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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
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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
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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
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
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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
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

Page 57 of 63



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

Page A2 of A17

>24

0.25

OO NOOOCO

3.5
1.75

1.75
0.25

7.5

(=]

(=

TOTAL
28.25
11.25
32.75
42.75
44.75

12.5
15.75
38.75
40
11.25

7.25

18
48.5
62

45.5
2525
484.5

TOTAL
16

0.25
5.75
6.5
3.5
3.25
21
3.75

5.25
2.5
13
11.5
8.25
16.75
130.25



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
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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
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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.
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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:
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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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Q-

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

2-19

REV. 10
12/14/2006



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 - - - - - - 3.01