27.5 15.5 0 0 0 44
WNW 0 1.25 1725 6 0 0 0 245
NwW 0 2.75 22.75 2 0 0 0 27.5
NNW 0 6.25 19 0.25 0 0 0 25.5
TOTAL 0 25.25 171.5 48 0 0 0 244.75
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

2" QUARTER 2006
Total Hours Missing = 222.5 Total Hours = 2184
Stability Class A
Wind Direction '
. CALM 1-3 47 . 8-12 13-18 19-24 >24 TOTAL
N 0.5 0.5 6 24 3.75 0.75 0.25 35.75
NNE 0 0.5 175 35.25 - 48.5 2 0 88
NE -0 0 45 65.25 17.5 0 0 87.25
ENE 0 0 5 8 0.5 0 0 13.5
E 0 0 8.25 6.25 0 0 0 14.5
ESE 0 0 14 10.75 2.25 0 0 27
SE 0 0.25 9 7.5 0.5 0 0 17.25
SSE 0 0 8.5 8.25 . 95 1.5 1.75 29.5
S 0 0 2.5 11.25 5.75 0 0 19.5
SSw 0 0.25 3.25 6.25 0 0 0 9.75
SW 0 0 2 13 3.75 1.75 0.5 21
WSW 0 0 1 7.5 4.5 0.75 0 13.75
w 0 0 3.75 7.75 1.75 0 0 13.25
WNW 0 0 8.25 10 6.75 1.75 0 26.75
NwW 0 0.25 11.5 12 3 1.5 0 28.25
NNW 0 0.25 11.75 15.25 3.75 4 0.5 35.5
TOTAL 0.5 2 101 248.25 111.75 14 3 480.5
Stability Class B
Wind Direction .
' CALM 1-3 4.7 8-12 13-18 19-24 >24 TOTAL
N 0 0.25 1.25 2.5 1.75 1 0 6.75
NNE 0 0.25 2.25 8.25 10.75 1.25 0 22.75
NE 0 0 2.5 7.25 1 0.25 0 11
ENE 0 0 1 0.75 0 0 0 1.75
E 0 0 1.25 0.5 0 0 0 1.75
ESE 0 0 0.75 0 1.75 0.75 0 3.25
SE 0 0 2 2.5 0 0 0 45
SSE 0 0 1.5 2 0.75 0.25 0 4.5
S -0 0 0.25 9 2.5 0 0 11.75
SSw 0 0 0 2.75 0 0 0 2.75
Sw 0 0 0 0.5 0 0.5 0.25 1.25
WSwW 0 0 1.25 0.25 0 0 0 1.5
w 0 0.25 0.25 0.25 0 0 0 0.75 -
WNW 0 0 1.75 2 1.75 0.25 0 5.75
NwW 0 0.25 1.5 1.5 0.25 1.5 0 5
NNW 0 0.25 1.25 2.75 1 0 0 5.25
TOTAL 0 1.25 18.75 42.75 21.5 5.75 0.25 90.25
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APPENDIX A
. Annual Radioactive Effluent Release Report 2006

Stability Class C
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24
N 0 1 2.75 275 2 1
NNE 0 0 2.25 14 15.25 2.5
- NE 0 0.25 1 10.25 2.75 0
ENE 0 0 1.25 3.5 0.25 0
E 0 0 2.25 3 1.25 0
ESE 0 0 0.5 0 -0 0
SE 0 0 2 4.75 0 0
SSE 0 0 1 2 0.25 0.5
S 0 0 0.25 4 0.5 0
SSwW 0 0 0.25 4.25 0 0
SW 0 0 0.25 - 0.5 0 0.75
WSW 0 0 0.5 0.5 0.25 0
w 0 0 1 0.25 0.5 0.5
WNW 0 0.25 0.25 0.5 0.5 0
Nw 0 0 1.75 1.25 2 0
NNW 0 0 1.5 3.25 0 0
TOTAL 0 1.5 18.75 54.75 25.5 5.25
Stability Class D
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24
N 0 0.25 5.5 5.25 3.25 1.75
NNE 0 0.75 11.75 34 21.25 1.75
NE 0 0 9.5 26.5 3.5 0
ENE 0 1 6.25 10.75 3.25 0
E 0 1.25 10.25 4.25 0 0
ESE 0 1 6.75 4 0 0.25
SE 0 0.75 5.25 3.25 2.5 0
SSE 0 0.75 9.25 16 3.25 2.25
S 0 05 8 13 3.75 0
SSw 0 0.5 8.75 18.25 0 0
Sw 0 0.5 2.25 1 0.25 2.5
WSwW 0 0.25 6.25 3.75 1 1.5
w 0 0.25 5 2 0.75 1
WNW 0 0.25 6 8.5 2.25 0
Nw 0 0.25 7.75 0.25 0.75 0
NNwW 0 0 7 12.5 1.75 0
TOTAL 0 8.25 115.5 163.25 47.5 11
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

Stability Class E ~
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0.5 1.75 135 . 575 0.25 0 0 21.75
NNE 0 0.5 15.5 28 8 0 0 52
NE 0 3 19.75 16.5 1.75 0 0 41
ENE 0 1.25 16.25 5 0 0 0 22.5
E 0 1 19.5 5.25 0.25 0 0 26
ESE 0 4.25 11.75 2.25 0 0.25 025 1875
SE 0 3.75 13 3.25 1.25 1.25 0.75 23.25
SSE 0 4 16.25 9.25 6.75 2 0 38.25
- S 0 2.5 29.25 21.25 4 0 0 57
SSwW 0 2.5 17 5.5 1.25 0 0 26.25
SwW 0 4.25 3.25 2 0.25 5.5 4 19.25
WSwW 0 2.75 4 2.25 0.75 0 2 11.75
W 0 3 4.75 3.75 0 0.25 0.25 12
WNW 0 1.7 55 475 0 0 0 12
Nw 0 4.25 5.75 0.5 0 0 0 10.5
NNW 0 1.25 17.5 10 0.25 0 0 29
TOTAL 0.5 41.75 212.5 125.25 24.75 9.25 7.25 421.25
Stability Class F
Wind Direction :
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 1 8.75 1.5 0.5 0 0 11.75
NNE 0 1 6 3 1 0.25 0 11.25
NE 0 2.25 11 9.5 1.25 0 0 24
ENE 0 1 7 1.25 0 0 0 9.25
E 0 1.25 525 0.25 0 0 0 6.75
ESE 0 0.75 5.5 0.75 0 0 0 7
SE 0 075 -~ 8 0.5 1 0.5 0 10.75
SSE 0 0.5 8.75 4.25 3.5 0 0 17
S 0 1.75 13.25 35 2 0.25 0 20.75
SSwW 0 25 6 0.5 0 0 0 9
SwW 0 0.25 9.25 - 225 0 1.25 3 16
WSw 0 0.75 7 25 0.75 0 0 11
W 0 4 4.25 5.25 0 0 0 13.5
WNW 0 2.5 6.25 ~ 25 0 0 0 11.25
NwW 0 2.25 "~ 5.25 0.5 0.25 0 0 825
NNW 0 - 1.75 14 1.25 0 0 0 17
TOTAL 0 2425 125.5 39.25 10.25 2.25 3 204.5
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

Stability Class G
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24  >24 TOTAL
N 6.5 5.25 3 0.5 0 0O 0 15.25
NNE 0 3 1.25 0.5 0.25 0 0 5
NE 0 1.5 8 3.75 0 0 0 13.25
ENE 0 0.5 3.5 1 0.25 0 0 5.25
E 0 0.75 4.5 1.25 0 0 0 6.5
ESE 0 1 7.75 1 0.5 0 0 10.25
SE 0 1.5 12.75 2.5 0.75 0 0 17.5
SSE 0 2.75 17.75 25 8 0 0.25 53.75
S 0 35 19.75 13 0.5 0 0 36.75
SSwW 0 7 6.5 3 025 0.5 0 17.25
SwW 0 4.75 22 2 0 0 0 28.75
WSW 0 4.75 19 2.25 0 0 0 26
W 0 7 18.25 2.25 0 0 0 275
WNW 0 1.25 17.5 2 0 0 0 20.75
"NW 0 35 13.25 0 0 0 0 16.75
NNW 0 3.75 9.25 0.25 0 0 0 13.25
TOTAL 6.5 51.75 184 60.25 10.5 0.5 0.25 313.75
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3" QUARTER 2006

Total Hours Missing = 123.5
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

4-7
12.5
9.75
10.5

45

3.75

4.5
13.75
10.25

9.5
7.25
4.75

108

4-7
3.75
5.75

1.5

2.5

1
0.25
1

1.25
1.25
0.25
1.25

0

1.5
5.25

8.5

2

37

Page A10 of A17

Total Hours = 2208
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APPENDIX A
Annual Radioactive Effluent Release Report 2006

Stability Class C
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24  >24 TOTAL
N 0 0 2.75 0.25 0 0 0 3
NNE 0 0 1 2 0 0 0 3
NE 0 0 2.75 8 225 0 0 13
ENE 0 0 0 4.75 0.25 0 0 5
E 0 0 1 2 0 0 0 .3
ESE 0 0.25 0.75 1.25 0 0 0 225
SE 0 0 1.75 0.75 0 0 0 2.5
SSE 0 0 1.25 0.25 0 0 0 1.5
S 0 0 0.5 0.25 0 0 0 0.75
SSw 0 0 1 0.25 0 0 0 1.25
Sw 0 0.25 0.25 0.5 0 0 0 1
WSW 0 0 0.5 0 0 0 0 0.5
w 0 0 0.5 0.75 0 0 -0 1.25
WNW 0 0.25 7 1.5 0 0 0 8.75
NwW 0 1 2.25 0 0 0 0 3.25
NNW 0 0.5 1.75 0 0 0 0 225
TOTAL 0 22 25 22.5 2.5 0 0 52.25
Stability Class D
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24  >24 TOTAL
N 0 1.5 5.75 0.25 0 0 0 7.5
NNE 0 2 14.75 5 . 0 0 0 21.75
NE 0 1 13 25.5 16.25 0.25 0 56
ENE 0 0.25 3.5 31 2 0 0 36.75
E 0 0 2 12.25 0 0 0 14.25
ESE 0 0.25 12.5 10.25 0.25 0 0 23.25
SE 0 0.25 475 475 0.5 0 0 10.25
SSE 0 0 10.75 23 3 0 0 36.75
S 0 0 3.75 2 0 0 0 5.75
SSW 0 0.75 3.5 0.75 0 0 0 5
SwW 0 1.25 2 1.75 0 0 0 5
WSWwW 0 0.5 2.5 o 0 0 0 3
w 0 1 3.25 2.25 0 0 0 6.5
- WNW 0 2 9 5 0 0 0 16
NWwW 0 1.5 4.75 1.75 0 0 0 8
NNW 0 1.5 4.75 0.75 0 0 0 7
TOTAL 0 13.75 100.5 126.25 22 0.25 0 262.75
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Stability Class E =
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
.- N 0 2 - 35 ] 0 0 0 5.5
- NNE 0 3.75 6 4.5 0.25 0 0 14.5
NE 0 1.75 8.25 44.75 15.5 0.25 0 70.5
ENE 0 1 10 16.25 0 0 0 27.25
E 0 1.75 13 14.75 1.25 0 0 30.75
ESE 0 3.5 32.25 12 1 0 0 48.75
SE 0 6 53 17.25 4 0 0 80.25
SSE 0 35 42.5 43.25 4.75 0 0 94
S 0 2.5 7 2 0.25 0 0 11.75
SSwW 0 1.25 13.5 1.75 0 0 0 16.5
SW 0 0 6.25 0.5 0o 0 "0 6.75
WSW 0 0.75 35 0.25 0.25 0 0 4.75
w 0 0.25 9.75 1 0 0 0 11
WNW 0 0 6.25 0.25 0 0 0 6.5
NW 0 0.5 4 ' 0 0 0 0 45
NNW 0 0.75 1.75 0 0 0 0 25
TOTAL 0 29.25 220.5 158.5 27.25 0.25 0 435.75
Stability Class F
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 5.5 3 0 0 0 0 8.5
NNE 0 2.75 8.5 1 0 0 0 12.25
NE 0 2 17.75 4.75 0 0 0 24.5
ENE 0 2 11.5 14.75 .0 0 0 28.25
E 0 2 10.25 0 0 0 0 12.25
ESE 0 2.75 31.75 9.5 0.75 0 0 44.75
SE 0 2.75 - 62.5 23.75 45 0 0 93.5
SSE 0 2.25 40 11.75 6 1.5 0 61.5
S 0 2 575 075 0 0 0 8.5
SSW 0 1.75 2.5 0 0 0 0 425
SwW 0 0.5 4 0 0 0 0 4.5
WSW 0 0 2.25 0 0 0 0 2.25
w 0 0 0.25 0 0 0 0 0.25
WNW 0 0.25 0 0 0 0 0 0.25
NW 0 075 05 0 0 0 0 1.25
NNW 0 0.75 0.5 0 ' 0 0 0 1.25
TOTAL 0 28 201 66.25 11.25 1.5 0 308
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Stability Class G
Wind Direction
CALM
N 0.5
NNE 0
NE 0
ENE 0
E. 0
ESE 0
SE 0
SSE 0
S 0.25
SSwW 0
Sw 0.25
WSW 0.25
w 0
WNW 0.5
NwW 4
NNW 1.25
TOTAL 7

1-3
9.75
13.5

13

7
6
12.5
27
19.25
13
12.25
11.25
6.75

7.5

8.75
13.25
12.75
193.5

APPENDIX A

4-7 8-12
5 0
16 0.5

295 2
19.25 3.25
17.75 0.5
51.75 4

86 50

42.75 27.25

9.75 0

5.5 0.25

4.75 0
5 0

4.75 0

1.25 0
7 0

3.5 0

309.5 81.75
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4™ QUARTER 2006 ,
Total Hours Missing = 37.00 Total Hours = 2184
Stability Class A
Wind Direction :
CALM. 13 = 4.7 g8-12 . 13-18 19-24
N 0 0.75 13 8.25 8.5 425
NNE 0 0 6 16.25 5.5 0
NE 0 0 0.75 7.25 11 0.75
ENE 0 0.75 2.5 10 31.5 7.5
E 0 0.25 3.75 5 36.5 16.25
ESE 0 0.25 4.5 10 12.75 8.25
SE -0 0 3 5.75 24.75 11
SSE 0 0 16.5 10.75 7.25 .8.75
S 0 0.75 11.5 2 0.5 1.5
SSwW 0 0.75 6.5 11.75 6 0
SwW 0 225 6.75 6.75 25 0.75
WSW 0 1.75 5.75 9.75 55 0
w 0 1.5 7 19.5 8 0
WNW 0 0.5 11.5 23.5 12.5 0.75
Nw 0 0 16 8.75 5 0.5
NNW 0 1 15.75 8.75 8.75 2
TOTAL 0 10.5 130.75 164 186.5 62.25
Stability Class B
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24
N 0 0 0.5 0.25 0.25 1.75
NNE 0 0 225 25 1.5 0
NE 0 0 1.75 0.75 0.75 0.75
ENE 0 0.25 1.75 4 1.5 0
E 0 0.25 0.25 0 - 5 4
ESE 0 0 0 1.75 0 0
SE 0 0.25 1 4.75 3 0
SSE 0 0 9.5 45 225 0
S 0 0 2.25 2.75 0.25 0
SSW 0 0 1.25 5.5 1.75 0
SwW 0 0.25 1.25 45 1.75 0
WSw 0 0.25 1.75 425 0.25 0
w 0 0 2.5 7.75 4.75 0
WNW 0 0 2.25 8.75 1.25 0
NwW 0 0.25 5 . 3.5 1.25 0
NNW 0 0 - 0.75 2 9.25 1.5
TOTAL 0 1.5 34 57.5 34.75 8

N O

\4
[}
§ S

H OO OO QOOOO—=OO0OOOOoOO

12.25

13.5
136.75
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Stability Class C
Wind Direction :
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 0 0 1.25 1.25 0 0 2.5
NNE 0 0 1.5 4.75 1 0 0 7.25
NE 0 0 1 1.75 0.5 0.5 0 3.75
ENE 0 0 1.25 3 2 0 0 6.25
E 0 0 0.5 5.75 4 1.5 0 11.75
ESE 0 0 0.25 1.5 1.25 0 0 3
SE 0 0 2 5.75 4 0 0 11.75
SSE 0 0 9.5 4.5 3 0 1.25 18.25
S 0 0.25 1.75 3.25 0.5 0 0 5.75
SSw -0 0 4.25 7 1.5 0 0 12.75
SW 0 0 0.75 5 1.5 0 0 7.25
WSwW 0 0.5 0.5 6 2.5 0 0 9.5
w 0 0 2.5 35 2.5 0 0 8.5
WNW 0 0 3.25 4.75 0.25 0 0 8.25
NwW 0 0.5 4 0.5 0.5 0.5 0 6
NNW 0 0.5 1 4.5 5.25 0 0 11.25
TOTAL 0 1.75 34 62.75 31.5 2.5 1.25 133.75
Stability Class D
Wind Direction
CALM 1-3 4-7 8-12 13-18 19-24 >24 TOTAL
N 0 1.25 7.25 15.5 5 0 0 29
NNE 0 0.5 5 20.75 9.25 0 0 355
NE 0 0 12.25 1.75 2.5 1 0 17.5
ENE 0 0.25 10 11.75 7.75 0 0 29.75
E 0 1 1.75 9.25 11 1.75 0 24.75
ESE 0.25 1 475 7.25 5.25 1 0 19.5
SE 0 0.25 10.25 14 3.75 1.25 0 . 295
SSE 0 0.25 24.75 27.25 3.25 2.75 0.5 58.75
S 0 0.5 9.25 7.5 0 0 0 17.25
SSw 0 0 11.25 10.5 0.25 0 0 22
Sw 0 0.25 12.75 8 9.75 0 0 30.75
WSW 0 0 5 10.25 6 0 0 21.25
w 0 0.75 11.5 12.25 10.25 0.5 0 35.25
WNW 0 1 17.75 - 24,5 1 0 0 44.25
NwW 0 0.25 13.75 15.25 9.75 0 0 39
NNW 0 0.5 5.5 15.75 1.75 0 0 23.5
TOTAL 0.25 7.75 162.75 211.5 86.5 8.25 0.5 477.5
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Stability Class E -

Wind Direction

N
NNE
NE
ENE
E

" ESE
SE
SSE
S
SSwW
Sw
WSW
w
WNW
NwW
NNW
TOTAL

CALM

0.25 ..

0

0

0
0.25

0
0.25

0

0
0
0
0
0
0
0
0
7

0.75

Stability Class F

Wind Direction

NNE
NE

CALM -

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1-3
2.5
1
3.25
4.75
2
3.75
1
2.75
1.75
5.75
425

35
1.25

0.25
3
4.25
45

1-3
25

1.25
1.5
1.5
25
35

1.25
0.5
1.75

1.5

4.25
39
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4-7
6.5
4.25
15.25
85
4.75
'1.25
22
29.25
6.5
275
10.75

5.75
14.5
17.25
13.5

1955

4-7
5
6.5
8.5
6.5
4
0.75
7.25
11.75
8.5
6.75
10.5
8.25
5.75
17
5.75
4.75
117.5
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8-12

7.25

15.75
6
7.5

1.25

1
9
20.5
9.5
10
12
4
7
1.25
11.75
425
128

6.75
1
0

1.25

25.75

13-18
0
L5
1
1

0
0
1.25
0
0.5
8

425

5.25
0
0

13-18

COO0OO0OOC OO DO OODOO0OOOCOCO

19-24

OO0 O

19-24

>2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4

4

TOTAL
16.5
22.5
25.5
21.75
8.75
6
32.25
54.25
17.75
43.75
3525
19.75
19.25
16
32
22
393.25

TOTAL

9.75
10.75

5.5
3.25
14
19.5
11.5
10
12
14
14.5
19.5
11.75
10.25
182.25



Stability Class G

Wind Direction
CALM

CO OO0 ODO OO0 ODLOoOOCOCCOCO

1-3
1
5

2.75
2.25
1.25
1.5
4.25

5.5
5.75
6.25
7.75

11
11.5
7.75
87.5
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4-7
8.5
23
30.75
21.25
1.25
1.5
5.75
7.25
5
7
8.5
12
11.25
4.75
6.25
6.25
160.25
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8-12

0
0
0
0
0

0.75

8.5

coococococof

1.25
11

13-18

W

[98)

. W

19-24

CO OO OO OO0 OoOOQOCOCOCOC

>2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4

TOTAL
9.5
28

335
235
2.5
3.75
18.5
19
11
12.5
14.25
18.25
19
15.75
17.75
15.25
262
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Abstract

This document has been developed in accordance with the commitment made by letter dated I
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

Power Station (KPS). J. Stewart Bland Consultants, Inc. of Maryland was contracted to develop |
this document; however, rigorous review and final acceptance of this document has been

provided by KPS. Implementation of this document is the responsibility of the current '
owner/operator of KPS.

REV. 10
12/14/2006
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KEWAUNEE POWER STATION
OFFSITE DOSE CALCULATION MANUAL

Introduction

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the melhodology 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
10CFR20.1302, 10CFR50, Appendix I, and 40CFR190.

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 10CFR50.36a and Appendix I for demonstrating radioactive
effluents are ALARA.

Rev. 10
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Definitions

1.

ACTION

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

GASEOQUS 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.

INSTRUMENTATION SURVEILLANCE
a. CHANNEL CHECK

b. CHANNEL FUNCTIONAL TEST

¢. CHANNEL CALIBRATION

d. SOURCE CHECK

As defined in the Technical Specifications.

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.

OPERABLE-OPERABILITY
As defined in the Technical Specifications.
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.

Rev. 10
0-2 : 12/14/2006



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
installed to reduce gaseous radioiodine or radioactive material in particulate form in effluents
by passing ventilation or vent exhaust gases through charcoal and/or HEPA filters for the
purpose of removing 1odines or particulates from the gaseous exhaust stream prior to the
release to the environment. Such a system is not considered to have any effect on noble gas
effluents. Engineered Safety Feature atmospheric cleanup systems (i.e., Auxiliary Building
special ventilation, Shield Building ventilation, spent fuel pool ventilation) are not
considered to be VENTILATION EXHAUST TREATMENT SYSTEM components.

Rev. 10
0-3 12/14/2006



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:

D 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, Sr-90 , and Fe-55
analyses. During periods of identified primary-to-secondary leakage (with
the secondary activity > 1.0E-05 pCi/ml), 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, Sr-90, and Fe-55 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 Effiuent Monitor Setpoint Determination

Per the requirements of Technical Specification 6.16.b.1.B and ODCM
Specification 3.1, alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the release concentration limits of
ODCM Specification 3.3.1 are met (i.e., the concentration of radioactive material
released in liquid effluents to unrestricted areas shall be limited to ten times the
concentrations specified in 10 CFR 20, Appendix B, Table 2, Column 2, for
"radionuclides and 2 0E-04 uCi/ml for dissolved or entrained noble gases) The
following equation’ must be satisfied to meet the liquid effluent restrictions:

< 10xC(F+f)

F (L.1)

! Adapted from NUREG-0133 to include the application of 10 times the Effluent Concentration (EC) of 10
CFR 20, Appendix B, Table 2, Column 2. A
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where:

10xC

1.2.1

= ten times the effluent concentration limit of 10 CFR 20, Appendix B,
Table 2, Column 2, in uCi/ml. For dissolved and entrained noble gases
equals 2x10™* uCi/ml.

the setpoint, in pCi/ml, 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
ODCM Specification 3.3.1.

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

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 ]

Liquid Effluent Monitors {Radwaste, Steam Generator Blowdown and
Service Water)

The setpoints for the liquid effluent monitors at the Kewaunee Power
Station are determined by the following equations:

< CWx) (C,xSEN,)

SP c + bkg (1.2)
> ——XRR
10X EC,
where:
Sp = alarm setpoint corresponding to the maximum allowable
release rate (cpm)
Ci = the concentration of radionuclide “i” in the liquid effluent
(nCi), to include gamma emitters only
10x ECi = ten times the EC value corresponding to radionuclide *i”

from 10 CFR 20, Appendix B, Table 2, Column 2 (uCi/ml)
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1.2.2

SENi = the sensitivity value to which the monitor is calibrated for
radionuclide “i”” (cpm per uCi/ml). The default calibration
value from Table 1.1 may be used for gamma emitting
radionuclides in lieu of nuclide specific values.

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

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

bkg = the background of the monitor (cpm)

The radioactivity monitor setpoint equation (1.2) remains valid during
outages when the circulating water dilution is at its lowest. Reduction of
the waste stream flow (RR) may be necessary during these periods to meet

the discharge criteria. At its lowest value, CW will equal RR and equation
(1.2) reverts to the following equation:

SP<

Z(CiXS'ENi)+bkg (13)

Ci
2 (10xEC))

Conservative Default Values

Non-gamma emitting radionuclides (H-3, Fe-55, Sr-89/90) are not
detected by the effluent monitor and, therefore, are not directly included in
the above setpoint equation. These non-gamma radionuclides can,
however, contribute a sizable fraction of the total EC limit (refer to
Appendix C). The method specified below for establishing default
setpoints provides conservatism to account for these non-gamma emitters
and ensures that the sctpoint meets the requirements of ODCM
Specification 3.1 including all radionuclides. Refer to Appendix C for
further discussion.

Conservative alarm setpoints have been 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 EC (EC,) value of 1.0E-06.
pCi/ml (refer to Appendix C for justification),

where,

EC. = 2.C _ (1.4)

~ G
2&c)
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13-

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

c) substitution of the highest effluent release rate, in gal/min,
d) . substitution of the default monitor sensitivity.

The default setpoint equation is provided below:

ECex10xSENXCW
< +
RR

SP bkg (1.5)

Liquid Effluent Concentration Limits - 10 CFR 20

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

where:
> [(Ci+(10XEC:))x (RR +CW)]<1 (1.6)
Ci = concentration of radionuclide “i” in the undiluted liquid
effluent (LCi/ml)
10 x ECi = ten times the EC value corresponding to radionuclide “i”
from 10 CFR 20, Appendix B, Table 2, Column 2 (uCi/ml)
= 2E-04 pCi/ml for dissolved or entrained noble gases
RR = the liquid effluent release rate (gal/min)
Cw = the circulating water flow rate (dilution water flow) at the

time of the release (gal/min)
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Lig' uid Effluent Dose Célculation -10 CFR 50

ODCM Specification 3.3.2 limits the dose or dose commitment to members of the
public from radioactive materials in liquid effluents from the Kewaunee Power

Station to:

¢ during any calendar quarter;

< 1.5 mrem to total body

< 5.0 mrem to any organ

¢ during any calendar year;

< 3.0 mrem to total body-

< 10.0 mrem to any organ.

Per Surveillance Requirement 4.3.2, the following calculational methods may be
used for determining the dose or dose commitment due to the liquid radioactive
effluents from Kewaunee. :

where;

Do

Aio

VOL

Cw

1.67E-02

D, = LO7E ‘C(i;" YOL 4 3 (Cix Aw) a7

dose or dose commitment to organ “o”, including total body
{mrem)

site-related ingestion dose commitment factor to the total body or
any organ “o” for radionuclide “i” (mrem/hr per uCi/ml) (Table
1.2) - !

€439

average concentration of radionuclide “i”, in undiluted liquid
effluent representative of the volume VOL (uCi/ml)

volume of liquid effluent released (gal)

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

conversion factor (hr/min)
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The site-related ingestion dose/dose commitment factors (Ajo) are-'presented in
Table 1.2 and have been derived in accordance with guidance of NUREG-0133

by the equation:

| Aio =1.14E + 05[(Uw + Dw )+ (Urx BF;)DF: (1.8)
where:
Aio = 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 pCi/ml)

1.14E+05 = conversion factor (pCi/uCi x ml/kg + hr/yr)

U, = adult water consumption (730 kg/yr)

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

Ur = adult fish consumption (21 kg/yr)

BF; = bioaccumulation factor for radionuclide “i” in fish from Table 1.3
(pCi/kg per pCi/1)

DF; = dose conversion factor for nuclide “i” for adults in pre-selected

organ ‘0", from Table E-11 of Regulatory Guide 1.109, 1977 and
NUREG 0172, 1977 (mrem/pCi)

The radionuclides included in the periodic dose assessment per the requirements
of ODCM Specification 3.3.2 and Surveillance Requirement 4.3.2 are those as
identified by gamma spectral analysis of the liquid waste samples collected and
analyzed per Surveillance Requirement 4.3.1.1, Table 4.3.

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.

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 ODCM Specification 3.3.2. (Refer to
Appendix A for the derivation and justification for this simplified methed.)

2 Adapted from the Kewaunee Final Environmental Statement, Section V.

1-6 REV. 10
12/14/2006



1.5

Total Body

Dy = 9.67E +C(:)::i><VOLxZCi (1.9)
Maximum Organ
1.18E+04xVOL
Dmax = X GCi- 1.10
) @1
where:
G = average concentration of radionuclide “i”, in undiluted liquid
effluent representative of the volume VOL (nCi/ml)
VOL = volume of liquid effluent released (gal)
Ccw = average circulating water discharge rate during release period
(gal/min)
Dp = conservatively evaluated total body dose (mrem)
Dimax = conservatively evaluated maximum organ dose (mrem)
9.67E+03 = product of the hour-to-minute conversion factor (hr/min) and the
conservative total body dose conversion factor (Cs-134, total body
-- 5.79E+05 mrem/hr per pCi/ml)
1.18E+04 = product of the hour-to-minute conversion factor (hr/min) and the

conservative maximum organ dose conversion factor (Cs-134, liver
-- 7.09E+05 mrem/hr per uCi/ml)

Liquid Effluent Dose Projections

ODCM Specification 3.3.3 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 épplicable liquid waste streams and processing systems.are'as delineated in
Figure 1.
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1.6

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

Dup = Du(91 +d) (1.11)
Dmaxp=Dm.1x(91+d) (112)
where:
Dup = the total body dose projection for current calendar quarier (mrem)
Dw = the total body dose to date for current calendar quarter as
determined by equation (1.7) or (1.9) (mrem)
Dimaxp = 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 (1.7) or (1.10) (mrem)
d = the number of days to date for current calendar quarter
91 = the number of days in a calendar quarter

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.
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1.7

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. Currently, only service water pretreatment (SWPT) facility lagoon
sludge and sewage treatment plant sludge have been approved for disposal by
land spreading.

Heating Boiler Blowdown Operation with Pﬁmarx-to-Secondary Leak

During operation with a primary-to-secondary leak, the potential exists for
non-radioactive systems to become contaminated. One such system is the heating
system. Activity is transferred from the reactor coolant system into the secondary
main steam system through the leak and then into the heating system. Heating
boiler operation following operation with a primary-to-secondary leak will result
in the heating boiler becoming contaminated.

When the heating boiler is operated, it must be periodically blown down to
remove impurities, which collect in the system. This blowdown is normally
directed to the steam generator blowdown tank but can be diverted to the
circulating water discharge. Either way, the blowdown becomes a release path for
radioactivity to the environment. The heating boiler blowdown is sampled, using
current plant procedures, whenever the primary-to-secondary leakage exceeds
10 gallons per day and the gross gamma activity or tritium activity exceeds
1.0E-05 uCi/ml. The results of these samples allow for the activity being released
to the environment to be quantified. This is similar to the method used for the
turbine building sump release path. The radioactive effluent limits of 10 CFR
Part 20, 40 CFR 190, and Technical Specifications can therefore be maintained.
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Figure 1
Liquid Radioactive Effluent Flow Diagram
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Parameters for Liquid Alarm Setpoint Determinations

;i‘able 1.1

Parameter Actual Value | Default Value* | Units Comments JI
EC. calculated 1.0E-06** pCi/ml |Calculate for each batch to be released l
Ko measured N/A uCi/mi '|I|‘gl;le(;1 :;;Teﬁiamma spectral analysis of J
EC; as determined N/A uCi/ml g’;fe"zf' ‘ggl‘g CFR 20, Appendix B, F
Sensitivity (SEN)
" ‘R-18 as determined 1.0E+08 Radwaste effluent . ﬂ
R-19 as determined 1.0E+08 cpm per [Steam Generator blowdown
R-20 as determined 1.0E+08 pCi/ml |[Service Water - component cooling
R-16 as determined 9.8E+07 Service Water - Containment fan cooling
Cw as determined 2.58E+05 gpm C'!rculati.ng Water System default =
winter, single CW pump i
Release Rate (RR)
R-18 as determined 8.0E+01 Determined prior to release; release rate
can be adjusted for Technical
Specification compliance
R-19 as determined 2.0E+02 EPM ISteam Generator A and B combined
“ R-20 as determined 5.0E+03 Service Water - component cooling
R-16 as determined 1.5E+03 Service Water - Containment fan cooling
Background (bkg)
" R-18 as determined 2.0E+03 cpm |Nominal values only; actual values may
R-19 as determined 8.0E+01 be used in lieu of these reference values
R-20 as determined 6.0E+01
R-16 as determined 8.0E+01
Setpoint* (SP) .
l;’20-18'”" calculated 5.00E+0S +bkg | cpm Default alarm setpoints; more
. conservative values may be used as deem
R-19 calculated 5.00E+0S + bkg appropriate and desirable for .
R-20 calculated 5.16E+04 + bkg pprop osird assuring
R-16 calculated | 1.69E+05 + bkg regulatory compliance and for
maintaining releases ALARA.
etpoint* (SP) with no Circulating Water System flow, CW=0
‘ R-18 calculated 6.25E+04+ bkg For outages with no Circulating Water
R-19 calculated 2.50E+04 + bkg . |System flow (CW=0) and a dilution flow
R-20 calculated 1.00E+03 + bkg Pm - as provided by the Service Water system
R-16 calculated 3.26E+03 + bkg of 5,000 gpm total. ***

* %k

% %k %

I Refer to Calculation # C10690 for the default setpoint calculation.
Refer to Appendix C for derivation

SW flow is based on N-SW-02 Operating Parameters and Service Water Pump Flow Curves.
#*44 The default alarm setpoints for R-18 and R-19 are based upon the lincar calibration range of those
radiation monitors in accordance with CAP 37265 and DCR 26981.
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Table 1.2
Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/mi)
Nuclide Bone Liver T.Body Thyroid Kidney Lung Gi-LLI
H-3 - 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1
C-14 3.13E+4 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3
Na-24 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2
P-32 1.39E+6 8.62E+4 5.36E+4 - .- - 1.56E+5
Cr-51 - - 1.28E+0 7.63E-1 2.81E-1 1.69E+0 3.21E+2
Mn-54 - 4.38E+3 8.36E+2 - 1.30E+3 - 1.34E+4
Mn-56 - 1.10E+2 1.96E+1 - 1.40E+2 - 3.52E+3
Fe-55 6.61E+2 4.57E+42 1.06E+2 - - 2.55E+2 2.62E+2
Fe-59 1.04E+3 2.45E+3 9.40E+2 - - 6.85E+2 8.17E+3
Co-57 - 2.11E+1 3.51E+1 - - - 5.36E+2
Co-58 - 8.99E+1 2.02E+2 - - - - 1.82E+3
Co-60 - 2.58E+2 5.70E+2 - - - 4.85E+3
Ni-63 3.13E+4 2.17E43 1.05E+3 - - - 4.52E+2
Ni-65 1.27E+2 1.65E+1 7.52E+0 - - - 4.18E+2
Cu-64 - 1.01E+1 4.72E+0 - 2.53E+1 - 8.57E+2
Zn-65 2.32E+4 7.38E+4 3.33E+4 - 4.93E+4 - 4.65E+4
Zn-69 4.93E+1 9.43E+1 6.56E+0 - 6.13E+1 - 1.42E+1
Br-82 - - 2.27E+3 - - - 2.61E+3
Br-83 - - 4.05E+1 - - - 5.83E+1
Br-84 - - 5.24E+1 - - - 4.12E-4
Br-85 - - 2.15E+0 - - - -
Rb-86 - 1.01E+45 4.71E+4 - - - 1.99E+4
Rb-88 - 2.90E+2 1.54E+2 - - - 4.00E-9
Rb-89 - 1.92E+2 1.35E+2 - - - -
Sr-89 2.24E+4 - 6.44E+2 - - - 3.60E+3
Sr-90 5.52E+5 - 1.35E+5 - - - 1.59E+4
Sr-91 4.13E+2 - 1.67E+1 - - - 1.97E+3
Sr-92 1.57E+2 - 6.77E+0 - - - 3.10E+3
Y-90 5.85E-1 - 1.57E-2 - - - 6.21E43
Y-91m 5.53E-3 - 2.14E-4 - - - 1.62E-2
Y-91 8.58E+0 - 2.29E-1 - - - 4.72E+3
Y-92 5.14E-2 - 1.50E-3 - - - 9.00E+2
Y-93 1.63E-1 - 4.50E-3 - - - 5.17E+3
Zr-95 2.70E-1 8.67E-2 5.87E-2 - 1.36E-1 - 2.75E+2
Zr-97 1.49E-2 3.01E-3 1.38E-3 - 4.55E-3 - 9.34E42
Nb-95 447E+2 = 2.49E+2 1.34E+2 - 2.46E+2 - 1.51E+6
Nb-97 3.75E+0 9.48E-1 3.46E-1 - 1.11E+0 - 3.50E+3
Mo-99 - 1.07E+2 2.04E+1 - 2.43E42 - 2.49E+2
Te-99m 9.11E-3 2.58E-2 3.28E-1 - 3.91E-1 1.26E-2 1.52E+1
Te-101 9.37E-3 1.35E-2 1.32E-1 - 2.43E-1 6.90E-3 -
Ru-103 4.61E+0 - 1.99E+0 - 1.76E+1 - 5.39E+2
Ru-105 3.84E-1 - 1.52E-1 - 4.96E+0 - 2.35E+2
Ru-106 6.86E+1 - 8.68E+0 - 1.32E4+2 - 4.44E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - -
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Table 1.2
Site Related Ingestion Dose Commitment Factors
" (mremvhr per pCi/ml)
Nuclide Bone Liver T.Body . Thyroid Kidney Lung GI-LLI

Ag-110m  1.04E+0  9.62E-1 5.71E-1 - 1.89E+0 - 3.92E+2
Sb-124 9.48E+0 1.79E-1 3.76E40 - 2.30E-2 - 7.38E+0 2.69E+2
Sb-125 6.06E+0 6.77E-2° 1.44E+0 6.16E-3 - 4.67E+0 6.67E+1
Te-125m 2.57E+3 9.31E+2 3.44E+2 7.73E+2 1.04E+4 - 1.03E+4
Te-127m 6.49E+3 2.32E+3 7.91E+2 1.66E+3 2.64E+4 - 218E+4
Te-127 1.05E+2 3.79E+1 2.28E+1 7.81E+1 4,29E+2 - 8.32E+3
Te-129m 1.10E+4 4.11E+3 1.74E+3 3.79E+3 4.60E+4 - 5.55E+4
Te-129 3.01E+1 1.13E+1 7.33E+0 2.31E+1 1.27E+2 - 2.27E+1
Te-131m 1.66E+3 8.11E+2 6.76E+2 1.28E+3 8.22E+3 - 8.05E+4
Te-131 1.89E+1 7.89E+0 5.96E+0 1.55E+1 8.27E+1 - 2.67E+0
Te-132 2.42E+3 1.56E+3 1.47E+3 1.73E+3 1.50E+4 - 7.39E+4
I-130 2.79E+1 8.23E+1 3.25E+1 6.97E+3 1.28E+2 . - 7.08E+1
-131 1.54E+2 2.20E+2 1.26E+2 7.20E+4 3.76E+2 - 5.79E+1
-132 7.49E+0 2.00E+1 7.01E+0 7.01E+2 3.19E+1 - 3.76E+0
-133 5.24E+1 S.11E+1 2.78E+1 1.34E+4 1.59E+2 - 8.19E+1
-134 3.91E+0 1.06E+1 3.80E+0 1.84E+2 1.69E+1 - 9.26E-3
1-135 1.63E+1 4.28E+1 1.58E+1 2.82E+3 6.86E+1 - 4.83E+1
Cs-134 2.98E+5 7.09E+5 5.79E+5 - 2.29E+5 7.61E+4 1.24E+4
Cs-136 3.12E+4 1.23E+5 8.86E+4 - 6.85E+4 9.39E+3 1.40E+4
Cs-137 3.82E+5 5.22E+5 3.42E45 - 1.77E+5 5.89E+4 1.01E+4
Cs-138 2.64E+2 5.22E+2 2.59E+2 - 3.84E+2 3.79E+1 2.23E-3
Ba-139 1.02E+0 7.30E-4 3.00E-2 - 6.83E-4 4.14E-4 1.82E+0
Ba-140 2.15E+2 2.69E-1 1.41E+1 - 9.16E-2 1.54E-1 4.42E+2

Ba-141 4.98E-1 3.76E-4 1.68E-2 - 3.50E-4 2.13E4 -

Ba-142 2.25E-1 2.31E-4 1.42E-2 - 1.95E-4 1.31E-4 -
La-140 1.52E-1 7.67E-2 2.03E-2 - - - 5.63E+3
La-142 7.79E-3 3.54E-3 8.82E-4 - - - 2.59E+1
Ce-141 3.17E-2 2.14E-2 2.43E-3 - 9.95E-3 - 8.19E+1
Ce-143 5.58E-3 413E+0 4.57E-4 - 1.82E-3 - 1.54E+2
Ce-144 1.65E+0 6.80E-1 8.87E-2 - 4,10E-1 - 5.58E+2
Pr-143 5.60E-1  2.25E-1 2.77E-2 - 1.30E-1 . 2.45E+43

Pr-144 1.83E-3 7.61E-4 9.31E-5 - 4.29E-4 - -
Nd-147 3.83E-1 4.42E-1 2.65E-2 - 2.59E-1 - 2.12E+3
W-187 2.96E+2 2.47E42 8.65E+1 - - - 8.10E+4
Np-239 2.97E-2 2.92E-3 1.61E-3 - 9.10E-3 - 5.98E+2
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Table 1.3
- Bloaccumulation Factors(BFi)
(pCi/kg per pCi/liter)*

Element Freshwater Fish
H B 9.0E-01
C 4.6E+03
Na 1.0E+02
P 3.0E+03
Cr 2.0E+02

Mn 4.0E+02
- Fe 1.0E+02
Co 5.0E+01
Ni 1.0E+02
Cu 5.0E+01
Zn 2.0E+03
Br ' 4.2E+02
Rb : 2.0E+03
Sr 3.0E+01
Y 2.5E+01
Zr 3.3E+00
Nb 3.0E+04
Mo 1.0E+01
Tc 1.5E+01
Ru 1.0E+01
Rh 1.0E+01
Ag 2.3E+00
Sb 1.0E+00
Te 4.0E+02
| 1.5E+01
Cs 2.0E+03
Ba 4.0E+00
La 2.5E+01
Ce ' 1.0E+00
Pr 2.5E+01
Nd 2.5E+01
w . 1.2E+03
Np 1.0E+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:

2.1.1 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.

2.1.2 Condenser Evacuation System

The air ejector discharge is monitored by R-15. Releases from this system are normally via the
Auxiliary Building vent and are monitored by R-13 and/or R-14,

'2.1.3 Containment Purge

Containment purge and ventilation is via the containment stack for the 36-inch RBV system but
via the auxiliary building stack for the 2-inch vent and mini-purge blower system. The stack
radiation monitoring system consists of:

e a noble gas activity monitor providing alarm and automatic termination of release
(R-12 and R-21),

¢ an iodine sampler, and

e a particulate sampler.

Effluent flow rates are determined empirically as a function of fan operation (fan curves).
Sampler flow rates are determined by flow rate instrumentation.

2.1.4 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, 2-inch containment pressure relief purge/vent system, and Auxiliary Building general
area. All effluents pass through the R-13 and/or R-14 channels which contain:

¢ anoble gas monitor,
¢ an iodine sampler, and
e aparticulate sampler.
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The noble gas monitor provides auto isolation of any waste gas decay tank release 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.

2.1.5 Containment Mini-Purge/Vent System

Slight pressure buildup in containment is a recurring event resulting from normal operation of
the plant. Prior to exceeding 2 psig in containment, this excess pressure is vented off. Air from
containment is routed to the Auxiliary Building ventilation system, via the post-LOCA hydrogen
recombiner piping and then out through the Auxiliary Building vent stack. The system is also
designed to allow a continuous supply of fresh air to be introduced into containment via a mini-
blower to purge gases. An alarm of the Auxiliary Building vent stack monitor (R-13 or R-14) or
the containment building airborne radioactivity monitors (R-11, R-12) provides automatic
isolation.

2.1.6  Steam Generator PORYV Release With Primary-to-Secondary Leakage

{E the plant is operating with Steam Generator leakage from the primary side to the secondary,
THEN release of steam through the Steam Generator PORVs will constitute a radlolomcal
relcase. There arc no monitors on this rclease path. so accurate data collection is important. The
appropriate procedures provide directions for release permit preparations.

2.1.7 Non-routine Discharge Locations

Periodically. non-routine breaches are made in the Auxiliary and Containment buildings that
might allow the release of the atmosphere, which contains some levels of radioactivity. These
breaches include. but are not limited to, opening the Containment equipment hatch during
outages, holes cut in walls or ceilings to allow for moving equipment in or out of the
Radiologically Controlled Arcas (RCAs). All efforts to maintain these areas at negative pressure
will be made. [F ncgative pressure cannotl be maintained (i.e., more exhaust than supply fan
volume). THEN supply ventilation to the area must be secured. Criteria for determining if and
when a rclease occurs from these areas is provided in implementing procedures. As possible. the
effects of these possible relcases shall be evaluated before hand. Any actual releases shall be
documented-and included in the monthly. quarterly and annual reports as appropriate.

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 H

2.2.1 Containment and Auxiliary Building Vent Monitor

Per the requirements of ODCM Specification 3.2, 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 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:

2-2 REV. 10
12/14/2006




FRAC» = [4.72E +02x y/Qx VFx ¥ (Cix Ki)}+ 500 . @2.1)

FRACskin = [4.72E+02xx/QxVFXZ(Csx(Ls+1.1Mi))]+3000 (2.2)
where:
" FRAC,, = fraction of the allowable release rate for the total body based on the

identified radionuclide concentrations and the release flow rate

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

VQ = annual average meteorological dispersion for direct exposure to noble gas
at the controlling site boundary location (sec/m3, from Table 2.3)

VF = ventilation system flow rate for the applicable release point and monitor
(ft3/min, from Table 2.3)

GCi = concentration of noble gas radionuclide “i”” as determined by radioanalysis
of grab sample (uCi/cm?3)

K; = total body dose conversion factor for noble gas radionuclide “i”
(mrem/yr per HCi/m3, from Table 2.1)

L; = beta skin dose conversion factor for noble gas radionuclide “i”
(mrem/yr per uCi/m?, from Table 2.1)

M; = gamma air dose conversion factor for noble gas radionuclide “i”
(mrad/yr per pCi/m?, from Table 2.1)

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

4.72E4+02 = conversion factor (cm?¥ft3 x min/sec)

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

3000 =

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

SP =[3"(CixSENi)+ FRAC|+ bkg 2.3)

where:.

SP = alarm setpoint corresponding to the maximum allowable release rate (cpm)
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SEN; = the sensitivity value to which the monitor is calibrated for radionuclide
(cpm per puCi/cm?®), use the default value from Table 2.2 if radionuclide
specific sensitivities are not available

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: '

a) substitution of the maximum ventilation flow rate,

b) - substitution of a radionuclide distribution® comprised of 95% Xe-133, 2% -
Xe-135, 1% Xe-133m, 1% Kr-88 and 1% Kr-85; and, ~

c) application of an administrative mulﬁplier 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. -

ODCM Specification 3.4.1.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 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:

btb=ﬂQXZ[KiXQi] (2.4)
and
b;:x/QxZ((L&l.lMOan} (2.5) -
3 Adopted from ANSI N237-1976/ANS-18.1, Source Term Specifications, Table 6.
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Ki =

11 =

total body dose rate (mrem/yr)

skin dose rate (mrem/yr)

atmospheric dispersion for direct exposure to noble gas at the controlling site
boundary (sec/m3, from Table 2.3)

average release rate of radionuclide “i” over the release period under evaluation
(uCi/sec) )

total body dose conversion factor for noble gas radionuclide “i”
(mrem/yr per §Ci/m3, from Table 2.1) '

L1344}
1

beta skin dose conversion factor for noble gas radionuclide
(mrem/yr per uCi/m?3, from Table 2.1)

gamma air dose conversion factor for noble gas radionuclide “i” (mrad/yr per
pCi/m3, from Table 2.1)

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

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

2.3.2 Site Boundary Dose Rate - Radioiodine and Particulates

ODCM Specification 3.4.1.b limits the dose rate to < 1500 mrem/yr to any organ for
I-131, I-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 time period over which any
batch release is to occur. The following equation may be used for the dose rate

evaluation:

Do = 3/Qx Z{Ri in] | (2.6)
where:
Do average organ dose rate over the sampling time period (mrem/yr)
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¥/Q = atmospheric dispersion to the controlling site boundary for the inhalation
pathway (sec/m3, from Table 2.3)

R; = dose parameter for radionuclide “i”, (inrem/yr per uCi/m3) for the child -

inhalation pathway from Table 2.6
. A ) el
Qi = average release rate over the appropriate sampling period and analysis
frequency. for radionuclide i, 1-131, 1-133, tritium or other radionuclide in
particulate form with half-life greater than 8 days (uCi/sec) -

By substituting 1500 mrem/yr for Do solving forQi, an allowable release rate for I-131 _,
can be determined. Based on the annual average meteorological dispersion (see Table
2.3) and the most limiting potential pathway, age group and organ (inhalation pathway,

~ child thyroid - R; = 1.62E+07 mrem/yr per tCi/m3) the allowable release rate for I-131 is ~
6.43 uCi/sec. 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 I-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 ODCM Specification 3.4.1.b limits on allowable release rate. =
Gaseous Effluent Dose Calculations - 10 CFR 50
2.4.1 Unrestricted Area Dose - Noble Gases
ODCM Specification 3.4.2 requires a periodic assessment of releases of noble gases to evaluate -
compliance with the quarterly dose limits of (< 5 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:
Dy=3.17E-08x%/Qx Y (MixQi) (2.7) -
and
Ds=3.17TE-08xx/Qx Y. (NixQi) (2.8)
where: -
Dy = air dose due to gamma emissions for noble gas radionuclides (mrad) . _
Dg = air dose due to beta emissions for noble gas radionuclides (mrad)
/Q = atmospheric dispersion to the controlling site boundary (sec/m3, from
_Table 2.3)
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Qi * = cumulative release of noble gas radionuclide “i” over the period of interest
(1Ci)

(134 '?

M; = air dose factor due to gamma emissions from noble gas radionuclide
(mrad/yr per pyCi/m? from Table 2.1)

(1M 77

N; = air dose factor due to beta emissions from noble gas radionuclide
(mrad/yr per pCi/m3, 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 ODCM Specification 3.4.2. (Refer to Appendix B for the derivation and
justification for this simplified method.)

D,=21E- 98 xMax T Q 2.9)

0.50
and
_3.17E-08
a0 W Nerx ) Qi (2.10)
where:
Mg = 5.3E+02 effective gamma-air dose factor (mrad/yr per uCi/m?)
Nesr = 1.IE+03 effective beta-air dose factor (mrad/yr per uCi/m?)

0.50 = conservatism factor

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

2.4.2 Unrestricted Area Dose - Radioiodine and Particulates

Per the requirements of ODCM Specification 3.4.3, a periodic assessment shall be -
performed to evaluate compliance with the quarterly dose limit (€ 7.5 mrem) and
calendar year limit (< 15 mrem) to any organ. The following equation may be used to
evaluate the maximum organ dose due to releases of 1-131, I-133, tritium and particulates
with half-lives greater than 8 days:

Diop=3.17E~08x WX SFx ) (Rix Qi) (2.11)
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where:

4.7 E 2

D.p = dose or dose commitment for age group “a” to organ “o”, including the total

body, via pathway “p” from I-131, I-133, tritium and radionuclides in
particulate form with half-life greater than eight days (mrem)

w = atmospheric dispersion parameter to the controlling location(s) as identified in
Table 2.3

¥Q = atmospheric dispersion for inhalation pathway and H-3 dose contribution via
other pathways (sec/m3)

D/Q = atmospheric deposition for vegetation, milk and ground plane exposure
pathways (I/m?)

R; = dose factor for radionuclide “i”, (mrem/yr per uCi/m3) or (m? - mrem/yr per

uCi/sec) from Table 2.4 through 2.15 for each age group “a” and the

applicable pathway “p” as identified in Table 2.3. Values for R; were derived
in accordance with the methods described in NUREG-0133.

Qi = cumulative release over the period of interest for radionuclide “i” -- I-131 or

radioactive material in particulate form with half-life greater than 8 days
(uCi).
SF, = 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 occurs

total # of months in period

= 0.5 for annual calculations
2) For inhalation and ground plane exposure p;thways: =1.0
In lieu'of the individual radionuclide (I-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 ODCM Specification 3.4.3.

Drax =3.17E - 08X WXSFp X Ri- 131X ) Qi (2.12)
where: |
Dmax = maximum organ dose (mrem)
R = I-131 dose parameter for the thyroid for the identified controlling pathway
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= 1.05E+12, infant thyroid dose parameter with the grass-cow-milk pathway
controlling (m? - 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 I-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 I-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, see REMM Specification 2.2.2. Otherwise, the |
dose will be evaluated based on the predetermined controlling pathways as identified in
Table 2.3.

25 Gaseous Effluent Dose Projection

ODCM Specification 3.4.4 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:

¢ (.62 mrad/quarter, gamma air,
¢ 1.25 mrad/quarter, beta air, or
¢ 0.94 mrem/quarter, maximum organ.

The applicable gaseous release sources and procéssing systems are as delineated in Figure 2.

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

Dp =Dyx(91+d) (2.13)

D =Dpx(91+d) (2.14)

Drmasp = Dimax X (91+ d) (2.15)
where:
Dy = gamma air dose projection for current calendar quarter (mrad)
Dy = gamma air dose to date for current calendar quarter as determined by equation (2.7)

or (2.9) (mrad)
Dg, = beta air dose projection for current calendar quarter (mrad)
29 REV. 10

12/14/2006



Dg = Dbeta air dose to date for current calendar quarter as determined by equation (2.8) or ~
; (2.10) (mrad)

Dmap = maximum organ dose projection for current calendar quarter (mrem)
Dmax = maximum organ dose to date for curreni 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 o
2.6 Environmental Radiation Protection Standards 40 CFR 190 -

For the purpose of implementing ODCM Specification 3.5 on the EPA environmental radiation
protection standard and Technical Specification 6.9.b.2 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 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.

-~

~—

2.7 Incineration of Radioactively Contaminated Qil

During plant operation, radioactively contaminated oils are generated from various pieces of equipment _,
operating in the plant. The largest source of contaminated oil is the reactor coolant pump lubricating oil,
which is periodically changed for preventive maintenance reasons. 10 CFR Part 20 allows licensees to
incinerate radioactively contaminated oils on site provided that the total radioactive effluents from the _.
facility conform to the requirements of 10 CFR Part 50, Appendix L.

Radioactively contaminated oil, which is designated for incineration, will be collected in
containers, which are uniquely serialized such that the contents can be identified and tracked.

Each container will be sampled and analyzed for radioactivity. The isotopic concentrations will
be recorded for each container. >

The heating boiler will be utilized to incinerate the radioactively contaminated oil collected on
site. A gaseous radwaste effluent dose calculation, as prescribed in Section 2.3 of the ODCM,
will be performed to insure that the limits established by ODCM Specifications 3.4.1, 3.4.2 and
3.4.3 are not exceeded. Release of the activity is assumed to occur at the time the contaminated
oil is transferred into the heating boiler fuel oil storage tank and will be accounted for using
established plant procedures. This will be valid for an assumed release from the fuel oil storage
tank vent, fill piping, or from the boiler exhaust stack. See Figure 3 for a description of the
heating boiler fuel oil system.

——

2.8  Total Dose
The purpose of this section is to describe the method used to calculate the cumulative dose —
contributions from liquid and gaseous effluents in accordance with KPS Technical Specifications
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for total dose. This method can also be used to demonstrate compliance with the Environmental
Protection Agency (EPA) 40CFR190, “Environmental Standards for the Uranium Fuel Cycle™.

Compliance with the KPS Technical Specification dose objectives for the maximum individual
demonstrates compliance with the EPA limits to any member of the public, since the design dose
objectives from 10CFRS50, Appendix I are much lower than the 40CFR190 dose limits to the
general public. With the calculated doses from the releases of radioactive materials in liquid or
gaseous effluents exceeding twice the limits outlined in ODCM Specifications 3.3.2, 3.4.2, and
3.4.3, a special analysis shall be performed. The purpose of this analysis is to demonstrate if the
total dose to any member of the public (real individual) from all uranium fuel cycle sources
(including direct radiation contributions from the reactor unit, from outside storage areas and
from all real pathways) is limited to less than or equal to 25 mrem per year to the total body or
any organ, except the thyroid, which is limited to 75 mrem per year.

If required, the total dose to a member of the public will be calculated for all significant effluent
release points for all real pathways including direct radiation. Effluent releases from Point
Beach Nuclear Plant must also be considered due to its proximity. Calculations will be based on
the equations in Sections 1.4, 2.4.1, and 2.4.2, with the exception that usage factors and other site
specific parameters may be modified using more realistic assumptions, where appropriate.

The direct radiation component from the facility can be determined using environmental TLD
results. These results will be corrected for natural background and for actual occupancy time of
any areas accessible to the general public at the location of maximum direct radiation. It is
recognized that by including the results from the environmental TLDs into the sum of total dose
component, the direct radiation dose may be overestimated. The TLD measurements may
include the exposure from noble gases, ground plane deposition, and shoreline deposition, which
have already been included in the summation of the significant dose pathways to the general
public. However, this conservative method can be used, if required, as well as any other method
for estimating the direct radiation dose from contained radioactive sources within the facility,-
The methodology used to incorporate the direct radiation component into total dose estlmates
will be outlined whenever total doses are reported.

Therefore, the total dose will be determined based on the most realistic site specific data and
parameters to assess the real dose to any member of the public.

~
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Table 2.1

Dose Factors for Noble Gases

Total Body Skin Dose Gamma Air Beta Air
Dose Factor Factor Dose Factor Dose Factor
K; L; M; N;
Radionuclide (mrem/yl; (mren.lly 1'3 (mrad.lyr . (mrad./yr
per pCi/m°) per pCi/m’) per uCi/m?) per uCi/m®)
L Kr-83m 7.56E-02 | = --—--- 1.93E+01 2.88E+02
L Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
L Kr-85 1.61E+01 1.34E+03 1.72E+0] 1.95E+03
I Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
‘ L Kr-88 1.47E+04. 2.37E+03 1.52E+04 2.93E+03 I
*; Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04 ‘
| Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03 ||
| Xe-135m 3.12E+03 7.11E+02 3.36E+03 739E+02 |
| Xe13s 1.81E+03 1.86E+03 1.92E+03 246E+03 |
| xe137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
IV Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
214 REV. 10
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| | - Table 2.2 .
Parameters for Gaseous Alarm Setpoint Determinations IF
Parameter |Actual Value| Deiault Units Comments
Value*
' ‘ ¥Q calculated 3.6E-06 sec/m’ Licensing technical specification
value
Containment -normal plus purge ' :
VF fan curves 33,000 cfm modes
54,000 ~ Auxiliary Building - normal
operation l
G measured N/A uCi/m’ I
- _ l
K; nuclide N/A FrCTVYT PET v alues from Table 2.1
specific pCi/m
) nuclide mrem/yr per ’ L
L; specific N/A pCi/m3 Values from Table 2.1
M; nuclide N/A MreM/YT Per |y ues from Table 2.1
specific pCi/m
Sensitivity**
(SEN) 2.32E+07 Containment
R-12 .
R-21 as determined 2.32E+07 cpm peg Cont.a.mment. .
R-13 2.32E+07 uCi/cm®  |Auxiliary Building
2.32E+07 Auxiliary Building
R-14 -
background (bkg)
R-12 4.0E+02 .
Nominal values only; actual
R-21 . 4.0E+01 A
as determined cpm values may be used in lieu of
R-13 6.0E+02 these reference values
R-14 9.0E+02 '

Setpoint* (SP) Default alarm setpoints; more
R-12 calculated |2.2E+05 + bkg conservative values may be used
R-21 calculated |2.2E+0S5 + bkg com as deemed appropriate and
R-13 - calculated |1.3E+05 + bkg P desirable for ensuring regulatory
R-14 calculated |1.3E+05 + bkg compliance and for maintaining

releases ALARA.

* Refer to Calculation # C10690 for the default setpoint calculation.
i** Conservatively based on Xe-133 sensitivity
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Controlling Locations, Pathways and

Table 2.3

Atmospheric Dispersion for Dose Calculations

Atmospheric Dispersion
D/Q
(Um® ||

ODCM vQ
Specification Location Pathway(s) (sec/m)
site boundary noble gases
34.1a (1300 m, N) direct exposure 3.6E-06 N/A
site boundary . .
34.1b (1300 m, N) inhalation 3.6E-06 N/A
site boundary gamma-air
34.2 (1300 m, N) beta-air 3.6E-06 N/A
sidence/dair inhalation, '
3.4.3 resigen Y| vegetation, milk and 5.6E-07 5.6E-09
(1 mile W)
ground plane
2-16
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Table 2.4
R;Inhalation Pathway Dose Factors - ADULT

(mrem/yr per uCifmd)
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.26E4+3 1.26E+43 1.26E+3 1.26E+3 1.26E+3 1.26E+3
C-14 1.82E+4 3.41E+3 3.41E+3 3.41E+3 3.41E+3 341E+3 3.41E+3
Na-24 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4
P-32 1.32E+6 7.71E+4 - - - 8.64E+4 5.01E+4
Cr-51 - - 5.95E+1 2.28E+1 1.44E+4 3.32E+3 1.00E+2
Mn-54 - 3.96E+4 - 9.84E+3 1.40E+6 7.74E+4 6.30E+3
Mn-56 - 1.24E40 . 1.30E+0 9.44E+3 2.02E+4 1.83E-1
Fe-55 2.46E+4 1.70E+4 - - 7.21E+4 6.03E+3 3.94E+3
Fe-59 1.18E+4 2.78E+4 - - 1.02E+6 1.88E+5 1.06E+4
- Co-57 - 6.92E+2 - - 3.70E+5 3.14E+4 6.71E+2
Co-58 - 1.58E+3 - - 0.28E+5 1.06E+5 2.07E+3
Co-60 - 1.15E+4 - - 5.97E+6 2.85E+5 1.48E+4
Ni-63 4.32E+5 3.14E+4 - - 1.78E+5 1.34E+4 1.45E+4
Ni-65 1.54E+0 2.10E-1 - - 5.60E+3 1.23E+4 9.12E-2
Cu-64 - 1.46E40 - 462E+0 6.786E+3 4.90E+4  6.15E-1
Zn-65 3.24E+4 1.03E45 - 6.90E+4 B8.64E+5 5.34E+4 4.66E+4
Zn-69 3.38E-2 6.51E-2 - 422E-2 9.20E+2 1.63E+1 4.52E-3
Br-82 - - - - - 1.04E+4 1.35E+4
Br-83 - - - - - 2.32E+2 2.41E+2
Br-84 - - - - - 164E-3 3.13E+2
Br-85 - - - - - - 1.28E+1
Rb-86 - 1.35E+45 - - - 1.66E+4 590E+4
Rb-88 - 3.87E+2 - - - 3.34E-9 1.93E+2
Rb-89 - 2.56E+2 - - - - 1.70E+2
Sr-89 3.04E+5 - - - 1.40E+6 3.50E+5 8.72E+3
Sr-90 9.92E+7 - - - 9.60E+6 7.22E+5 6.10E+6
Sr-91 6.19E+1 - - - 3.65E+4 1.91E+5 250E+0
Sr-92 6.74E+0 - - - 1.65E+4 4.30E+4 2.91E-1
Y-90 2.09E+3 - - - 1.70E+5 5.06E+5 5.61E+1
Y-91m 2.61E-1 - - - 1.92E+3 1.33E+0 1.02E-2
Y- 4.62E+5 - - - 1.70E4+6 3.85E+5 1.24E+4
Y-92 1.03E+1 - - - 1.57E+4 7.35E+4  3.02E-1
Y-93 9.44E+1 - - - 4 85E+4 422E+5 261E+0
Zr-95 1.07E+5 3.44E+4 - 5.42E+4 1.77E+6 150E+5 2.33E+4
Zr-97 9.68E+1  1.96E+1 - 2.97E+1 7.87E+4 523E+5 9.04E+0
Nb-95 1.41E+4  7.82E+3 - 7.74E+3 5.05E+5 1.04E+5 4.21E+3
Nb-97 2.22€1 5.62E-2 - 6.54E-2 2.40E+3 2.42E+2 2.05E-2
Mo-99 - 1.21E+2 - 2.91E+2 9.12E+4 248E+5 2.30E+1
Tc-99m 1.03E-3 2.91E-3 - 442E-2 7.64E+2 4.16E+3 3.70E-2
Tc-101 418E-5 6.02E-5 - 1.08E-3 3.99E+2 - 5.90E-4
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Table 2.4
R; Inhalation Pathway Dose Factors - ADULT

(mrem/yr per uCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.53E+3 - - 5.83E+3 5.05E+5 1.10E+5 6.58E+2
Ru-105 7.90E-1 - - 1.02E+0 1.10E+4 482E+4 3.11E-1
Ru-106 6.91E+4 - - 1.34E+5 9.36E+6 9.12E+5 8.72E+3

Rh-103m - - - - - - -

Rh-106 - - - - - - -
Ag-110m 1.08E+4  1.00E+4 - 1.97E+4 4.63E+6 3.02E+5 5.94E+3
Sb-124  3.12E+4 5.89E+2  7.55E+1 - 2.48E+6 4.06E+5 1.24E+4
Sb-125 5.34E+4 5.95E+2 5.40E+1 - 1.74E+6 1.01E+5 1.26E+4
Te-125m 3.42E+3 1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2
Te-127m 1.26E+4 5.77E43 3.29E+3 4.58E+4 9.60E+5 1.50E+5 1.57E+3
Te-127 1.40E+0 6.42E-1 1.06E+0 5.10E+0 6.51E+3 5.74E+4 3.10E-1
Te-129m 9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+6 3.83E+5 1.58E+3
Te-129 4.98E-2 239E-2 3.90E-2 1.87E-1 1.94E+3 1.57E+2 1.24E-2
Te-131m 6.99E+1 4.36E+t 550E+1 3.09E+2 1.46E+5 5.56E+5 2.90E+1
Te-131 1.11E-2 5.95E-3 .9.36E-3 437E-2 139E+3 1.84E+1  3.58E-3
Te-132 2.60E+2 2.15E+2 1.90E+2 146E+3 2.88E+5 5.10E+5 1.62E+2
1-130 458E+3 1.34E+4 1.14E+6 2.09E+4 - 7.69E+3 5.28E+3
1-131 2.52E+4 3.58E+4 1.19E+7 6.13E+4 - 6.28E+3 2.05E+4
1-132 1.16E+3 3.26E+3 1.14E+5 5.18E+3 - 4.06E+2 1.16E+3
1-133 8.64E4+3 1.48E+4 2.15E+6 2.58E+4 - 8.88E+3 4.52E+3
I-134 6.44E+2 1.73E+3 2.98E+4 2.75E+3 - 1.01E+0 6.15E+2
1-135 2.68E+3 6.98E+3 4.48E+5 1.11E+4 - 5.25E+3 2.57E+3
Cs-134  3.73E+5 8.4BE+5 - 2.87E+5 9.76E+4 1.04E+4 7.28BE+5
Cs-136 3.90E+4  1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+5
Cs-137 A78E+5 6.21E+5 - 222E+5 7.52E+4 8.40E+3 4.28E45
Cs-138  3.31E+2 6.21E+2 - 4.80E+2 4.86E+1 186E-3 3.24E+42
Ba-139 9.36E-1 6.66E-4 - 6.22E-4 3.76E+3 8.96E+2 2.74E-2
Ba-140 3.90E+4 4.90E+1 - 1.67E+1 1.27E+6 2.18E+5 - 2.57E+3
Ba-141 1.00E-1 7.53E-5 - 7.00E-5 194E+3 1.16E-7 3.36E-3
Ba-142 2.63E-2 ~2.70E-5 - 2.29E-5 1.19E+3 - 1.66E-3
La-140 3.44E+2 1.74E+2 - - 1.36E+5 4.58E+5 4.58E+1
La-142 6.83E-1 3.10E-1 - - 6.33E+3 2.11E+3 7.72E-2
Ce-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3
Ce-143 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+1
Ce-144  3.43E4+6 1.43E+6 - B8.4BE+5 7.78E+6 8.16E+5 1.84E+5
Pr-143 9.36E+3 3.75E+3 - 2.16E+3 281E+5 2.00E+5 4.64E+2
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3
Nd-147 527E+3 6.10E+3 - 3.56E+3 2.21E+5 1.73E+5 3.65E+2
w-187 8.48E+0 7.08E+0 - - 2.90E+4 1.55E+5 248E+0
Np-239 2.30E+2 2.26E+1 - 7.00E+1 3.76E+4 1.19E+5 1.24E+1
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\

_ Table 2.5. .
R; Inhalation Pathway Dose Factors - TEEN

(mrem/yr per pCi/m?)
Nuclide Bone Liver - Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.27E+3 1.27E+3 1.27E43 1.27E+3 127E+3 1.27E+3
C-14 2.60E+4 4B7E+3 4.87E+3 4.87E+3 "4.87E+3 4.87E+3 4.87E+3
Na-24 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E4+4 1.38E+4 1.38E+4
P-32 1.89E+6 1.10E+5 - - - . 0928E+4 7.16E+4
Cr-51 - - 7.50E+1 3.07E+1 2.10E+4 3.00E+3 1.35E+2
Mn-54 - 5.11E+4 - 1.27E+4 1.98E+6 6.68E+4 8.40E+3
Mn-56 - 1.70E+0 - 1.79E+0 1.52E+4 574E+4 2.52E-1
Fe-55 3.34E+4 2.38E+4 - - 1.24E+5 6.39E+3 5.54E+3
“-Fe-59 . 159E+4 3.70E+4 - - 1.53E+6 1.78E+5 1.43E+4
Co-57 - 6.92E+2 - - 5.86E+5 3.14E+4 9.20E+2
Co-58 - 2.07E+3 - - 1.34E+6 9.52E+4 2.78E+3
Co-60 - 1.51E+4 - - 8.72E+6 2.59E+5 1.98E+4
Ni-63 5.80E+5 4.34E+4 - - 3.07E+5 1.42E+4 1.98E+4
Ni-65 2.18E+0 2.93E-1 - - 9.36E+3 367E+4 1.27E-1
Cu-64 - 2.03E+0 - 6.41E+0 1.11E+4 6.14E+4  B.48E-1
Zn-65 3.86E+4 1.34E+5 - 8.64E+4 1.24E+6 4.66E+4 6.24E+4
Zn-69 483E-2 9.20E-2 - 6.02E-2 158E+3 2.85E+2 6.46E-3
Br-82 - - - - - - 1.82E+4
Br-83 - - - - - - 3.44E+2
Br-84 - - - - - - 4.33E+2
Br-85 - - - - - - 1.83E+1
Rb-86 - 1.90E+5 - - - 1.77E+4 B8.40E+4
Rb-88 - 5.46E+2 - - - 2.92E-5 2.72E+2
Rb-89 - 3.52E+2 - - - 3.38E-7 2.33E+2
Sr-89 4.34E+5 - - - 242E+6 3.71E+5 1.25E+4
Sr-90 1.08E+8 - - - 1.65E+7 7.65E+5 ©6.68E+6
Sr-91 8.80E+1 - - - 6.07E+4 259E+5 3.51E+0
Sr-92 9.52E+0 - - - 274E+4 1.19E+5 4.06E-1
Y-90 2.98E+3 - - - 2.93E+5 5.59E45 8.00E+1
Y-91m 3.70E-1 - - - 3.20E+3 3.02E+1 1.42E-2
Y- 6.61E+45 - - - 2.94E+6 4.09E+5 1.77E+4 .
Y-92 1.47E+1 - - - 268E+4 1.65E+5 4.29E-1
Y-93 1.35E+2 - - - 8.32E+4 579E+5 3.72E+0
Zr-95 1.46E+5 4.58E+4 - 6.74E+4 269E+6 149E+5 3.15E+4
Zr-97 1.38E+2 2.72E+1 - 4.12E+t 130E+5 6.30E+5 1.20E+1
Nb-95 1.86E+4 1.03E+4 - - 1.00E+4 7.51E+45 968E+4 5.66E+3
Nb-97 3.14E-1  7.78E-2 - 9.12E-2 3.93E+3 2.17E+3 2.84E-2
Mo-29 - 1.69E+2 - 4.11E+2 1.54E+5 269E+5 3.22E+1
Tc-99m 1.38E-3  3.86E-3 - 576E-2 1.15E+3 6.13E+3 4.99E-2
Tc-101 5.92E-5  8.40E-5 - 152E-3 ©667E+2 8.72E-7 8.24E-4
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Table 2.5
R; Inhalation Pathway Dose Factors - TEEN

(mrem/yr per uGi/m®)
Nuclide Bone Liver Thyrold .  Kidney Lung GI-LLI T.Body
Ru-103  2.10E+3 - - 7.43E+3 7.83E+5 1.09E+5 8.96E+2
Ru-105 1.12E+0 - - 1.41E+0 1.82E+4 9.04E+4 4.34E-1
Ru-106 9.84E+4 - - 1.90E+5 1.61E+7 9.60E+5 1.24E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.38E+4 1.31E+4 - 250E+4 6.75E+6 2.73E+5 7.99E4+3
Sb-124 430E+4 7.94E+2 9.76E+1 - 3.85E+6 3.98E+5 1.68E+4
Sb-125 7.38E+4 8.08E+2 7.04E+1 - 2.74E+6 9.92E+4 1.72E+4
Te-125m 4.88E+3 2.24E+3 1.40E+3 - 5.36E+5 7.50E+4 6.67E+2
Te-127m 1.80E+4 B8.16E+3 4.38E+3 6.54E+4 1.66E+6 1.59E+5 2.18E4+3
Te-127 2.01E+0 9.12E-1 1.42E+0 7.28B+0 1.12E+4 B8.08E+4 4,42E-1
Te-129m 1.39E+4 6.58E+3 4.58E+3 5.19E+4 1.98E+6 4.05E+5 2.25E+3
Te-129 7.10E-2 3.38E-2 5.18E-2 266E-1 3.30E+3 162E+3 1.76E-2
Te-131m 9.84E+1 6.01E+1 7.25E+1 4.3%9E+2 2.38E+5 " 6.21E+5 4.02E+1
Te-131 1.58E-2 8.32E-3 1.24E-2 6.18E-2 2.34E+3 1.51E+1 5.04E-3
Te-132 3.60E+2 2.90E+2 2.46E+2 1.95E+3 4.49E+5 4.63E+5 2.19E+2
-130 6.24E+3 1.79E+4 1.49E+6 2.75E+4 - 9.12E+3 7.17E+3
I-131 3.54E+4 491E+4 1.46E+7 8.40E+4 - 6.49E+3 2.64E+4
1-132 1.59E+3 4.38E+3 1.51E+5 6.92E+3 - 1.27E+3 1.58E+3
-133 1.22E+4 2.05E+4 2.92E+6 3.59E+4 - 1.03E+4 6.22E+3
I-134 8.88E+2 2.32E+3 3.95E+4 3.66E+3 - 2.04E+1 8.40E+2
1-135 3.70E+3 9.44E+3 6.21E+5 1.49E+4 - 6.95E+3 3.49E+3
Cs-134 5.02E+5 1.13E+6 - 3.75E+5 1.46E+5 9.76E+3 5.49E+5
Cs-136  5.15E+4 1.94E45 - 1.10E+5 1.78E+4 _1.09E+4 1.37E+5
Cs-137 6.70E+5 8.48E+45 - 3.04E+5 1.21E+5 8.48E+3 3.11E+5
Cs-138 4.66E+2 B8.56E+2 - 6.62E+2 7.87E+1 2.70E-1 4.46E+2
Ba-139 1.34E+0 9.44E-4 - 8.88E-4 6.46E+3 6.45E+3  3.90E-2
Ba-140 5.47E+4 6.70E+1 - 228E+1 2.03E+6 2.29E+5 3.52E+3
Ba-141 1.42E-1 1.06E-4 - 984E-5 3.29E+3 7.46E-4  4.74E-3
Ba-142  3.70E-2  3.70E-5 - 3.14E-5 1.91E+3 - 2.27E-3
La-140 4.79E+2 2.36E+2 - - 2.14E+5 4.87E+5 6.26E+1
La-142 9.60E-1 4.25E-1 - - 1.02E+4  1.20E+4 1.06E-1
Ce-141 2.84E+4 190E+4 - 8.88E+3 6.14E+5 1.26E+5 2.17E+3
Ce-143 2.66E+2 1.94E+2 - 8.64E+1 1.30E+5 255E+5 2.16E+1
Ce-144 489E+6 2.02E+6 - 1.21E+6 1.34E+7 ~8.64E+5 2.62E45
Pr-143 1.34E+4 5.31E+3 - 3.09E+3 4.83E+5 2.14E+5 6.62E+2
Pr-144  4.30E-2 1.76E-2 - 1.01E-2 " 1.75E+3 235E-4 2.18E-3
Nd-147  7.86E+3 8.56E+3 - 5.02E+3 3.72E+5 1.82E+5 5.13E+2
Ww-187 1.20E+1 9.76E+0 - - 4.74E+4 1.77E45 3.43E+0
Np-239  3.38E+2 3.19E+1 - 1.00E+2 6.49E+4 1.32E+5 1.77E+1
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Table 2.6
R; Inhalation Pathway Dose Factors - CHILD

(mrem/yr per pCi/m®)
Nuclide Bone Liver Thyrold  Kidney Lung GI-LLI T.Body
H-3 - 1.12E+3  1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3
C-14 3.59E+4 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3
Na-24 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4
P-32 2.60E+6 1.14E+5 - . - - 422E+4 9.88E+4
Cr-51 - - . 8.55E+1 2.43E+1 1.70E+4 1.08E+3 1.54E+2
Mn-54 - 4.29E+4 - 1.00E+44 158E+6 229E+4 9.51E43
Mn-56 - 1.66E+0 - 1.67E+0 1.31E+4 1.23E+5 3.12E-1
Fe-55 4.74E+4 2.52E+4 - - 1.11E+5 2.87E+3 7.77E+3
Fe-59 2.07E+4 3.34E+4 - - 127E+6 7.07E+4 1.67E+4
Co-57 - 9.03E+2 - - 5.07E+45 1.32E+4 1.07E+3
Co-58 - 1.77E43 - - 1.11E+6 3.44E+4 3.16E+3
Co-60 - 1.31E+4 . - - 7.07E+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 ©6.33E+3 2.80E+4
Ni-65 2.99E+0 2.96E-1 - - 8.18E+3 B.40E+4 1.64E-1
Cu-64 - 1.99E+0 - 6.03E+0 9.58E+3 3.67E+4 1.07E+0
Zn-65 426E+4 1.13E+5 - 7.14E+4 995E+45 163E+4 7.03E+4
Zn-69 6.70E-2 9.66E-2 - 5.85E-2 1.42E4+3 1.02E+4 8.92E-3
Br-82 - - - - - - 2.09E+4
Br-83 - - - - - - 4.74E+2
Br-84 - - - - - - 5.48E+2
Br-85 - - - - - - 2.53E+1
Rb-86 - 1.98E+5 - - - 7.99E+3 1.14E+5
Rb-88 - 5.62E+2 - - - 1.72E+1 3.66E+2
Rb-89 - 3.45E+2 - - - 1.89E+0 2.90E+2
Sr-89 5.99E+5 - - - 216E+6 1.67E+5 1.72E+4
Sr-90 1.01E+8 - - - 1.48E+7 3.43E+5 6.44E+6
Sr-91 1.21E+2 - - - 5.33E+4 1.74E4+5 4.59E+0
Sr-92 1.31E+1 - - - 240E+4 2.42E45 5.25E-1
Y-90 4.11E+3 - - - 2.62E+5 268E+5 1.11E+2
Y-91m 5.07E-1 - - - 2.81E+3 1.72E+3 1.84E-2
Y-91 9.14E45 - - - 263E+6 1.84E+5 2.44E+4
Y-92 2.04E+1 - - - 2.39E+4 2.39E+5 5.81E-1
Y-93 1.86E+2 . - - 7.44E+4 3.89E+5 5.11E+0
Zr-95 1.90E+5 4.18E+4 - 596E+4 223E+6 6.11E+4 3.70E+4
2r-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 351E+5 1.60E+1
Nb-95 2.35E+4 9.1BE+3 - 8.62E+3 6.14E+5 3.70E+4 . 6.55E+3
Nb-97 429E-1 7.70E-2 - . - 8.55E-2 3.42E+3 . 2.78E+4 3.60E-2
Mo-99 - - 1.72E+2 - 3.92E+2 1.35E45 1.27E+5 4.26E+1
Tc-29m 1.78E-3 3.48E-3 - 5.07E-2 951E+2 481E+3 6.77E-2
Te-101 8.10E-5 8.51E-5 - 1.45E-3 5.85E+2 1.63E+1 1.08E-3
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Table 2.6
R; Inhalation Pathway Dose Factors - CHILD

(mrem/yr per uCi/m®)
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103  2.79E+3 - - 7.03E+3 6.62E+5 4.48E+4 1.07E+43
Ru-105  1.53E+0 - - 1.34E+0 159E+4 9.95E+4  5.55E-1
Ru-106  1.36E+5 . - 1.84E+5 1.43E+7 4.29E+5 1.69E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.69E+4 1.14E+4 - 2.12E+4 5.48E+6 1.00E+5 9.14E+3
Sb-124 5.74E+4 7.40E+2 1.26E+2 - 3.24E+6 1.64E+5 2.00E+4
Sb-125 9.84E+4 7.59E+2 9.10E+1 - 2.32E+6 4.03E+4 2.07E+4
-Te-125m 6.73E+3 2.33E+3 1.92E+3 - 477E+5 3.38E+4  9.14E+2
Te-127m 249E+4 8.55E+3 6.07E+3 6.36E+4 14B8BE+6 7.14E+4 3.02E+3-
Te-127 2.77E+0 9.51E-1 1.96E+0 7.07E+0 1.00E+4 5.62E+4 6.11E-1
Te-129m 1.92E+4 6.85E+3 6.33E+3 5.03E+4 1.76E+6 1.82E+5 3.04E+3
Te-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3  2.55E+4 2.38E-2
Te-131m  1.34E+2 592E+1 9.77E+1 4.00E+2 2.06E+5 3.08E+5 5.07E+1
Te-131 2.17E-2 8.44E-3 ~ 1.70E-2 5.88E-2 2.05E+3 1.33E+3 6.59E-3
Te-132 4.81E+2 272E+2 3.17E+2 1.77E+3 3.77E+5 1.38E+5 2.63E+2
1-130 8.18E+3 1.64E+4 1.85E+6 2.45E+4 - 511E+3 8.44E+3
-131 481E+4 481E+4 162E+7 7.88E+4 - 284E+3 2.73E+4
1-132 212E+3 4.07E+3 1.94E+5 6.25E+3 - 3.20E+3 1.88E+3
1-133 1.66E+4 2.03E+4 3.85E+6 3.38E+4 - 5.48E+3 7.70E+3
1-134 t.17E+3 2.16E+3 5.07E+4 3.30E+3 - 9.55E+2 9.95E+2
1-135 4.92E+3 8.73E+3 7.92E+5 1.34E+4 - 444E+3 4.14E+3
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.85E+3 2.25E+5
Cs-136 6.51E+4 1.71E+5 - 9.55E+4 1.45E+4 4.18E+3 1.16E+5
Cs-137 9.07E+5 8.25E+5 - 2.82E+5 1.04E+5 3.62E+3 1.28E+5
Cs-138 6.33E+2 8.40E+2 - 6.22E+2 6.81E+1 2.70E+2 5.55E+2
Ba-139 1.84E+0 9.84E-4 - 8.62E-4 5.77E+3 5.77E+4 5.37E-2
Ba-140 7.40E+4 6.48E+1 - 2.11E+1 1.74E+6 1.02E+5 4.33E+3
Ba-141 1.96E-1 1.09E-4 - 9.47E-5 292E+3 2.75E+2 6.36E-3
Ba-142 5.00E-2 3.60E-5 - 2.91E-5 1.64E+3 2.74E+0 2.79E-3
La-140 6.44E+2 2.25E+2 - - 1.83E+5 2.26E+5 7.55E+1
La-142 1.30E+0 4.11E-1 - - 8.70E+3 7.59E+4 1.29E-1
Ce-141 3.92E+4 1.95E+4 - 8.55E+3 5.44E+5 5.66E+4 2.90E+3
Ce-143  3.66E+2 1.99E+2 - B8.36E+1 1.15E+5 1.27E+5 2.87E+1
Ce-144 6.77E+6 2.12E+6 - 1.17E+6 1.20E+7 3.89E+5 J.61E+5
Pr-143 1.85E+4 5.55E+3 - 3.00E+3 4.33E+5 9.73E+4 9.14E+2
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 ° 1.57E+3 1.97E+2 3.00E-3
Nd-147  1.08E+4 8.73E+3 - 481E+43 3.28E+5 B8.21E+4 6.81E+2
W-187 1.63E+1  9.66E+0 - - 411E+4 9.10E+4  4.33E+0
Np-239  4.66E+2 3.34E+1 - 9.73E+1 5.81E+4 6.40E+4 2.35E+1
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Table( 2.7
R; Inhalation Pathway Dose Factors - INFANT

“(mrem/yr per pCi/m°) |
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 6.47E+2 6.47E+2 ©6.47E+2 6.47E+2 ©6.47E+2 6.47E+2
C-14 2.65E+4 5.31E+3  5.31E+3 531E+3 5.31E+3 5.31E+3 5.31E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 '1.06E+4 1.06E+4 1.06E+4 1.06E+4
P-32 2.03E+6 1.12E+5 - - - 1.61E+4 7.74E+4
Cr-51 - - 5.75E+1  1.32E+1 1.28E+4 3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 498E+3 1.00E+6 7.06E+3 4.98E+3
Mn-56 - - 1.54E+0 - 110E+0 1.25E+4 7.17E+4 2.21E-1
Fe-55 1.97E+4 1.17E+4 - - 8.69E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4 - 2.35E+4 - - 1.02E+6 248E+4 9.48E+3
Co-57 - 6.51E+2 - - 3.79E+5 4.86E+3 6.41E+2
Co-58 - 1.22E+3 - - 7.77E+5 111E+4 1.82E+3
Co-60 - 8.02E+3 - - 451E+6 3.19E+4 1.18E+4
Ni-63 3.39E+5 - 2.04E+4 - - 2.09E+5 242E+3 1.16E+4
Ni-65 2.39E+0 2.84E-1 - - 8.12E+3 5.01E+4 1.23E-1
Cu-64 - 1.88E+0 - 3.98E+0 9.30E+3 1.50E+4 7.74E-1
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11E+4
Zn-69 5.39E-2 9.67E-2 - 4.02E-2 147E+3 1.32E+4 7.18E-3
Br-82 - - - - - - 1.33E+4
Br-83 - - - - - - 3.81E+2
Br-84 - - - - - - 4.00E+2
Br-85 - - - - - - 2.04E+1
Rb-86 - 1.90E45 - - - 3.04E+3 B.82E+4
Rb-88 - 5.57E+2 - - - 3.39E+2 2.87E+2
Rb-89 - 3.21E42 . - - 6.82E+1  2.06E+2
Sr-89 3.98E+5 - - - 2.03E+6 6.40E+4 1.14E+4
Sr-90 4.09E+7 - - - 1.12E+7 1.31E+5 2.59E+6
Sr-o1 9.56E+1 - - - 5.26E+4 7.34E+4 3.46E+0
Sr-92 1.05E+1 - - - 2.38E+4 140E+5 3.91E-1
Y-90 3.29E+3 - - - 2.69E+5 1.04E+5 8.82E+1
Y-91m 4.07E-1 - - - 279E+3 2.35E+3 1.39E-2
Y-91 5.88E45 - - - 2.45E+6 7.03E+4 157E+4
Y-92 1.64E+1 - - - 245E+4 1.27E+5 4.61E-1
Y-93 1.50E+2 - - - 7.64E+4 167E+5 4.07E+0
Zr-95 1.15E45 2.79E+4 - 3.11E+4 1.75E+6 2.17E+4 2.03E+4
Zr-97 1.50E42 2.56E+1 - 2.59E+1 110E+5 140E+5 1.17E+1
Nb-95 1.57E+4 6.43E+3 - 472E+3 - 4.79E+5 1.27E+4 3.78E+3
Nb-97 3.42E-1 7.20E-2 - 570E-2 3.32E+3 2.69E+4 2.63E-2
Mo-99 - 1.65E+2 - 2.65E+2 1.35E+5 4.87E+4 3.23E+1
Tc-99m 140E-3  2.88E-3 - 3.11E-2 B8.11E+2 2.03E+3 3.72E-2
Tec-101 6.51E-5 8.23E-5 - 9.79E-4 584E+2 B8.44E+2 8.12E-4
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Table 2.7 .
R, Inhalation Pathway Dose Factors - INFANT

(mrem/yr per uCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LL} T.Body
Ru-103  2.02E+3 - - 424E+3 5.52E+5 1.61E+4 6.79E+2
Ru-105  1.22E+0 - - 8.99E-1 1.57E+4 4.84E+4 4.10EA1
Ru-106  8.68E+4 - - 1.07E+6 1.16E+7 1.64E+5 1.09E+4

Rh-103m - - - - - - -

Rh-106 - - - - - - -
Ag-110m 9.98E+3 7.22E+3 - 1.09E+4 3.67E+6 3.30E+4 5.00E+3
Sb-124  3.79E+4 5.56E+2 1.01E+2 - 2.65E+6 5.91E+4 1.20E+4
Sb-125 5.17E+4 4.77E+2 6.23E+1 - 1.64E+6 1.47E+4  1.09E+4
§ Te-125m 4.76E+3 1.99E+3 1.62E+3 - 447E+5 1.29E+4 6.58E+2
Te-127m 1.67E+4 6.90E+3 4.87E+3 3.75E+4 131E+6 2.73E+4 2.07E+3
Te-127 2.23E+0 9.53E-1 1.85E+0 4.86E+0 1.03E+4 2.44E+4  4.89E-1
Te-129m 1.41E+4 6.09E+3 547E+3 3.18E+4 1.68E+6 ©6.90E+4 2.23E+3
Te-129  78BE-2 3.47E-2 6.75E-2 1.75E-1 3.00E+3 263E+4 1.88E-2
Te-131m 1.07E+2 5.50E+1 8.93E+1 2.65E+2 1.99E+5 1.19E+5 3.63E+1
Te-131 1.74E-2 8.22E-3 1.58E-2 3.99E-2 2.06E+3 8.22E+3 5.00E-3
Te-132  3.72E+2 2.37E+2 279E+2 1.03E+3 340E+5 4.41E+4 1.76E+2
I-130 6.36E+3 1.39E+4 1.60E+6 1.53E+4 - 1.99E+3 5.57E+3
-131 3.79E+4 4.44E+4 1.48E+7 5.18E+4 - 1.06E+3 1.96E+4
I-132 1.69E+3 3.54E+3 1.69E+5 3.95E+3 - 1.90E+3 1.26E+3
1-133 1.32E+4 1.92E+4 3.56E+6 2.24E+4 - 2.16E+3  5.60E+3
I-134 921E+2 1.88E+3 4.45E+4 2.09E+3 - 1.29E+3 6.65E+2
1-135 3.86E+3 7.60E+3 6.96E+5 8.47E+3 - 1.83E+3 277E+3
Cs-134 3.96E+5 7.03E+5 - 1.90E+5 7.97E+4 1.33E+3 7.45E+4
Cs-136  4.83E+4 1.35E+45 - 5.64E+4 1.18E+4 1.43E+3 5.29E+4
Cs-137  5.49E+5 6.12E+5 - 1.72E+5 7.13E+4 1.33E+3 4.55E+4
Cs-138 5.05E+2 7.81E+2 - 410E+2 6.54E+1 8.76E+2 3.98E+2
Ba-139 1.48E+0 9.84E-4 - 5.92E-4 5.95E+3 5.10E+4  4.30E-2
Ba-140  5.60E+4 5.60E+1 - 1.34E+1 1.60E+6 3.84E+4 2.90E+3
Ba-141 1.57E-1 1.08E-4 - 6.50E-5 297E+3 4.75E+3 4.97E-3
Ba-142 3.98E-2  3.30E-5 - 1.90E-5 1.55E+3 6.93E+2 1.96E-3
La-140  5.05E+2 2.00E+2 - - 1.68E+5 B8.48E+4 5.15E+1
La-142 1.03E+0  3.77E-1 - - 8.22E+3 5.95E+4  9.04E-2
Ce-141 2.77E+4 1.67E+4 - 525E+3 S5.17E+5 2.16E+4 1.99E+3
Ce-143  293E+2 1.93E+2 - 5.64E+1 1.16E+5 4.97E+4 2.21E+1
Ce-144  3.19E+6 1.21E+6 - 5.38E+5 9.84E+6 1.48E+5 1.76E+5
Pr-143 1.40E+4  5.24E+3 - 1.97E+3 4.33E+5 3.72E+4 6.99E+2
Pr-144 479E-2  1.85E-2 - 6.72E-3 1.61E+3 4.28E+3 241E-3
Nd-147  7.94E+3 8.13E+3 - 3.15E+3 3.22E+5 3.12E+4 5.00E+2
W-187 1.30E+1  9.02E+0 - - 3.96E+4 3.56E+4 3.12E+0
Np-239  3.71E+2  3.32E+1 - 6.62E+1 5.95E+4 2.49E+4 1.88E+1
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Table 2.8

R, Vegetation Pathway Dose Factors - ADULT
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid ° Kidney Lung GI-LLI T.Body
H-3 - 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3
C-14 8.97E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5
Na-24 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5
P-32 1.40E+9 8.73E+7 - - - 1.58E+8 5.42E+7
Cr-51 - - 279E+4 1.03E+4 6.19E+4 1.17E+7 4.66E+4
Mn-54 - 3.11E+8 - 9.27E47 - 9.54E+8 5.94E+7
Mn-56 - 1.61E+1 - 2.04E+1 - 5.13E+2 2.85E+0
Fe-55 2.09E+8 1.45E+8 - - 8.06E+7 8.29E+7 3.37E+7
Fe-59 1.27E+8 2.99E+8 - - 8.35E+7 996E+8 1.14E+8
Co-57 - 1.17E+7 - - - 2.97E+8 1.95E+7
- Co-58 - 3.09E+7 - - - 6.26E+8 6.92E+7
Co-60 - 1.67E+8 - - - 3.14E+9 3.69E+8
Ni-63 1.04E+10 7.21E+8 - - - 1.50E+8 3.49E+8
Ni-65  6.15E+1  7.99E+0 - - - 2.03E+2 3.65E+0
Cu-64 - 9.27E+3 - 234E+4 - 7.90E+5 4.35E+3
Zn-65 3.17E+8 1.01E+9 - 6.75E+8 - 6.36E+8 4.56E+8
Zn-69 8.75E-6  1.67E-5 - 1.09E-5 - 251E-6 1.16E-6
Br-82 - - - - - 1.73E+6 1.51E+6
Br-83 - . - - - 463E+0 3.21E+0
Br-84 - - - - - - -
Br-85 - - - - - . -
Rb-86 - 2.19E+8 - - - 4.32E+7 1.02E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 9.96E+9 - - - - 1.60E+9 2.86E+8
Sr-90 6.05E+11 - - - - 1.75E+10 1.48E+11
Sr-91 3.20E+5 - - - - 1.52E+6 1.29E+4
Sr-92 4.27E+2 - - - - 8.46E+3 1.85E+1
Y-90 1.33E+4 - - - - 1.41E+8 3.56E+2
Y-91m 5.83E-9 - - - - 1.71E-8 -
Y-91 5.13E+6 - - - - 2.82E+9 1.37E+5
Y-92 9.01E-1 - - - - 1.58E+4 2.63E-2
Y-93 1.74E+42 - - - - 5.52E+6 4.80E+0
Zr-95 1.19E+6 3.81E+5 - 5.97E+5 - 1.21E+9 2.58E+5
Zr-97 3.33E+2 6.73E+1 - 1.02E+2 - 2.08E+7 3.08E+1
Nb-95 1.42E+5 7.91E+4 - 7.81E+4 - 4B0E+8 4.25E+4
Nb-97 2.90E-6 7.34E-7 - 8.56E-7 - 2.71E-3  2.68E-7
Mo-99 - 6.25E+6 - 1.41E+7 - 1.45E+7 1.19E+6
Tc-99m  3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 5.12E+3 1.10E+2
Tec-101 - - - - - - -
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Table 2.8

R, Vegetation Pathway Dose Factors - ADULT
(mrem/yr per pCifm?®) for H-3 and C-14 (m? x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 °~ 4.80E+6 - - 1.83E+7 . 561E+8 2.07E+6
Ru-105 5.39E+1 - - 6.96E+2 - 3.30E+4 2.13E+1
Ru-106 1.93E+8 - - 3.72E+8 - 1.25E+10 2.44E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.06E+7 9.76E+6 - 1.92E+7 - 3.98E+9 5.80E+6
Sb-124 1.04E+8 1.96E+6 2.52E+5 - B.08E+7 2.95E+9 4.11E+7
Sb-125 1.36E+8 1.52E+6 1.39E+5 - 1.05E+8 1.50E+9 3.25E+7
Te-125m 9.66E+7 3.50E+7 2.90E+7 3.93E+8 - 3.86E+8 1.29E4+7
Te-127m 3.49E+8 1.25E+8 8.92E+7 1.42E+9 - 1.17E+9 4.26E+7
Te-127 5.76E+3 2.07E+3 4.27E+3 2.35E+4 - 454E+5 1.25E+3
Te-129m 2.55E+8 9.50E+7 8.75E+7 1.06E+9 - 1.28E+9 4.03E+7
Te-129 6.65E-4 250E-4 5.10E-4 2.79E-3 - 5.02E-4 1.62E-4
Te-131m 9.12E+5 4.46E+5 7.06E+5 4.52E+6 - 443E+7 3.72E+45
Te-131 - - - - - - -
Te-132 429E+6 2.77E+6 3.06E+6 2.67E+7 - 1.31E48 2.60E+6
I-130 3.96E+5 1.17E+6 9.90E+7 1.82E+6 - 1.01E+6 4.61E+45
I-131 8.09E+7 1.16E+8 3.79E+10 1.98E+8 - 3.05E+7 6.63E+7
1-132 5.74E+1 154E+2 5.38E+3 2.45E+2 - 2.89E+1  5.38E+1
1-133 212E+6 3.69E+6 5.42E+8 6.44E+46 - 3.31E+6 1.12E+6
-134 1.06E-4 2.88E-4 5.00E-3 4.59E-4 - 2.51E-7 1.03E-4
I-135 408E+4 1.07E+5 7.04E4+6 1.71E+5 - 1.21E+5 3.94E+4
Cs-134 466E+9 1.11E+10 - 3.59E+9 1.19E+9 1.94E+8 9.07E+9
Cs-136  4.20E+7 1.66E+8 - 9.24E+7 1.27E+7 1.89E+7 1.19E+8
Cs-137 6.36E+9 8.70E+9 - 2.95E+9 9.81E+8 1.68E+8 5.70E+9
Cs-138 - - - - - - -
Ba-139 295E-2 2.10E-5 - 1.96E-5 1.19E-5 5.23E-2 B8.64E-4
Ba-140 1.29E+8 1.62E+5 - - 5.49E+4 9.25E+4 2.65E+8 B8.43E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140  1.97E+3 9.92E+2 - - - 7.28E+7 2.62E+2
© La-142 1.40E-4 6.35E-5 - - - 4.64E-1 1.58E-5
Ce-141 1.96E+5 1.33E+5 - 6.17E+4 - 5.08E+8 1.51E+4
Ce-143 1.00E+3 7.42E+5 - 3.26E+2 - 2.77E+7 B.21E+1
Ce-144  3.29E+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.77E+6
Pr-143 6.34E+4 2.54E+4 - 1.47E+4 - 2.78E+8 3.14E+3
Pr-144 - - - - - - -
Nd-147  3.34E+4 3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3
w-187 3.82E+4 3.19E+4 - - - 1.05E+7 1.12E+4
Np-239 1.42E+3 1.40E+2 - 4.37E+2 - 287E+7 7.72E+1
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Table 2.9

R, Vegetation Pathway Dose Factors - TEEN
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr pCi/sec) for others

Nuclide Bone Liver. Thyroid Kidney Lung -GI-LLI T.Body
H-3 - 2.59E+3 259E+3 259E+3 259E+3 2.59E+3 2.59E+3
C-14 1.45E4+6 291E+5 291E+5 291E+5 291E+5 291E+5 291E+5
Na-24 2.45E+5 245E+5 2.45E+5 2.45E+5 2.45E+5 245E+5 2.45E+5
P-32 1.61E+9 9.96E+7 - - - 1.35E+8 6.23E+7
Cr-51 - - 3.44E+4 136E+4 B.85E+4 1.04E+7 6.20E+4
Mn-54 - 4.52E+8 - 1.35E+8 - 9.27E+8 8.97E+7
Mn-56 .- 1.45E+1 - 1.83E+1 - 9.54E+2 2.58E+0
Fe-55 3.25E+8 2.31E+8 - - 1.46E+8 9.98E+7 5.38E+7
Fe-59 1.81E+8 4.22E+8 - - 1.33E+8 9.98E+8 1.63E+8
Co-57 - 1.79E+7 - - - 3.34E+8 3.00E+7
Co-58 - 4.38E+7 - - - 6.04E+8 1.01E+8
Co-60 - 2.49E48 - - - 3.24E+92 5.60E+8
Ni-63 1.61E+10 1.13E+9 - - - 1.81E+8 5.45E+8
Ni-65 5.73E+1  7.32E+0 - - - 3.97E+2 3.33E+0
Cu-64 - 8.40E+3 - 2.12E+4 - 6.51E+5 3.95E+3
Zn-65 4.24E+8 1.47E+9 - 9.41E+8 - 6.23E+8 6.86E+8
Zn-69 8.19E-6  1.56E-5 - 1.02E-5 - 2.88E-5  1.09E-6
Br-82 - - - - - - 1.33E+6
Br-83 - - - - - - 3.01E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.73E+8 - - - 405E+7 1.28E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.51E+10 - - - - 1.80E+9 4.33E+8
Sr-90 7.51E+11 - - - - 2.11E+10 1.85E+11
Sr-91 2.99E+5 - - - - 1.36E+6 1.19E+4
Sr-92 3.97E+2 - - - - 1.01E+4 1.69E+1
Y-90 1.24E+4 - - - - 1.02E+8 3.34E+2
Y-91m 5.43E-9 - - - - 2.56E-7 -
Y-91 7.87E+6 - - - - 3.23E+9 2.11E+5
Y-92 8.47E-1 - - - - 2.32E+4 2.45E-2
Y-93 1.63E+2 - - - - 4.98E+6 4.47E+0
. Zr95 1.74E+6  5.49E+5 - B8.07E+5 - 1.27E+9 3.78E+5
Zr-97 3.09E+2 6.11E+1 - 9.26E+1 - ‘1.65E+7 2.81E+1
Nb-95 1.92E+5 1.06E+5 - 1.03E+5 - 455E+8 5.86E+4
- Nb-97 2.69E-6 6.67E-7 - 7.80E-7 - 1.59E-2 244E-7
Mo-99 - 5.74E+6 - 1.31E+7 - 1.03E+7 1.09E+6
Tc-99m  2.70E4+0  7.54E+0 - 1.12E+2 419E+0 4.95E+3 9.77E+1
Tc-101 - - - - - - -
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Table 2.9

R; Vegetation Pathway Dose Factors - TEEN
(mrem/yr per uCi/m°) for H-3 and C-14 (m? x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid  Kidney Lung Gl-LLI T.Body
Ru-103  6.87E+6 . - 2.42E+7 - 5.74E+8 2.94E+6
Ru-105  5.00E+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 3.51E45 - 1.35E+8 3.11E+9 6.03E+7
Sb-125 2.14E+48 2.34E+6 2.04E+5 - 1.88E+8 1.66E+9 5.00E+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 261E-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
1-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 213E+7 5.79E+7
1-132 5.18E+1  1.36E+2 4.57E+3 2.14E+2 - 5.91E+1  4.87E+1
I-133 1.97E+6 3.34E46 4.66E+8 5.86E+6 - 253E+6 1.02E+6
I-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 - 459E+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 247E-1 8.08E-4
Ba-140  1.38E+8 1.69E+5 - 5.75E+4 1.14E+5 2.13E+8 B8.91E+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+0  1.42E-5
Ce-141  2.82E+5 1.88E+5 - 8.86E+4 - 5.38E+8 2.16E+4
Ce-143  9.37E+2 6.82E+5 - 3.06E+2 - 2.05E+7  7.62E+1
Ce-144 527E+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 - - - o - - -
Nd-147  3.63E+4 3.94E+4 - 2.32E+4 - 1.42E+8 2.36E+3
W-187  3.55E+4 2.90E+4 - - - 7.84E+6 1.02E+4
Np-239 1.38E+3 1.30E+2 - 4.09E+2 - 2.10E+7 7.24E+1
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Table 2.10

R; Vegetation Pathway Dose Factors - CHILD
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 401E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3
C-14 3.50E+6 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5
Na-24 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.B3E+5 3.83E+5
pP-32 3.37E+2 1.58E+8 - - - 9.30E+7 1.30E+8
Cr-51 - - . 6.54E+4 1.79E+4 119E+5 6.25E+6 1.18E+5
Mn-54 - 6.61E+8 - 1.85E+8 - 5.55E+8 1.76E+8
Mn-56 - 1.90E+1 - 2.29E+1 - 2.75E+3 4.28E+0
Fe-55 8.00E+8 4.24E+8 - - 2.40E+8 7.86E+7 1.31E+8
" Fe-59 401E+8 6.49E+8 - - 1.88E+8 6.76E+8 3.23E+8
Co-57 - 2.99E+7 - - - 245E+8 6.04E+7
Co-58 - 6.47E47 - - - 3.77E+8 1.98E+8
Co-60 - 3.78E+8 - - - 210E+9 1.12E49
Ni-63 3.95E+10 2.11E+9 - - - 1.42E+8 1.34E+9
Ni-65 1.05E+2 9.89E+0 - - - 1.21E+3 5.77E+0
Cu-64 - 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+3
Zn-65 8.12E+8 2.16E+9 - 1.36E+9 - 3.80E+8 1.35E+9
Zn-69 151E-5 2.18E-5 - 1.32E-5 - 1.38E-3 2.02E-6
Br-82 - - - - - - 2.04E+6
Br-83 - - - - - - 5.55E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.52E+8 - - - 291E+7 2.78E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 3.59E+10 - - - - 1.39E+9 1.03E+9
Sr-90 1.24E+12 - - - - 1.67E+10 3.15E+11
Sr-91 5.50E+5 - - - - 1.21E+6 2.08E+4
Sr-92 7.28E+2 - - - - 1.38E+4 2.92E+1
Y-90 2.30E+4 - - - - 6.56E+7 6.17E+2
Y-91m 9.94E-9 - - - - 1.95E-5 -
Y-91 1.87E+7 - - - - 2.49E+9 5.01E45
Y-92 1.56E+0 - - - - 451E+4  4.46E-2
Y-93 3.01E+2 - - - - 448E+6 825E+0
Zr-95 3.90E+6 8.58E+5 - 1.23E+6 - 8.95E+8 7.64E+5
Zr-97 564E+2 8.15E+1 - 1.17E+2 - 1.23E47 4.81E+1
Nb-95 410E+5 1.59E+5 - 1.50E+5 - 2.95E+8 1.14E+5
Nb-97 4.90E-6 8.85E-7 - 9.82E-7 - 2.73E-1 413E-7
Mo-99 - 7.83E+6 - 1.67E+7 . - 6.48E+6 1.94E+46
Tc-99m  465E+0 9.12E+0 - 1.33E+2 4.63E+0 5.19E+3 151E+2
Tec-101 - - - - - - -
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Table 2.10

R; Vegetation Pathway Dose Factors - CHILD
(mrem/yr per uCi/m®) for H-3 and C-14 (m2 x mrem/yr pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.55E+7 - - 3.89E+7 - 3.99E+8 5.94E+6
Ru-105 9.17E+1 - - 8.06E+2 - 598E+4 3.33E+1
Ru-106 7.45E+8 - - 1.01E+49 - 1.16E+10 9.30E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 3.22E+7 217E+7 - © 4.05E+7 - 2.58E+9 1.74E+7
Sb-124 3.52E+8 457E+6 7.78E+5 - 1.96E+8 2.20E+9 1.23E+3
Sb-125 4.99E+8 3.85E+6 4.62E+5 - 2.78E+8 1.19E+9 1.05E+8
Te-125m 3.51E+8 9.50E+7 9.84E+7 - - 3.38E+8 4.67E+7
Te-127m 1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8
Te-127 1.00E+4 2.70E+3 6.93E+3 2.85E+4 - 3.91E+5 2.15E+3
Te-129m 8.54E+8 2.39E+8 2.75E+8 2.51E+9 - 1.04E+9 1.33E+8
Te-129 1.15E-3 3.22E-4 8.22E-4 3.37E-3 - 7.17E-2 2.74E-4
Te-131m 1.54E+6 533E+5 1.10E+6 5.16E+6 - 2.16E+7 5.68E+5
Te-131 - - - - - - - -
Te-132 6.98E+6 3.09E+6 4.50E+6 2.87E+7 - 3.11E+7 3.73E+6
-130 6.21E+5 1.26E+6 1.38E+8 1.8BE+6 - 587E+5 6.47E+45
-131 1.43E+8 1.44E+8 4.76E+10 2.36E+8 - 1.28E+7 B.18E+7
-132 9.20E+1 1.69E+2 7.84E+3 2.59E+2 - 1.99E+2 7.77E+1
1-133 3.59E+6 4.44E+6 - 8.25E+8 7.40E+6 - 1.79E+6 1.68E+6
-134 1.70E-4 3.16E-4 7.28E-3 4.84E-4 - 2.10E-4 1.46E-4
1-135 6.54E+4 1.18E+5 1.04E+7 1.B1E+5 - 8.98E+4 5.57E+4
Cs-134 1.60E+10 2.63E+10 - 8.14E+9 2.92E+9 1.42E+8 5.54E+9
Cs-136 8.06E+7 2.22E+8 - 1.18E+8 1.76E+7 7.79E+6 1.43E+8
Cs-137 2.39E+10 2.29E+10 - 7.46E+9 268E+9 1.43E+8 3.38E+9
Cs-138 - - - - - - -
Ba-139 5.11E-2 273E-5 - 2.38E-5 1.61E-5 295E+0  1.48E-3
Ba-140 2.77E+8 2.43E+5 - 7.90E+4 1.45E+5 1.40E+8 1.62E+7
Ba-141 - - - - - - -
Ba-142 - - - - - - - -
La-140 3.23E+3 1.13E+3 - - - 3.15E+7 3.81E+2
La-142 2.32E:4  7.40E-5 - - - 147E+1  2.32E-5
Ce-141 6.35E+5 3.26E+5 - 1.43E+45 - 407E+8 4.84E+4
Ce-143  1.73E+43 9.36E+5 - 3.93E+2 - 1.37E+7  1.36E+2
Ce-144  1.27E+8 3.98E+7 - 2.21E+7 - 1.04E+10 6.78E46
Pr-143 1.48E+5 4.46E+4 - 2.41E+4 - 1.60E+8 7.37E+3
Pr-144 - - - - - - -
Nd-147 7.16E+4 5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3
w-187 6.47E+4 3.83E+4 - - - 5.38E+6 1.72E+4
Np-239 255E+3 1.83E+2 - 5.30E+2 - 1.36E+7  1.29E+2
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=~ Table 2.11
R; Grass-Cow-Milk Pathway Dose Factors - ADULT

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2
C-14 3.63E4+5 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4
Na-24 2.54E+6 2.54E+6 2.54E+6 254E+6 254E+6 2.54E+6 2.54E+6
P-32 1.71E+10 1.06E+9 - - - 1.92E+9 6.60E+8
Cr-51 - - 1.71E+4 6.30E+3 3.80E+4 7.20E+6 2.86E+4
Mn-54 - 8.40E+6 - 2.50E+6 - 2.57E+7 1.60E+6
Mn-56 - 4.23E-3 - 5.38E-3 - 1.35E-1 7.51E-4
Fe-55 2.51E+7 1.73E+7 - - ~ 967E+6 9.95E+6 4.04E+6
Fe-59 2.98E+7 7.00E+7 - - 1.95E4+7 2.33E+8 2.68E+7
Co-57 - 1.28E+6 - - - 325E+7 2.13E+6
Co-58 - 4.72E+6 - - - 9.57E+7 1.06E+7
Co-60 - 1.64E+7 - ) - - 3.08E+8 3.62E+7
Ni-63 6.73E+9 4.66E+8 - - .- 9.73E+7 2.26E+8
Ni-65  3.70E-1 4.81E-2 - - - 1.22E+0 2.19E-2
Cu-64 - 241E+4 - 6.08E+4 - 2.05E+6 1.13E+4
Zn-65  1.37E+9 4.36E+9 - 2.92E+9 . 2.75E+9  1.97E+9
Zn-69 - - - - - - -
Br-82 . . . . - 3.72E47  3.25E+47
Br-83 . - . - . 149E-1  1.03E-1
Br-84 - . . . . - .
Br-85 - - - - - - -
Rb-86 - 2.59E+9 - - - 511E+8 1.21E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.45E49 - - - - 2.33E+8 4.16E+7
Sr-90 4.68E+10 - - - - 1.35E+9 1.15E+10
Sr-91 3.13E+4 - - - - 1.49E+5 1.27E+3
Sr-92 4.89E-1 - - - - 9.68E+0 2.11E-2
Y-90 7.07E+1 - - - - 7.50E+5 1.90E+0
Y-91m - - - - - - -
Y-91 8.60E+3 - - - - 4.73E+6 2.30E+2
Y-92 5.42E-5 - - - - 9.49E-1 1.58E-6
Y-93 2.33E-1 - - - - 7.39E+3 6.43E-3
Zr-95 9.46E+2 3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2
Zr-97  4.26E-1  8.59E-2 - 1,30E-1 . 2.66E+4 3.93E-2
Nb-85 8.25E+4 4.59E+4 - 4.54E+4 - 2.79E+8 2.47E+4.
Nb-97 - - - - - 5.47E-9 -
Mo-99 - 2.52E+7 - 5.72E+7 - 5.85E+7 4.80E+6
Tc-99m 3.25E4+0 9.19E40 - 1.40E+2 4.50E+0 5.44E+3 1.17E+2
Tc-101 - - - - - - -
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. Table 2.11

R; Grass-Cow-Milk Pathway Dose Factors - ADULT
(mrem/yr per uCi/m?®) for H-3 and C-14 (m? x mrem/yr uCl/sec) for others

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

Ru-103  1.02E+3 . - 3.89E+3 - 1.19E+5  4.39E+2
Ru-105  8.57E-4 - - 1.11E-2 . 5.24E-1  3.38E-4
Ru-106  2.04E+4 - - 394E+4 . - 1.32E+6  2.58E+3
Rh-103m . . - . . . -
Rh-106 . . - - - - -
Ag-110m 5.83E+7  5.39E+7 - 1.06E+8 . 2.20E+10 3.20E+7
Sb-124  2.57E+7 4.86E+5 6.24E+4 - 2.00E+7 7.31E+8  1.02E+7
Sb-125  2.04E+7 228E+5 2.08E+4 - 1.58E+7 2.25E+8  4.86E+6
Te-125m 1.63E+7 5.90E+6 4.90E+6 6.63E+7 . 6.50E+7  2.1BE+6
Te-127m 4.58E+7 1.64E+7 1.17E+7 1.86E+8 - 1.54E+8  5.58E+6
Te-127 6.72E+2 2.41E+2 498E+2 2.74E+3 - 5.30E+4  1.45E+2
Te-129m 6.04E+7 2.25E+7 2.08E+7 2.52E+8 . 3.04E+8 9.57E+6
Te-129 . - - - . . -
Te-131m 3.61E+5 1.77E+5 2.80E+5 1.79E+6 . 1.75E+7  1.47E+5
Te-131 . - - - - - -
Te-132 2.39E+6 1.55E+6 1.71E+6  1.49E+7 , 7.32E+7  1.45E+6
1130  4.26E+5 1.26E+6 1.07E+8 1.96E+6 . 1.08E+6  4.96E+5
1131  2.96E+8 4.24E+8 1.39E+11 7.27E+8 - 1.12E+8  2.43E+8
1432 1.64E-1  4.37E-1  1.53E+1  6.97E-1 . 8.22E-2  1.53E-1
1433 397E+6 6.90E+6 1.01E+9  1.20E+7 - 6.20E+6  2.10E+6
1134 - - - - : - B
1135  1.39E+4 3.63E+4 2.40E+6 5.83E+4 - 4.10E+4  1.34E+4
Cs-134  565E+9 1.34E+10 - 435E+9 1.44E+9 2.35E+8 1.10E+10

5.74E+8 7.87E+7 1.17E+8 7.42E+8
3.43E+9 1.14E+9 1.95E+8 6.61E+9

Cs-136 2.61E+8  1.03E+9
Cs-137  7.38E+9 1.01E+10

Cs-138 - - - - - - -
Ba-139 4.70E-8 - - - - 8.34E-8 1.38E-9
Ba-140 2.69E+7 3.38E+4 1.15E+4 1.93E+4 554E+7 1.76E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 4.49E+0 2.26E+0 - - - 1.66E+5  5.97E-1
La-142 - - - - - 3.03E-8 -
Ce-141 484E+3 3.27E+3 - 1.52E+3 - 1.25E+7 3.71E+2
Ce-143  4.19E+1 3.09E+4 - 1.36E+1 - 1.16E+6  3.42E+0
Ce-144  3.58E+5 1.50E+5 - 8.87E+4 - 1.21E+8 1.92E+4
Pr-143 1.59E+2 6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0
Pr-144 - - - - - - -
Nd-147  9.42E+1  1.09E+2 - 6.37E+1 - 5.23E+5 6.52E+0
W-187 6.56E+3 5.4BE+3 - - - 1.80E+6  1.92E+3
Np-239  3.66E+0 3.60E-1 - 1.12E+0 - 7.39E+4  1.98E-1
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Table 2.12

R; Grass-Cow-Milk Pathway Dose Factors - TEEN
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr nCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 9.94E+2 994E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5 1.34E+5 134E+5 1.34E+5 1.34E+5 1.34E+5 1.34E+5
Na-24 444E+6 4.44E4+6 4.44E+6 A4.44E+6 444E+6 4.44E+6 4.44E46
P-32 3.15E+10 1.95E+9 - - - 2.65E+9 1.22E+9
Cr-51 - - 278E+4 1.10E+4 7.13E+4 8.40E+6 5.00E+4
Mn-54 - 1.40E+7 - 4.17E+6 - 2.87E+7 2.78E+6
Mn-56 - 7.51E-3 - . 9.50E-3 - 4.94E-1 1.33E-3
Fe-55 4.45E+7 3.16E+47 - - 2.00E+7 1.37E+7 7.36E+6
Fe-59 5.20E+7 1.21E+8 - - 3.82E+7 287E+8 4.68E+7
Co-57 . 2.25E+6 - - - 419E+7 3.76E+6
Co-58 - 7.95E+6 - - - 1.10E+8 1.83E+7
Co-60 - 2.78E+7 - - - 3.62E+8 6.26E+7
Ni-63 1.18E+10 B8.35E+8 - - - 1.33E+8 4.01E+8
Ni-65 6.78E-1 8.66E-2 - - - 4.70E+0  3.94E-2
Cu-64 - 4.29E+4 - 1.09E+5 - 3.33E+6 2.02E+4
Zn-65 211E+9 7.31E+9 - 4,68E+9 - 3.10E+9 3.41E+9
Zn-69 - - - - - - -
Br-82 - - - - - - 5.64E+7
Br-83 - - - - - - 1.91E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.73E+9 - - - 7.00E+8 2.22E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 2.67E+9 - - - - 3.18E4+8 7.66E+7
Sr-90 6.61E+10 - - - - 1.86E+9 1.63E+10
Sr-91 5.75E+4 - - - - 261E+5 2.29E+3
Sr-92 8.95E-1 - - - - 2.28E+1 3.81E-2
Y-90, - 1.30E+2 - - - - 1.07E+6 3.50E+0
Y-91m - - - - - - -
Y-91 1.58E+4 - - - - 6.48E+6 4.24E+2
Y-92 1.00E-4 - - - - 2.75E+0 2.90E-6
Y-93 4.30E-1 - - - - 1.31E+4 1.18E-2
Zr-95 1.65E+3 5.22E+2 - 7.67E+2 - 1.20E+6 3.59E+2
Zr-97 7.75E-1 1.53E-1 - 2.32E-1 - 4.15E+4  7.06E-2
Nb-95. 1.41E+5 7.80E+4 - 7.57E+4 - 3.34E+8 4.30E+4
Nb-97 - - - - - 6.34E-8 -
Mo-99 - 4.56E+7 - 1.04E+8 - 8.16E+7 B.69E+6
Tc-99m  5.64E+0  1.57E+1 - 234E+2 8.73E+0 1.03E+4 2.04E+2
Te-101 - - - - - - -
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Table 2.12

R; Grass-Cow-Milk Pathway Dose Factors - TEEN
(mrem/yr per pCi/m®) for H-3 and C-14 (m? x mrem/yr pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.81E+3 - - 6.40E+3 - 1.52E45 7.75E+2
Ru-105 1.57E-3 - - 1.97E-2 - 1.26E+0 6.08E-4
Ru-106  3.75E+4 - - 7.23E+4 - 1.80E+6 4.73E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 9.63E+7 9.11E+7 - 1.74E+8 - 2.56E+10 5.54E+7
Sb-124 4.59E+7 B.46E+5 1.04E+5 - 4.01E+7 9.25E+8 1.79E+7
Sb-125 3.65E+7 3.99E+5 3.49E+4 - 3.21E+7 284E+8 B8.54E+6
Te-125m 3.00E+7 1.08E+7 8.39E+6 - - 8.86E+7 4.02E+6
Te-127m 8.44E+7 2.99E+7 2.01E+7 3.42E+8 - 210E+8 1.00E+7
Te-127 1.24E4+3 4.41E+2 B8.59E+2 5.04E+3 - 9.61E+4 2.68E+2
Te-129m 1.11E+8 4.10E+7 3.57E+7 4.62E+8 - 415E+8 1.75E+7
Te-129 - - - 1.67E-9 - 2.18E-9 -
Te-131m 6.57E+5 3.15E+5 4.74E+5 3.29E+6 - 2.53E+7 2.63E+5
Te-131 - - - - - - -
Te-132 428E+6 2.71E+6 286E+6 2.60E+7 - 8.58E+7 2.55E+6
1-130 7.49E+5 217E+6 1.77E+8 3.34E46 - 1.67E+6 B8.66E+5
1-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 - 1.49E+8 4.04E+8
I-132 2.90E-1 7.59E-1 2.56E+1 1.20E+0 - 3.31E-1 2.72E-1
1-133 7.24E+6 1.23E+7 1.72E+9 2.15E+47 - 9.30E+6 3.75E46
1-134 - - - - - - -
1-135 247E+4 6.35E+4 4.08E+6 1.00E+5 7.03E+4 2.35E+4
Cs-134 9.81E+9 2.31E+10 - 7.34E49 280E+9 287E+8 1.07E+10
Cs-136  4.45E+8 1.75E+9 - 953E+8 1.50E+8 141E+8 1.18E+9
Cs-137 1.34E+10 1.78E+10 - 6.06E+9 235E+9 253E+8 6.20E+9
Cs-138 - - - - - - -
Ba-139 8.69E-8 - - - - 7.75E-7  2.53E-9
Ba-140 4.85E+7 5.95E+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 8.06E+0 3.96E+0 - - - 2.27E+5 1.05E+0
La-142 - - - - - 2.23E-7 -
Ce-141 8.87E+3 5.92E+3 - 2.79E+3 - 1.69E+7 6.81E+2
Ce-143 7.69E+1 5.60E+4 - 251E+1 - 1.68E+6 6.25E+0
Ce-144  B6.58E+5 2.72E+5 < 1.63E+5 - 1.66E+8 3.54E+4
Pr-143 2.92E+2 1.17E+2 - 6.77E+1 - 9.61E+5 1.45E+1
Pr-144 - - - - - - -
Nd-147 1.81E+2 1.97E+2 - 1.16E+2 - 7.11E+5 1.18E+1
Ww-187 1.20E+4 9.78E+3 - - - 2.65E+6 3.43E+3
Np-239 6.99E+0  6.59E-1 - 2.07E+0 - 1.06E+5 3.66E-1
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Table 2.13 ~

R; Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per pCi/m?) for H-3 and C-14 (m2 x mrem/yr uC¥/sec) for others

Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
H-3 - 157E+3 157E+3 1.57E+3 157E+3 1.57E+3 1.57E+3
C-14 1.65E+6 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5
Na-24 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
p-32 7.77E+10 3.64E+9 - - - 2.15E+9 3.00E+9
Cr-51 - - 5.66E+4 1.55E+4 1.03E+5 5.41E+6 1.02E+5
Mn-54 - 2.09E+7 - 5.87E+6 - 1.76E+7 5.58E+6
Mn-56 - 1.31E-2 - 1.58E-2 - 1.90E+0 2.95E-3
Fe-55 1.12E+8 5.93E+7 - - 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8 1.95E+8 - - 5.65E+7 2.03E+8 - 9.71E+7
Co-57 - 3.84E+6 - - - 3.14E+7 7.77E+6
Co-58 - 1.21E+7 - - - 7.08E+7 3.72E+7
Co-60 - 4.32E+7 - - - 2.39E+8 1.27E+8
Ni-63 2.96E+10 1.59E+9 - - - 1.07E+8. 1.01E+9
Ni-65 1.66E+0  1.56E-1 - - - 191E+1 9.11E-2
Cu-64 - 7.55E+4 - 1.82E+5 - 3.54E+6 4.56E+4
Zn-65 4.13E+9 1.10E+10 - 6.94E+9 - 1.93E+9 6.85E49
. Zn-69 - - - - - 2.14E-9 -
Br-82 - - - - . - 1.15E+8
Br-83 - - - - - - 4.69E-1
Br-84 . - - - - - -
Br-85 - - - - - - -
Rb-86 - 8.77E+49 - - - 5.64E+8 5.39E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 6.62E+9 - - - - 2.56E+8 1.89E+8
Sr-90 1.12E+11 - - - - 1.51E+9 2.83E+10
Sr-91 1.41E+45 - - - - 3.12E+5 5.33E+3
Sr-92 2.19E+0 - - - - 4.14E+1 8.76E-2
Y-80 3.22E42 - - - - 9.15E4+5 8.61E+0
Y-91m - - - - - - S -
Y-91 -  3.91E+4 - - - - 521E+6 1.04E+3
Y-92 2.46E-4 - - - - 7.10E+0 - 7.03E-6
Y-93 1.06E+0 - - - - 1.57E+4  2.90E-2
Zr-95 3.84E+3 8.45E+2 - 1.21E43 - 8.81E+5 7.52E+2
Zr-97 1.88E+0 2.72E-1 - 3.91E-1 - 413E+4  1.61E-1
Nb-95 3.18E+5  1.24E+5 - 1.16E45 - 229E+8 8.84E+4
Nb-97 - - - - - 1.45E-6 -
Mo-99 - 8.29E+7 - 1.77E+8 - 6.86E+7 2.05E+7
Tc-99m 1.29E+1 2.54E+1 - 3.68E+2 1.29E+1 1.44E+4 4.20E+2
Te-101 - - - - - - -
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Table 2.13

R; Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per pCifm®) for H-3 and C-14 (m? x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103  4.29E+3 - - 1.08E+4 - 1.11E+5 1.65E+3
Ru-105 3.82E-3 - - 3.36E-2 - 2.49E+0 1.39E-3
Ru-106 9.24E+4 - - 1.25E+5 - 1.44E46 . 1.15E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 2.09E+8 141E+8 - 2.63E+8 - 1.68E+10 1.13E+8
Sh-124 1.09E+8 1.41E+8 2.40E+5 - 6.03E+7 6.79E+8 3.81E+7
Sb-125 8.70E+7 1.41E+6 B8.06E+4 - 4.85E+7 2.08E+8 1.82E+7
Te-126m  7.38E+7 2.00E+7 2.07E+7 - - 7.12E+7 9.84E+6
Te-127m 2.08E+8 5.60E+7 4.97E+7 5.93E+8 - 1.68E+8 2.47E+7
Te-127 3.06E+3 B8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2
Te-129m 2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8 4.23E+7
Te-129 - - - 2.87E-9 - 6.12E-8 -
Te-131m 1.60E+6 5.53E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5
Te-131 - - - - - - -
Te-132 1.02E+7 452E+6 6.58E+6 4.20E+7 - 4.55E+7 5.46E+6
1-130 1.75E4+6 3.54E+6 3.90E+8 5.29E+6 - 1.66E+6 1.82E+6
-131 1.30E+9 1.31E49 4.34E+11 2.15E49 - 1.17E+8 7.46E+8
1-132 6.86E-1 1.26E+0 5.85E+1 1.93E+0 - 1.48E+0  5.80E-1
I-133 1.76E+7 2.18E+7 4.04E+9 3.63E+7 - 8.77E+6 8.23E+6
I-134 - - - - - - -
I-135 5.84E+4 1.05E+5 9.30E+6 1.61E+5 - 8.00E+4 4.97E+4
Cs-134 2.26E+10 3.71E+10 - 1.15E+10 4.13E+9 2.00E+8 7.83E+9
Cs-136 1.00E+9 2.76E+9 - 1.47E+9 2.19E+48 9.70E+7 1.79E+9
Cs-137 3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.93E48 4.55E+9
Cs-138 - - - - - - -
Ba-139 2.14E-7 - - - - 1.23E-5 6.19E-9
Ba-140 1.17E+8 1.03E+5 - 3.34E+4 6.12E+4 5.94E+7 6.84E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.93E+1 6.74E+0 - - - 1.88E+5 227E+0
La-142 - - - - - 2.51E-6 -
Ce-141 2.19E+4 1.09E+4 - 4,78E+3 - 1.36E+7 1.62E+3
Ce-143 1.89E+2 1.02E+5 - 4.29E+1 - 1.50E+6 1.48E+1
Ce-144 1.62E+6 5.09E+5 - 2.82E+5 - 1.33E+8 8.66E+4
Pr-143 7.23E+2 2.17E+2 - 1.17E+2 - 7.80E45 3.59E+1
Pr-144 - - - - - - -
Nd-147  4.45E+2 3.60E+2 - 1.98E+2 - 5.71E+5 2.79E+1
w-187 291E+4 1.72E+4 - - - 242E+6 7.73E+3
Np-239 1.72E+1  1.23E+0 - 3.57E+0 - 9.14E+4  8.68E-1
2-36

REV. 10
12/14/2006

—



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

Table 2.14

(mrem/yr per pCifm®) for H-3 and C-14 (m2 x mrem/yr pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 238E+3 2.38E+3 2.3BE+3 2.38E+3 2.38E+3 2.38E+3
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5 ©6.89E+5 6.89E+5
Na-24 161E+7 1.61E+47 1.61E+7 161E+7 161E+7 1.61E+7 1.61E+7
P-32 1.60E+11 9.42E+9 - - Co- 217E+9 6.21E+9
Cr-51 - - 1.05E+5 2.30E+4 = 2.05E+5 4.71E4+6 1.61E+5
Mn-54 - 3.89E+47 - 8.63E+6 - 143E+7 8.83E+6
Mn-56 - 3.21E-2 - 2.76E-2 - 291E+0 5.53E-3
Fe-55 1.35E4+8 B.72E+7 - - 4.27E+7 1.11E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.88E+8 1.55E+8
- Co-57 - 8.95E+6 - - - 3.05E+7 1.46E+7
Co-58 - 2.43E+7 - - - 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - - 2.10E+8 2.08E+8
Ni-63 3.49E+10 2.16E+9 - - - 1.07E+8 1.21E49
Ni-65 3.51E+0 3.97E-1 - - - 3.02E+1  1.81E-1
Cu-64 - 1.88E45 - 3.17E+5 - 3.85E+6 8.69E+4
Zn-65 5.55E+9 1.90E+10 - 9.23E+9 - 1.61E+10 8.78E+9
Zn-69 - - - - - 7.36E-9 -
Br-82 - - - - - - 1.94E+8
Br-83 - - - - - - 9.95E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.22E+10 - - - 5.69E+8 1.10E+10
Rb-88 - - - - - - -
Rb-89 - - - - - - .-
Sr-89 1.26E+10 - - - - 2.59E+8 3.61E+8
Sr-90 1.22E+11 - - - - 1.52E+9 3.10E+10
Sr-91 2.94E+5 - - - - 3.48E+5 1.06E+4
Sr-92 4.65E+0 - . - - 5.01E+1  1.73E-1
Y-90 6.80E+2 - - - - 9.39E+5  1.82E+1
Y-81m - - - - - - -
Y-91 7.33E+4 - - - - 5.26E+6 1.95E+3
Y-92 5.22E-4 - - - - 9.97E4+0 147E-5
Y-93 2.25E+0 - - - - 1.78E+4 6.13E-2
Zr-95 6.83E+3 1.66E+3 - 1.79E+3 - 8.28E+5 1.18E+3
Zr-97 3.99E+0 6.85E-1 - 6.91E-1 - 437E+4  3.13E-1
Nb-95 5.83E+5 2.44E+5 - 1.75E45 - 2.06E+8 1.41E+5
Nb-97 - - - - - 3.70E-6 -
Mo-929 - 2.12E+8 - 3.17E+8 - 6.98E+7 4.13E+7
Tc-99m  269E+1  5.55E+1 - 597E+2 290E+1 161E+4 7.15E+2
Tc-101 - - - - - - -
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Table 2.14
R; Grass-Cow-Milk Pathway Dose Factors - INFANT
(mrem/yr per pCi/m®) for H-3 and C-14 (m? x mrem/yr uCi/sec) for others

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

Ru-103  8.69E+3 - - 1.81E+4 - - 1.06E+5 291E+3
Ru-105 8.06E-3 - - 5.92E-2 - 3.21E+0 2.71E-3
Ru-106 1.90E+5 - - 2.25E+5 - 1.44E+6 2.38E+4
Rh-103m - - - - - - -
Rh-106 | - - - - - - -
Ag-110m 3.86E+8 2.82E+8 - 4.03E+8 - 1.46E+10 1.86E+8
Sh-124  2.09E+8 3.08E+6 5.56E+5 - 1.31E+8 6.46E+8 6.49E+7
Sb-125 1.49E+8 1.45E+6 1.87E+45 - 9.38E+7 1.99E+8 3.07E+7
Te-125m 1.51E+8 5.04E+7 5.07E+7 - - 7.18E+7 2.04E+7
Te-127m 4.21E+8 1.40E+8 1.22E+8 1.04E+9 - 1.70E+8 5.10E+7
Te-127 6.50E+3 2.18E+3 5.29E+3 1.59E+4 - 1.36E+5 1.40E+3
Te-129m S5.59E+8 1.92E+8 2.15E+8 1.40E+9 - 3.34E+8 8.62E+7
Te-129 2.08E-9 - 1.75E-9 5.18E-9 - 1.66E-7 -
Te-13tm 3.38E+6 1.36E+6 2.76E+6 9.35E+6 . - 2.29E+7 1.12E+6
Te-131 - - . - - - -
Te-132 210E+7 1.04E+7 1.54E+7 6.51E+7 - 3.85E+7 9.72E+6
1-130 3.60E+6 7.92E+6 8.88E+8 B8.70E+6 - 1.70E+6 3.18E+6
-131 272E+9 3.21E+9 1.05E+12 3.75E+9 - 1.15E+8 - 1.41E+9
-132 1.42E+0 2.89E+0 1.35E+2 3.22E+0 - 234E+0 1.03E+0
-133 3.72E+7 5.41E+7 9.84E+9 6.36E+7 - 9.16E4+6  1.58E+7
-134 - - 1.01E-9 - - - -
1-135 1.21E+5 241E+5 2.16E+7 2.69E+5 - 8.74E+4 8.80E+4
Cs-134 3.65E+10 6.80E+10 - 1.75E+10 7.18E+9 1.85E+8 6.87E+9
Cs-136 1.96E+9 5.77E+9 - 2.30E+9 4.70E+8 8.76E+7 2.15E+9
Cs-137 5.15E+10 6.02E+10 - 1.62E+10 6.55E+9 1.88E+8 4.27E+9
Cs-138 - - - - - - -
Ba-139 4.55E-7 - - - - 2.88E-5 1.32E-8
Ba-140 241E+8 2.41E+5 - 5.73E+4 1.48E+5 5.92E+7 1.24E+7
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 4.03E+1 1.59E+1 - - - 1.87E+5 4.09E+0
La-142 - - - - : - 5.21E-6 -
Ce-141 433E+4 2.64E+4 - 8.15E+3 - 1.37E+7 3.11E+3
Ce-143 400E+2 2.65E+45 - 7.72E+1 - 1.55E+6 3.02E+1
Ce-144  233E+6 9.52E+5 - 3.85E+5 . - 1.33E+8 1.30E+45
Pr-143 1.49E+3 5.59E+2 - 2.08E+2 - 7.89E+5 7.41E+1
Pi-144 - - - - - - -
Nd-147  8.82E+2 9.06E+2 - 3.49E+2 - 5.74E+5  5.55E+1
W-187 6.12E+4 4.26E+4 - - - 250E+6 1.47E+4
Np-239 3.64E+1 3.25E+0 - 6.49E+0 - 9.40E+4 1.84E+0
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Table 2.15

R; Ground Plane Pathway Dose Factors
(m? x mrem/yr per pCi/sec)

-

Nuclide Any Organ
H-3 -
C-14 -
Na-24 1.21E+7
pP-32 -
Cr-51° 4.68E+6
Mn-54 1.34E+49
Mn-56 9.05E+5
Fe-55 -
Fe-59 2.75E+8
Co-57 4.37E+8
Co-58 3.82E+48
Co-60 2.16E+10
Ni-63 -
Ni-65 2.97E4+5
Cu-64 6.09E+5
Zn-65 7.45E48
Zn-69 -
Br-82 4.57E47
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+45
Y-90 “4.48E+3
Y-81m 1.01E+5
Y-91 1.08E+6
Y-82 1.80E+5
Y-93 1.85E+5
Zr-95 2.48E48
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
Te-101 2.04E+4
Ru-103 1.09E+8
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Table 2.15

R; Ground Plane Pathway Dose Factors

(m? x mrem/yr per pCi/sec)
Nuclide Any Organ
Ru-105 6.36E+5
Ru-106 421E+8

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 3.00E+3
Te-129m 2.00E+7
Te-129 2.60E+4
Te-131m 8.03E+6
Te-131 2.93E+4
- Te-132 4.22E+6

1-130 5.53E+6

I-131 1.72E+7

1-132 1.24E+6

1-133 2.47E+6

I-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 B8.40E+6
W-187 2.36E+6
Np-239 1.71E+6

2-40

REV. 10
12/14/2006



Y

3/4 RADIOLOGICAL EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS

3/40 APPLICABILITY AND SURVEILLANCE REQUIREMENTS

SPECIFICATIONS

3.0.1

3.02

3.03

Compliance with the specifications contained in the succeeding text is required during the
conditions specified therein; except that upon failure to meet the specifications, the associated
ACTION requirements shall be met. :

Noncompliance with a Specification shall exist when its requirements and associated ACTION

_ requirements are not met within the specified time intervals. If the Specification is restored prior

to expiration of the specified time intervals, completion of the Action requirements is not
required.

When a Specification is not met, except as provided in the associated ACTION requirements,
reporting pursuant to TS 6.9.b.3 will be initiated.

SURVEILLANCE REQUIREMENTS

4.0.1

4.0.2

4.0.3

Surveillance Requirements shall be met during the conditions specified for individual ‘
Specifications unless otherwise stated in an individual Surveillance Requirement.

Each Surveillance Requirement shall be performed within the specified time interval with a
maximum allowable extension not to exceed 25% of the surveillance interval.

Failure to perform a Surveillance Requirement within the specified time interval shall constitute
a failure to meet the OPERABILITY requirements for a Specification. Exceptions to these
requirements are stated in the individual Specification. Surveillance Requirements do not have
to be performed on inoperable equipment.
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3/4.1 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION
SPECIFICATIONS

3.1 The radioactive liquid effluent monitoring instrumentation channels shown in Table
3.1 shall be OPERABLE with their alarm/trip setpoints set to ensure that the limits of
ODCM Specification 3.3.1 are not exceeded. The alarmy/trip setpoints of these
channels shall be determined in accordance with the methodology in Section 1.0 of
the OFF-SITE DOSE CALCULATION MANUAL (ODCM).

APPLICABILITY
During release via the monitored pathway.
ACTION

a. With a radioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above specification, without delay
suspend the release of radioactive liquid effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative.

b. With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.1.
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Radioactive Effluent Release Report why
the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

4.1 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST
operations at the frequencies shown in Table 4.1. '

BASIS

Radioactive Liquid Effluent Monitoring Instrumentation - The radioactive liquid effluent
instrumentation is provided to monitor and control, as applicable, the releases of radioactive
materials in liquid effluents during actual or potential releases of liquid effluents. The alarm/trip
setpoints for these instruments shall be calculated and adjusted in accordance with the
methodology and parameters in the ODCM to ensure that the alarm/trip will occur prior to
exceeding ten (10) times the values of 10 CFR Part 20, Appendix B, Table 2, Column 2. The
operability and use of this instrumentation is consistent with the appropriate requirements of
General Design Criteria 60, 63 and 64 of Appendix A to 10 CFR Part 50.
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3/4.2° RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

3.2

The radioactive gaseous effluent monitoring instrumentation channels shown in
Table 3.2 shall be OPERABLE with their alarm/trip setpoints set to ensure that
the limits of ODCM Specification 3.4.1 are not exceeded. The alarm/trip
setpoints of these channels shall be determined in accordance with the
methodology in section 2.0 of the ODCM.

APPLICABILITY

ACTION

a.

As shown in Table 3.2.

With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above Specification, without delay
suspend the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative.

With less than the minimum number of radioactive gaseous effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.2.
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Radioactive Effluent Release Report why
the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

42

BASIS

Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL
FUNCTIONAL TEST operations at the frequencies shown in Table 4.2.

Radioactive Gaseous Effluent Monitoring Instrumentation - The radioactive gaseous
effluent instrumentation is provided to monitor and control, as applicable, the releases of
radioactive materials in gaseous effluents during actual or potential releases of gaseous
effluents. The alarm/trip will occur prior to exceeding the dose rate limits of ODCM
Specification 3.4.1. The operability and use of this instrumentation is consistent with the
appropriate requirements of General Design Criteria 60, 63 and 64 of Appendix A to 10
CFR Part 50.
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3/4.3

LIQUID EFFLUENTS

CONCENTRATION

SPECIFICATIONS

3.3.1 The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS shall be limited to ten times the concentrations specified in
10 CFR Part 20, Appendix B, Table 2, 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 10 pCi/ml total activity.

APPLICABILITY

During release via the monitored pathway.

ACTION

With the concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS exceeding the above limits, without delay restore the
concentration to within the above limits.

SURVEILLANCE REQUIREMENTS

BASIS

4.3:1.1 Radioactive liquid wastes shall be sampled and analyzed according to the
sampling and analysis program of Table 4.3.

4.3.1.2 The results of the radioactivity analyses shall be used in accordance with the
methodology and parameters in the ODCM to assure that the concentrations at
the point of release are maintained within the limits of ODCM
Specification 3.3.1.

Concentration - This specification is provided to ensure that the concentration of radioactive
materials released in liquid waste effluents to UNRESTRICTED AREAS will be less than ten
times the concentration levels specified in 10 CFR Part 20, Appendix B, Table 2, Column 2. This
limitation provides additional assurance that the levels of radioactive materials in bodies of water
in UNRESTRICTED AREAS will result in exposures within (1) the Section II.A design
objectives of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC and (2) the limits of
10 CFR Part 20.1301 to the population. The concentration limit for dissolved or entrained noble
gases is based upon the assumption that Xe-135 is the controlling radioisotope and its
concentration limit in air (submersion) was converted to an equivalent concentration in water
using the methods described in International Commission on Radiological Protection (ICRP)
Publication 2.

The required detection capabilities for radioactive materials in liquid waste samples are tabulated
in terms of the lower limits of detection (LLDs). Detailed discussion of the LLD, and other
detection limits can be found in HASL Procedures Manual, HASL-300 (revised annually), Currie,
L.A., “Limits for Qualitative Detection and Quantitative Determination - Application to
Radiochemistry,” Anal. Chem. 40, 586-93 (1968), and Hartwell, J.K., “Detection Limits for
Radioanalytical Counting Techniques,” Atlantic Richfield Hanford Company Report
ARH-SA-215 (June 1975).
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DOSE
SPECIFICATIONS

3.3.2 The dose or dose commitment to a MEMBER OFTHE PUBLIC from 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 mrem to the total body
and to less than or equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to 3 mrem to the total bddy and to
less than or equal to 10 mrem to any organ.

APPLICABILITY
At all times,
ACTION

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, prepare and submit to the
Commission within 30 days, pursuant to Technical Specification (TS) 6.9.b.3, a Special Report
that identifies the cause(s) for exceeding the limit(s) and defines the corrective actions that have
been taken to reduce the release and the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits. '

SURVEILLANCE REQUIREMENTS

4.3.2 Cumulative dose contributions from liquid effluents for the current calendar quarter and
the current calendar year shall be determined in accordance with the methodology and
parameters in the ODCM once per 31 days.

BASIS

Dose - This specification is provided to implement the requirements of Sections ILA, IIL.A and
IV.A of Appendix I, 10 CFR 50. The Limiting Condition for Operation implements the guides
set forth in Section II.A of Appendix I. The ACTION statements provide the required operating
flexibility and at the same time implement the guides set forth in Section IV.A of Appendix I to
assure that the releases of radioactive material in liquid effluents to UNRESTRICTED AREAS
will be kept “as low as is reasonably achievable.” The dose calculation methodology and
parameters in the ODCM implement the requirements in Section III.A of Appendix I that
conformance with the guides of Appendix I be shown by calculational procedures based on
models and data, such that the actual exposure of a MEMBER OF THE PUBLIC through
appropriate pathways is unlikely to be substantially underestimated. The equations specified in
the ODCM for calculating the doses due to the actual release rates of radioactive materials in
liquid effluents are consistent with the methodology provided in Regulatory Guide 1.109,
“Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose
of Evaluating Compliance with 10 CFR Part 50, Appendix I,” Revision 1, October 1977 and
Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix L" Apnl 1977.

3-5 REV. 10
12/14/2006



LIQUID RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.3.3 The liquid radwaste treatment system as described in the ODCM shall be used to
reduce the radioactive materials in liquid wastes prior to their discharge when the
projected doses, due to the liquid effluent, to UNRESTRICTED AREAS would
exceed 0.18 mrem to the total body or 0.62 mrem to any organ in a calendar

quarter.
APPLICABILITY
At. all times.
ACTION
a. With radioactive liquid waste being discharged without treatment and in excess of »

the above limits, in lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days pursuant to TS 6.9.b.3, a Special Report that includes
the following information:

1. Explanation of why liquid radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reason for the inoperability,

2. Action(s) taken to restore the inoperable equipment to OPERABLE status,
and
3. Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

4.3.3 Doses due to liquid releases from the unit to UNRESTRICTED AREAS
shall be projected once per 31 days in accordance with the methodology
and parameters in the ODCM.

BASIS

Liquid Radwaste Treatment System - 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 képt “as low as is reasonably achievable.” This
specification implements the requirements of 10 CFR Part 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50 and the design objective given in Section
IL.D of Appendix Ito 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the liquid radwaste treatment system were specified as a suitable
fraction of the dose design objectives set forth in Section IL.A of Appendix I, 10 CFR Part
50, for liquid effluents.
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' 3/4.4 GASEQUS EFFLUENTS

DOSE RATE

SPECIFICATIONS

3.4.1 The dose rate due to radioactive materials released in gaseous effluents from the
site to areas at and beyond the SITE BOUNDARY shall be limited to the
following:

a.  Fornoble gases: Less than or equal to 500 mrem/yr to the total body and
less than or equal to 3000 mrem/yr to the skin, and

"~ b. For iodine-131, iodine-133, tritium, and for all radionuclides in particulate
form with half lives greater than 8 days: Less than or equal to 1500
mrem/yr to any organ.

APPLICABILITY
At all times.
ACTION
a. With the dose rate(s) exceeding the above limits, without delay restore the release

rate to within the above limit(s).
SURVEILLANCE REQUIREMENTS-

4.4.1.1 The dose rate due to noble gases in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the
ODCM.

44. l .2 The dose rate due to iodine-131, iodine-133, tritium, and all radlonuchdes in
particulate form with half lives greater than 8 days in gaseous effluents shall be
determined to be within the above limits in accordance with the methodology and
parameters in the ODCM by obtaining representative samples and performing
analyses in accordance with the sampling and analysis program specified in Table
4.4.
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BASIS

Dose Rate - This specification is provided to ensure that the dose rates at any time to a
MEMBER OF THE PUBLIC at or beyond the SITE BOUNDARY are less than or equal
to 500 mrem/yr to the total body and less than or equal to 3000 mrem/yr to the skin. This
also restricts releases, at all times, for the corresponding thyroid dose rate above
background to a child via the inhalation pathway to less than or equal to 1500 mrem/yr.
These dose rate limits provide additional assurance that radioactive material discharged
in gaseous effluents will be maintained ALARA, and coupled with the requirements of
ODCM Specification 3.4.2, ensure that the exposures of MEMBERS OF THE PUBLIC
in an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, will not
exceed the annual average concentrations specified in Appendix B, Table 2, Column 1 of
10 CFR 20. For MEMBERS OF THE PUBLIC who may at times be within the SITE
BOUNDARY, the occupancy of that MEMBER OF THE PUBLIC will usually be
sufficiently low to compensate for any increase in the atmospheric diffusion factor above
that for the SITE BOUNDARY.

The required detection capabilities for radioactive materials in gaseous waste samples are
tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the
LLD, and other detection limits can be found in HASL Procedures Manual, HASL-300
(revised annually), Currie, L.A., “Limits for Qualitative Detection and Quantitative
Determination - Application to Radiochemistry,” Anal. Chem. 40, 586-93 (1968), and
Hartwell, J.K., “Detection Limits for Radioanalytical Counting Techniques,” Atlantic
Richfield Hanford Company Report ARH-SA-215 (June 1975).
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DOSE - NOBLE GASES

SPECIFICATIONS

3.4.2 The air dose due to noble gases released in gaseous effluents, to areas at and beyond the
SITE BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrad for gamma radiation
and less than or equal to 10 mrad for beta radiation and,

b. During any calendar year: Less than or equal to 10 mrad for gamma radiation
and less than or equal to 20 mrad for beta radiation.

APP_LICABILITY
At all times.
ACTION
a. With the calculated air dose from radioactive noble gases in gaseous effluents exceeding

any of the above limits, in'lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days, pursuant to TS 6.9.b.3, a Special Report that identifies the
cause(s) for exceeding the limit(s) and defines the corrective actions that have been taken
to reduce the releases and the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

44.2 Cumulative dose contributions for the current calendar quarter and current
calendar year for noble gases shall be determined in accordance with the
methodology and parameters in the ODCM once per 31 days.

BASIS

Dose - Noble Gases - This specification is provided to implement the requirements of Sections
ILB, IIL.A and IV.A of Appendix I, 10 CFR Part 50. The Limiting Condition for Operation
implements the guides set forth in Section II.B of Appendix I. The ACTION statements provide
the required operating flexibility and at the same time implement the guides set forth in Section
IV.A of Appendix 1 to assure that the releases of radioactive material in gaseous effluents to
UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.” The Surveillance
Requirements implement the requirements in Section I1I.A of Appendix I that conformance with
the guides of Appendix I be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The dose calculation methodology and parameters
established in the ODCM for calculating the doses due to the actual release rates of radioactive
noble gases in gaseous effluents are consistent with the methodology provided in Regulatory
Guide 1.109, “Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix L,” Revision 1,
October 1977 and Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water Cooled Reactors,”
Revision 1, July 1977. The ODCM equations provided for determining the air doses at and
beyond the SITE BOUNDARY are based upon the historical average atmospheric conditions.
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DOSE - IODINE-131, IODINE-133, TRITIUM AND RADIONUCLIDES IN
PARTICULATE FORM

SPECIFICATIONS

3.4.3 The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133, 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 than or equal to 7.5 mrem to any organ
and,
b. During any calendar year: Less than or equal to 15 mrem to any organ.
APPLICABILITY

At all times.

ACTION

a. With the calculated dose from the release of iodine-131, iodine-133, tritium, and
radionuclides in particulate form with half lives greater than 8 days, in gaseous
effluents exceeding any of the above limits, in lieu of a Licensee Event Report,
prepare and submit to the Commission within 30 days, pursuant to TS 6.9.b.3, a
Special Report that identifies the cause(s) for exceeding the limit and defines the
corrective actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases will be in
compliance with the above limits.

SURVEILLANCE REQUIREMENTS

4.4.3 Cumulative dose contributions for the current calendar quarter and current
calendar year for iodine-131, iodine-133, tritium, and radionuclides in particulate
form with half lives greater than 8 days shall be determined in accordance with
the methodology and parameters in the ODCM once per 31 days.

BASIS

Dose - Iodine-131, Iodine-133, Tritium, and Radionuclides in Particulate Form -
This specification is provided to implement the requirements of Sections II.C, III.A and
IV.A of Appendix I, 10 CFR Part 50. The Limiting Conditions for Operation are the
guides set forth in Section I1.C of Appendix I. The ACTION statements provide the
required operating flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix I to assure that the releases of radioactive materials in gaseous
effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.”
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The ODCM calculational methods specified in the Surveillance Requirements implement
the requirements in Section III.A of Appendix I that conformance with the guides of
Appendix I be shown by calculational procedures based on models and data, such that the
actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The ODCM calculational methodology and
parameters for calculating the doses due to the actual release rates of the subject materials
are consistent with the methodology provided in Regulatory Guide 1.109, “Calculation of
Annual Doses to man from Routine Releases of Reactor Effluents for the Purpose of ,
Evaluating Compliance with 10 CFR Part 50, Appendix I,” Revision 1, October 1977 and
Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,” Revision
1, July 1977. These equations also provide for determining the actual doses based upon
the historical average atmospheric conditions. The release rate specifications for iodine-
131, iodine-133, tritium, and radionuclides in particulate form with half-lives greater than
8 days are dependent upon the existing radionuclide pathways to man, in areas at and
beyond the SITE BOUNDARY. The pathways that were examined in the development
of these calculations were: 1) individual inhalation of airborne radionuclides, 2)
deposition of radionuclides onto green leafy vegetation with subsequent consumption by
man, 3) deposition onto grassy areas where milk animals and meat producing animals
graze with consumption of the milk and meat by man, and 4) deposition on the ground
with subsequent exposure of man.
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GASEOUS RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.4.4 The GASEOUS RADWASTE TREATMENT SYSTEM and the VENTILATION

EXHAUST TREATMENT SYSTEM shall be used to reduce radioactive
materials in gaseous waste prior to their discharge when the projected gaseous
effluent air doses due to gaseous effluent releases to areas at and beyond the SITE
BOUNDARY would exceed 0.62 mrad for gamma radiation and 1.25 mrad for
beta radiation in a calendar quarter. The VENTILATION EXHAUST
TREATMENT SYSTEM shall be used to reduce radioactive materials in gaseous
waste prior to their discharge when the projected doses due to gaseous effluent
releases, to areas at and beyond the SITE BOUNDARY would exceed 0.94 mrem
to any organ in a calendar quarter.

APPLICABILITY

ACTION

At all times.

With gaseous waste being discharged without treatment and in excess of the
above limits, in lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days, pursuant to TS 6.9.b.3, a Special Report that
includes the following information:

1. Explanation of why gaseous radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reason for the inoperability,

2. Action(s) taken to restore the inoperable equipment to OPERABLE status,
and
3. Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

4.4.4 Doses due to gaseous releases from areas at and beyond the SITE BOUNDARY

shall be projected once per 31 days in accordance with the methodology and
parameters in the ODCM.
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BASIS

Gaseous Radwaste Treatment System - The requirement that the appropriate portions
of these systems be used, when specified, provides reasonable assurance that the releases
of radioactive materials in gaseous effluents will be kept “as low as is reasonably
achievable.”

This specification implements the requirements of 10 CFR 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50, and the design objectives given in Section
ILD of Appendix I to 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the systems were specified as a suitable fraction of the dose
design objectives set forth in Sections II.B and II.C of Appcndlx I, 10 CFR Part 50, for
gaseous effluents.
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3/4.5 TOTAL DOSE

SPECIFICATIONS

3.5 The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBLIC due to releases of radioactivity and to radiation from uranium fuel cycle
sources shall be limited to less than or equal to 25 mrem to the total body or any
organ, except the thyroid, which shall be limited to less than or equal to 75 mrem.

APPLICABILITY

ACTION

At all times.

With the calculated doses from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of ODCM Specification 3.3.2.a,
3.3.2.b,3.4.2.3, 3.4.2.b, 3.4.3.a, or 3.4.3.b, calculations should be made including
direct radiation contributions from the reactor unit to determine whether the above
limits have been exceeded. If such is the case in lieu of a Licensee Event Report,
prepare and submit to the Commission within 30 days, pursuant to TS 6.9.b.3, a
special report that defines the corrective action to be taken to reduce subsequent
releases to prevent recurrence of exceeding the above limits and includes the
schedule for achieving conformance with the above limits. This special report as
defined in 10 CFR 20.2203, shall include an analysis that estimates the radiation
exposure (dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle
sources, including all effluent pathways and direct radiation, for the calendar year
that includes the release(s) covered by this report. It shall also describe levels of
radiation and concentrations of radioactive material involved, and the cause of the
exposure levels or concentrations. If the estimated dose(s) exceeds the above
limits, and if the release condition resulting in violation of 40 CFR Part 190 has
not already been corrected, the special report shall include a request for a variance
in accordance with the provisions of 40 CFR Part 190. Submittal of the report is
considered a timely request, and a variance is granted until staff action on the
request is complete.

SURVEILLANCE REQUIREMENTS

4.5.1

4.5.2

Cumulative dose contributions from liquid and gaseous effluents shall be
determined in accordance with Surveillance Requirements 4.3.2, 4.4.2, and 4.4.3
in accordance with the methodology and parameters in the ODCM.

Cumulative dose contributions from direct radiation from the reactor unit shall be
determined in accordance with the methodology and parameters in the ODCM.
This requirement is applicable only under condmons set forth in ODCM
Specification 3.5.a.

3-14 REV. 10
12/14/2006



BASIS

Total Dose - This specification is provided to meet the dose limitations of 40 CFR Part
190 that have been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification
requires the preparation and submittal of a Special Report whenever the calculated doses
from plant generated radioactive. effluents and direct radiation exceed 25 mrem to the
total body or any organ, except the thyroid, which shall be limited to less than or equal to
75 mrem. It is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC
will exceed the dose limits of 40 CFR Part 190 if the reactor remains within twice the
dose design objectives of Appendix I, and if direct radiation doses from the reactor are
kept small. The Special Report will describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within the 40 CFR Part
190 limits. For the purposes of the Special Report, it may be assumed that the dose
commitment to the MEMBER OF THE PUBLIC from other uranium fuel cycle sources
is negligible. If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the
requirements of 40 CFR Part 190, the Special Report with a request for a variance
(provided the release conditions resulting in violation of 40 CFR Part 190 have not
already been corrected), in accordance with the provisions of 40 CFR 190.11 and 10 CFR
20.2203, is considered to be a timely request and fulfills the requirements of 40 CFR Part
190 until NRC staff action is completed. The variance only relates to the limits of 40
CFR Part 190, and does not apply in any way to the other requirements for dose
limitation of 10 CFR Part 20, as addressed in ODCM Specifications 3.3.1 and 3.4.1. An
individual is not considered a MEMBER OF THE PUBLIC during any period in which
he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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3/4.6 REPORTING REQUIREMENTS
3/4.6.1 Radioactive Effluent Release Report
The Radioactive Effluent Release Report shall include the following:

a. A summary 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.

b. An annual summary of hourly meteorological data collected over the previous
year. This annual summary may be either in the form of an hour-by-hour listing
on magnetic tape of wind speed, wind direction, atmospheric stability, and
precipitation (if measured), or in the form of Jomt frequency distributions of wind
speed, wind direction, and atmospheric stablllty This same report shall include
an assessment of the radiation doses due to the radioactive liquid and gaseous
effluents released from the unit during the previous calendar year. The
assumptions used in making these assessment, i.e., specific activity, exposure
time and location shall be included in these reports. The assessment of radiation
doses shall be performed based on the calculational guidance, as presented in the
ODCM.

c. An assessment of radiation doses to the likely most exposed MEMBER OF THE
PUBLIC from reactor releases and other nearby uranium fuel cycle sources,
including doses from primary effluent pathways and direct radiation, the previous
calendar year to show conformance with 40 CFR Part 190, Environmental
Radiation Protection Standards for Nuclear Power Operation.

d. A list and description of unplanned releases from the site to UNRESTRICTED
AREAS of radioactive materials in gaseous and liquid effluents made durmg the
reporting period.

e. Any changes made during the reporting period to the ODCM.

* In lieu of submission with the annual 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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" RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

TABLE 3.1

Minimum
Instrument Channels Action
Operable
1. Gross Radioactivity Monitors Providing Alarm and Automatic
Termination of Release
a. Liquid Radwaste Effluent Line (R-18) R ]
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 (Component cooling, R-20) _
1 3
b. Service Water System Effluent Line (Containment fan cooling,
R-16) 1 3

Action 1 - With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases may continue provided that prior to initiating a
release:

a. At least two independent samples are analyzed in accordance with Surveillance
Requirement 4.3.1.1 and

b. Atleast 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.

Action 2 - 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 1.0E-6 uCi/mil:

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 > 1.0E-05 uCi/ml)

With the number of channels OPERABLE less than required by the Minimum Channels

Action 3 -

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 1.0E-6 uCi/ml. (Note: Failure to complete
sampling and analysis prior to 12 hours after the monitor is declared O.0.S. is a violation
of this specification).
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TABLE 3.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
(Page 1 of 2)

Minimum
Instrument Channels | Applicability | Action
Operable ’
1. * Noble Gas Activity Monitor
a. R-13 or R-14
- Waste Gas Holdup System
(auto-isolation)
- Auxiliary Building Ventilation
System 1 *
- Containment Purge 2” line 4
(auto-isolation) 5
b. R-12 or R-21 6
- Containment purge 36" duct 1 *
(auto-isolation) 6
c. R-15 1 *
- Condenser Evacuation System 5
2. Radioiodine & Particulate Samplers
a. Containment Building Vent (R-21)
b. Auxiliary Building Vent (R-13 or * 7
R-14) * 7
3. Sampler Flow Rate Measuring Devices
a. Containment Building Vent Sampler
(R-21)
b Auxiliary Building Vent Sampler 1 * 8
(R-13 or R-14) 1 * 8
* At all times
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. TABLE 3.2

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

(Page 2 of 2)

TABLE NOTATIONS

Action 4 -

Action 5 -

Action 6 -

Action 7 -

Action 8 -

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.

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.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, immediately suspend PURGING of
radioactive effluents via this pathway.

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 4.4.

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.
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TABLE 4.0
FREQUENCY NOTATION
Notation Frequency®
S Oncg)ér 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
NA Not applicable

5 A maximum extension not to exceed 25% of the surveillance interval.
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TABLE 4.1
RADIOACTIVE LIQUID EFFLUENT MONITORING

INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Channel
Channel | Source Channel Functional
Instrument Check Check | Calibration Test
Gross Radioactivity Monitors Providing Alarm
and Automatic Termination of Release
a, Liquid Radwaste Effluent Line (R-18) D PR R
b. Steam Generator Blowdown Effluent D M R
Line (R-19)
Gross Beta or Gamma Radioactivity Monitors
Providing Alarm But Not Providing Automatic
Termination of Release
a. Service Water System Effluent Line D M R Q
(Component cooling, R-20)
b. Service Water System Effluent Line D M R Q
{Containment fan cooling, R-16)
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TABLE 4.2

RADIOACTIVE GASEOUS EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Channel Modes In Which
Channel | Source Channel Functional Surveillance
Instrument Check Check | Calibration Test Required
1. Noble Gas Activity Monitor
a. R-130rR-14
Waste Gas Holdup System PR PR R Q *
(auto-isolation)
Auxiliary Building Ventilation D M R Q L
System
Containment Purge 2” line D M R Q *
(auto-isolation)
b. R-120rR-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 w NA NA NA *
(R-21)
b. Auxiliary Building vent (R-13 w NA NA NA *
or R-14)
3. Sampler Flow Rate Measuring
Devices
a. Containment Building vent D NA R Q *
sampler (R-21)
b. Auxiliary Building vent sampler D NA R Q *
(R-130rR-14) .
At all times other than when the line is valved out and tagged.
3-22 REV. 10

12/14/2006




RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE 4.3

Pagelof2-
Minimum Lower Limit of
Sampling Analysis Type of Activity Detection (LLD)*
Liquid Release Type Frequency Frequency Analysis (uCi/ml)
. Batch Waste Release PR PR Principal Gamma 1x10°%
Tanks® Each Batch | Each Batch | Emitters®
I-131 1x10°*
PR M H-3 1x10°
Each Batch Composite? | Gross Alpha 5x107
PR Q Sr-89, Sr-90 5x10°®
Each Batch Composite? | Fe-55 1x10%
. Continuous Releases® w w Principal Gamma
(SG Blowdown) Grab Sample | Grab Sample | Emitters® 5x107
(TB Sump®)
1131 1x10°®
w M H-3 1x10%
Grab Sample | Composite’ | Gross Alpha 5x107
w Q Sr-89, Sr-90 sx10®
Grab Sample | Composite’ | Fe-55 1x10°
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TABLE 4.3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 of 2 '

Table Notations

The LLD is defined, for'phrposes 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:

4.66 * s,

LLD =
E+V %222 x10° +¥ * expl 2Y)

Where:

» LLD is the a priori lower limit of detection as defined above, as uCi per unit mass or volume,

s s, is the standard deviation of the background counting rate or of the counting rate of a blank sample as
appropriate, as counts per minute,

s E is the counting efficiency, as counts per disintegration,

s V is the sample size in units of mass or volume,

s 2.22 x 10%is the number of disintegrations per minute per microcurie,

s Y is the fractional radiochemical yield, when applicable,

» A is the radioactive decay constant for the particular radionuclide, and

s At for plant effluents is the elapsed time between the midpoint of sample collection and time of counting.
* Typical values of E, V, Y and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing the capability
of a measurement system and not as an a posteriori (after the fact) limit for a particular measurement.

A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling for analysis, each
batch shall be located, and then thoroughly mixed to ensure representative sampling.

The principal gamma emitters for which the LLD specification applies exclusively are the following
_tadionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, 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.b.2.

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.

During periods of identified primary-to-secondary leakage (with the secondary activity > 1.0E-05 pCi/ml),

grab samples are collected daily and analyzed by gamma spectroscopy.
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RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE 4.4

Page 1 of 2
Lower Limit of
Minimum Detection
Sampling Analysis Type of Activity (LLD)
- Gaseous Release Type Frequency | Frequency Analysis (uCi/ml)
A. Waste Gas Storage PR PR . | Principal Gamma 1x10*
Tank Each Tank | EachTank | Emitters®
Grab
Sample
B. Containment PURGE PR PR Principal Gamma 1x10
Each Each Purge | Emitters®
PURGE
Grab
Sample
C. Auxiliary Building and M M Principal Gamma
Containment Building Grab Emitters® 1x10*
Vent Sample
w. |31 3x10™"2
Continuous® | Charcoal
Sample
W Principal Gamma 1xioM
Continuous® | Particulate | Emitter®
Sample (I-131, others)
M Gross Alpha 1xio
Continuous® | Composite
Particulate
Sample
Q SR-89, SR-90 1x10™
Continuous® | Composite
' Patriculate
Sample
1x10°
Noble Gas | Noble Gases
Continuous® | Monitor | Gross Beta or Gamma
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“TABLE 4.4
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 of 2

I. Tablé .'Notations

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:

4.66 * 5,
E*V*222x10° *Y * exp ™

LLD =

Where:

o LLD is the a priori lower limit of detection as defined above, as nCi per unit mass or volume,

* s, 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,

eV is the sample size in units of mass or volume,

e 2.22 x 10% is the number of disintegrations per minute per microcurie,
* Y is the fractional radiochemical yield, when applicable,

* A s the radioactive decay constant for the particular radionuclide, and

* At for plant effluents is the elapsed time between the midpoint of sample collection and time of
counting.

» - Typical values of E, V, Y, and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing the
capability of a measurement system and not as an a posteriori (after the fact) limit for a particular
measurement.

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, M0-99, 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 Releasé Report
pursuant to TS 6.9.b.2.

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 ODCM
Specifications 3.4.1, 3.4.2, and 3.4.3.
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APPENDIX A

TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS - LIQUID RADIOACTIVE
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Technical Basis for Effective Dose Facfors -
Liquid Effluent Releases

To verify that the current approach to determining environmental doses using a simplified
method has remained consistent since the previous analysis (performed using effluent data from
1981-1983), a similar evaluation was performed using the liquid effluent release data from 2000-
2002. From the effluent data, the dose contribution of the radionuclide mixture can be obtained
to provide a simplified method of determining compliance with the dose limits of ODCM
Specification 3.3.2. For the radionuclide distribution of effluents from the Kewaunee Power
Station, 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 Fe-55 releases. The radionuclides, Fe-55, Co-58, Co-60, Sr-90, and Cs-137 contribute
essentially all of the calculated total body dose. The results of this evaluation are presented in
Table A-1. The individual nuclide doses used in the dose comparisons of Table A-1 were
calculated using the total curies released via batch and continuous releases as reported in the
Annual Radioactive Effluent Release Report, weighted by the appropriate dose factors.

Tritium is not included in the limited analysis dose assessment for liquid releases, because the
potential dose resulting from normal reactor releases is negligible. From 2000-2002, the
maximum tritium release from the Kewaunee Nuclear Plant to Lake Michigan was 270 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 0.07% 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.

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.

While not present in the 2000-2002 liquid effluent releases, it still remains conservative to use
the Cs-134 dose conversion factor (7.09E+05 mrem/hr per puCi/ml, liver) to evaluate the
maximum organ dose. Only the reactor-generated radionuclide Nb-95 has a higher dose
conversion factor (1.51E+06 mrem/hr per nCi/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 2000, using this
simplified conservative method (CW value of 2.00E+05 gpm) would overestimate the maximum
organ dose as reported in the Annual Radioactive Effluent Release Report by a factor of 234; for
2001, the conservatism is a factor of 109; and for 2002, a factor of 730. This comparison is -
shown in Table A-2.
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For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per pCi/ml, total body)
is again used since it is higher than the identified dominant nuclides. For 2000, using this
simplified conservative dose calculational method would overestimate the total body dose by a
factor of 253; for 2001, the conservatism is a factor of 105; and for 2002, a factor of 601.

For evaluating compliance with the dose limits of ODCM Specification 3.3.2 the following
simplified equations may be used:

Dy = LB OZXVOL 4 mx 3G (A1)
Ccw
where:
Dy = dose to the total body (mrem)
Acs1ams = 5.79E405, total body ingestion dose conversion factor for Cs-134 (mrem/hr per.
pCi/ml)
VOL = volume of liquid effluent released (gal)
G = total concentration of all radionuclides (uCi/ml)
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:

9.67E+03xVOL
Dw= : x> G A2
b W Z (A.2)
Maximum Organ
Do = 1.67TE-02XVOL X Acs - 134, LXZCi (A3)
Cw

where:
Dmax = maximum organ dose (mrem)
Acsqaar = 7.09E+05, liver ingestion dose conversion factor for Cs-134 (mrem/hr per

puCi/ml)
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Substituting the value for Ac.134 Liver the equation simplifies to:

l.lSE+O4xVOsz:'Ci
Cw

Dma: =

(A4)

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 ODCM
Specification 3.3.2.
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Table A-1
Adult Dose Contributions
Fish and Drinking Water Pathways
2000 2001 2002
Radio- |Release |TB GI-LLI |Liver Release |TB GI-LLI |Liver Release |TB GI-LLI |Liver
nuclide |(Ci) Dose Dose  |Dose (Ci) Dose Dose Dose (Ci) Dose Dose Dose
Frac. Frac. Frac. Frac. Frac. Frac. Frac. Frac. Frac.

Fe-55 | 4.81E- 4.85E- 3.69E-
| 0 0.03 0.02 0.10 02 0.04 0.03 0.13 0 0.19 0.02 0.84
Co-58 | 8.07E- - 4.09E- 4 94E-

03 0.01 0.03 * 03 0.01 0.02 * 03 0.05 0.02 0.02
Fe-59 (2);;775- . . - (2):4E . * N (1)465E- 0.01 N 0.02
Co-60 1471E- 1400 loos o001 |*3E lo02 |oos loor |29E loos |002 |o003

03 03 03
Br-82 8;‘945' 0.01 * * (1);‘44]3' * * * N/D * * *
Sr-90 2.25E- 2.50E- 9.76E-

04 0.18 0.01 * 04 0.25 0.0l * 05 - 0.63 * *
No95 | 2418 089 |* ol b 086 | * 2B 091 | *
Cs-137 | 3.70E- 2.74E- 3.04E-

04 0.75 0.01 0.88 04 0.68 0.01 0.85 06 0.05 x, 0.08
* Less than 0.01
N/D = not detected
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Table A-2

Adult Liver and Total Body Dose Assessment

Dose Via the SirﬁpliﬁedfMethod Versus the Actual Calculated Dose

2000 2001 2002
Simplified Liver Dose (mRem)* 1.16E+00 9.87E-01 7.88E-01
Actual Liver Dose (mRem)** 4.97E-03 - 9.02E-03 1.08E-03
Simplified divided by Actual 234 109 730
Simplified Total Body Dose :
(mRem) * 9.53E-01 8.09E-01 6.46E-01
Actual Total Body Dose (mRem :
** o 3.77E-03 . 71.73E-03 1.07E-03
Simplified divided by Actual 253 105 601
* Assuming 2.00E+05S gpm circulating water flow
** From the Annual Radioactive Effluent Release Report
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APPENDIX B
TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS -

GASEOUS RADIOACTIVE EFFLUENTS
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APPENDIX B

Technical Basis 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 (K.qr, Mesr Oor Negr) times the total quantity of radioactive material released
would be needed). This approach provides a reasonable estimate of the actual dose whlle
eliminating the need for a detailed calculational technique.

Determination of Effective Dose Factors

Effective dose transfer factors are calculated by the following equations:

Ker = (Kixf) (B.1)
where:
Kt = the effective total body dose factor due to gamma emissions from all noble gases
released
Ki; = the total body dose factor due to gamma emissions from each noble gas
' radionuclide “i” released
f; = the fractional abundance of noble gas radionuclide “i” relative to the total noble
gas activity
(L+1.1M)r = [(Li+1.1Mi)x £} (B.2)
whcr;:

(L + 1.1 M) the effective skin dose factor due to beta and gamma emissions from all noble

gases released

]

(Li+ 1.1 M;) = the skin dose factor due to beta and gamma emissions from each noble gas
radionuclide “i” released
Merr = Z (Mixf) . (B.3)
where:
Mg = the effective air dose factor due to gamma emissions from all noble gases released
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M; = the air dose factor due to gamma emissions from each noble gas radionuclide

released
Ner =) (Nixfi) (B.4)
where:
Neg = 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 2000, 2001 and 2002, the total noble gas
releases have been limited to 2.54E-04 Ci for 2000, 1.37E-01 Ci for 2001, and 1.91E-02 Ci for
2002. - 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. :

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 ODCM Specification 3.4.2, the following

simplified equations may be used:

3.17E-08

Dy = —————— X 3/QXMerr X i B.S

Y 0.50 xQ ff ZQ (B.5)
Dp=2LE=08, /QxNerx 3 (B.6)

. 0.50
where:
Dy = air dose due to gamma emissions for the cumulative release of all noble gases
(mrad)
Dg = air dose due to beta emissions for the cumulative release of all noble gases (mrad)
1Q = atmospheric dispersion to the controlling site boundary (s;edﬁl3)
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Mer = 5.3E+02, effective gamma-air dose factor (mrad/yr per uCi/m?3)

Nesr = 1.1E+03, effective beta-air dose factor (mrad/yr per pCi/m?3)

XQ; = cumulative release for all noble gas radionuclides (uCi)

3.17E-08 = conversion factor (ﬁ/sec) |

0.50 = conservatism factor to account for the variability in the effluent data

Combining the constants, the dose calculational equations simplify to:

Dy=3.5E-05x%/Qx ) Qi (B.7)
and
Ds=7.0E-05x3/Qx > 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 annually for preparation of
the 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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Table B-1 )
Effective Dose Factors - Noble Gases

Total Body Effective Skin Effective

Dose Factor Dose Factor

Ker (L+1.1 M)y
Radionuclide (f; (mrem/yr per pCi/m") (mrem/yr per pCi/m’)
Noble Gases - Total Body and Skin
Kr-85 0.01 - 1.4E+01
Kr-88 0.01 1.5E+02 1.9E+02

I Xe-133m 001 2.5E+00 1.4E+01
Xe-133 0.9 3.0E+02 6.6E+02
Xe-135 0.02 3.6E+01 7.9E+01
TOTAL 4.8E+02 9.6E+02
"Noble Gases - Air

Gamma Air Effective Beta Air Effective

Dose Factor Dose Factor

Mex Nerr
Radionuclide |f; (mrad/yr per uCi/m’) (mrad/yr per p,Ci/m3)
Kr-85 0.01 - 2.0E+01
Kr-88 0.01 1.SE+02 2.9E+01 |
Xe-133m  0.01 3.3E+00 1.5E+01 |
Xe-133 0.95 3.4E+02 1.0E+03 |
Xe-135 0.02 3.8E+01 49E+01 |
TOTAL 5.3E+02 1.1E+03 |
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APPENDIX C
EVALUATION OF CONSERVATIVE, DEFAULT EFFECTIVE EC VALUE

FOR LIQUID EFFLUENTS
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Appendix C

Evaluatlon of Conservative, Default Effective EC Value
for Liquid Effluents

In accordance with the requirements of ODCM Specification 3.1 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 10 times the value of 10 CFR 20,
Appendix B, Table 2, Column 2 for all radionuclides other than noble gases and a value
of 2X10™ pCi/ml for noble gases. The determination of allowable radionuclide concentration and
corresponding alarm setpoint is a function of the individual radlonuclxde distribution and
corresponding EC 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 EC, value for this distribution.

The effective EC value for a radionuclide distribution can be calculated by the equation:

ZC. .
< (C.1)
EG
where:
EC. =  an effective EC value for a mixture of radionuclide (nCi/ml)
G = concentration of radionuclide “i”" in the mixture
EC;, =  the 10 CFR 20, Appendix B, Table 2, Column 2 EC value for radionuclide “i”

(MCi/ml)

Based on the above equation and the radionuclide distribution in the effluents for past years from
Kewaunee, an EC, value can be determined. Effluent release data from 2000-2002 was used to
generate the results presented in Table C-1. The most limiting effective EC (for gamma emitting
radionuclides) was for the calendar year 2001, with a calculated value of 5.98E-06 uCi/ml. . For
conservatism in establishing the alarm setpoints, a default effective EC value of 1.0E-06 uCi/ml
was selected. The overall conservatism of this value is reaffirmed for future releases considering
that 1.0E-06 pCi/ml is as or more restrictive than the individual EC values for the principal
fission and activation products of Co-58, Co-60 and Cs-137. Overall, use of this effective EC
value provides a factor of six (6) conservatism based on the 2000-2002 radionuclide distribution
for gamma emitters. '
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Being a non-gamma emitter, tritium is not detected by the effluent monitor. While tritium
accounts for nearly all of the activity, it is not a significant contributor when determining the
alarm setpoint for release rate evaluations. Examining releases over the years 2000-2002, the
average, diluted H-3 contribution to its limiting concentration (i.e., fraction of concentration
limit - 10 x EC) in liquid effluents was 0.004%. This contribution is not expected to change
significantly over time, since the concentration of H-3 in effluents can be expected to remain
fairly consistent in effluent releases regardless of fuel conditions, activation product releases, and
waste processing.

Based on relative abundances, other non-gamma emitting radionuclides (Fe-55 and Sr-89/90)
contributed up to 30% of the concentration limit (30% for CY 2001). It is reasonable to assume
that the abundances of these non-gammas will remain the same relative to other fission and/or
activation products under varying conditions.- Therefore, under conditions of elevated effluent
radionuclide levels, the gamma-emitting radionuclides can be expected to be the main
contributors to limiting conditions on liquid effluent concentrations, as established in Technical
Specification 6.16.b.1.B and ODCM Specifications 3.3.1. Note that including the non-gammas
(excluding tritium) in the evaluation results in a higher effective EC value.

Therefore, under conditions of elevated effluent levels, the main contributor to the limiting
conditions of the liquid effluent concentration would be the gamma-emitting radionuclides. The
factor of six (6) conservatism in the effective EC determination (discussed above) provides
adequate consideration for the contribution from non-gamma emitting radionuclides, and
provides a conservative basis for establishing an alarm setpoint consistent with the requirements
of Technical Specification 6.16.b.1.B and ODCM Specifications 3.3.1.
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Table C-1
Calculation of Effective EC (EC,)
i 2000 2001 2002
. : EC ) . ;

Nuclide { (uCi/ml) | Release ! ; : Release ! : ! Release ! ,

: R (o) ' G/EC; ' Frac. L (C) ! G/EC; ' Frac. L (Cy) : CG/EC;  : Frac.
Na-24 : 5.00E-05 ;| 1.03E-03 i 2.06E+01l ; 4.89E-03 : 2.18E-04 i 4.35E+00 { 1.27E-03 { 0.00E+00 ; 0.00E+00 ; 0.00E+00
Cr-51 ! 5.00E-04 | 1.44E-03 :2.89E+00 : 6.85E-04 ; 8.26E-04 : 1.65E+00 : 4.83E-04 : 0.00E+00 : 0.00E+00 : 0.00E+00
Mn-54 : 3.00E-05 | 1.49E-04 4.97E+00: 1.18E-03 | 3.30E-04 | 1.10E+01 } 3.22E-03 | 6.41E-05 | 2.14E+00 | 9.83E-04
Fe-55 ' 1.00E-04 : 4.81E-02 :4.81E+02: 1.14E-01 : 4.85E-02 :4.85E+02 i 1.42E-01 : 3.69E-02 : 3.69E+02 : 1.70E-01
Co-57 : 6.00E-05 | 0.00E+00 : 0.00E+00 | 0.00E+00 i 2.42E-05 : 4.03E-01 | 1.18E-04 ; 0.00E+00 : 0.00E+00 ; 0.00E+00
Co-58 : 2.00E-05 ; 8.07E-03 | 4.04E+02 | 9.59E-02 | 4.09E-03 | 2.05E+02 i 5.99E-02 : 4.94E-03 :247E+02 ; 1.14E-01
Fe-59 : 1.00E-05 : 2.77E-04 :2.77E+01 : 6.57E-03 : 2.44E-04 : 2.44E+01: 7.14E-03 : 1.65E-04 : 1.65E+01 : 7.61E-03
Co-60 : 3.00E-06 | 4.71E-03 i 1.57E+03 ; 3.73E-01 | 4.31E-03 ; 1.44E+03 ;| 4.21E-01 ; 2.07E-03 | 6.89E+02 ; 3.17E-01
Br-82 : 4.00E-05 : 4.94E-04 : 1.23E+01 : 2.93E-03 ! 1.44E-04 : 3.59E+00 : 1.05E-03 : 0.00E+00 : 0.00E+00 ; 0.00E+00
Sr-89 ! 8.00E-06 | 3.42E-04 :4.27E+01 i 1.01E-02 i 2.59E-04 i 3.24E+01 : 9.48E-03 | 5.98E-04 : 7.48E+01 | 3.44E-02
Sr-90 : 5.00E-07 : 2.25E-04 | 4.50E+02 ; 1.07E-01 : 2.50E-04 ; 5.00E+02 i 1.46E-01 : 9.76E-05 : 1.95E+02 ; 8.98E-02
Zr-95 i 2.00E-05 | 1.16E-04 : 5.79E+00 | 1.38E-03 | 7.18E-05 : 3.59E+00 i 1.05E-03 i 5.24E-05 : 2.62E+00 : 1.20E-03
Nb-95 : 3.00E-05 : 3.41E-04 : 1.14E+01 ; 2.70E-03 : 2.39E-04 : 7.95E+00 | 2.33E-03 | 2.45E-04 : 8.17E+00 | 3.76E-03
Ag-110m } 6.00E-06 : 2.85E-03 :4.74E+02 | 1.13E-01 : 1.63E-03 :2.72E+02 i 7.97E-02 : 2.86E-03 ' 4.76E+02 : 2.19E-01
Sn-113 { 3.00E-05 | 9.65E-05  3.22E+00 | 7.64E-04 | 5.08E-05 | 1.69E+00  4.95E-04 : 7.06E-05 i 2.35E+00 : 1.08E-03
Sb-124 { 7.00E-06 | 5.61E-04 i 8.01E+01 ; 1.90E-02 ; 1.81E-04 : 2.59E+01 } 7.59E-03 ; 4.34E-05 : 6.20E+00 ; 2.85E-03
Sb-125 : 3.00E-05 ! 4.86E-03 : 1.62E+02 : 3.85E-02 : 1.02E-03 : 3.41E+01 : 9.99E-03 : 2.46E-03 : 8.18E+01 ; 3.76E-02
I-132 : 1.00E-04 ; 0.00E+00 : 0.00E+00 ; 0.00E+00 ; 7.75E-08 } 7.75E-04 ; 2.27E-07 ; 0.00E+00  0.00E+00 ; 0.00E+00
I-133 : 7.00E-06 : 6.16E-04 : 8.80E+01 : 2.09E-02 : 6.32E-04 : 9.03E+01 ; 2.65E-02 : 0.00E+00 : 0.00E+00 : 0.00E+00
I-135 : 3.00E-05  0.00E+00 : 0.00E+00 : 0.00E+00 | 4.61E-05 : 1.54E+00 { 4.50E-04 : 0.00E+00 : 0.00E+00 : 0.00E+00
Cs-137 : 1.00E-06 : 3.70E-04 : 3.70E+02 : 8.78E-02 : 2.74E-04 : 2.74E+02 : 8.02E-02 ; 3.04E-06 : 3.04E+00 ; 1.40E-03

i Total  : 7.46E-02° :4.21E+03 : 1.00E+00 : 6.34E-02 : 3.42E+03 : 1.00E+00 : 5.06E-02 : 2.17E+03 : 1.00E+00
Non-Gamma Fraction ' ’ : 0.23 ' ’ :0.30 ; 5 : 0.29
Gamma Fraction : :0.77 :0.70 5 1 0.71
EC, (uCi/ml, total) : 1.77E-05 : 1.86E-05 : 2.33E-05
EC, (1Ci/ml, gammas) : 8.03E-06 { 5.98E-06 - : 8.44E-06
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Appendix D

Site Maps

Plant drawing A-408, “Radiological Survey Site Map” depicts the site area by illustrating the site
boundary and the restricted areas. Plant drawing A-449, “Plan of Plant Area, Fence, Lighting,
and CCTV Support Structure” shows the layout of the site buildings. Members of the public are
restricted from access to all areas of the Owner Controlled Area (OCA).

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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" Figure D-1
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APPENDIX E
On-site Disposal of Low-Level Radioactively

Contaminated Waste Streams
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Appendix E consists of hard copies of the following reference documents:

DESCRIPTION DATE DOCKET NUMBER
Operating License DPR-43
Kewaunee Nuclear Power Plant October 17, 1991 NRC-91-148
Disposal of Low Level Radioactive 50-305
Material '
Proposed Disposal of Low Level
Radioactive Waste Sludge Onsite at the June 17, 1992 K92-119
Kewaunee Nuclear Power Plant (TAC No. 50-305
M75047)
Safety Evaluation For An Amendment To
An Approved 10 CFR 20.302 Application | September 14, 1994 K-94-195
For The Kewaunee Nuclear Plant (TAC 50-305
No. M89719)
Alternate Disposal Of Contaminated
Sewage Treatment Plant Sludge In November 13, 1995 K-95-172
Accordance With 10 CFR 20.2002 (TAC 50-305
No. M93844)
Onsite Disposal Of Contaminated Sludge K-97-64
Pursuant To 10 CFR 20.2002 (TAC No. April 9, 1997 50-305
M97411)
' Adapted from N
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October 17, 1991

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

Gentlemen:

Docket 50-305
Operating Licensc DPR-43
Kewaunee Nuclear Power Plant

Disposal of I.ow Level Radioactive Material

References: 1) Letter from K.H.Evers to Document Control Desk dated September 12, 1989
2) Letter from M.J.Davis to K.H.Evers dated February 13, 1990 )
3) Letter from L.Sﬁdharon (WDNR) to M.\)andcnbusch dated June 13, 1991

In reference 1, pursuant to the regulation of 10 CFR 20.302, Wisconsin Public Service
Corporation (WPSC) requested authorization for the alternative disposal of very-low-level
radioactive materials from the Kewaunee Nuclear Power Plant. [n reference 2, the US NRC
identitied additional questions that needed to be addressed in order to complete their review.
Attachment 1 provides our response to the questions.

WPSC rcquested the State of Wisconsin Department of Natural Resources (WDNR) 10 review
the disposal options for the service water pretreatment lagoon sludges. In reference 3, the
WDNR completed a review of the most appropriate on site disposal methods for the slightly
contaminated service water pretreatment lagoon sludges. The two proposed methods that the
WDNR evaluated included in-situ capping of the studge in the wastewater treatment lagoon and
on site landspreading. In Attachment 1, Appendix A, WPSC evaluated the on site landspreading
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Document Control Desk
Oclober 17, 1991
Page 2

application which is our preferred disposal method. WPSC does not intend to utilize the in-situ
capping of the sludge in the lagoon at this time. However, in the letter the WDNR agreed that
either disposal method was acceptable provided:

- if the material is to be left in the lagoon, it would be capped in accordance with Wisconsin
State statutes.

- if the on site landspreading option is utilized, the material would be spwad by either
disking into the soil or by spiking into the ground.

WPSC will abide by the WDNR landspreading requirements which include locational and
performance standards. Should there be any additional questions please feel free to contact a
member of my staff. ‘

Sincerely, : -

CO Lhal
C. A. Schrock
Manager - Nuclear Engineering

DIM/jms
Attach,

cc - US NRC - Region IlI o
Mr. Patrick Castleman, US NRC LICADJM\N492
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ATTACHMENT 1
To
Letter from K: H. Evers (WPSC) to Document Control Desk (NRC)

Dated

October 17, 1991
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Document Control Desk _
October 17, 1991 _ ‘-
Attachment 1, Page 1

References: 1) Letter from K. H. Evers to Document Controt Desk dated September
1, 1989.

NRC Question #1 '
On page 4 of your submittal, the average input to the Sewage Treatment
System is approximately 11,000 gallons per day. In the Final Environmental
Statement, this system is to be operated below its design capacity of 9,000
gallons per day. Discuss this deviation from the design capacity, and provide

information lo justify the higher output for this system.

WPSC Response -
The original Sewage Treatment System installed at the Xewaunee Nuclear
Power Plant (KNPP) was replaced in 1986 with a higher capacity system. The
original system was designed for an onsite work force of around 150 people.
It was a limited capacity aerobic treatment system which included the onsite
lagoon for additional retention. Because of this limited capacity and more
stringent conditions on system effluent to Lake Michigan, an aerobic digéstcr
system was installed, which has a higher capacity, and uses current

technology.

The estimated input volume to the Sewage Treatment Sysnem‘used in the
September 12, 1989 application was 11,000 gallons per day. This value was
based on past operating data. The increase in influent from the original design
basis included in the Final Environmental Statemegt is due mainly to an
increase in the number of individvals and facilities (e.g., training and
simulator buil&ing) located onsite. Design changes to the system were

required to accommodate these new facilities.
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Document Control Desk
Ociober 17, 1991
Attachment 1, Page 2

The current volumes of sewage sludge were used as the basis for the potential
dose analysis and corresponding radionuclide concentration limits. This
increase has no significant effect on the dose rﬁbdeling. (Refer to the response
to NRC Question A#'.’, below.)

NRC Question #2
. Provide information regarding how the disposal plan assures that the annual

dose to any exposed individual will be kept below 1 mrem per year.

WPSC Response
The dose pathway modeling used for determining the radioactive material
concentration limits was based on NRC modeling. The computer code
IMPACTS-BRC was used as the basis for calculating the potential doses from
the alternative disposal methods. This modeling includes reasonable
conservative exposure pathway scenarios for the various disposal methods.

Administrative controls will be established to ensure that the actual disposal of
any slightly contaminated materials from KNPP are within the bounds of the
evaluation. Samples from each of the waste streams will be collected and
analyzed by gamma spectruscopy prior to release for disposal. A system
lower limit of detection (LLD) of SE-07 uxCi/ml for the principal gami"ﬁa
emitting radionuclides will be required. This LLD ensures the identification of
any contaminated materials at a fraction of the allowable concentration limits

for the alternative disposal.

The results of these analyses will be used to ensure that any detectable levels
of radioactive material are within the limits for alternative disposal. Any

materials with levels of radioactive material above the concentration limits
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Document Control Desk
October 17, 1991
Attachment 1, Page 3

(and of plant origin) will be treated as a radioactive waste and appropriately

controlled.

Records will be maintained to ensure that the cumulative disposal of any
contaminated materials are maintained within the bounds of the evaluation. In
addition to a comparison of the individual radionuclide concentration limits, a
record of the total amount of radioactive material disposed of will be
maintained. Cumulative totals will be maintained to ensure that the total

activity does not exceed the quantity assumed in the denivation of the limits.

In developing the concentration limiﬁ presented in Table ! of reference 1, it
was assumed the total annual design basis volume of 27,000 f would be
contaminated at the derived limit. The dose commitment from each
radionuclide was individually evaluated as if it were the only radicactive
material present. To determine if a mixture of radionuclides meets the limit,
the sum-of-the-fractions rule should be applied (i.2., the sum of each
radionuclide’s concentration divided by its limiting concentration must be less

than one).

The concentration limits of Table 1 of reference 1 also have an implied total activity
limit. This limit is determined by muitiplying the individual radionuclide
concentration limit by the total estimated wasts volume of 27,000 ft3. These total
activity limits are presented in Table A of this response, for each radionuclide
individually. For a mixture of radionuclides, a total annual activity limit may be
determined by normalizing the concentrations so that the sum-of-the-fractions for the
mixture cquals one (1). These resultant adjusted concentrations may be multiplied by

~ the 27,000 i3 waste volume to determine the corresponding total activity limit of the

mixture.
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Document Control Desk
October 17, 1991
Attachment 1, Page 4

A Disposal Log will be maintained on a calendar year basis for all disposals of
any very-low-level radioactive materials, The fog will contain as a minimum
the following information: - ‘

+ Disposal location

- Description of waste

- Shipment/disposal date

+ Waste volume

+ Radionuclide concentrations (gamma emitters)

+ Year-to-date radionuclide activity . .

- Year-to-dale waste volume

In addition to the above Disposal Log, a record file will be kept for each
individual disposal. This file will contzin, as a minimum, the following
information:

- Waste identification

. Sample gamma spectroscopy results

+ Identified radionuclide concentrations and total activity

NRC Question #3
Revise Appendix B, Section A of your submittal, "Radiation Exposure During
Transport,” by adding the cumulative dose to the exposed population per
reactor year for both the transportation worker and the general public

(onléokgrs along route).

WPSC Response
The potential exposure to the general public (onlookers along route) is
modeled by the IMPACTS-BRC code. As addressed in NUREG/CR-3585,
this modeling is based on an integration af tl{c source strength, an assumed
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Document Control Desk
October 17, 1991
Attachment 1, Page 5

population density along route and vehicular speed. For a conservalive
evaluation of the potential exposure to the general public from the transport of
the KNPP waste, a population density of 610 persons/mi2 was assumed. This
value is conservative for the KNPP site area where the average population
density is less than 53 persons/mi2. A transport distance of 45 miles was
assumed. The IMPACTS-BRC modeling assumes five (5) tons of material are
transported per shipment. For the assumed KNPP waste volume, this
shipment weight translates into a total of 167 shipments pcryear With a
vehicular speed of 20 miles per hour, the resultant total population exposure
time is 375 person-hours per year. At the concentration limits established for
the alternative disposal, the potential onlooker doses during transport wiil be
less than 0.01 person-rem.per year. For the modeling of the exposure to the
transport worker, the IMPACTS-BRC model assumes two drivers per vehicle.
As presented in the September 12, 1989 submittal, the maximum dose to the
driver is less than 1 mrem per year (<0.001 rem/yr). Therefore, the total
collective dose to the transport workers will be twice the individual dose, i.e.,
less than 0.002 person-rem. Including the population dose of <0.01 person-
rem per year, the total collective dose to both the transport workers and the
population is less than 0.02 person-rem (0.002 person-rem + 0.01 person-rem
< 0.02 person-rem).

For the disposal of the existing 15,000 f3 of contaminated sludges, the
population dose due to the transportation of the waste is calculated to be
0.0002 person-rem. The esli.mal.ed collective exposure o the transport worker
is 0.00007 person-rem. The total collective dose due to transport of the waste
is 0.00027 person-rem.
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Document Controf Desk
October 17, 1991
Attachment 1, Page 6

- Additional Potential Disposal Method

The Wisconsin Department of Natural Resources has requested Wisconsin
Public Service to examine the feasibility of land application of the lagoon
sludges in lieu of disposal in the Kewaunee County Landfill. Land application
is also an option for the disposal of the sewage sludges. Therefore, WPS
requests that the option for onsite disposal at the KNPP site by land application
be included in the alternative disposal melhods which was determined to be
acceptable in our September 12, 198§ submittal,

The potential pathways of exposure as evaluated in the September 12, 1989 .
submittal conservatively bound any additional pathways of exposure that wouid
result from onsite land spreading of the wasle. ‘Attachment A to this response
provides an overview of the land spreading disposal method. Also, the
pathways of exposure applicable to the onsite land application are evaluated,
and a compé.rison to the controlling pathways and radionuclide concentrations
as presented in the September 12, 1989 submittal are discussed. From a
modeling standpoint, the two exposure scenarios , "Radiation Exposure During
Transport” and “Radiation Exposure to Landfill Operator,” appropriately
characterize any potential exposure to workers involved with the land
spreading of the waste. The other post-disposal exposure scenarios, “Intruder
Scenario®, "Intruder Well”, and "Exposed Waste Scenario," as described in
NUREG/CR-3585 (and as discussed in Appendix C of the submittal)
reasonably bound any potential exposures from either ground waste migration
or post-release from the Kewaunee site. In no case is there a higher potential
for exposure from land application than the pathways and potential exposures
that were used for the derivation of the limits for aliernative disposal.
Therefore, no revisions are needed to the radionuclide concentration limits
proposed in the September 12, 1989 submittal to include the option for
disposal by onsite land spreading of the waste.
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Document Control Desk
October 17, 1991
Attachment 1, Page 7

Table A
Radionuclide Quantity Limits
for Alternative Disposal
Limiting
Limiting Annual
Nuclide Concentration Quantity
‘ (»Ci/ml) ‘ (Ci)
H-3 9.65E-04 : 0.7382
C-14 4.55E-05 0.0348
Cr-51 3.13E-04 0.2394
Mn-54 1.14E-05 0.0087 |
Fe-55 1-00E-02 7.6500 |
Fe-59 7.90E-06 0.0060 |
Co-58 1.16E-05 0.0089 §
Co-60 3.74E-06 0.0029 |
Ni-63 1.00E-02 7.6500 |
Sr-90 3.45E-03 2.6393 |
Zr-95 6.28E-06 - 0.0048 |
Nb-95 1.23E-05 0.0094 |
Mo-99 6.73E-05 0.0515
Te-99 2.70E-04 0.2066 |
[-129 2.50E-06 0.0019
[-131 2.68E-05 .0.0205 §
Cs-134 6.16E-06 0.0047
Cs-137 1.71E-05 0.0131 §
Ba-140 5.52E-05 0.0422 |
La-140 4.17E-06 0.0032
14 Transuranics ‘
TRU (T > S yrs) 8.91E-05 0.0682 |
Pu-241 2.85E-03 2.1803 |
- Cm-242 1.00E-02 7.6500
Assumes annual quantity of KNPP wastes is 27,000 a3 or
7.65E8 mils.
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Document Control Desk
Ocober 17, 1991
Attachment 1, Page 8

Appendix A
Evaluation of Onsite Land Applicafion for

Alternative Disposal of Very-Low-Level Contaminated Materials

Overview
Land spreading of lagoon sludges onsite at the Kewaunee Nuclear Power Plant has been
recommended by personnel from the Wisconsin Department of Natural Resources (DNR) as
a desirable alternative to the use of the Kewaunee County Landfill for disposal. This method
of disposal is also a reccommended practice for disposing of sewage treatment facility sludges.
" Therefore, WPS requests that this disposal method be included in the options available for
the alternative disposal of very-low-level radioactively contaminated malerials from KNPP.
Description of Disposal Method
The disposal of KINPP sludges will be performed by beneficial Jand application to a dedicated
disposal arca located onsite at the Kewaunee Nuclear Power Plant. Typical methods of land
spreading will be employed. KNPP sludges will be loaded onto appropriate vehicles (e.g.,
tanker truck, sludge spreader, etc.) and applied to the dedicated disposal area. The dedicated
disposal area will be periodically plowed to a depth of 6 inches.

Onsite disposal of water treatment and sewage sludges are aliowed by EPA and Stale of
Wisconsin Department of Natural Resources with the criteria and limits for land spreading
being specified by the potential use of the land. The two land use criteria are 1) Agricullural
land that covers any lands upon which food crops are grown or animals are grazed for
human consumpltion, and 2) Non-Agricultural land that covers lands which do not represent
ingestion pathways to man, To be conservative, the Agricultural Land Application limits of
sludge contaminants will be applied to the KNPP wastes even though the less reslﬁctivé Non-
Agricultural Land Application sludge contamination limits are allowed. Therefore, no more
than 50 metric tons of sludge per hectare will be applied to the dedicated disposal site. This

fimit will ensure that any land application will not cxceed the bounds of the dose analysis as
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performed previously. In addition, other limitations as applied to land application by the
State of Wisconsin Department of Natural Resources will be followed (e.g., control of

runoff/erosion, proximity to wells/residences/surface water, etc.).

Applicable Pathways of Exposure

The pathways of exposure applicable for land spreading are not appreciably different from
the pathways evaluated for the disposal methods at the Kewaunee County Landfill or the '
Green Bay Metropolitan Sewerage District facilities. The }najor exposure péthways are
discussed below:

Direct Exposure to Workers

Any potential exposures to workers involved in the removal, transport and land
spreading of the sludges are reasonably bound by the evaluation of the
exposure to the transport worker in the September 12, 1989 submittal. The
transport worker has been assumed to be exposed for 460 hours per year at
one (1) meter from unshielded waste. For the land spreading of these wastes,
it is estimated that the total exposure time for the removal and disposal of the
lagoon sludges will require no longer than a three week period per year (i.e.,
120 hours).

The polential exposure to 2 worker onsite afler land spreading, has been
estimated at no more that 100 hours per year. Such an individual would be
involved in Jand maintenance activities, such as plowing and mowing. As
modeled in the September 12, 1989 submintal, an exposure of 2000 hours per
year to the landfill operator has been assumed. For this exposure, the KNPP
materials are mixed with other landfill waste: a 1:13 mixing of KNPP
materials to other waste is assumed. This mixing is not significantly different

from the type of mixing that will occur in.the field with the sludges being
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plowed into the soil to a depth of six (6) inches. With a land spreading of 50
metric tons per hectare per year, a mixing ratio of 1:30 will be achieved.
Therefore, the resultant dose to the exposed worker would be less than the |
mrem per year dose to the transport worker as evaluated in the Septcmbér 12,
1989 submittal.

Post Disposal Exposure - [ntruder Scenario

The IMPACTS-BRC model, as applied to the disposal of the KNPP waste, 2ssumes
loss of institutional controls 10 years after closufc of the site (See Appendix B of the
September 12, 1989 submittal). An individual is assumed to reside in a2 house built
on the disposal area. This individual receives a direct exposure (from the uncovered
waste), an inhalation exposure {(from resuspension), and an ingestion exposure (from
growing % of his food crops). For modeling purposes, it is assumed that the waste is

mixed at a ratio of 1:13 with other soils during the resident's construction process.

The onsite land application of KNPP waste will be limited by tﬁe Agricultural Land
Application sludge concentrations even though the less restrictive Non-Agricultural
Land Application sludge concentrations are applicable since a "dedicated land
disposal” sitc will bc used (i.c., no crops will be grown on the disposal site).
Therefore, provided the KNPP waste does not exceed the Non-Agricultural maximum
siudge concentrations for heavy metal or organic chemicals, unlimited application of
waste to the dedicated land disposal site is allowed. However, o be conservative, the
land application of KNPP wastes will be limited to 5 metric tons per hectare per year.
The intruder scenario as evaluated in the September 12, 1989 submittal conservatively

bounds this exposure pathway for the on-site land spreading.
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Post Disposal - Intruder Well

The intruder well pathway for onsite land disposal is essentially the same as the
intruder well pathway as evaluated by the IMPACTS-BRC model. It is conservatively
assumed that the well is located at the edge of the disposal site. As modeled, locating
the well at the disposal site edge in "downstream flow" direction maximizes the
calculated hypothetical dose. (Additional discussion of this modeling is presented in
NUREG/CR-3585, Volume 2). |

The potential dose for the intruder well scenario for the land spreading disposal would
be less than 0.001 mrem per year. The modeling as presented in the September 12,
1989 submittal reasonably bounds any hypothetical well water exposure pathway.

In summary, the modeling of the exposure scenarios, as presented in the September
12, 1989 submittal, conservatively bounds the hypothetically exposures for the on-site
land spreading. In no case is it likely that any individual, either on-site or off-site,
will receive a dose in excess of 1 mrem per year from the disposal of the slightly

contaminaled materials.
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UNITED STATES . .
NUCLEAR REGULATORY COMMISSION S QA_,.LA,,L(»(_['

WASHINGTON, D C 20558
lr-=2a-93

June 17, 1992
Dockat 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)

8y 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 enclosed safety evaluation is
permanently incorporated into your Offsite Dose Calculation Manual (ODCM) as
an Appendix, and that future modifications of these commitments are reported
to the NRC.

Issuance of this safety evaluation completes all effort on TAC No. M75047.

Sincerely,

2z Y Mo

Allen G. Hansen, Project Manager
Project Directorate I111-3

Division of Reactor Projects I11/IV/V
Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc w/enclosure:
See next page
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Wisconsin Public Service Corperation

cC!

David Baker, Esquire
fcley and Lardner

?.0. Box 2:93

Oriando. Flurida 32082

Glen Xunesh, Chairman
Tewn of Cariton

Route |

Kewaunee, Wisconsin 54215

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54215

Chafrman

Public Service Commission of Wisconsin

Hill Farms State Office Building
Madison, Wisconsin 53702

Attorney General
114 tast, State Capitoel
Madison, Wisconsin 537C2

U.S. Nuclear Regulatory Commission
Resident Inspectors Office

Reute #}, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Regian 1]
U.S. Nuclaar Reculatory Commission
789 Racsevelt Road

Glen Ellyn, lllincis 60137

Mr. Raobert S. Cullen

Chief fngineer

Wiscensin Public Service Commissicn
P.0. Box 7854

Madison, Wisconsin 53707

Kewaunee Nuclear Power Plant
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= UNITED STATES

3 NUCLEAR REGULATORY COMMISSION
£

&

WASHINGION. D.C 20656

SOFETY EVALUATION_ BY. THE OFFJCE OF KUCLEAR REACIOR REGULATION

RELATING TO ONSITE DISPOSAL OF LOW-LEYEL RADEOACTIVELY
CONTAMINATE D WASTE SLUDGE
AT _THE KEWAUNEE NUCLEAR POWLR PLANT
WISCORSIM PUBLIC SERVICE QQRPQRATIO[
WISCONSTH POWER AND L]IGHT COMPANY
MADISON GAS AND ELECTRIC COMPANY

DOCKET MO, 50-305

1.0 IMTRODUCTION

In reference 1, Wiscensin Public Service Corporation (WPSC) requested appraoval
pursuant to Section 20.302 of Title 10 of the Code of Federal Regulations
(CFR) for the disposa) of Yicensed 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 contaired in references 2 thrauah 5.

The WFSC request contains a detailed description of the licensed material
{i.e., contamirated sludge) subject to this 10 CFR 20.3C2 request, based on
radioaclivity absorbed from liquid discharges of licensed material. The
15,000 cub:c feet of cortaminated sludge identified in the request containg a
total radionuclide inventory of 0.17 mCi ¢f Cesium-137 arnd Cobalt-69.

In its submittal, the Vicensee addresz.ed specific information requested in
accordance with 10 CFR 20.302{a), providec a detailed description of the
licensed material, thoroughly analvzed and evaluated the information pertinent
to the effec!s on the environment nf the proposed disposal of licensed
naterial, and curmitted to follew specific procedures to minimize the risk of
unexpected exposures.

2.0 DESCRIFTION OF WASIE

During the normal operation of Kewaunee, the potential exists for in-plant
process streams which are not normally radicactive to become contaminated
with very low levels of radicactive materials. These wasle streams are =
norrally separated from the radicactive streams. However, due mainly to
infrequent, minar sviterm leaks, and anticipated cperalicnal occurrences, the
polential exists for these systems to become slightly contaminated. At
Kewaunee, the secondary syitem demireralizer resins, Lhe service water pre-
treatment system sludges, the make-up water system resins, and the sewage
treatrent plant sludges are waste streams that have the potential to become
contaminated at very lcw levels.
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During the yearly testing of a tatch of pre-treatment sludge, it was found
that approximately 15,000 cubic feet of sludge had been contaminated with
(s-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 20.3C2. The sludge is currently contained in an onsite
lagoon at the KNPP sewage treatment facility. The disposal of the .sludge wili
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 cf & inches.

Table ! 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 radfonuclides with half-1ives less than 35
years. -

Tzble l
Nuzlide Total Activity (mCf)
fo-€2 0.676
Ca 137 0.024

4.0 RADICLOGJCAL [MPACTS

The licensee has evaluated the following potential exposure pathways to
members of the general public from the radionuclides in the sludge: (1)
external exposure caused by groundshine from the disposal site; (2) internal
expasure from inhalation of re-suspenrded radionuclides; and (3) internal
exposure from ingesting ground water. The staff has reviewed the licensee's
calculatioral methods and assumptions and finds that they are consistent with
NRC Regulatory Guide 1.109, “Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10
CFR Part 50, Apperdix 1." Revision 1, Drtaher 1977, The staff finds the
assessment methodolegy accepntanie.

Table 2 lists the deses calculated by the licensea for the maximally exposed
member of the putblic based on a total activity of 0.170 mCi dispased of in the
current yedr, as well as the cumulative impact of similar disposals during
subsequent years. Fer any repetitive disposals, the licensee must reapply to
the NRC when a particular disposal would exceed the following boundary
conditions: (1) the annual dicposal must be Yess than a total activity of 0.2
mCi; (2) the whole body dose to the hypothetical maximally exposed individual
must be less than 0.) mrem/year; and (3) Lhe disposal must be at the same site
as described in Figure 1.
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IABLE 2

Whale Body Dose Received by
Maximally Exposed Individual

Pathway {mrem/year)
Groundshine 0.034
Inkalation 0.008
Groundwater jngestion 0.007
TOTAL 0.08%

As shown in Table 2, the annuil dose is expected to be on the order of

0.1 mrem or less. Such a dase 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 fcr 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 (ODCM) as an Appendix, and that
future meoifications be reported tu MRC i accordance with the applicable 0DCM
thange protecol.

Based cn the above findings, the staff finds the licensee's proposal to
dispose of the Yow level radicactive waste sludge onsite in the manner
described ir the WPSC letter dated Septembder 12, 1989, to be acceptable. The
State of Wisconsin has also approved these procedures (reference §).
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20.302 Guicdeline
for Ons‘te Dispesal

1. The radipactive material should
be dispased of in a manner that it
is unlikely that the material would
be recycled.

2. Ooses 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 shauld be lYess than

1 mrem/year.

3. Doses to the total body and any
body organ ¢f an inadvertent
intruder - from the prebable pathways
of exposure stould be less than

S 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 disposa!
site is released from regulatory
contral from all likely pathways of
expasure should he less than } rrem.

staff's Evaluatien

l. Due to the nature of the
dispased material, recycling to the
general public is not considered
likely.

2. This guideline is addressed in
Table 2.

1. 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 ! mrem/year,
based on the exposure scenarios
considered in this analysis.
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Figure 1

Kewaunee Muclear Power Plant Site Area Map
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, O.C. 203650001

0,.""

by
Yaant

Mr. C. A. Schrock

Manager - Nuclear Engineering
Wisconsin Public Service Covporation
Post Office Box 19002 .

Green Bay, Wl 54307-9002

SUBJECT: SAFETY EVALUATION FOR AN AMENDMENT TO AN APPROVED 10 CFR 20.302
APPLICATION FOR THE KEWAUHEE NUCLEAR PLANT (TAC RD. MB9719)

September 14, 1994

Dear Mr. Schrock:

8y letter dated June 23, 1994, as supplemented June 29, 1994, you requested
approval to use inother onsite area for the disposal of contaminated waste
sludge in addition to tha location approved by the NRC on June 17, 1§92. The
staff has completed {ts review of your request and finds that your proposal
wveets the radiological boundary conditions approved in the June 17, 1992,
Safety Evaluation, and is therefore acceptable. The staff also finds that
your proposal is in accordance with 10 CFR 20.2002 which replaced 20.302 on
January 1, 1994.

This approval is grinted provided that the enclosed Safety Evaluation fs
permanently incorporated into your Offsite Dose Calculation Manual (0OCM) as
an Appendix, and that future modifications of these commitments are reported
to the NRC.

Sincerely,

Richard J. Laufer, Acting Project Manager
Project Directorate II1-3

Ofvision of Reactor Projects Il1/1v
Office of Ruclesr Reactor Regulation

Docket Ho. 50-30%

Enclosure:
Safety Evaluation

.¢C wienclosure:

see next page
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Wisconsin Public Service Corporation

cC:

Foley & Lardner

Attention: Mr. Bradley D. Jackson
One South Pinckney Street

P. 0. Box 1497

Madison, Wisconsin 53701-1497

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
¥isconsin

HI11 Farms State Office Building
Madison, Wisconsin 53702

Attornsy 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 1]
V. S. Nuclear Regulatory Commission
801 Warrenville Road

Lisle, I11inois 60532-4531

Mr. Robert S. Cullen

Chief Engineer

Wisconsin Public Service Commission
P. 0. Box 7854

Madison, Wisconsin 53707
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20843-0x01

. o)
"'Vno‘-\ »
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SAF ALUATION OFF AR_REACT u
RE 10 ONSITE DISPOS - T1Y
HTAM WASTE_SLUDGE '
AT THE KEWAUNEE HUCLEAR POWER PLANT
u&sw&w cE 1?%:;‘?11

DOCKET 14O, 50-30%

1.0 INTRODUCTION

8y letter dated June 23, 1994, and as supplemented on June 29, 1994, Wisconsin
Public Service Corporation (the 1icensee) requested approval to use another
onsite area for the disposal of contaminated waste sludge in additfon to the
location approved by the KRC on June 17, 1992,

2.0 EVALUATION

A Safety Evaluation (SE) dated June 17, 1992, approved the 1fcensee’s request
pursuant to 10 CFR 20.302 for the disposal of 15,000 cubic feet of
contaminated waste s]ud?e by 1and application at the Kewaunee Nuclear Power
Plant (KKPP) at 2 specific onsite location. The St imposed the following
boundary conditions:

1. The annual disposal must be less than 2 total activity of 0.2 mCi.

2. The whole body dose to the hypothetical maximally exposed individual
must be less thmv 0.} mrem/year.

3. The disposal must be the same site.

The site designated in the SE was an unused area adjacent to the onsite lagoon
at the KNPP sewage treatment facility. In 1993, approximately 7500 cubic feet
of the original 15,000 qubfc feet of contaminated sludge was spread on that
Tocation. The licensee has now proposed to dispose of the remaining
contaminated sludge at another cnsite locaticn northwest of the plant (see
Attichment). The licensee has committed that the new disposal location will
meet 311 the radiological boundary conditions contained in the SE for the

10 CFR 20.302 application approved on June 17, 1552. Additionally, the
licensee has stated that this additional disposal site will meet all
applicable Wisconsin Departwent of Natural- Resources (NDNR) application
requivements (i.e., sludge application rate and frequency of spreading rate},
in additfon to WOHR landspreading requirements regarding location and
performance standards that were required at the originmal disposal site.

E-27 | REV. 10
- 12/14/2006



3.0 CONCLUSION

The staff finds the licensee’s proposal to dispose of the low-level
radioactive waste sludge in the additional onsits location to be within the
radiological boundary conditions approved in the June 17, 1992, St and is
therefora acceptable, The staff also finds that your proposal is in
accordancae with 10 CFR 20.2002 which replaced 20.302 on January 1, 1994.

As stated fn the NRC’s June 17, 1992, approval of the licensee’s 10 CFR 20.302
application, the 1icensee 15 required to permanently incorporata this
modification into the Offsita Dose Calculation Manual) as an Appendix, and that
future modification of this coomitzent be reported to the NRC.

Principal Contributor: S. Xlementowicz

"Date: September 14, 199

Attachment: XNPP Site Area Map
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% UNITED STATES ! - -
W 3 NUCLEAR REGULATORY COMMISSION Rec'd. 11-30-95
& : :

WASHINGTON, D.C. 20353-0001

Koweabor 13, 1995

Nr. M. L. Marchi

“Manager - Nuclear Businass Group
Hisconsin Public Sarvice Corporation
Post Office Box 135002

Sreen Bay, W1 54307-9002

SUBJECT: ALTERRATE DISPOSAL OF CONTAMINATED SEWAGE TREATMENT PLANT SLUDGE IN
ACCORDANCE WITH 10 CFR 20.2002 (TAC NO. M93344)

Dear Mr. Marchi:

By Jstter dated Octobar 17, 1995, as supplemented on Kovember 3, 1995, you
requested approval for the onsite disposal of contaminated sewage treatment
sludge In accovdance with 10 CFR 20.2002. This request wvas similar to 2
previous disposal requast that was approved by tha NRC on June 17, 1992.

The staff has complated its review of your request and finds that your
proposal meets the radiological boundary conditions approved in the June 17,
1992, Safety Evaluation, and {s tharafore acceptabla.

This approval 1s granteg provided that the enclosed safety evaluation fs
permanently incorporated into you Offsite Dose Calculation Manual (ODCH) as an

Agpe%éx. and that future modifications of these commitments are reported to
the .

Sincerely,

Richard J. uu/ar. Project Mamager
Project Directorats 11]-3
Division of Reactor Projects IIl/1V
0ffice of Muclear Reactor Regulation
Docket No. 50-305
Enclosure: Safety Evaluation

cc: Sea next page
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Mr. M. L. Marchi
Wisconsin Publ{c Service Corporation

cc:

Foley & Lardner

Attention: Mr. Bradley D. Jackson
One South Pinckney Street

P. 0. Box 1497

Hadison, Wisconsin 53701-1497

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 Coomission of
Hisconsin

H111 Farms State Office Building
Madisen, tisconsin 53702

Attorney €eneral
114 East, State Capiteal
Kadison, Wisconsin 53702

U. S. Nuclear Regulitory Comission
Resident Inspectors Office

Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Reglon 111
U. §. Buclear Regulatory Commission
801 Warrenville Road

Liste, INM§nois 60532-453]

Mr. Robert §S. Cullen

Chief Englineer

Wisconsin Public Service Commission
P. 0. Bax 7854

Hadison, Wisconsin 53707
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U&ITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGYON, D.C. 20520-0001

1.0 INTRODUCTION

By letter dated October 17, 1993, as sugpltmted on Hovember 3, 1995,
Wisconsin Public Servica Corporation {the Hcensna‘ raquested approval for the
onsite disposal of contaminated sewage sludge siailar to a previous disposal
requsst that was approved by the KRC on June 17, 1992.

2.0 BACKGROUND

In a letter dated September 12, 1989, the licensea requested authorization for
the alternate disposal of very-low-level radioactive material. In a Safety
Evaluation (SE) dated June 17, 1992, ths NRC approved tha licenssa’s requast
pursuant to 10 CFR 20.302 (new 10 CFR 20.2002) for the disposal of 15,000
cubic feet of contaminated waste sludgs by 1and application at the Kewaunee
Nuclear Power Plant (KNPP) location. The SE imposed the following boundary
conditions:

1. The annual disposal must be Tess 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/yerr.

3. The disposal must ba at the same site.

The licensea completed tha disposal of the contaminated waste sludge discussed
in the SE dated Juns 17, 1592. The licensese 1s now requesting authorization
to dispose of additional contaminated waste sludge within the boundary
conditions of the previously approved disposal. -

3.0 EYALUATION

The licensee has proposed to dispose of approximately 5000 gallons (800 cubic
feat) of sewage sludge similar to the matertal approved for disposal in the SE
dated June 17, 1992. The principal radionuclides identtfied in ths waste
sludge and their activity based on measuremeats in Nay 1995 are: C(o-58,
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0.0003 mCi; Co-60, 0.0008 »Ci; and Cr-51, 0.0006 sCi{. The total combined
activity is 0.0023 wCi. This activity is well below the boundary value of
0.2 »C1. Additionally, Cr-51 with it short half-11fe (27.7 day) will have
undergone significant decay from 1ts initial valus of 0.0005 =Cf.

The licensee has coomitted that the new disposal will meet all the
radiological boundary conditions, on a cumilative basis, contained in the SE
for the 10 CFR 20.302 application apisroved on June 17, 1992.. Additionally,
the 1icensee has stated that a1l applicadle permits for this dispesal have
been obtained from the Wisconsin Department of Natural Resources.

4.0 CONCLUSION

The staff finds the licensee’s proposal to dispose of the Tow-level
radioactive waste sludge pursuant to 10 CFR 20,2002, on the )icensee'’s site
(see Attachment), 1s within the radiologfcal boundary cenditions approved in
the June 17, 1992, SER and 1s therefore acceptable.

The licensee is required to permanently incorporate this uodifl.cation $nto the
OFfsite Dose Calculatfon Manual as an Appendix, and to ensure that future
modifications of these commitments are reported to the KRC.

Principal Contributor: 5. Klementowicz

Date: Novemher 13, 1995‘

Attachment: KNPP Site Area Rap
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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20653-0001
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April 9, 1967

Mr. M. L. Marchi

Manager - Nuclear Business Group
Wisconsin Public Service Corporation
Post Office Box 19002

Green Bay, WI 54307-9002

SUBJECT: ONSITC DISPOSAL OF CONTAMINATED SLUDGE PURSUANT TO 10 CFR 20.2002
(TAC NO. M97411)

Dear Mr. Marchi:

By letter dated December )0, 1996, you requested that the U.S. Kuclear
Regulatory Commission (NRC) review the appl fcability of a 10 CFR 20.203 (now
20.2002) application approved on June 17, 1932, for additional disposals of a
sfmilar nature.

The staff has completed its review of your request and agrees with your
determination that the 10 CFR 20.203 application for onsite disposal of sludge
contaminated with licensed radioactive material, which was pproved on

June 17, 1992, contains bounding conditions that are applicable for additional
ons}te gisposals of a similar nature. A copy of the Safety Evaluation is
enci{osed.

Sincerely,
Richard J. u{z&, Project Manager
Project Directorate 111-3

Diviston of Reactor Projacts III/IV
Office of Nuclear Reactor Regulation

Docket No. S50~305
Enclosure: -Safety Evaluation

cci See next page

- NRCia WPSC | ETYER DISTRIRITION

T A Hazson (MGAE) X H Evers KNP

Nocmgm | iadm SRy

D A Bolon proet KNP NSRAC) QA SIRSRAY KNP(Lic)

DED. o R P Pulsc KNP (3) S F Woanisk D2

* Dey D1 C A Schrock KNP BIDoamick/PRReacheske KNP
(Com/USAR)
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Hr: M. L. Marchi
Wisconsin Public Service Corporatien

cC:

Foley & Lardner

Attention: Mr, Bradley D. Jacksen
One South Pinckney Street

P. 0. Box 1497

Madison, Nisconsin 53701-1497

Crairman

Town of Carlton

Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board ’
Kewaunee County Courthouse
Kewaunee, Wiscensin 54216

Chairman

Wisconsin Public Service Commission
610 N. Whitney Way

Madison, Wisconsin 53705-2729

Attorney Genera?l
114 East, State Capitol
Madison, Wisconsin 53702

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

Route 1, Box 939

Kewainee, Wisconsin 54216

Regional Administrator - Region I1II
U. S. Nuclear Regulatory Commission
80] Warrenville Road

Lisle, Illinois 60532-4531

Mr. Rabert $. Cullen

Chief Engineer

Wisconsin Publ{c Service Commission
610 N. Whitney Way

Madison, Wisconsin 53705-2829
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< UNITED STATES -
) ‘§ NUCLEAR REGULATORY COMMISSION
/ H WASHINGTON, D.C. 20555-000M

Vﬂo d\q

*eqar’ o
SAFETY_EVALUATION BY THE O
RELATING YO ONSITE DISPOSAL OF CONTAMINATED SLUDGE

THE KEWAIN ¢
WISCONSIN PUBLIC SERVICE CO JTION
WISCONSIN POWER AND { IGH ANY
MADISON GAS C_CCMPANY

DOCKEY NO. 50-305

1.0 INTRODUCTION

By letter dated Oecember 10, 1996, Wisconsfn Publfc Service Corporation (the
licensee) requested that the U.S. Nuclear Regulatory Commission (NRC) review
its determination that NRC approval, pursuant to 10 CFR 20.2002, for the
onsite disposal of contaminated sludge at the Kewaunee Ruclear Power Plant
{KNPP) 1s not required, provided such disposils are conducted within the
1imits and bounding conditions approved by the NRC in {ts June 17, 1992,
Safety Evaluation (SE).

2.0 BACKGROUND

In a letter dated September 12, 19689, the 1icensee requested authorization for
the alternate disposal of sludge conteminated with 1icensed radioactive
material. In an SE dated June 17, 1992, the NRC approved the l{censee’s
request pursuant to 10 CFR 20.302 (new 10 CFR 20.2002) for the disposal of '

. 15,000 cubic feet of contaminated waste sludge by Yand application at the KKPP
Jocatfon. The SE imposed boundary conditions as follows:

1. The annual disposal must be less than a total activily of 0.2 Ci;

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.

The SE also stated that for any repetitive éisposa\s. the 1icensee must
reagply to the KRC when a particular disposal would exceed the boundary
conditions. ..

3.0 EVALUATION

The 1icensee has determined that NRC approval for future onsite disposals of
sludge contaminated with 1icensed radicactive material is not required
provided the disposals comply with the limits and conditions of the SE tssued
on June 17, 1992. The licensee has also developed a sludge sampling and
analysis procedure that implements the guidance contained in NRC Information

E-37 REV. 10
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Notice 88-22. Specifically, the licensee's procedura will require the
analysis of sludge samples using a detection system design and operating
characteristics that yield a lover 1imit of detection for Co-58, Co-60,
.Cs-134, and Cs-137 consistent with measurements of environmental samples. The
licensee has provided a site map (attached) that specifies the acceptable
onsite disposal areas for the contaminated sludge.

4.0 CONCLUSION .

The staff agrees with the 1icensee’s determination that additional onsite
disposals of contaminated sludge, which are conducted within the bounding
l1imits and conditions contained in the June 17, 1992, SE and within the areas
specified in the attached site map, do not require specific NRC approval.

The licensee should permanently incorporate this Safety Evaluation into the
Offsite Dose Calculation Manual as in Appendix.

Principal Contributor: S. Klementowicz
Date: April 9, 1997
Attachment: KNPP Site Map
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REMM / ODCM REVISION DOCUMENTATION FORM

This is a change to the (circle one): REMM

Current Revision Number: 9 New Revision Number; 10

Initiated by: Richard Adams Date: 10/15/2006

t-Track Items included in this revision:  CA 26592, PCR 23369, PCR 14906

Describe Change Describe Reason

Table 1.1: Changed the default alarm setpoints for | Based upon the linear calibration range of the
both R-18 and R-19 to 5.00E+05. Prwr $-P's were | radiation monitors in accordance with CAP 37265

>NT ad LUME L vespechvely y gy | 20d DCR 26981.

Added Step 2.1.6 to describe releases of RAM With such leaks, use of the PORVs would
through the PORVs when there are primary to constitute a relase that needs to be quantified for
secondary leaks.: dose consideration.

Added Step 2.1.7 to describe releases of RAM Airbone RAM exists in Containment and the
through non-routine openings in Containment or the | Auxiliary Building. With breaches in either to
Auxiliary Building. non-RCA areas, the potential exists for releases.

Quantifying such releases is necessary. This
change allows for such quantification if a release
does occur.

Step 2.4.2: Changed reference from "ODCM The ODCM reference does not exist.
Specification 3.6.2" to "REMM Specification 2.2.2".

Ndded PORV relgase Yo Frguee pg 12 | To complete tue dianeam
N d

Steam aenecalor Mk valblb
Qewecded Hhe docuwent ABSTRACT 1o [Comments Srom We hieewsing Mana gor.
rewoue we&efev\ces o Wisc.

TFFeCTIVE
DA, DEC 14 2006

Form NAD-05.13-1 Rev. H Date: OCT 4 2006 Page 6 of 7
INFORMATION USE :
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REMM / ODCM REVISION DOCUMENTATION FORM

Attach Appropﬁaté 50.59 Documentation.
B Attach 50.59 Applicability Review documentation.

X] Attach additional supporting 50.59 documents; as applicable.
K 50.59 Pre-Screening  [] N/A

50.59 Screening 0O NA
_AK™ 50.59 Evaluation N/A
At AnuiL
RA w/AlL

;’repared by: \Qcémm\ W.Mans [ mm W Mgw Date:

(Print/ Sign)
Reviewed by:

Technical Review: !'l;k& f)er 0 .SJW:( Z% 1& 154/ Date:
(Print / Sifn)

lolQ\ ol -

(t2l- ¢

Form NAD-05.13-1 Rev. H Date: OCT 4 2006
INFORMATION USE

Page7o0f 7



50.59 APPLICABILITY REVIEW

(Is the activity excluded from 50.59 review?)

1. Document/Activity number:  ODCM Rev. 11
2. Brief description of proposed activity (what is being changed and why):
Add PORY releases as possble release path for gaseous effluents whenthere is a primary to secondary rekase.
3 Does the proposed activity involve or change any of the following documents or processes? Chedk YES or NO for EACH applicability review
’ item. Explain in comments if necessary. [Ref. 50.59 Resource Manual, Section 4] .
NOTE: If you are unsure if a document or process may be affected, contact the process ‘owner.
Yes No Document or Applicable .
4 v Process Regulation Contact/Action
. A . . Process change per NAD-05.14.
a|l O X | Technical Specifications or Operating License 10CFR50.92 Contact Licensing, .
Activity/chmge previously approvedby NRC in Identify NRC letter in comments below. Proccss
bt O ® license amendment or NRC SER 10CFR50.90 change.
Contact Licensing for assistance.
Activity/change covered by an existng approved . Identify screening or evaluation in comments below.
c| O = 10CFR50.59 review, screening, or evaluation. 10CFR50 Appendix B Process change.
Dominion Quality Assurance Program Description Contact QA.
d) O | B | pomoan 10CFRS0.54(a) Refer to NO-AA-101.
Contact EP.
c| O | B | Emergency Plan 10CFR50.54(q) Refer to FP-R-EP-02.
. Contact Security.
£ O X | Sccurity Plan 10CFR50.54(p) Refer to FP-S-SPE-01.
Contact IST process owner.
g| O B3 | 1ST Plan 10CFR50.55a(f) Refer to NAD-01 24
’ Contact IS] process owner.
hi O { & |ISIPlan 10CFRS0.55a(g) Refer 1o NADs 01.03, 01,05, and 05,11,
i| O3 [ | ECCS Acceptance Criteria 10CFR50.46 Contact Licensing,
USAR or any document incorporated by reference -
i| O | B | Check YES only if change is editorial (sce 10CFR50.7] Crogess USAR change per NEF-03.02
Attachment A). ontact process owner for assistance.
Commitment - Commitment changes associated Contact Licensin
k[ O B | with aresponse to Generic Letters and Bulletins, or 10CFR50 Appendix B Refer to NAD-0 sgé 5
if described in the USAR require a pre-screcning. o
Maintenance activity or new/revised maintenance
I O = procedure - Check YES only if clearly maintenance 10CFR50.65 Evaluate under Maintenance Rule.
and equipment will be restored to its as-designed ; Refer to NAD-08.20 and NAD-08.21,
condition within 90 days (see Attachment C).
New/revised administrative or managerial
directive/procedure (¢.g., NAD, GNP, Fleet N
Procedure) or a change to any procedure or other . ..
m| O controtled document (¢.g., plant drawing) which is 10CFR50 Appendix B Process procedure/document revision.
clearly editorial/administrative. See Attachments A
and B.
4, Conclusion. Check one of the following:

O
O

X

All documents/processes listed above are checked NO. IOCFR50.59 applics to the proposed activity. A 50.59 pre-screening shall be performed.

One or more of the documents/processes listed above are checked YES ND controls all aspects of the proposed activity. I0CFR50.59 does
NOT apply. Process the change under the applicable program/proccss/procedure

One or more of the documents/processes listed above are checked YES, however, some portion of the proposed activity is not controlied by any
of the above processes. L0CFR50.59 applics to that portion. A 50.59 pre-screening shall be performed.

5. Comments:
m = editorial change for wrong reference noted in step 2.4.2. However, additional changes were made that are not cditorial, therefore a pre-screening is

needed.
6. Print name followed by signature. Attach completed form to document/activity/change package.
Prepared by: _ Richard W. Adams W \MMN‘V& Date: _10/14/06
(print/sign) ]
Reviewed by: m ok& 6 érns )aFF m W Date: ZZ "2:[‘&6
(print/sign) ”

/

Date: AUG 3 2006

Form GNP-04.04.01-1 Rev. J Page 15 of 16
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50.59 PRE-SCREENING

(Is a 50.59 screening required?)

1. Document/Activity number: ODCM Rev 11 -
2. Brief description of proposed activity (what is being changed and why):
Add S/G PORV (when there are primary to secondary leaks) and additional release points from CTMT and Aux. Bldg. as possible release paths for gaseous

effluents

3. Does the proposed activity involve or change any of the following documents or processes? Explain in Comments if necessary.

Check YES or NO for EACH pre-screening item. [Ref. NMC 50.59 Resource Manual, Section 5.1}
NOTE: If you are unsure if a document or process may be affected, contact the process owner.

NOTE: An asterisk (*) indicates that the document is incorporated by reference in the USAR or is implicitly considered part of the USAR.

NOTE: Check NO if activity/change is considered editorial, administrative, or maintenance as defined in Attachments A, B, and C. Explain in Comments if

necessary.
Yesv] Nov Document/Process ll’) irective/
rocedure
D E Updated Safety Analysis Report (USAR) NEP-05.02
b D E *  Technical Specifications Bases or Technical Requircments Manual (TRM) NAD-05.14,
NAD-03.25
c D E *  Commitments made in response to NRC Generic Letters and Bulletins, and those described in the USAR NAD-05.25
d D E *  Eavironmental Qualification (EQ) Plan NAD-01.08
e D E *  Regulatory Guide 1.97 (RG 1.97) Accident Monitoring Instrumentation Plan NAD-05.22
f D E *  FirePlan NAD-01.02
B D E *  Appendix R Design Description NAD-01.02
h D E ¢ Fire Protection Program Analysis (FPPA) NAD-01.02
i g D *  Offsite Dose Calcnlation Manual (ODCM) NAD-05.13
j D E *  Radiological Environmental Monitoring Manual (REMM) NAD-05.13
k D B *  Station Blackout Design Description
1 D E *  Control Room Habitability Study
m D E Plant Drawing Changes/Discrepancies NAD-05.01
n D @ Calculations/Evaluations/Analyses/Computer Sofiware - Check YES only if: 1) It affects a method of evaluation Various
described in the USAR, or 2) It independently (i.e., not part of a modification) affects the licensing or design basis.
o D Permanent Plant Physical Changes - All require a screening. NAD-04.03
P D @ Temporary Plant Physical Changes (TCRs) - Check No only if installed for maintenance AND in effect for less than NAD-04.03
90 days at power conditions.
q D E QA Typing Determinations - Check YES only if reduction in classification, or affects design function as described in NAD-01.01
USAR. .
r D g Setpoint or Acceptance Criteria - Check YES only if change affects plant monitoring, performance, or operation. Various
s D E Plant Procedures/Revisions - Check YES only if the change directly or indirectly involves operating, controlling or NAD-03.01
configuring an SSC differently than described or credited in USAR.
t D E Engincering Specifications - Check YES only if a design function or design requirement may be affected. NAD-05.03
u D E Operations Night Orders or Operator Work Arounds - Check YES only if SSCs are operated or configured differently NAD-12.08
than described in USAR.
v Temporary plant alterations (e.g., jumpers, scaffolding, :hneldmg, barriers) - Check YES only if installed (or in effect) NAD-08.14,
D E B for maintenance for longer than 90 days at power conditions. GMP-127,
. HP-04.002,
FPP-08-09
w D E Temporary plant alterations - Check YES only if not associated with maintenance.
X D g Corrective/Compensatory Actions - Check YES only if degraded/non-conforming plant condition accepted “as-is” or GNP-11.08.03
compensatory action taken.

4, Conclusion. Check one of the following:
All of the decuments or processes listed above are checked NO. A 50.59 screening is NOT required. Process change in accordance with the applicable
program/process/procedure.

O
X

One or more of the documents or processes listed above are checked YES. A 50. 59 screening shall be performed.

5. Comments: )
This change involves adding the description of a release path for gaseous radioactive material, i.e., through the PORV's, which were previously not included.

6.  Print name followed by signature. Either the preparer or review:

ualified. Attach completed form to document/activity/change package.

Prepared by: Richard W. Adams _ / Date: _12/6/6

(print/sign)

Reviewed by:  Mike Bemsdorf / / Date: I Z" 7" 06

(print/sign) .

Form GNP-04.04.01-2 Rev. J Date: AUG 3 2006 Page 16 of 16
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10CFR50.59 SCREENING

Page 1 of 5
Document/Activity L.
Nombher: ODCM Revision 11 SCRN# 06-090-00
PARTI: Describe the Proposed Activity and Search the KPS USAR

[l

12

L3.

(Refer to 50.59 Resource Manual Section 5.3.1)

Describe the proposed activity,and scope of the activity covered by this screening. Appropriate descriptive materials may be
attached.

This revisionof the ODCM adds the POR Vs as a described release path when there are primary to secondary leaks. It would
be inherent that with primary to secondary leaks that if the PORVs were operated that the steam released would contain
radioactive material, thus constituting a release. This revision also adds norroutine breaches in CTMT and the Auxilliary
Buidlings as possible release points for which releases may need to be accounted for in the dose calculations.

Search the Updated Safety AnalysisReport (USAR) includingthose documentsincorporated by reference. Describe relevant
function(s), performance requirements, and methods of evaluation of the affected SSCs, and where this information is
described in the USAR. In general, any USAR informationpotentially affected by the activity should be identified (consider
both support functions and indirect afects). It is acceptable to attach and highlight applicable portions of the USAR.

Reviewed USAR Sections 1.3.3, Nuclear and Radiation Controls, 1.3.9, Plant Effluents, 2.8, Environmental Radioactivity
Program, 11.1 Waste Disposal System, and 11.2 Radiation Protection. These sectionsofthe USAR in total describe various

aspects of the waste disposal systems and controls necessary for release of radioactive material in a gaseous state. The

descriptions are very specific to material in a gaseous state (i.c., noble gases), as compared to materials transported in air (e.g.,

particulate matter and iodine vapors.) However, the vapors and particulate are addressed in discussions that the releases need

to meet the dose and dose rate criteria set forth in the ODCM. Section 11.1.4 specificallystates * A record is maintained of the

radioactive MATERIAL contained in all releases.” <caps added showing the intent to include all RAM, not just gaseous

materials> :

Does the activity involve a change tothe Technical Specifications?
(Changes 1o the Technical Specifications require a License Amendment request.)

3 Yes X No

Form GNP-04.04.02-1 Rev. F. Date: AUG 3 2006 Page 15 of 21
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PART II:

10CFR50.59 SCREENING
Page 2 of 5

SCRN# _06-090-00

Determine if the Activity Involves a Design Function
(Referto NMC 50.59 Resource Manual Section 5.3.2)

Compare the proposed activity to the relevant portions of the USAR and answer the following questions:

YES
1. O
2 O
. 0
4. 0O
5. K
6. [
7. O
8. O

QUESTION
Does the proposed activity involve Safety Analyses or an SSC(s) credited in the Safety Analyses?
Does the proposed activity involve SSCs that support SSC(s) credited in the Saféty Analyses?

Does the proposed activity involve SSCs whose failure could initiatea transient (e.g., reactor trip, loss of
feedwater, etc) or accident?

Does the proposcd activity involve SSCs whose failure could impact SSC(s) credited in the Safety
Analyses?

Does the proposed activity involve USAR-described SSCs or procedural controls that perform functions
that are required by, or otherwise necessary to comply with, regulations, license conditions, orders, or
Technical Specifications?

Does the activity involve a method of evaluation described in the USAR?
Is the activity a test or experiment? (i.e., a nonpassive activity which gathers data)

Does the acuvntycxceed or potentiallyaffecta dcqlgn basis limit for a fission product barrier (DBLFPB)" If
this question is answered YES, this activity requires a 10CFR50.59 Evaluation.

Ifthe answer to all of these questionsis NO, answer PART III as Not Applicable, and proceed to PART 1V, A 10CFR50.59 evaluationis

not required.

If any of the above questions are checkedYES, identify the specific design function, method ofvaluation, or DBLFPB intvolved:

See Attachment 1.

Form GNP-04.04.02-1 Rev. F Date: AUG 3 2006 Page 16 of 21
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10CFR50.59 SCREENING

Page3 of S
SCRN# 06-090-00

PART III: Determine Whether the Activity Involves Adverse Effects
(Refer to NMC 50.59 Resource Manual Section 5.3.3)

If all the questions in Part I were answered NO, then Part Il is:
(] Not Applicable

Answer the following questions to determine if the activity has an adverse effect on a design function. AnyYES answer means that a
10CFRS50.59 Evaluation is required, except where noted in Question 111.3.

IIL1. Changes to the Facility or Procedures

YES
b. [J

c¢ [J
d J

NO QUESTION

X

X
X
X

Does the activity adversely affect the design function(s) identified in Part 117

Does the activity introduce an accident of a different type than previously described in the USAR? (see RM
Section 6.2.5)

Does the activity introduce new type of malfunction directly or indirectly affecting an SSC having a design
function identified in Part 117 (See definition in GNP04.04.02, Section 3.0) -

Does the activity adverselyaffect the method of performing or controlling the design function(s) identified in
Part 117

1f any answer is YES, a 10CFR50.59 Evaluation is required. For each answer given, describe the basis for the conclusion
(attach additional discussion, as necessary):

See Atlachment 2

II1.2. Changes to a Method of Evalu ation

If the activity does not involve a method of evaluation, these questions are:
£J Not Applicable

YES

o o

NO
o 0O

QUESTION

Does the activity use a revised or different method of evaluation for performing safety analyses than that
described in the USAR?

Does the activity use a revised or different method of evaluation for evaluatmg SSCs crcdxted in safety
analyses than that described in the USAR?

If either answer is YES, a 10CFR50.59 Evaluation is required. For each answer given, describe the basis for the conclusion
(attach additional discussion, as necessary):

Form GNP-04.04.02-1 Rev. F Date: AUG 3 2006 ’ Page 17 of 21
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10CFR50.59 SCREENING

Page 4 of 5 B
SCRN# 06-090-00

IIL3.  Tests or Experiments

If the activity is not a {est or ¢xperiment, the questions in I11.3.a and H1.3.b are:
(X Not Applicable

a. Answer these two questions first:
YES NO QUESTION '
O [0  Isthe proposed test or experiment bounded by other tests or experiments that are described in the USAR?
O [0  Are the SSCs affected by the proposed testor experiment isolated from the facility?

If the answer to both questions isNO, continue to II1.3.b. For each answer given, describe the basisfor the conclusion (attach
additional discussion, as necessary):

b. Answer these additional questions only for tests or experiments which do not meet the criteria given above. If the answer
to either question in I11.3.2 isYES, then these three questions are:
[C] Not Applicable

YES NO QUESTION

O [0  Doestheactivityuse or control an SSC in a manner that is outside the reference bounds of the design bases
as described in the USAR?

O [0  Doestheactivityuse or control an SSC in a manner that is inconsistentwith the analyses or descriptionsin
the USAR?

O [0  Doestheactivityplace the facilityin a conditionnot previously evaluated or that could affect the capability

of an SSC to perform its intended functions?

If any answer in 111.3.b is YES, a 10CFR50.59 Evaluation is required. For each answer given, describe the basis for the
conclusion (attach additional discussion, as necessary):

Form GNP-04.04.02-1 Rev. F Date: AUG 3 2006 Page 18 of 21
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" 10CFR50.59 SCREENING

Page 5 of 5
SCRN# 06-090-00

PARTIV: Conclusion
(Refer to NMC 50.59 Resource Manual Section 5.3.4)

Check all that apply:
1. A 10CFRS50.59 Evaluation is
O required,
OR
B NOT required
2. A cﬁmge to the USAR and/or any document incorporated by reference is

{J required (Process change in accordance with applicable plant program/process/procedure.),
OR

X NOT required

Additional comments:

Print name followedby signature. The preparer and reviewer shall be 50.59 screening or evaluation qualified. The completed screening is
part of the document/activity/change package. Provide a copy of 50.59 screening to the 50.59 Process Owner/Progam Coordinator.

Prepared By: Richard W. Adams / Date: 10/21/06
(print/sign) .
Reviewed By: / Date:
(print/sign)
Form GNP-04.04.02-1 Rev. F Date: AUG 3 2006 Page 19 of 21
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SCRN # 06-090-00 Attachment 1

1. Does the proposed activity involve Safety Analyses or an SSC(s) credited in
the Safety Analyses? No. The activity described does not involve any plant
equipment, and therefore no SSC(s), nor does it involve any safety analysis. It
does involve ensuring all potential releases of airbome radioactive material are
accounted for in releases from the plant.

2. Does the proposed activity involve SSCs that support SSC(s) credited in the
Safety Analyses? No. The activity described does not involve any plant
equipment, and therefore no SSC(s) that support SSC(s) are involved. A

3. Does the proposed activity involve SSCs whose failure could initiate a
transient (e.g., reactor trip, loss of feedwater, etc) or accident? No. The
activity described does not involve any plant equipment, and therefore no SSC(s)
whose failure could initiate a transient or accident are involved.

4. Does the proposed activity involve SSCs whose failure could impact SSC(s)
credited in the Safety Analyses? No. The activity described does not involve
any plant equipment, and therefore no SSC(s) whose failure could impact SSC(s)
credited in the Safety Analyses.

S. Does the proposed activity involve USAR-described SSCs or procedural
controls that perform functions that are required by, or otherwise necessary
to comply with, regulations, license conditions, orders, or Technical
Specifications? Yes. The USAR describes that procedural controls for release of
radioactive materials is controlled by the ODCM. This change describes
additional routes through which accounting for radioactive material release needs
to be accounted for. The change does not change the methods used, just adds to
the situations for which the methods are to be applied.

6. Does the activity involve a method of evaluation described in the USAR? No.
The USAR describes that methods used for determining the dose and dose rate to
members of the public are described in the ODCM. This is not being changed due
to this change. The ODCM will still provide the necessary guidance for
determining dose to the public.

7. Is the activity a test or experiment? (i.e., a non-passive activity which gathers
data) No. This is not a test or experiment.

8. Does the activity exceed or potentially affect a design basis limit for a fission
product barrier (DBLFPB)? No. There are not fission product barriers
included in any activities addressed by the ODCM or radioactive material
releases. Therefore, not DBLFPB’s are exceeded or potentially affected.
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SCRN # 06-090-00 Attachment 2

1. Does the activity adversely affect the design function(s) identified in Part I1?
No. There are no design functions identified in Part II, therefore, this activity
does not adversely affect any design function.

2. Does the activity introduce an accident of a different type than previously
described in the USAR? No. No accidents are introduced, as this change does
not involve changes to the plant or controls for the plant.

3. Does the activity introduce new type of malfunction directly or indirectly
affecting an SSC having a design function identified in Part II? No. No
malfunctions directly or indirectly affecting an SSC having a design function are
introduced based on the addition of additional scenarios, which the ODCM
effluent accountability methods should be applied.

4. Does the activity adversely affect the method of performing or controlling the
design function(s) identified in Part II? No. The change does not adversely
affect the method used for calculating dose to the public from radiological
releases from the plant.
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Appendix C
Kewaunee Power Station

2001-2005 Revised Gas Doses



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 (mRads)
Actual Dose (mRads)
% of Specification

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

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

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

Table 2.4
Revised Annual Radioactive Effluent Release Report 2001
Dose From Gaseous Effiuents

1st Qtr.
Original

5.000E+00
0.000E+00
0.000E+00

1.000E+01
0.000E+00
0.000E+00

7.500E+00
1.110E-05
1.480E-04

2nd Qtr.
Original

5.000E+00
0.000E+00
0.000E+00

1.000E+01
0.000E+00
0.000E+00

7.500E+00
1.844E-05
2.459E-04

%
Ist Qtr. 1st Qtr.  Difference
Corrected Additional (increase)

5.000E+00
0.000E+00 0.000E+00
0.000E+00

1.000E+01
0.000E+00 0.000E+00
0.000E+00

7.500E+00
1.110E-05 0.000E+00
1.480E-04

0.0

%
2nd Qtr.  2nd Qtr. Difference
Corrected Additional (increase)

5.000E+00 .
0.000E+00 0.000E+00
0.000E+00

0.0

1.000E+01
0.000E+00 0.000E+00
0.000E+00

0.0

7.500E+00
1.844E-05 0.000E+00
2.459E-04

0.0
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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 (mRads)
Actual Dose (mRads)
% of Specification

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 (mRads)
Actual Dose (mRads)
% of Specification

Table 2.4 (cont.)
‘Revised Annual Radioactive Effluent Release Report 2001
Dose From Gaseous Effluents

3rd Qtr.
Original

5.000E+00
2.024E-05
4.048E-04

1.000E+01
2.328E-05
2.328E-04

7.500E+00
9.161E-05
1.221E-03

4th Qtr.
Original

5.000E+00
1.379E-07
2.758E-06

1.000E+01
4.103E-07
4.103E-06

7.500E+00
5.632E-04
7.509E-03

3rd Qtr.
Corrected

5.000E+00
2.180E-05
4.360E-04

1.000E+01
2.626E-05
2.626E-04

7.500E+00
9.163E-05
1.222E-03

4th Qtr.
Corrected

5.000E+00
1.829E-07
3.658E-06

1.000E+01
5.443E-07
5.443E-06

7.500E+00
5.632E-04
7.509E-03
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%
3rd Qtr.  Difference
Additional (increase)

1.560E-06 7.7
2.980E-06 12.8
2.230E-08 0.0
%
4th Qtr.  Difference

Additional (increase)

4.500E-08 32.6
1.340E-07 32.7
4.240E-09 0.0



Table 2.4 (cont.) :
Revised Annual Radioactive Effluent Release Report 2001
Dose From Gaseous Effluents

%
Annual Annual Annual Difference
Original  Corrected Additional (increase)
1. Gamma Whole Body
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 2.038E-05 2.198E-05 1.605E-06 7.9
% of Specification 2.038E-04 2.198E-04

2. Beta-Skin
Specification (mRads) 2.000E+01 2.000E+01
Actual Dose (mRads) 2.369E-05 2.680E-05 3.114E-06 13.1
% of Specification 1.185E-04 1.340E-04

3. Ingestion Pathway-Organ
Specification (mRads) 1.500E+01 1.500E+01
Actual Dose (mRads) 6.844E-04 6.844E-04 2.654E-08 0.0
% of Specification 4.562E-03 4.563E-03
Liver
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Table 2.4 .
Revised Annual Radioactive Effluent Release Report 2002
Dose From Gaseous Effluents

%
1st Qtr. Ist Qtr. Ist Qtr.  Difference
e Original Corrected Additional (increase)
1. Gamma Whole Body .
Specification (mRads) 5.000E+00 5.000E+00
Actual Dose (mRads) 1.573E-07 2.304E-07 7.310E-08 46.5
% of Specification 3.146E-06 4.608E-06

~

. 2. Beta-Skin

Specification (mRads) 1.000E+01 1.000E+01

Actual Dose (mRads) 3.909E-07 5.669E-07 1.760E-07 45.0
% of Specification 3.909E-06 5.669E-06

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00 7.500E+00
Actual Dose (mRads) 1.420E-05 1.420E-05 2.240E-10 0.0
% of Specification 1.893E-04 1.893E-04

%
2nd Qtr.  2nd Qtr. 2nd Qtr.  Difference
Original Corrected Additional (increase)
1. Gamma Whole Body
Specification (mRads) 5.000E+00 5.000E+00
Actual Dose (mRads) 2.576E-07 3.354E-07 7.780E-08 30.2
% of Specification 5.152E-06 6.708E-06

2. Beta-Skin
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 7.448E-07 9.698E-07 2.250E-07 30.2
% of Specification 7.448E-06 9.698E-06

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00 7.500E+00
Actual Dose (mRads) 2.016E-05 2.016E-05 4.450E-09 0.0
% of Specification 2.688E-04 2.689E-04
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Table 2.4 (cont.)
Revised Annual Radioactive Effluent Release Report 2002
Dose From Gaseous Effluents

3rd Qtr.
Original
1. Gamma Whole Body

3rd Qtr.  3rd Qtr.
Corrected Additional

Specification (mRads) 5.000E+00 5.000E+00

Actual Dose (mRads) 3.552E-06
% of Specification 7.104E-05

2. Beta-Skin
Specification (mRads) 1.000E+01
Actual Dose (mRads) 2.913E-06
% of Specification 2.913E-05

3. Ingestion Pathway-Organ

3.575E-06 2.270E-08
7.149E-05

1.000E+01
2.980E-06 6.720E-08
2.980E-05

Specification (mRads) 7.500E+00 7.500E+00

Actual Dose (mRads) 1.558E-05
% of Specification 2.077E-04

4th Qtr.
. Original
1. Gamma Whole Body

1.558E-05 7.480E-10
2.077E-04

4th Qtr. 4th Qtr.
Corrected Additional

Specification (mRads) 5.000E+00 5.000E+00

Actual Dose (mRads) 1.053E-06
% of Specification 2.106E-05

2. Beta-Skin
Specification (mRads) 1.000E+01
Actual Dose (mRads) 7.623E-07
% of Specification 7.623E-06

3. Ingestion Pathway-Organ

1.080E-06 2.730E-08
2.161E-05

1.000E+01
7.899E-07 2.760E-08
7.899E-06

Specification (mRads) 7.500E+00 7.500E+00

Actual Dose (mRads) 1.004E-08
% of Specification 1.339E-07

1.187E-08 1.830E-09
1.583E-07
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%
Difference
(increase)

0.6

23

0.0

%
Difference
(increase)

2.6

3.6

18.2



- Table 2.4 (cont.)
Revised Annual Radioactive Effluent Release Report 2002
Dose From Gaseous Effluents

%
Annual Annual Annual  Difference
Original Corrected Additional (increase)
1. Gamma Whole Body
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 5.020E-06 5.221E-06 2.009E-07 4.0
% of Specification 5.020E-05 5.221E-05

2. Beta-Skin
Specification (mRads) 2.000E+01 2.000E+01
Actual Dose (mRads) 4.811E-06 5.307E-06 4.958E-07 10.3
% of Specification 2.406E-05 2.653E-05

3. Ingestion Pathway-Organ
Specification (mRads) 1.500E+01 1.500E+01
Actual Dose (mRads) 4.995E-05 4.996E-05 7.252E-09 0.0
% of Specification 3.330E-04 3.330E-04
Liver
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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 (mRads)
Actual Dose (mRads)
% of Specification

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 (mRads)
Actual Dose (mRads)
% of Specification

Table 2.4 ,
Revised Annual Radioactive Effluent Release Report 2003
Dose From Gaseous Effluents

Ist Qtr.
Original

5.000E+00
1.025E-06
2.050E-05

1.000E+01
2.716E-06
2.716E-05

7.500E+00
1.936E-05
2.581E-04

2nd Qtr.
Original

5.000E+00
9.057E-06
1.811E-04

1.000E+01
1.245E-05
1.245E-04

7.500E+00
2.131E-04
2.841E-03

Ist Qtr..
Corrected

5.000E+00
1.025E-06
2.050E-05

1.000E+01
2.716E-06
2.716E-05

7.500E+00
1.936E-05
2.581E-04

2nd Qtr.
Corrected

5.000E+00
9.276E-06
1.855E-04

1.000E+01
1.268E-05
1.268E-04

7.500E+00
2.132E-04
2.842E-03
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%
Ist Qtr. Difference
Additional (increase)

0.000E+00 0.0
0.000E+00 0.0
0.000E+00 0.0

%
2nd Qtr. Difference
Additional (increase)

2.190E-07 24
2.270E-07 1.8
8.070E-08 0.0



Table 2.4 (cont.)
Revised Annual Radioactive Effluent Release Report 2003
Dose From Gaseous Effluents

3rd Qtr.

* Original

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 (mRads)
Actual Dose (mRads)
% of Specification

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 (mRads)
Actual Dose (mRads)
% of Specification

5.000E+00
1.371E-07
2.742E-06

1.000E+01
4.077E-07
4.077E-06

7.500E+00
2.953E-05
3.937E-04

4th Qtr.
Original

5.000E+00
0.000E+00
0.000E+00

1.000E+01
0.000E+00
0.000E+00

7.500E+00
1.645E-05
2.193E-04

3rd Qtr.
Corrected

5.000E+00
1.555E-07
3.110E-06

1.000E+01
4.626E-07
4.626E-06

7.500E+00
2.953E-05
3.938E-04

4th Qtr.
Corrected

5.000E+00
0.000E+00
0.000E+00

1.000E+01
0.000E+00
0.000E+00

7.500E+00
1.645E-05
2.193E-04
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%
3rd Qtr. Difference
Additional (increase)

1.840E-08 13.4
5.490E-08 13.5
1.670E-09 0.0

%
4th Qtr. Difference
Additional (increase)

0.000E+00 0.0
0.000E+00 0.0
0.000E+00 0.0



Table 2.4 (cont.)

Revnsed Annual Radioactive Effluent Release Report 2003
Dose From Gaseous Effluents

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 (mRads)
Actual Dose (mRads)
% of Specification
Liver

Annual Annual
Original  Corrected

%
Annual Difference
Additional (increase)

1.000E+01 1.000E+01

1.022E-05 1.046E-05
1.022E-04  1.046E-04

2.000E+01 2.000E+01
1.557E-05 1.586E-05
7.787E-05  7.928E-05

1.500E+01 1.500E+01
2.785E-04  2.786E-04
1.857E-03 1.857E-03
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2.374E-07 2.3

2.819E-07 1.8

8.237E-08 0.0



Table 2.4
Revised Annual Radioactive Effluent Release Report 2004
Dose From Gaseous Effluents

%
1st Qtr. 1st Qtr. Ist Qtr. Difference
Original Corrected Additional (increase)
1. Gamma Whole Body -
Specification (mRads) 5.000E+00 5.000E+00
Actual Dose (mRads) 2.459E-06 2.471E-06 1.190E-08 0.5
% of Specification 4.918E-05 4.942E-05

2. Beta-Skin
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 1.210E-06 1.244E-06 3.445E-08 2.8
% of Specification 1.210E-05 1.244E-05

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00 7.500E+00
Actual Dose (mRads) 5.025E-05 5.026E-05 1.010E-08 0.0
% of Specification 6.700E-04 6.701E-04

%
2nd Qtr.  2nd Qtr. 2nd Qtr. Difference
Original Corrected Additional (increase)
1. Gamma Whole Body
Specification (mRads) 5.000E+00 5.000E+00
Actual Dose (mRads) 7.957E-08 1.115E-07 3.190E-08 40.1
% of Specification 1.591E-06 2.229E-06

2. Beta-Skin
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 2.354E-07 3.293E-07 9.390E-08 39.9
% of Specification 2.354E-06 3.293E-06

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00 7.500E+00
Actual Dose (mRads) 1.507E-05 1.508E-05 6.240E-09 0.0
% of Specification 2.009E-04 2.010E-04
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Table 2.4 (cont.) v
Revised Annual Radioactive Effluent Release Report 2004
Dose From Gaseous Effluents

3rd Qtr.
Original
1. Gamma Whole Body
Specification (mRads) 5.000E+00
Actual Dose (mRads) 1.905E-07
% of Specification 3.810E-06

2. Beta-Skin A
Specification (mRads) 1.000E+01
Actual Dose (mRads) 5.545E-07
% of Specification 5.545E-06

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00
Actual Dose (mRads) 2.352E-05
% of Specification 3.136E-04

4th Qtr.
Original
1. Gamma Whole Body
Specification (mRads) 5.000E+00
Actual Dose (mRads) 1.148E-05
- % of Specification 2.296E-04

. 2. Beta-Skin

Specification (mRads) 1.000E+01

Actual Dose (mRads) 1.270E-05
% of Specification 1.270E-04

3. Ingestion Pathway-Organ
Specification (mRads) 7.500E+00
Actual Dose (mRads) 3.632E-04
% of Specification 4.843E-03

%

3rdQtr.  3rd Qtr. Difference
Corrected Additional (increase)
5.000E+00
2.289E-07 3.840E-08 20.2
4.578E-06
1.000E+01
6.655E-07 1.110E-07 20.0
6.655E-06
7.500E+00
2.352E-05 1.680E-09 0.0
3.136E-04

%
4thQtr.  4th Qtr. Difference
Corrected Additional (increase)
5.000E+00
1.174E-05 2.630E-07 23
2.349E-04
1.000E+01
1.348E-05 7.790E-07 6.1
1.348E-04
7.500E+00
3.632E-04 2.820E-09 0.0
4.843E-03
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= Table 2.4 (cont.) _
Revised Annual Radioactive Effluent Release Report 2004
Dose From Gaseous Effluents

% .
Annual Annual Annual Difference
Original Corrected Additional (increase)
1. Gamma Whole Body
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 1.421E-05 1.455E-05 3.452E-07 24
% of Specification 1.421E-04 1.455E-04

2. Beta-Skin
Specification (mRads) 2.000E+01 2.000E+01
Actual Dose (mRads) 1.470E-05 1.572E-05 1.018E-06 6.9
% of Specification 7.350E-05 7.859E-05

3. Ingestion Pathway-Organ
Specification (mRads) 1.500E+01 1.500E+01
Actual Dose (mRads) 4.520E-04 4.521E-04 2.084E-08 0.0
% of Specification 3.014E-03 3.014E-03
Liver

Page C13 of C16



Revised Annual Radioactive Effluent Release Report 2005
Dose From Gaseous Effluents

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 (mRads)
Actual Dose (mRads)
% of Specification

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 (mRads)
Actual Dose (mRads)
% of Specification

Table 2.4

Ist Qtr.
Original

5.000E+00
2.218E-07
4.436E-06

1.000E+01
6.597E-07
6.597E-06

7.500E+00
1.617E-04
2.156E-03

2nd Qtr.
Original

5.000E+00
0.000E+00
0.000E+00

1.000E+01
0.000E+00
0.000E+00

7.500E+00
1.268E-04
1.691E-03

1st Qtr.
Corrected

5.000E+00
2.770E-07
5.540E-06

1.000E+01
8.247E-07
8.247E-06

7.500E+00
1.617E-04
2.156E-03

2nd Qtr.

Corrected

5.000E+00
0.000E+00
0.000E+00

' 1.000E+01

0.000E+00
0.000E+00

7.500E+00
1.268E-04
1.691E-03
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Ist Qtr.
Additional

5.520E-08

1.650E-07

6.380E-10

2nd Qtr.
Additional

0.000E+00

0.000E+00

1.720E-08

%
Difference
(increase)

249

25.0

0.0

%
Difference
(increase)

0.0

0.0

0.0



Revised Annual Radioactive Effluent Release Report 2005
Dose From Gaseous Effluents

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 (mRads)
Actual Dose (mRads)
% of Specification

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 (mRads)
Actual Dose (mRads)
% of Specification

Table 2.4 (cont.)

3rd Qtr.
Original

5.000E+00
4.890E-06
9.780E-05

1.000E+01
3.776E-06
3.776E-05

7.500E+00
6.559E-05
8.745E-04

4th Qtr.
Original

5.000E+00
1.024E-06
2.048E-05

1.000E+01
2.957E-06
2.957E-05

7.500E+00
2.849E-04
3.799E-03

3rd Qtr.
Corrected

5.000E+00
5.562E-06
1.112E-04

1.000E+01

4.115E-06
4.115E-05

7.500E+00
6.559E-05
8.746E-04

4th Qtr.
Corrected

5.000E+00
1.125E-06
2.250E-05

1.000E+01

3.256E-06
3.256E-05

7.500E+00
2.849E-04
3.799E-03
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3rd Qtr.
Additional

6.720E-07

3.390E-07

2.290E-09

4th Qtr.

" Additional

1.010E-07

2.990E-07

9.310E-09

%
Difference
(increase)

13.7

9.0

0.0

%
Difference
(increase)

9.9

10.1

0.0



Table 2.4 (cont.)
Revised Annual Radioactive Effiuent Release Report 2005
Dose From Gaseous Effluents

%

Annual Annual Annual Difference
Original Cormrected  Additional  (increase)
1. Gamma Whole Body
Specification (mRads) 1.000E+01 1.000E+01
Actual Dose (mRads) 6.136E-06 6.964E-06  8.282E-07 13.5
% of Specification 6.136E-05 6.964E-05
2. Beta-Skin
Specification (mRads) 2.000E+01 2.000E+01
Actual Dose (mRads) 7.393E-06 8.196E-06  8.030E-07 10.9
% of Specification 3.696E-05 4.098E-05
3. Ingestion Pathway-Organ
Specification (mRads) 1.500E+01 1.500E+01
Actual Dose (mRads) 6.391E-04 6.391E-04  2.944E-08 0.0
% of Specification 4.261E-03  4.261E-03
Liver
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