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April 23, 1998

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

Ladies/Gentlemen:
Docket 50-305

Operating License DPR-43
Kewaunee Nuclear Power Plant

NRC-98-38

Public Service Corporation

(a subsidiary of WPS resources corporation)
600 North Adams Street

P.O. Box 19002

Green Bay, WI 54307-9002

1.800.460.7260

10 CFR 50.36a(a)(2)

Radioactive Effluent Release Report January - December, 1997

Enclosed please find a copy of the Kewaunee Nuclear Power Plant Radioactive Effluent Release
Report for January through December, 1997. This report is submitted to meet the requirements

of Technical Specification 6.9.b.2.
Sincerely,

N Z Vancdi

Mark L. Marchi
Manager - Nuclear Business Group

DFS/jmf
Enc.

cc-  US NRC Senior Resident Inspector

US NRC Region III
£ 'L i. §}

2804280075 971231
gDR ADOCHK OSOOgggS
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0.0 SUMMARY

During 1997 all solid. liquid, and gaseous radioactive effluents from the Kewaunee Nuclear Plant were
well below regulatory limits. For individual effluent streams , the quarterly limit most closelv
approached was:

GASEOUS: Ingestion Pathway-Organ ~ Total Body
Quarterly Limit (mRems) 7.5 ‘
Actual Dose (mRems) 0.00005541 (4™ Quarter)
% of Specification 0.0007388 '
LIQUID: Ingestion Pathway-Organ ~ GI-LLI
Quarterly Limit (mRems) 5
Actual Dose (mRems) 0.01252 (4" Quarter)
% of Limit 0.25
SOLID: No upper limit for solid radioactive waste applies.
Cubic Meters Shipped 18.4 m’ (650 ft')

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 3/4.6. It includes
data from all effluent releases made from January 1 - December 31, 1997. 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 addresscs the cumulative
meteorological data.

1.1 Effluent Dose Limits

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

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the methodology and parameters
used in:

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

2) The calculation of radioactive liquid and gaseous concentrations, dose rates and
cumulative quarterly and annual doses. The ODCM methodology is acceptable for use
in demonstrating compliance with 10 CFR 20.106; 10 CFR 20.1101(b); 10 CFR 30,
Appendix I; and 40 CFR 190.

| Page 3 of 62
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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 LLD's for gascous radioanalyses, as listed in Table 4.4 of the Kewaunee ODCM are:

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

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

a. Gaseous emissions:

Kr-87 1.17E-07
Kr-88 7.48E-08
Xe-133 7.75E-08
Xe-133m 2.97E-07
Xe-135 ‘ 2.46E-08
Xe-138 9.58E-08
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b. Particulate emissions;

¢ -

Mn-54 1.39E-13
} Fe-59 1.51E-13
Co-58 3.64E-13
Co-60 3.82E-13
Zn-65 1.66E-13
Mo-99 1.49E-13
Cs-134 2.78E-13
Cs-137 - 1.61E-15
Ce-141 - 2.07E-13
Ce-144 1.99E-12

¢. Other identifiable gamma emitters:

Ar-4] ' 3.93E-08
Kr-85 7.82E-05
Kr-85m 3.52E-08
Kr-89 2.60E-06
Xe-127 3.56E-08
Xe-131m 2.41E-06
Xe-135m 5.16E-08
Xe-137 1.10E-06
I-131 1.39E-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
posteriort” limit for a particular measurement.

. .
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2.2 Gaseous Batch Release Statistics

The following is a summation of all gaseous batch releases made during 1997.

Number of batch releases.......................... 9

Total time for all batch releéses (min).........‘....‘ 5204.0
Maximum time for a batch release (rhin) ............. 845.0
Average time for a batch release (min)............. 578.2
Miﬁimum time for a batch release (min)............. 42.0

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 vear from gaseous effluents.

Page 6 of 62
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Annual Radioactive Effluent Release Report 1997

Tahle 2.1

Gaseous Effluents - Summation of all Releascs

Fisston and Activation Gases

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

lodines

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

Particulates

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

Gross Alpha Released (C1)

Tritium

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

I'st Quarter

0.000E+000

2nd Qua_rter 3rd Quarter

0.000E+000

0.000E+000

4th 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
9.917E-006  8.833E-006
1.261E-006 1.123E-006
1.644E-007  8.572E-008
4117E-001 2.177E-001
5.236E-002  2.770E-002
Page 7 of 62

0.000E+000
0.000E+000

3.511E-006
4.466E-007

0.000E+000

9.869E-001
1.255E-001

0.000E+000
0.000E+000

5.789E-006
7.362E-007

3.332E-008

1.567E+000
1.993E-001
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Fission Gases
Total

lIodines

Total
Particulates
Co-60

Sr-89

Sr-90
Total

Tahle 2.2

Annual Radioactive Effluent Release Report 1997
Gaseous Effluents

1st Quarter

0.000E+000

0.000E+000

8.848E-007
6.218E-006
2.814E-006
9.917E-006

Nuclides Released (Ci)
Continuous Mode

2nd Quarter

0.000E+000

0.000E+000

8.833E-006
0.000E+000
0.000E+000
8.833E-006
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3rd Quarter

0.000E+000

0.000E+000

3.511E-006
0.000E+000
0.000E+000
3.511E-006

4th Quarter

0.000E+000

0.000E+000

5.789E-006
0.000E+000
0.000E+000
5.789E-006



Fission Gases
Total

lIodines

thal
Particulates

Total
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Table 2.2(cont)

Annual Radioactive Effluent Release Report 1997

0.000E+000
0.000E+000

0.000E+000

Gaseous Effluents

Nuclides Released (Ci)

Batch Mode
0.000E+000 0.000E+000 0.000E+000
0.000E+000 0.000E+000 0.000E+000
0.000E+000 0.000E+000 0.000E+000

Page 9 of 62



® """ """ "é "

Noble Gases (Curies)
Isotope January
Total 0.000E+000

Particulates (Curies)

Isotope January

Co-60 8.848E-007
Sr-89 6.218E-006
Sr-90 - 2.814E-006
Total 9.917E-006

Halogens (Curies)
Isotope | January

Total 0.000E+000

Table 2.3A
Annual Radioactive Effluent Release Report 1997
1st Quarter Gaseous Release

Total of all Releases

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

February March Total
0.000E+000 0.000E+000 8.848E-007
0.000E+000 0.000E+000 6.218E-006
0.000E+000 0.000E+000 2.814E-006
0.000E+000 0.000E+000 9.917E-006

February March Total
0.000E+000 0.000E+000 0.000E+000
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Summary

Total Noble
Gases (Ci)

Total Halogens
(C1)

(Ci)

Total Tritium
(Ci)

""" """ "é "

Gross Alpha
(Ci)

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 1997
1st Quarter Gaseous Release ”
Total of all Releases

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

Total Particulate

January February March 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
9.917E-006 0.000E+000 0.000E+000 9.917E-006
4.117E-001 0.000E+000 0.000E+000 4.117E-001
9.107E-008 3.821E-008 3.512E-008 1.644E-007
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Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 1997
2nd Quarter Gaseous Release
Total of all Releases

Noble Gases (Curies)
|
Isotope April © May June Total |

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

Particulates (Curies)

Isotope Aprl May June Total
Co-60 0.000E+000 3.008E-006 5.824E-006 8.833E-006 |

Total 0.000E+000 3.008E-006 5.824E-006 8.833E-006 |

Halogens (Curies)

' Y

Isotope April May June Total

Total 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 1997
2nd Quarter Gaseous Release

Total of all Releases

Summary
April May June

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

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

Total Particulate

Gross Beta-Gamma

Half-Lives>8 Days

(Ci) 0.000E+000 3.008E-006 5.824E-006

Total Tritium
(C1) 0.000E+000 2.126E-001 5.140E-003

Total Particulate

Gross Alpha
(Ci) 2.565E-008 0.000E+000 6.007E-008
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0.000E+000

0.000E+000

8.833E-006

2.177E-001

8.572E-008
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Table 2.3A (con't)

Annual Radioaetive Effluent Release Report 1997

Noble Gases (Curies)
Isotope July
Total 0.000E+000

Particulates (Curies)

Isotope July
Co-60 3.511E-006
Total 3.511E-006

Halogens (Curies)
Isotope . July

Total 0.000E+000

3rd Quarter Gaseous Release

Total of all Releases

August September
0.000E+000 0.000E+000

August September
0.000E+000 0.000E+000
0.000E+000 0.000E+000

August - September
0.000E+000 0.000E+000

Page 14 of 62

Total

0.000E+000

Total

3.511E-006
3.511E-006

Total

0.000E+000
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Summary
July

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

(C1) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Days

(C1) 3.511E-006

Total Tritium
(C1) 0.000E+000

Total Particulate
Gross Alpha
(Ci) 0.000E+000

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 1997

3rd Quarter Gaseous Release

Total of all Releases

August

0.000E+000

0.000E+000

0.000E+000

3.662E-001

0.000E+000

- September
0.000E+000
0.000E+000
0.000E+000

6.206E-001

0.000E+000
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Total

0.000E+000

0.000E+000

3.511E-006

9.869E-001

0.000E+000



| I

Noble Gases (Curies)
Isotope October
Total 0.000E+000

Particulates (Curies)

Isotope October
Co-60 0.000E+000
Total 0.000E+000

Halogens (Curies)

Isotope October

Total 0.000E+000

Table 2.3A (Con't)
Annual Radioactive Effluent Release Report 1997
4th Quarter Gaseous Release

Total of all Releases
November December
0.000E+000 0.000E+000
November December
5.789E-006 0.000E+000
5.789E-006 0.000E+000
November December
0.000E+000 0.000E+000

Page 16 of 62

Total

0.000E+000

Total

5.789E-006
5.789E-006

Total

0.000E+000
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Table 2.3A (Con't)

Annual Radioactive Effluent Release Report 1997

4th Quarter Gaseous Release
Total of all Releases

Summary : :

October November December
Total Noble
Gases (Ci) 0.000E+000 0.000E+000 0.000E+000
Total Halogens
(Cy)y 0.000E+000 0.000E+000 0.000E+000

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

(C1 0.000E-+000 5.789E-006 0.000E+000
Total Trittum

(C1) 3.897E-001 6.884E-001 4.890E-001
Total Particulate

Gross Alpha

(C1) 0.000E+000 0.000E+000 3.332E-008
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0.000E+000

0.000E+000

5.789E-006

1.567E+000
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Table 2.3B
Annual Radioactive Effluent Release Report 1997
1st Quarter Gaseous Release
Continuous Mode Only

Y

Noble Gases (Curies)

Isotope January February March Total

Total 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Particulates (Curies)

Isotope January February March Total

Co-60 8.848E-007 0.000E+000 0.000E+000 8.848E-007
Sr-89 6.218E-006 0.000E+000 0.000E+000 6.218E-006
Sr-90 2.814E-006 0.000E+000 0.000E+000 2.814E-006
Total 9.917E-006 0.000E+000 0.000E+000 9.917E-006
Halogens (Curies)

Isotope January February March Total

Total 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 1997
1st Quarter Gaseous Release
Continuous Mode Only

Summary
January February March - Total
Total Noble
Gases (Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Halogens
(C1) 0.000E+000 0.000E+000 0.000E+000 0.000E+000

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

(Cv) 9.917E-006 0.000E+000 0.000E+000 9.917E-006
Total Tritium

(C)) 4.117E-00] 0.000E+000 0.000E+000 4.117E-001
Total Particulate

Gross Alpha

(Cp) 9.107E-008 3.821E-008 3.512E-008 1.644E-007
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Table 2.3B (Con't)

Annual Radioactive Effluent Release Report 1997

Noble Gases (Curies)
Isotope April

Total 0.000E+000

Particulates (Curies)

Isotope April
Co-60 0.000E+000
Total 0.000E+000

Halogens (Curies)
Isotope April

Total 0.000E+000

2nd Quarter Gaseous Release
Continuous Mode Only

May June
0.000E+000 0.000E+000

May June
3.008E-006 5.824E-006
3.008E-006 3.824E-006

May | June
0.000E+000 0.000E+000
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0.000E+000

Total

8.833E-006
8.833E-006

Total

0.000E+000
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Table 2.3B (Con't)

Annual Radioactive Effluent Release Report 1997

2nd Quarter Gaseous Release
Continuous Mode Only

Summary :
April May June
Total Noble
Gases (Ci) 0.000E+000 0.000E+000 0.000E+000
Total Halogens
(Ci) 0.000E+000 0.000E+000 0.000E+000

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

(Ch)

Total Tritium
(Cy)

Total Particulate

Gross Alpha
(C1)

0.000E+000

0.000E+000

2.565E-008

3.008E-006

2.126E-001

0.000E+000

Page 21 of 62

5.824E-006

0.000E+000

6.007E-008

Total

0.000E+000

0.000E+000

8.833E-006

2.126E-001

8.572E-008



Table 2.3B (con't)
Annual Radioactive Effluent Release Report 1997
3rd Quarter Gaseous Release
Continuous Mode Only

Noble Gases (Curies)
Isotope July August September Total
Total 0.000E+000 0.000E+000 0.000E+000 0.000E+000

Particulates (Curies)

Isotope July August September Total
Co-60 3.511E-006 0.000E+000 0.000E+000 3.511E-006
Total 3.511E-006 0.000E+000 0.000E+000 3.511E-006

Halogens (Curies)

I

Isotope July August September Total
Total 0.000E+000 0.000E+000 0.000E+000 0.000E+000
, Page 22 of 62
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Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 1997
3rd Quarter Gaseous Release
Continuous Mode Only

Summary .
July August September Total

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

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) 3.511E-006 0.000E+000 0.000E+000 3.511E-006

Total Tritium
(Cy) 0.000E+000 3.662E-001 6.206E-001 9.869E-001

Total Particulate

Gross Alpha
(Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Noble Gases (Curies)
Isotope October

Total 0.000E+000

Particulates (Curies)

Isotope October
Co-60 0.000E+000
Total 0.000E+000

Halogens (Curies)
Isotope October

Total 0.000E+000

Table 2.3B (Con't)
Annual Radioactive Effluent Release Report 1997
4th Quarter Gaseous Release

Continuous Mode Only
November December
0.000E+000 0.000E+000
November December
5.789E-006 0.000E+000
5.789E-006 0.000E+000
November December
0.000E+000 0.000E+000
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Total

0.000E+000

Total

5.789E-006
5.789E-006

Total

0.000E+000
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Table 2.3B (Con't)

Annual Radioactive Effluent Release Report 1997

- 4th Quarter Gaseous Release
Continuous Mode Only

Summary '

October November December
Total Noble
Gases (C1) 0.000E+000 0.000E+000 0.000E+000
Total Halogens
(C1) 0.000E+000 0.000E+000 0.000E+000
Total Particulate
Gross Beta-Gamma
Half-Lives>8 Days
(C1) 0.000E+000 5.789E-006 0.000E+000
Total Tritium
(C1) 3.897E-001 6.884E-001 4.831E-001
Total Particulate
Gross Alpha
(Cp) 0.000E+000 0.000E+000 3.332E-008
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Tablc 2.3C
Annual Radioactive Effluent Release Report 1997
Ist Quarter Gaseous Release

Batch Modc Only
Noble Gases (Curies)
Isotope January February March
Total 0.000E+000 0.000E+000 0.000E+000
Particulates (Curies)
Isotope January February March
Total 0.000E+000 0.000E+000 0.000E+000
Halogens (Curies)
Isotope January February ‘ March
Total 0.000E+000 0.000E+000 0.000E+000
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Total

0.000E+000

Total

0.000E+000

Total

0.000E+000
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Summary

January
Total Noble :
Gases (Ci) 0.000E+000
Total Halogens
(C1) 0.000E+000

Total Particulate

Gross Beta-Gamma
Half-Lives>8 Dayvs

(C1) 0.000E+000

Total Tritium
(Cy) 0.000E+000

Total Particulate
Gross Alpha
(Cp) 0.000E+000

Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 1997

1st Quarter Gaseous Release

Batch Mode Only
February 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
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Total

0.000E+000

0.000E+000

0.000E+000
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Table 2.3C (Con't)

Annual Radioactive Effluent Release Report 1997

Noble Gases (Curies)
Isotope April
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
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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Total

0.000E+000

Total

0.000E+000

Total

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

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

(C1) 0.000E+000
Total Tritium

(Ci) 0.000E+000
Total Particulate

Gross Alpha

(C1) 0.000E+000

Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 1997

2nd Quarter Gaseous Release

Batch Mode Only

May

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

5.140E-003

0.000E+000

0.000E+000

0.000E+000

0.000E+000

5.140E-003

0.000E+000
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Table 2.3C (con't)

Annual Radioactive Effluent Release Report 1997

Noble Gases (Curies)
Isotope July

Total 0.000E+000

Part}iculates (Curies)
Isotope July

Total 0.000E+000

Halogens (Curies)
Isotope July

Total 0.000E+000

3rd Quarter Gaseous Release

Batch 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
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Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 1997
3rd Quarter Gaseous Release

Batch Mode Only

Summary

July August September Total
Total Noble
Gases (Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Halogens
(Ci) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Particulate
Gross Beta-Gamma
Half-Lives>8 Days
(Cv) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Tritium
(Cy) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
Total Particulate
Gross Alpha
(C1) 0.000E+000 0.000E+000 0.000E+000 0.000E+000
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Table 2.3C (Con't)

Annual Radioactive Effluent Release Report 1997

- Noble Gases (Curies)
Isotope October
Total 0.000E+000

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
0.000E+000 0.000E+000
November December
0.000E+000 0.000E+000
November December
0.000E+000  0.000E-+000
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Total

0.000E+000

Total

0.000E+000

Total

0.000E+000
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Summary :

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

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

(C1) 0.000E+000
Total Tritium

(C1) 0.000E+000
Total Particu‘late

Gross Alpha

(Cy) , 0.000E+000

Table 2.3C (Con't)
Annual Radioactive Effluent Release Report 1997

4th Quarter Gaseous Release

Batch Mode Only

November

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

5.894E-003

0.000E+000

Total

0.000E+000

0.000E+000

0.000E+000

5.894E-003

0.000E+000
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Table 2.4

Annual Radioactive Effluent Release Report 1997
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 5.0 mRad 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 1997 was within limits. The following
offsite doses were calculated using equations 2.7, 2.8, and 2.11 from the Kewaunee ODCM.
Calculated offsite doses versus quarterly limits are shown below:

Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr

[am—y

. Gamma-Whole Body
Specification (mRads) 5.000E+000 5.000E+000  5.000E+000 5.000E+000
Actual Dose (mRads)  0.000E+000 0.000E+000  0.000E+000 0.000E-+000
% of Specification 0.000E+000 0.000E+000  0.000E+000 0.000E-+000

[\

. Beta-Skin
Speciﬁcation (mRads) 1.000E+001 ° 1.000E+001  1.000E+001 1.000E+00]
Actual Dose (mRads)  0.000E+000 0.000E+000  0.000E+000 0.000E+000
% of Specification 0.000E+000 0.000E+000  0.000E+000 0.000E+000

(3]

. Ingestion Pathway-Organ
Specification (mRems) 7.500E+000 7.500E+000  7.500E+000 7.500E+000
Actual Dose (mRems) 4.082E-005 3.863E-005  3.438E-005 5.541E-005
% of Specification 5.443E-004 5.151E-004  4.584E-004 7.388E-004
Bone GI-LLI GI-LLI GI-LL1
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Table 2.4 (Con't)
Annual Radioactive Effluent Releasc Report 1997
Dose From Gaseous Effluents

In addition, the cumulative annual offsite doses for the period January 1 - December 31, 1997 versus
the ODCM annual limits were:

Annual
1. Gamma-Whole Body
Specification (mRads) 1.000E+001
Actual Dose (mRads) 0.000E+000
% of Specification 0.000E+000
2. Beta-Skin
Specification (mRads) 2.000E+001
Actual Dose (mRads) 0.000E+000
% of Specification 0.000E+000
3. Ingestion Pathway-Organ
Specification (mRems) 1.500E+001
Actual Dose (mRems) 1.485E-004
% of Specification 9.898E-004

TBody

b L
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3.0 LIQUID EFFLUENTS

3.1 Lower Limits of Detection (LLD) for Liquid Effluents

Liquid radioactive effluents are released as both batch releases and continuous releases. Each batch is
sampled prior to release and analyzed for gamma emitters and tritium. A fraction of each sample is

retained for a monthly proportional composite which is then analyzed for Gross Alpha, Strontium 89, |
Strontium 90 and Iron 355.

The LLD's for liquid batch release radioanalyses, as listed in Table 4.3 of the Kewaunee Nuclear
Power Plant Off-Site Dose Calculation Manual, are: :

Analvsis 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.

Average a
Isotope IstQuarter  2nd Quarter  3rd Quarter  4th Quarter  priori LLD
(nCi/ml)
' Mn-54 6.59E-08 6.80E-10 6.80E-10 6.80E-10 1.70E-08
l Fe-39 1.46E-09 1.49E-09 1.49E-09 1.49E-10 1.15E-09
Co-58 ~ 6.47E-08 9.46E-08 6.69E-08 6.69E-10 5.67E-08
: Co-60 9.63E-08 9.77E-10 1.25E-07 9.77E-10 5.58E-08
' /n-65 1.64E-09 1.68E-09 1.68E-09 1.68E-09 1.67E-09
Mo-99 4.66E-09 4.83E-09 4.83E-09 4.83E-09 4.79E-09
l Cs-134 1.92E-07 5.36E-10 5.36E-10 5.36E-10 4.84E-08
Cs-137 1.35E-07  9.60E-08 1.06E-07  6.63E-10  8.44E-08
. Ce-141 5.47E-07 1.08E-07 3.80E-08 3.80E-10 1.73E-07
l Ce-144 3.46E-07 1.71E-09 6.73E-07 4.52E-07 3.68E-07
1-131] 3.96E-08 4.57E-08 7.16E-08 4.13E-08 4.96E-08
' H-3 3.41E-06 3.61E-06 4.19E-06 4.44E-06 3.91E-06
Sr-89 1.47E-08 1.53E-08 1.26E-08 1.14E-08 1.35E-08
Sr-90 1.07E-08 7.60E-09 7.63E-09  7.13E-09 8.28E-09
l Gross Alpha 3.27E-08 1.12E-08 3.97E-08 1.02E-08 2.34E-08
Fe-55 6.03E-07 6.07E-07 7.03E-07 6.83E-07 6.49E-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 Nuclear
Power Plant Off-Site Dose Calculation Manual, are:

Analysis LLD (uCi/mli)
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.

Average a

Isotope IstQuarter  2nd Quarter  3rd Quarter  4th Quarter  priori LLD
~ (uGi/ml)

Mn-54 2.49E-08 1.13E-08 2.27E-08 3.59E-08 2.37E-08
Fe-59 2.43E-08 2.48E-08 2.48E-10 2.48E-10 1.24E-08
Co-58 1.36E-08 1.11E-08 3.86E-08 3.68E-08 2.50E-08
Co-60 3.21E-08 1.63E-10 3.78E-08 2.82E-08 2.46E-08
n-65 2.74E-10 6.25E-08 2.80E-08 2.80E-10 2.28E-08
Mo-99 3.47E-07 8.09E-10 2.63E-07 8.09E-10 1.53E-07
Cs-134 8.57E-11 2.66E-08 3.60E-08 8.94E-11 1.57E-08
Cs-137 - 1.06E-10 2.71E-08 4.38E-08 2.45E-08 2.39E-08
Ce-141 1.53E-08 3.80E-08 3.89E-08 2.91E-08 3.03E-08
Ce-144 6.02E-08 8.05E-08 2.84E-10 1.44E-07 7.12E-08
I-131 3.39E-08 3.65E-08 1.38E-08 1.89E-08 2.58E-08
H-3 3.41E-06 3.61E-06 4.19E-06 4.44E-06  3.91E-06
Sr-89 9.53E-09 1.52E-08 1.09E-08  9.77E-09 1.14E-08
Sr-90 6.40E-09 7.18E-09 6.83E-09  6.30E-09  6.68E-09
Gross Alpha 7.63E-09 8.45E-09 8.47E-09 7.98E-09 8.13E-09
Fe-55 5.95E-07 6.98E-07 7.08E-07 6.63E-07 6.66E-07

Page 37 of 62



e~ """"""¢ "

3.2 Liquid Batch Rclease Statistics

The following is a summation of all liquid batch releases made during 1997.

Release Type Number Gallons Released
A SGBT Monitor Tk. 9 80473.0
B SGBT Monitor Tk. 2 17475.0
A CVC Monitor 6 37870.0
B CVC Monitor 6 38570.0
miscellaneous 1 300.0
Both WCTs 90 165260.0
Total time for all batch releases............. 23193.0 Min.

Maximum time for a batch release.............. 1100.0 Min.
Minimum time for a batch release.............. 32.0 Min.

Average time for a batch release.............. 203.4 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. 1t 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 lijquid effluents for each quarter and the calculated doses this year from liquid effluents.
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TABLE 3.1
Annual Radioactive Efflucnt Release Report 1997
Liquid Effluents - Summation of all Releases

Ist Qtr

Fission and Activation Products

Total Release Excluding
H3 and Dissolved Gases

(Cy)
Average Concentration
(uCi/ml)

Tritium

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

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

Dissolved Gases

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

% of Tech. Spec.
Limit(2.0E-4 uCi/mli)

Gross Alpha Activity

Total Release (C1)

8.137E-003

9.450E-010

2.072E+000
2.406E-007
8.021E-003
0.000E+000
0.000E+000

0.000E+000

0.000E+000

Volume of Waste Released

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

3.277E+005
4.039E+006
4.367E+006

Volume of Dilution Water

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

1.050E+009
7.560E+009
8.610E+009

2nd Qtr

1.873E-002

5.461E-010

4.837E+000
1.411E-007

4.702E-003

0.000E+000
0.000E+000

0.000E+000

0.000E+000

5.009E+005
1.074E+007
1.124E+007

2.508E+009
3.178E+010
3.429E+010
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3rd Qur

8.072E-003

4.408E-011

5.681E+000
3.102E-008

1.034E-005

0.000E+000
0.000E+000

0.000E+000

0.000E+000

1.844E+005
3.686E+007
3.704E+007

2.252E+009
1.809E+011
1.831E+011

4th Qtr

1.576E-002

1.208E-010

4.147E+001
3.177E-007

1.059E-002

0.000E+000
0.000E-+000

0.000E+000

0.000E+000

2.739E+005
3.109E+007
3.136E+007

4.899E+009
1.256E+011
1.305E+011
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January
Gross Radioactivity

Total Release
Excluding H3
and Dissolved
Gases (C1)
Avg. Conc.
(uCi/ml)

5.386E-003
1.504E-008
Tritium

Total Release

(C1) 2.552E-001
Avg. Conc.
(uCi/ml) 7.128E-007
Dissolved Gases

Total Release
(C1) 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) 1.188E+005
Volume of Dilution Water

(liters) 3.580E+008

TABLE 3.2A
Annual Radioactive Effluent Release Report 1997

February

2.709E-003

4.401E-009

1.661E-001

2.699E-007

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.221E+005

6.155E+008

Page 40 of 62

Liquid Effluents - Batch Releases

March

2.904E-005

3.772E-010

1.651E+000

2.144E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000

8.676E+004

7.700E+007

Totai

8.124E-003

2.072E+000

0.000E+000

0.000E+000

3.277E+005

1.050E+009




Isotope (C1)

H-3
Mn-54
Fe-55
Co-58
Co-60
Ag-110m
Sb-124
Sb-125
Cs-137
Total

- January

2.552E-001
1.558E-006
6.180E-004
2.752E-003
1.017E-003
1.473E-004
1.494E-004
5.949E-004
1.057E-004
2.606E-001

TABLE 3.2A (Con't)
Annual Radioactive Effluent Release Report 1997

February

1.661E-001

2.028E-006
5.128E-004
1.115E-003

4.183E-004.
0.000E+000
0.000E+000
1.040E-004
5.573E-004
1.688E-001
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Liquid Effluents - Batch Releases

March

1.651E+000
1.124E-006
0.000E+000
1.083E-005
1.709E-005
0.000E+000

- 0.000E+000

0.000E+000
0.000E+000
1.651E+000

Total

2.072E+000
4.710E-006
1.131E-003
3.877E-003
1.452E-003
1.473E-004
1.494E-004
6.990E-004
6.630E-004
2.080E+000
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Gross Radioactivity

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

Tritium

Total Release
(C1)

Avg. Conc.
(nCi/ml)

Dissolved Gases

Total Release
(Cy)

Avg. Conc.
(uCi/ml)

April

1.692E-003

7.262E-009

1.201E-001

3.156E-007

0.000E+000

0.000E+000

Gross Alpha Activity

Total Release
(C1)

Avg. Conc.
(uCi/ml)

0.000E+000

0.000E+000

Volume of Waste Released

(liters)

1.254E+005

Volume of Dilution Water

(liters)

2.330E+008

TABLE 3.2B
Annual Radioactive Effluent Release Report 1997

May

3.570E-005

3.464E-010

3.887E-004

3.771E-009

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.256E+005

1.031E+008

Page 42 of 62

Liquid Effluents - Batch Releases

June

1.509E-002

6.949E-009

4.716E+000

2.172E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

2.499E+005

2.172E+009

1.682E-002

4.837E+000

0.000E+000

0.000E-+000

5.009E+005

2.508E+009
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Isotope (Ci)

H-3
Mn-54
Fe-55
Co-58
Co-60
Ag-110m
1-131
Total

April

1.201E-001

0.000E+000
3.136E-004
9.674E-004

2.065E-004

2.044E-004
0.000E+000
1.218E-001

TABLE 3.2B (Con't)
Annual Radioactive Effluent Release Report 1997

May

3.887E-004
0.000E+000
0.000E+000
1.458E-005
2.112E-005
0.000E+000
0.000E+000
4.244E-004
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Liquid Effluents - Batch Releases

June

4.716E+000
8.553E-005
6.497E-003
3.796E-004
5.575E-004
7.569E-003
9.153E-007
4.732E+000

Total

4.837E+000
8.553E-005
6.811E-003
1.362E-003
7.851E-004
7.774E-003
9.153E-007
4.854E+000
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July
Gross Radioactivity

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

4.535E-003
5.516E-009
Trittum

Total Release

(C) 2.183E+000
Avg. Conc.
(uCi/ml) 2.655E-006
Dissolved Gases

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

(uCi/ml) 0.000E+000

Gross Alpha Activity

Total Release

(C1) 0.000E+000
Avg. Conc. '
(uCi/ml) 0.000E+000

Volume of Waste Released
(liters) 7.880E+004
Volume of Dilution Water

(liters) 8.222E+008

TABLE 3.2C
Annual Radioactive Effluent Release Report 1997

August

1.120E-003

1.779E-009

8.550E-001

1.357E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

5.675E+004

6.299E+008
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Liquid Effluents - Batch Releases

September

2.417E-003

3.023E-009

2.643E+000

3.306E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000
4.884E+004

7.995E+008

Total

8.072E-003

5.681E+000

0.000E+000

0.000E+000

1.844E+005

2.252E+009
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Isotope (Ct)

H-3
Mn-54
Fe-55
Co-57
Co-58
Co-60
Nb-95
Zr-95
Ag-110m
Total

July

2.183E+000
8.728E-006
1.024E-005
2.152E-006
8.179E-004
5.118E-004
1.659E-005
9.527E-006
2.144E-003
2.188E+000

TABLE 3.2C (Con't)
Annual Radioactive Effluent Release Report 1997
Liquid Effluents - Batch Releases

August

8.550E-001
0.000E+000
3.632E-004
0.000E+000
6.773E-005
8.213E-005
0.000E+000
0.000E+000
6.073E-004
8.561E-001

Page 45 of 62

September

2.643E+000
0.000E+000
1.416E-003
0.000E+000
2.864E-004
3.228E-004
0.000E+000
0.000E+000
3.915E-004
2.645E+000

Total

5.681E+000
8.728E-006
2.804E-003
2.152E-006
1.172E-003
9.167E-004
1.659E-005

9.527E-006

3.143E-003
5.689E+000
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October
Gross Radioactivity

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

7.839E-003
3.277E-009
Tritium

Total Release

(Ci) 1.615E+001
Avg. Conc.
(uCi/ml) 6.750E-006
Dissolved Gases

Total Release :
(C1) 0.000E+000
Avg. Conc.

(uCt/mi) 0.000E+000

Gross Alpha Activity

Total Release

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

Volume of Waste Released
(liters) 1.305E+005
Volume of Dilution Water

(liters) 2.392E+009

TABLE 3.2D
Annual Radioactive Effluent Release Report 1997

November

6.247E-003

9.399E-009

3.773E+000

5.676E-006

0.000E+000

0.000E+000

. 0.000E+000

0.000E+000

4.798E+004

6.647E+008
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Liquid Effluents - Batch Releases

December

1.678E-003

9.112E-010

2.155E+001

1.170E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000

9.540E+004

1.842E+009

Total

1.576E-002

4.147E+001

0.000E+000

- 0.000E+000

2.739E+005

4.899E+009
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Isotope (Ci) October

H-3 1.615E+001
Fe-55 5.612E-004
Co-58 5.058E-005
Co-60 2.698E-004
Sr-90 1.436E-006
Ag-110m 6.956E-003
Cs-137 0.000E+000
Total 1.616E+001

TABLE 3.2D (Con't)
Annual Radioactive Effluent Release Report 1997

November

3.773E+000
4.318E-004
1.310E-004
3.140E-004
0.000E+000
5.371E-003
0.000E+000
3.779E+000
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Liquid Effluents - Batch Releases

December

2.155E+001
2.480E-004
0.000E+000
9.657E-005
0.000E+000
1.331E-003
3.333E-006

2.155E+001

Total

4.147E+001
1.241E-003
1.816E-004
6.804E-004
1.436E-006
1.366E-002
3.333E-006
4.149E+001
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Liquid Effluents - Continuous Releases

January
Gross Radioactivity
Total Release

Excluding H3
and Dissolved

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

(uCi/ml) 0.000E+000
Tritium

Total Release

(Cy) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000
Dissolved Gases

Total Release

(C1) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000

Gross Alpha Activity

Total Release

(C1) 0.000E+000
Avg. Conc.
(uCi/ml) 0.000E+000

Volume of Waste Released
(Iiters) 2.116E+006
Volume of Dilution Water

(liters) 1.369E+009

TABLE 3.3A
Annual Radioactive Effluent Relcase Report 1997

February

1.321E-005

3.154E-012

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.297E+006

4.190E+009
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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

6.267E+005

2.001E+009

Total

1.321E-005

0.000E+000

0.000E+000

0.000E+000

4.039E+006

7.560E+009
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Isotope (Ci)

TABLE 3.3A (Con't)
Annual Radioactive Effluent Release Rcport 1997
Liquid Effluents - Continuous Releases

January February March Total

0.000E+000 7.793E-006 0.000E+000 7.793E-006

0.000E+000 5.421E-006 0.000E+000 5.421E-006

0.000E+000 1.321E-005 0.000E+000 1.321E-005
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Liquid Effluents - Continuous Releases

April

Gross Radioactivity

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

1.958E-005

Tritium

Total Release

(C1) 0.000E+000
Avg. Conc.
(uCi/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.
(nCi/ml) 0.000E+000

Volume of Waste Released
(liters) 5.949E+005
Volume of Dilution Water

(liters) 1.033E+009

1.896E-011

TABLE 3.3B
Annual Radioactive Efflucnt Release Report 1997

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

6.167E+005

9.366E+008
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June

1.888E-003

6.333E-011

1.769E-004

5.935E-012

0.000E+000

0.000E+000

0.000E+000

0.000E+000

9.529E+006

2.981E+010

Total

1.908E-003

1.769E-004

0.000E+000

0.000E+000

1.074E+007

3.178E+010



[ Jalnialalniai”

Isotope (Ci)

April

0.000E+000
0.000E+000
0.000E+000
1.958E-005
1.958E-005

TABLE 3.3B (Con't)
Annual Radioactive Effluent Release Report 1997
Liquid Effluents - Continuous Relcases

May

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

1.769E-004
4.444E-005
4.491E-004
1.395E-003
2.065E-003

Total

1.769E-004
4.444E-005
4.491E-004
1.414E-003
2.085E-003
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Gross Radioactivity

Total Release

July

Excluding H3

and Dissolved

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

(uCi/ml) 0.000E+000
Tritium

Total Release

() 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000
Dissolved Gases

Total Release

(C1) 0.000E+000
Avg. Conc.

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

Total Release

(C1) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000

Volume of Waste Released

(liters)

1.301E+007

Volume of Dilution Water

(hiters)

4.788E+010

TABLE 3.3C
Annual Radioactive Effluent Release Report 1997
Liquid Effluents - Continuous Releases

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

1.143E+007

6.759E+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

1.241E+007

6.541E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

3.686E+007

1.809E+011
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Isotope (Ci)

Total

TABLE 3.3C (Con't)

Annual Radioactive Effluent Releasc Report 1997

Liquid Effluents - Continuous Releases
July August September

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

0.000E+000
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Gross Radioactivity

Total Release
Excluding H3
and Dissolved

TABLE 3.3D

Annual Radioactive Effluent Release Report 1997

Liquid Effluents - Continuous Releases

October

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

(uCi/ml) 0.000E+000
Tritium

Total Release

(C1) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000
Dissolved Gases

Total Release

(C1) 0.000E+000
Avg. Conc.

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

Total Release

(1) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000

Volume of Waste Released

(liters)

9.003E+006

Volume of Dilution Water

(liters)

5.914E+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

9.261E+006

3.271E+010
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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

1.283E+007

3.380E+010

Total

0.000E+000

0.000E+000

0.000E+000

0.000E+000

3.109E+007

1.256E+011



TABLE 3.3D (Con't)
Annual Radioactive Effluent Release Report 1997
Liquid Effluents - Continuous Releases

Isotope (Ci) October November "~ December Total

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

I
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Table 3.4

Annual Radioactivc Effluent Report 1997

'Dose From Liquid Effluents

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 a 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 1.5 from the Kewaunee ODCM.

Organ
Ist Qtr Dose

Total Body
Bone

Liver
Thyroid
Kidney
Lung
GI-LLI

Organ
2nd Qtr Dose

Total Body
Bone

Liver
Thyroid
Kidney
Lung
GI-LLI

Dose
Total
mRem

6.092E-003
5.920E-003
8.868E-003
9.561E-004
3.544E-003
1.949E-003
2.042E-003

Dose
Total
mRem

1.192E-004
3.364E-004
2.889E-004
3.668E-005
3.801E-005
1.650E-004
5.063E-004

Quarterly Percent
Limit of Limit
mRem

1.5 0.41
5.0 0.12
5.0 0.18
5.0 0.02
5.0 0.07
5.0 0.04
5.0 0.04
Quarterly Percent
Limit of Limit
mRem

1.5 0.01

- 5.0 0.01
5.0 0.01
5.0 0.00
5.0 0.00
5.0 0.00
5.0 0.01
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. Table 3.4 (Con't)
Annual Radioactive Effluent Report 1997
~ Dose From Liquid Effluents
l Organ Dose Quarterly Percent
3rd Qtr Dose Total Limit of Limit
l mRem mRem
Total Body 3.952E-005 1.5 0.00
. Bone 2.500E-005 5.0 0.00
Liver 4.606E-005 5.0 0.00
Thyroid 2.191E-005 5.0 0.00
l Kidney 2236E-005 5.0 0.00
Lung 3.147E-005 5.0 0.00
l GI-LLI 7.247E-004 5.0 0.01
Organ Dose Quarterly Percent
l 4th Qtr Dose Total Limit of Limit
: mRem mRem
l Total Body 2.798E-004 1.5 0.02
Bone 5.095E-005 5.0 0.00
n Liver 2.942E-004 5.0 0.01
' Thyroid 2.426E-004 5.0 0.00
Kidney 2.560E-004 5.0 0.01
l Lung 2.523E-004 5.0 0.01
GI-LLI 4.015E-004 5.0 0.01
l Calculated Dose This Year ‘
Organ Dose Quarterly Percent
l Total Limit of Limit
mRem mRem
l Total Body 6.531E-003 3.0 0.22
Bone 6.333E-003 10.0 0.06
l Liver 9.497E-003 10.0 0.09
Thyroid 1.257E-003 10.0 0.01
Kidney 3.861E-003 10.0 0.04
l Lung 2.398E-003 " 10.0 - 0.02
GI-LLI 3.675E-003 10.0 0.04
l Page 57 of 62



—

3"""'""6"‘

4.0 UNPLANNED RELEASES

No unplanned releases were made from the Kewaunee Plant during 1997.

The January-June 1991 Semi-Annual Effluent Release Report described an unplanned release which
occurred on April 25, 1991. As reported in the 1996 Annual Effluent Release Report, WPSC will
continue to provide status updates in the Annual Effluent Release Reports until the incident is resolved
and corrective actions are completed.

The need to replace WG-301 and WG-302 is currently being reanalyzed due to the exorbitant cost of
replacement valves and the fact that the leakage problem has already been corrected by installing WG-
309. Any additional requirements for remote isolation of WG-309 per NUREG-0578 and NUREG-
0737 have been researched and no prior NRC commitments were identified. Following a 10 CFR
50.59 review to address the addition of valve WG-309 into the Waste Gas System, it is anticipated that
Design Change No. 2349 for WG-301 and WG-302 replacement will be cancelled. Barring any
complications. these actions should resolve and wrap up this longstanding issue by mid 1998.

5.0 METEOROLOGICAL DATA

Meteorological data for 1997 is retained on file at the Kewaunee Nuclear Power Plant. The data on file
includes a continuous strip chart recording and a 15-minute interval listing of wind speed, wind
direction and atmospheric stability. This is more conservative than the requirements of ODCM Section
3/4.6. 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 1997. Presented are the types of wastes, major
nuclide composition, disposition of the wastes and shipping containers used.

The containers utilized at Kewaunee Nuclear Power Plant have the following volumes:

High Integrity Container (HIC) 158 ft’
LSA Box (B-25) 98 fi’
Compactor Boxes 50 ft’
DOT-17H Drum 7.5 ft

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

Table 6.1 contains the radionuclide content (curies) and percent abundance for each type of waste.
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- Table 6.1
Annual Radioaetive Effluent Report 1997
Solid Waste and Irradiated Fuel Shipments

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

1. Type of Waste Unit  Quantity
a. Dewatered resin m’ None
Container: HIC Ci None
b.  Dewatered filter media m’ None
Container: HIC Ci None

c. DAW (Compactible) m’ 7.08E+00

Container: Compactor Box Ci 7.94E-01

d. DAW (Non-Compactible) m’ None

i
Isotopes denoted by an asterisk (*) in Table 6.1 are correlated values.
Container: Compactor Box Ci None

Average Transuranics shipped (all shipments): 0.00E+00 nCi/g

" " """""¢ "

2. Estimate of Major Nuclide by Composition

(By Type of Waste) % Ci

a. Dewatered resin None | None

b.  Dewatered filter media None None

c. DAW (Compactible) 100% 7.94E-01
Co-60 1.85E+01 [.47E-01
*Fe-55 5.98E+01 4.75E-01
Ni-63 2.11E+01 [.68E-01
Tc-99 5.10E-01 4.02E-03

d.  DAW (Non-Compactible)  None None

3. Solid Waste Disposition

a.  Date of Shipment Mode of Transportation Destination
‘ 12/22/97 CNSI Van Barnwell, SC
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B. Irradiated Fuel Shipments

No irradiated fuel shipments were made from the Kewaunee Nuclear Power Plant during the year
of 1997.

I
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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) was revised during this report period. A completé
copy of Revision 8 of the ODCM is included as a part of this report.

7.2 Major Cbanges to the Radioactive Liquid, Gaseous and Solid Waste Treatment Systems
Major changes to the radioactive liquid, gaseous or solid waste systems are submitted in the annual

Updated Final Safety Analysis Report consistent with Technical Specification 6.19.

8.0 REPORTABLE OCCURRENCES

There were two reportable occurrences in 1997. The first was the planned and monitored release of
low level radioactive caustic soda from a release path not described in the ODCM. The second
involved long-term operability of process radiation monitors R-16 (Containment Fan Coil Water
Monitor) and R-20 (Service Water Monitor).

The first reportable occurrence is the disposal of caustic soda from the Internal Containment Spray
(ICS) system caustic additive standpipe. Plant staff decided to replace the caustic additive standpipe
caustic soda because of the age of the caustic soda. The caustic soda had been in the standpipe for 23
vears and had some discoloration. The caustic soda concentration was within specification. The
evaluation, performed under the Kewaunee Assessment Process (KAP) as KAP-0493, supported
caustic soda replacement but raised a question regarding the potential for low level radioactivity in the
displaced caustic soda. The standpipe was sampled and found to contain detectable low level
radioactivity. Caustic soda (Sodium Hydroxide) is routinely disposed of via the plant Waste
Neutralizing Tank (WNT) using a simple acid-base neutralization. The WNT is a previously
unevaluated release path. In order to use the WNT release path, it was evaluated as if it were to be a
change to the ODCM but since this was a one-time evolution, no formal change was made to the
ODCM. Should this release path need to be used again, inclusion in the ODCM will be considered.
General Nuclear Procedure (GNP)1.19.30 “Disposal of Slightly Radioactive 30% NaOH Using the
Waste Neutralizing Tank”, was developed for this release. GNP 1.19.30 considered the ODCM and
environmental pollution criterion. On February 12" and 13" 1997, 300 gallons of slightly
contaminated caustic soda containing 0.000415 curies of Cesium-137 was released. The radiological
impact of 0.00476 mrem to the liver was documented under SP 32A-136, “Radlologlcal Liqud
Discharges (Batch Mode) ”
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The second issue. R-16 and R-20, involves section 3.1.b of the ODCM. R-16 and R-20 were declared
administratively Out-of-Service on April 2, 1997, because of a concern regarding reverse flow through
the monitors. The sample delivery system and not the actual monitor operation was in question. An
assessment of the issue was performed under Kewaunee Assessment Process (KAP) number KAP-
0721. Later, a concern over backflow from R-16 into R-20 complicated the issue, so KAP-1061 was
issued to evaluate this issue. The issues, and KAPs, are related. Efforts to understand and resolve the
complicated reverse and backflow issues delayed returning the monitors to service in a timely manner

~ (more than 30 days). The ODCM states;

“With less than the minimum number of radioactive liquid effluent monitoring instrumentation
channels OPERABLE. take the ACTION shown in Table 3.1. Exert best efforis to return the
instruments 10 OPERABLE status within 30 days and, if unsuccessful, explain in the next Radioactive
Effluent Release Report why the operabiliry was not corrected in a timely manner. "

The delay in resolution is due to the complexity of the issues, the extreme operational conditions under
which the monitors must be available, and the time required for the design of corrective options to
address the issues under the assumed operational constrains. Plant design modification (DC-2873) is
underway to correct these issues. Upon completion of DC-2873, the radiation monitors will be
returned to service. This is expected to occur by mid-1998.
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Appendix A

Kewaunee Nuclear Power Plant

1997 Meteorological Data

Missing Meteorological Data

First Quarter: 83 Hours
Second Quarter: 424.5 Hours
Third Quarter: 259 Hours
Fourth Quarter: 6.5 Hours
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

First Quater 1997 Stabitity Class A

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24
N 3.5 0.5 7.75 15.75 23 2.5 0
NNE 0 0 725 1825 1425 1 0
NE 1.75 0.5 575 135 1225 2 0
ENE 0 0.5 625 125 1125 275 O

E 0 125 75 575 6 125 3
ESE 0 0.5 10.75 13.25 45 225 0
SE 0 025 4 9.75 85 275 0
SSE 0 0 575 10 205 22 425
S 0 0.75 475 975 725 775 3
SSW 0 0 525 115 5§ 0 0
SW 0 0.75 325 975 625 5 0.25
WSW 0 025 5 1575 725 0 0
Y 0 0 7 29 2825 21.5 0.25
WNW 025 025 65 19.5 3425 1775 0
NWwW 5 0.5 11.25 15.25 6.5 1.5 0
NNwW 6 1.25 8.5 22 925 025 O
TOTAL 165 725 106.5 231.25204.25101.5 10.75

First Quater 1997 Stabitity Class B

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24
N 0 025 425 1.75 075 025 0
NNE 0 025 45 2 3.5 125 1
NE 025 075 1 1 4.5 1 0
ENE 0 0 0.5 1.5 325 125 O

E 0 0 0 125 0 0 0
ESE 0 0 025 225 025 0 0
SE 0 0.5 0 1.5 0.5 0 0
SSE 0 025 175 475 425 325 15
S 0 025 4 45 1 125 0
SSwW 0 0 325 275 225 0 0
SW 0 0 1 4 1.25 025 0.75
WSW 0 0 075 275 1 0 0
Y 0 0 4.5 275 5 2 0
WNW 0 0 0.5 775 5 0.5 0
NW 0.5 0 1 3 1.7 075 O
NNW 275 0 225 375 325 0 0
Total 3.5 225 295 4725 375 11.75 3.25
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Total
53
40.75
35.75
33.25
36
31.25
25.25
62.5
33.25
21.75
25.25
28.25
86
78.5
40
47.25
678

Total
7.25
12.5
8.5
6.5
1.25
2.75
2.5
15.75
11
8.25

7.25

4.5
14.25
13.75
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

First Quater 1997 Stabitity Class C

Wind Direction Calm 1-3  4-7 8-12 13-18 19-24 >24
N 0 1.75 425 975 775 1 0
NNE 0 025 2 6 275 0 0
NE 0 0 1.25 1.5 275 0 0
ENE 0 0 05 375 175 0 0

E 0 075 025 125 0 0 -0
ESE 05 0 0.5 1 05 0 0
SE 0 0 025 075 325 0 0
SSE 0 025 1.75 225 4 225 0.25
S 0 025 1.75 425 55 25 0
SSw 0 0 3.5 75 225 0 0
Sw 0 0 1.5 275 0 0 0
WSW 0 0 025 375 1 0 0
W 0 025 125 825 11 025 0
WNW 0 025 175 625 11 1 0
NW 325 025 1.5 05 1 2 0
NNW 375 1 1 575 675 05 0
Total 7.5 5 23.25 6525 6125 95  0.25

First Quater 1997 Stabitity Class D

Wind Direction CALM 1-3  4-7  8-12 13-18 19-24 >24
N 025 275 875 85 475 55 1.25
NNE 0 0.5 825 425 55 325 0
NE 0 075 625 45 225 075 0
ENE -0 1.25 475 25 1.75 1.5 05
E - 0 0 2 075 0 075 0
ESE 025 0 075 025 0 0 0
SE - 0 0 1.75 1.25 275 0 0
SSE 0 0 0.75 425 5 1 0

S 0 1 575 975 875 175 0
SSw 0 1.5 22 1325 75 0 0
SW 0 1.5 11 11.75 1 0.75 0.25
WSW 0 025 5 95 225 0 0
W 0 1.5 575 2575 27 775 0
WNW 1.25 075 115 26 69 14.75 0.25
NW 425 05 775 16 8 3 0
NNW 1.5 1 6.5 2725 1075 1.75 0
Total 7.5 13.25 108.5 1655 156.25425 225
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Total
24.5
11
55

2.25
2.5
4.25
10.75
14.25
13.25
4.25

21
20.25
8.5
18.75
172

Total
31.75
21.75
14.5
12.25
3.5
1.25
5.75
11

27
4425
26.25
17
67.75
123.5
39.5
48.75
495.75



. Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

h First Quater 1997 Stabitity Class E

l Wind Direction Calm 1-3 4-7  8-12 "13-18 19-24 >24
N 1 2 625 475 1 15 0

' NNE 0 0 275 225 325 0 0
NE 0 025 15 0 225 0 0
ENE 0 0.5 1.25 0 5 25 0

' E 0 025 1 0 075 1 0
ESE 0 05 225 0 0 0 0
SE 0 0 1.5 1.5 0 0 0

l SSE o 1 1 0 0 05 025
S 0 1.25 325 35 0 1.25 0
SSW 0 1.5 10.75 175 0 0 0

' SW 0 075 975 625 55 35 0
WSW 0 1 7 1225 875 55 025
W 0 025 55 115 2125 625 0

I WNW 225 05 4 2625 185 1 0
NW 1.75 1 55 825 1.75 125 0.25

' NNW 225 1 55 65 0 0 0
Total 7.25 11.75 68.75 100.5 68 2425 0.75

First Quater 1997 Stabitity Class F

' Wind Direction Calm 1-3  4-7 812 13-18 19-24 >24
N 05 05 05 275 0 0 0
I NNE 0 125 05 075 0 0 0
NE 025 0 275 025 0 0 0
' ENE 0 05 075 125 125 0 0
' E 0 0 0.5 225 0 0 0
ESE 0 0 0 15 0 0 0
SE 0 025 0 0 025 0 0
' SSE 0 075 05 125 0 0 0
S 0 05 25 2 0 0 0
' SSW 0 1.5 825 25 075 0 0
SW 0 15 115 9 125 15 0
WSW 025 125 85 65 075 0 0
' W 0 025 325 1125 25 0 0
WNW 15 1.5 475 1425 4 0 0
NW 325 0 875 825 025 0 0
' NNW 025 0 3 5 0 0 0
‘ Total 6 975 56 6875 11 15 0
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Total
16.5
8.25

9.25
2.75

2.75
9.25
29.75
25.75
34.75
44.75
52.5
19.75
15.25
281.25

Total
425
2.5
3.25
3.75
2.75
1.5
0.5
2.5

13
24.75
17.25
17.25
26
20.5
8.25
153
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

First Quater 1997 Stabitity Class G

S

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
N 0 0 1 2.5 0 0 0 3.5
NNE 0 0 0 025 0 0 0 0.25
NE 0 0.5 1.5 0 0 0 0 2
ENE 0 025 1.5 0 0 0 0 1.75
E 0 1 275 0 0 0 0 3.75
ESE 0 025 15 0 0 0 0 1.75
SE 0 1 1 0 0 0 0 2
SSE 0 0 1.75 125 0 0 0 3

0 0.5 475 175 0 0 0 7
SSW 0 1 325 1.5 0 0 0 5.75
SW 0 0.5 9.5 6 0 0 0 16
WSW 0 1 11.5 18 4 0 0 34.5
W 0 1.5 5 215 375 0 0 31.75
WNW 0 0.75 1525 12 225 0 0 30.25
NW 0 0 9.5 075 0 0 0 10.25
NNW 025 0 3 525 0 0 0 8.5
Total 0.25 825 7275 70.75 10 0 0 162

Second Quarter 1997 Stabitity Class A

Wind Direction - Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
N 0 0 25 95 625 025 0 18.5
NNE 0 025 45 335 13 55 175 585
NE 0 0 13.75 2725 45 325 0 48.75
ENE 0 05 7 8 25 0 0 18
E 0 025 65 25 05 0 0 9.75
ESE 0 1.75 1025 15 0 0 0 13.5
SE 0 125 675 25 075 0 0 11.25
SSE 0 0.5 122510 25 0 0 25.25
S 0 0 325 1025 35 0 . 0 17
SSW 0 05 1 525 125 025 0 8.25
SW 0 0 125 35 275 175 55 1475
wWSW 0 025 175 5 575 3 375 195
Y 0 025 175 45 275 325 75 20
WNW 0 0 3.75 875 475 35 175 225
NW 025 0 3 12 22 075 05 385
NNW 0 025 2 1525 55 825 05 31.75
Total 0.25 575 8125 159257825 29.75 21.25 375.75
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0.5
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0
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Stabitity Class C

8-12
1.5
3.75
6
1.5
0

0

1
0.75
1.5
1.25
1

1
2.5
1.25
1
2.25
26.25

Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

4
0
0
0
0
0
0
0
0
0
1
1.75
0.5

0
0
7

25

13-18 19-24 >24
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wh (V4]

W

.o-—a
wh

0.25
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Total
4
22.25
4

2
1.25
0.75

4.5
35
2.25
0.5
1.25
25
225
1.75
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Total

10
85
2.75
0.75
0.5

4.75
3.75

4.75
4.75
5.25
4.75
7.75
72.25
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Wind Direction
N
NNE
NE
ENE
E

ESE
SE
SSE

S
SSW
SW
WSW
Y
WNW
NW
NNW
Total

Wind Direction
N
NNE
NE
ENE
E

ESE
SE
SSE

S
SSwW
SW
WSW
w
WNW
NW
NNW
Total

Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Second Quarter 1997

-3 4-7
05 575
05 725
1 10.25
1 5.75
1.75 6.5
5.25

o 0
UIB

o o
wh W

~J
w
—
(V%)
~3
W

Second Quarter 1997

Stabitity Class D

8-12 13-18 19-24
7 0.75 0.5
27 1425 1.5

1575 25 0
825 15 0
35 05 0
225 0 0
05 0 0
225 1.5 1

6 45 1
925 8 025
4 275 1
275 15 15
275 325 3.25
25 95 2

3 475 0.5
105 325 55

107.25 585 18

Stabitity Class E

Calm 1-3 4-7 812 13-18 19-24

6 1.5 55 275 05 0O

0 1 10.75 225 9 5.75

0 225 1075 875 075 0

0 25 35 3 025 0

0 275 65 175 0 0

05 225 375 1 0 0

0 25 3 1 0 0

0 4 525 425 175 1.25

0 375 17.75 925 4 0.25

0 2 225 1325 4 0

0 225 4 3 2.5 0.25

0 225 15 125 1 0

0 125 275 2 075 1.5

0 0 1 45 2 0

0 125 275 5 05 0

0 075 3 75 05 0

6.5 3225 105.7590.75 275 9
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18
51.5
29.75
16.5
12.25
9.25
7.5
14.5
18
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10.25
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14.5
17
9.25
25.75
286.75

Total
16.25
49
22.5
10.75
11
7.5
6.5
16.75
35
41.75
12.25
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1.5

9.5
11.75
27225
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Second Quarter 1997 Stabitity Class F

Wind Direction Calm 1-3 4-7  8-12 13-18 19-24 >24 Total
N 0 1 7.5 225 0 0 0.25 11
NNE 0 025 6.75 135 675 025 0 27.5
NE 0 2 8.5 4.5 025 0 0 15.25
ENE 0 0 475 1 025 0 0 6
E 0 1.25 3.5 1.5 0 0 0 6.25
ESE 0 0.75 325 0.5 0 0 0 4.5
SE 0 1.75 525 0.5 0 0 0 7.5
SSE 0 325 6.5 7.5 5.5 025 0 23
S 0 1.5 185 9 5 075 0 34.75
SSwW 0 2.5 18.75 6 0.5 025 0 28
SW 0 2.5 425 1.3 025 025 O 8.75
WSW 0 125 225 2 025 0 0 5.75
\YY 0 1.5 1.25 3.5 0.5 0 0 6.75
WNW 0 0.5 2 525 0 0 0 7.75
NWwW 0 075 2 325 0 0 0 6
NNW 0 225 575 55 0 0 0 13.5
Total 0 23 100.7567.25 19.25 1.75 0.25 212.25
Second Quarter 1997 Stabitity Class G
Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
N _ 075 3 12 075 0 0 0 18.5
NNE 0 2.3 11 8 475 0 0 26.25
NE 0 3 155 8.5 0.5 0 0 27.5
ENE 0 1.75 9 1 1.75 0 0 13.5
E 0 475 6 6.5 2 0 0 19.25
ESE 0 3.7 7.5 225 0 0 0 13.5
SE 0 275 11 1 0 0 0 14.75
SSE 0 4 28.25 22.75 875 0.5 0 64.25
S 0 425 3825 305 75 0.25 025 81
SSwW 0 775 3675 1.75 0 0 0 46.25
SW 0 55 31 4.5 025 0 0 41.25
WSW 0 2.5 155 9.5 025 0 0 27.75
Y 0 225 975 85 0 0.5 0 21
WNW 0 375 875 925 0 0.5 0 22.25
NW 0 3 825 7 0 0 0 18.25
NNW 025 75 155 1 0 0 0 24.25
Total 1 64 264  122.7525.75 1.75 025 4795
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Wind Direction
N
NNE
NE
ENE
E

ESE
SE
SSE

S
SSwW
Sw
WSW
W
WNW
NW
NNW
Total

Wind Direction
N
NNE
NE
ENE
E

ESE
SE
SSE

S
SSW
SW
WSW
W
WNW
NW
NNW
Total

Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
Third Quarter 1997  Stabitity Class A

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

075 0 5 1575 7.75 025 0
0 0.5 7 30 575 0 0
0 0.75 16.75 205 05 0 0
0 0.5 1225 45 2 0 0
0 0.75 145 7 05 0 0
0 0.5 175 525 1 0 0
0 025 85 375 3 0 0
0 0 425 6 1.25 0 0
0 025 45 05 1 0 0.25
0 025 1.5 225 225 O 0
0 0 1 75 575 025 0
0 0 725 145 105 225 1.5
0 05 575 2525 425 1 0.5
0 025 425 1225 475 0 0
0 125 45 975 45 0 0
0 05 55 2275 975 0 0
075 625 120 1875 645 3.75 225
Third Quarter 1997  Stabitity Class B

Calm . 1-3 4.7  8-12 13-18 19-24 >24
125 025 05 5 1.5 125 0
0 05 275 1075 4 0 0
0 05 45 025 05 0 0
0 0.5 1.75 025 075 0 0
0 1 125 075 0 0 0
0 0 075 025 0 0 0
0 025 05 225 175 025 0
0 0 075 275 125 025 0
0 025 0.5 125 025 0 0
0 05 0 1.25 075 05 0
0 0 1.5 05 0 0 0
0 0.5 225 3 0 05 05
0 0 05 275 05 0 0
0 0.5 1.7 125 15 0 0
0 0 075 4 025 0 0
0 0.5 1 2 05 0 0
1.25 525 21 3825 135 275 05
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Total
29.5
43.25
38.5
19.25
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24.25
15.5
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6.5
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Third Quarter 1997  Stabitity Class C

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24  Total
N 0 0 225 575 275 05 0 11.25
NNE 0 0 1.5 9 1.5 0 0 12
NE 0 0 2 7.5 0 0 0 9.5
ENE 0 0 0.75 1 0 0 0 1.75
E 0 0 3.5 075 0 0 0 4.25
ESE 0 025 1 025 0 0 0 1.5
SE 0 0 4.5 1.75 0 0 0 6.25
SSE 0 0.25 225 3 3.5 0 0 9

S 0 0 125 175 175 O 0 4.75
SSW 0 025 2 0.75 0 0.5 0 3.5
SW 0 0 075 075 075 0 0 2.25
WSW 0 025 05 0.5 125 075 0 3.25
A\ 0 025 025 15 025 025 0 2.5
WNW 0 0 0.75 1.75 1 0 0 3.5
NW 0 0.5 2 275 1 0 0 6.25
NNW 0 025 3 325 025 O 0 6.75
Total 0 2 28.25 42 14 2 0 88.25

Third Quarter 1997  Stabitity Class D

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24  Total
N 1.75 125 625 1375 475 025 O 28

NNE 0 1.5 6.5 23 1425 0.5 0 45.75
NE 0 2 10.75 95 3 0 0 25.25
ENE 0 1.5 11.5 45 025 0 0 17.75
E 0 1.25 13.75 3.75 0.3 0 0 19.25
ESE 0 1.5 7.5 2.5 125 0 0 12.75
SE 0 1.25 10 375 6.5 025 0 21.75
SSE 0 1.5 12.25 1025 7 0 0 31

S 0 0.5 165 1275 075 0 0 30.5
SSW 0 125 9 3.5 1.5 0 0 15.25
SW 0 1.5 125 3 4 0 0 9.75
WSW 0 0 2 9.5 725 225 0 21

\WY 0 025 275 925 105 1.5 025 245
WNW 0 075 3 825 45 0 0 16.5
NW 0 0.5 10 10 0 0 0 20.5
NNW 0 125 9 7.5 075 0 0 18.5
Total 1.75  17.75 132 134.7566.75 4.75 0.25 358
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' Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
" Third Quarter 1997  Stabitity Class E
' Wind Direction Calm 1-3 4-7 812 13-18 19-24 >24 Total
N 205 05 10.5 11 1 025 0 43.75
NNE 025 025 25 10.5 3.5 025 0 17.25
l NE 0 1 475 525 25 0 0 13.5
. ENE 0 1 0.75 025 0.5 0 0 2.5
l E 0 025 175 025 025 0 0 2.5
ESE 0 0.5 4 0 0 0 0 4.5
SE 0 1 3.5 375 2 025 0 10.5
l SSE 0 25 975 925 775 025 O 29.5
S 0 25 235 16 0 0 0 42
SSW 0 1 185 625 15 0 0 27.25
l SW 0 125 1075 10256 0 0 2825
WSW 0 0 525 1275 325 05 0 21.75
W 0 025 3.75 135 95 3 0 30
l WNW 0 075 6 125 225 0 0 21.5
NW 025 2 9.5 3 0 0 0 14.75
NNW 0 2 16.25 8.5 0.5 0 0 27.25
l Total 21 16.75 131 123 405 45 0 336.75
Third Quarter 1997  Stabitity Class F
' Wind Diréction Calm 1-3  4-7  8-12 13-18 19-24 >24 Total
N 25 025 45 1.75 0 0 0 9
l NNE 0 05 325 775 075 0 0 1225
NE 0 0 125 625 0 0 0 7.5
ENE 0 0 075 075 0 0 0 1.5
l E 0 025 125 0 0 0 0 1.5
ESE 0 1.75 275 0 0 0 0 4.5
SE 025 1 2.5 1.5 275 0 0.25 8.25
l SSE 0 4 11 775 975 025 025 33
S 0 6.5 1475 525 075 O 0 27.25
l SSW 0 475 1025 3.5 025 0 0 18.75
SW 0 075 525 475 125 0 0 12
WSW 075 125 475 475 125 0 0 12.75
I W 0 0.5 275 105 025 075 0 14.75
WNW 0 2 5.5 125 1.5 0 0 10.25
NW 025 225 85 2 0 0 0 13
l NNW 025 025 1325 6 0 025 0 20
. Total 4 26 92.25 63.75 185 125 05 206.25
l Page A1l of A22
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Wind Direction
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SW
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Total

Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Third Quarter 1997  Stabitity Class G

Calm 1-3  4-7 812 13-18 1
1225 0 45 025 0 0
0 025 025 1 0 0
0 025 075 325 0 0
025 03 1 075 0 0
0 2 075 0 0 0.25
025 1.5 2 0 0 0
0 375 3.5 1.25 025 0
025 475 1425 17 225 0
0 85 3575 175 05 0
0 1425 2925 425 0 0
0 135 3375 15 0 0
0 8 4525 8 0 0
0 3 3475 24 05 0
0 475 3325 525 0 0
0 6 3825 0.75 0 0
0 35 3625 075 0 0
13 76.5 3135 855 35  0.25

Fourth Quarter 1997 Stabitity Class A
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Calm 1-3  4-7 8-12 13-18 19-24
0 05 55 75 275 0

0 0 325 1075 6.75 0.25
0 0.5 1.25 4 3715 2

0 05 4 8 15 11

0 025 675 9 7 7.75
0 025 7 825 2 0

0 125 325 75 775 0

0 125 425 425 425 0.25
0 0 4 2 425 0.5
0 025 3 725 1 0.5
0 025 525 85 8 1.25
0 1 325 1325 17.75 4.5
0 075 7.75 26 14 1

0 05 85 255 155 0.75
0 025 115 1525 85 05
0 0.75 1325 2125 65 0.25
0 825 91.75 178.25124.7530.5

No o oo

Total
17
1.5
4.25
2.5

3
3.75
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385
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45
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Total
16.25
21.25
11.75
39.25
31.75
17.5
19.75
14.25
10.75
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39.75
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36
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436.25
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997

Wind Speed Hourly Average vs. Direction

Fourth Quarter 1997 Stabitity Class B
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Kewaunee Nuclear Power Plant Meteorological Data

January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Fourth Quarter 1997 Stabitity Class D

4-7  8-12 13-18 19-24 >24
1125 465 165 025 0
3.5 95 425 15
95 85 3 0

5 325 725 175 025
325 35 05 0
3.7 125 05 0

075 2. 2 125 0

0 075 175 05 0

0.75 225 425 375 0.75

0.75 11 16.5 2 0.5

025 575 1075 25 0.5

05 75 125 55 175

125 14 27.75 2425 6.5

225 2075 37.75 355 15

275 205 1475 05 0

1.75 1825 3925 525 0

15.75 137.25243.75107.5 13.5
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Fourth Quarter 1997 Stabitity Class E

Calm 1-3 4.7 8-12 13-18 19-24 >24

125 1.5 6.5 7.5 3 075 0
0 05 225 075 25 0 0
0 1.75 2.5 1.25 025 0 0
0 05 2 1 0 0 0
0 025 025 075 0 0 0
0 075 125 0 0 0 0
0 025 225 025 0 0 0
0 1.5 1 4 05 025 0
0 05 375 1575 85 075 0
0 175 1675 135 275 025 0
0 175 7.5 12,75 1 0.5 0
0 025 13 9.75 10 875 0
0 425 1275 1325 825 3.5 1
0 225 1775 38.75 125 0 0
0 1.25 1425 1875 15 0 0
0 2 11.5 13.25 3 0 0
1.25 21 11525 151.2553.75 1475 1
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Total

76.5

19.75
21
12.75
1.75
6.5

12 .
30.75
20.75
27.75
74.25
97.75
385
64.5
519.5

Total
20.5

5.75
35
1.25

2.75
1.25
29.25
35
235
41.75
43
71.25
35.75
29.75
358.25



l Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
b Fourth Quarter 1997 Stabitity Class F
l Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
N 0 225 425 375 125 0 0 11.5
NNE 0 0.75 0.5 1.5 0 0 0 2.75
l ' NE 0 1.7 025 025 0 0 0 2.25
ENE 0 025 1.5 025 0 -0 0 2
' E 0 0 0.75 0 0 0 0 0.75
ESE 0 0.5 025 0 0 0 0 0.75
SE 0 0 1.75 0 0 0 0 1.75
l SSE 0 025 2 2 2 3 05 9.75
S 0 025 1025 11.25 875 0.5 0 31
SSW 0 325 245 675 025 0 0 34.75
I SW 0 275 1375 1525 425 0 0 36
WSW 025 1 10.75 1225 1.75 025 O 26.25
Y 025 2 12.75 125 875 0 0 36.25
l WNW 0 1.5 18.25 2325 1.5 0 0 445
NW 0 275 16 6.75 0 0 0 25.5
NNW 0 275 125 105 075 O 0 26.5
l Total 0.5 22 130  106.2529.25 3.75 0.5 292.25
Fourth Quarter 1997 Stabitity Class G
l Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
A N 025 1.5 325 0 0 0 0 S
l NNE 0 1 05 125 0 0 0 275
NE 0 125 175 075 0 0 0 3.75
ENE 0 1.25 1.5 0 0 0 0 2.75
' E 0 1.25 1 0 0 0 0 2.25
ESE 0 0.75 0.5 025 0 0 0 1.5
SE 025 3.5 4 2.5 025 0 0 10.5
l SSE 0 2.5 17.25 17.25 15 2 1 55
S 0 525 1475 1125 3 025 0 345
i SSW 025 4 15 0.5 0 0 0 19.75
' SW 0 6 37 105 025 0 0 53.75
WSW 0 6.5 31 11.25 0 0 0 48.75
l Y 0 6 21.5 2425 025 0 0 52
WNW 025 10 25 1925 075 0 0 55.25
NW 0 6.25 21.75 275 0 0 0 30.75
' NNW 025 35 8.5 1.75 0 0 0 14
‘ Total 125 60.5 204251035 19.5 225 1 392.25
I Page A15 of A22
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Wind Direction
SW

WSW

Total

Wind Direction
NE

ESE

S

WNW

NwW

Total

Wind Direction
ENE

ESE

SE

Total

Wind Direction
NNE

NE

ENE

Total

Kewaunee Nuclear Power Plant Meteorological Data

January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
Gaseous Batch Release Summary Data

Gaseous Batch Release Number 97-001
Stabitity Class A

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

0 0 0 2 025 0 0

0 0 0 125 0 0 0

0 0 0 325 025 O 0

Gaseous Batch Release Number 97-002

Stabitity Class A

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

0 0 025 025 0 0 0

0 0 0 025 0 0 0

0 0 0 025 0 0 0

0 0 025 0 0 0 0

0 0 025 0 0 0 0

0 0 0.75 075 0 0 0
Stabitity Class B

Calm 1-3  4-7 812 13-18 19-24 >24

0 0 025 0 0 0 0

0 0 025 0 0 0 0

0 025 0 0 0 0 0

0 025 05 0 0 0 0
Stabitity Class D

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

0 0 0 025 0 0 0

0 0 025 075 0 0 0

0 0 0 025 0 0 0.

0 0 025 125 0 0 0

Page A16 of A22

Total
2.25
1.25
3.5

Total
0.5
0.25
0.25
0.25
0.25
1.5

Total
0.25
0.25
0.25
0.75

Total
0.25

0.25
1.5



l Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
b Gaseous Batch Release Summary Data
l Stabitity Class E
- ~ Wind Direction Calm 1-3  4-7  8-12 13-18 19-24 >24 Total
NNE 0 0 025 075 0 0 0 1
' NE 0 0 0.5 1 0 0 0 1.5
E 0 0 025 0 0 0 0 0.25
' SE 0 025 0 0 0 0 0 0.25
SSE . 0 025 0 0 0 0 0 0.25
NNW 0 0 075 0 0 0 0 0.75
l Total 0 0.5 1.7 1.75 0 0 0 4
' Stabitity Class F
- Wind Direction Calm 1-3 4-7  8-12 13-18 19-24 >24 Total
l N 0 025 025 0 0 0 0 0.5
NNE 0 0 025 1 0 0 0 1.25
* NE 0 0 025 05 0 0 0 0.75
l ENE 0 0 0 025 0 0 0 0.25
SE 0 025 0 0 0 0 0 0.25
' NNW o 0 05 0 0 0 0 05
Total 0 0.5 125 1.75 0 0 0 3.5
' Stabitity Class G
' Wind Direction Calm 1-3 4.7 8-12 13-18 19-24 >24 Total
N 0 025 0 0 0 0 0 0.25
NNE 0 025 0 05 0 0 0 0.75
l NE 0 05 05 0 0 0 0 1
ENE 0 0 05 025 0 0 0 0.75
l Total 0 1 1 075 0 0 0 2.75
' Page A17 of A22
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Wind Direction
Sw
Total

Kewaunee Nuclear Power Plant Meteorological Data

January 1997 to December 1997

Wind Speed Hourly Average vs. Direction
Gaseous Batch Release Summary Data

Gaseous Batch Release Numebr 97-003

Calm

Stabitity Class F

1-3 47 812 13-18 1
0 0 1 0 0
0 0 1 0 0

9-24 >24
0
0

Gaseous Batch Release Numebr 97-004

Total
1
1

There is no meteorological data available for release number 97-004; 10.75 hour duration.

Wind Direction
ENE

E

ESE

SE

SSE

Total

Wind Direction
E

SE

Total

Gaseous Batch Release Numebr 97-005

Calm

OO OO OO

Calm

Stabitity Class A

1-3 47 812 13-18 1
0 025 0 0 0
0 025 0 0 0
0 025 025 0 0
0 025 025 0 0
0 0.5 1.5 0 0
0 1.5 2 0 0
Stabitity Class C
1.3 4.7 8-12 13-18 1
0 025 0 0 0
0 1 0 0 0
0 125 0 0 0

Page A18 of A22

9-24 >24
0

oo oo

9-24 >24
0
0
0

Total
0.25

1.25
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Kewaunee Nuclear Power Plant Meteorological Data
January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
Gaseous Batch Release Summary Data

Stabitity Class D

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24  Total
ENE - 0 0 025 0 0o 0 0 0.25
E 0 0 0.25 0.5 0 0 0 0.75
SSE 0 0 0 025 0 0 0 0.25
S 0 0 0.5 025 0 0 0 0.75
SSw 0 0 1.5 0 0 0 0 1.5
SW 0 0 025 0 0 0 0 0.25
Total 0 0 275 1 0 0 0 3.75
Stabitity Class E
Wind Direction Calm 1-3 4.7 8-12 13-18 19-24 >24 Total
SSE -0 0 0 0.5 0 0 0 0.5
S 0 0 0 025 0 0 0 0.25
Total 0 0 0 075 0 0 0 0.75
Stabitity Class F
Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total
SSwW 0 0 025 0 0 0 0 0.25
Total 0 0 025 0 0 0 0 0.25
Stabutity Class G
Wind Direction Calm 1-3 4-7  8-12 13-18 19-24 >24 Total
SW 0 0 025 0 0 0 0 0.25
WSW 0 0 3 0 0 0 0 3
A\ 0 0 0.5 0 0 0 0 0.5
Total 0 0 375 0 0 0 0 3.75
Page A19 of A22
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Wind Direction
SW
Total

Wind Direction
SwW
Total

Wind Direction
SSW

SW

Total

Wind Direction
SSwW
Total

Wind Direction
SSwW

SW

WSW

W

Total

Kewaunee Nuclear Power Plant Meteorological Data

January 1997 to December 1997
Wind Speed Hourly Average vs. Direction

Gaseous Batch Release Summary Data

Gaseous Batch Relase Number 97-006

o on

Calm

Calm

Calm

alm

coocoon

]
|93}

SO -

'
(S

OO O -

[
(S

O OO OO —

Stabitity Class A
4-7 812 1
0 05 0
0 05 0

Stabitity Class D

4-7 812 13-18
0 1 0.25
0 ] 0.25

Stabitity Class E

4-7  8-12 13-18
075 025 0

15 05 0
225 075 0O
Stabutity Class F

4-7 812 13-18
05 0 0

05 0 0
Stabitity Class G

4-7  8-12 13-18
075 0 0

125 0 0

3 0 0
025 0 0
525 0 0

Page A20 of A22

19-24

19-24

9-24

O OO OO =

>24

>24

O O O

>24

>24

OO O OO

Total
0.5
0.5

Total
1.25
1.25

Total

W2 )

Total
0.5
0.5

Total
0.75
1.25

0.25
5.25



January 1997 to December 1997
Wind Speed Hourly Average vs. Direction
Gaseous Batch Release Summary Data

- Gaseous Batch Release Number 97-007
Stabutity Class G

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24
Sw 0 0 025 0 0 0 0
WSW 0 0 1.5 0.5 0 0 0
W 0 0 075 725 0 0 0
WNW 0 0 0 025 O 0 0
Total 0 0 25 8 0 0 0

Gaseous Batch Release Number 97-08

Stabitity Class A

O T T T "é T

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24
WSW 0 0 0 2 025 0 0
W 0 0 025 225 0 0 0
WNW 0 0 0 075 0 0 0
NwW 0 0 025 0 0 0 0
Total 0 0 0.5 5 025 0 0
' Stabitity Class D
' Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24
WSW 0 0 0.5 0 0 0 0
' Total 0 0 05 0 0 0 0
l Stabitity Class E
Wind Direction Calm 1-3  4-7 8-12 13-18 19-24 >24
' SwW -0 0 025 0 0 0 0
WSW 0 0 075 0 0 0 0
' Total 0 0 1 0 0 0 0
' Page A21 of A22

Kewaunee Nuclear Power Plant Meteorological Data

Total
0.25

0.25
10.5

Total
2.25
2.5
0.75
0.25
5.75

Total

0.5
0.5

Total
0.25
0.75
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Wind Direction
SwW
Total

Wind Direction
SwW

WSW

Total

Wind Direction
“/

WNW

NW

Total

Kewaunee Nuclear Power Plant Meteorological Data

January 1997 to December 1997

Wind Speed Hourly Average vs. Direction
Gaseous Batch Release Summary Data

Calm

Calm

'
2

Stabitity Class F

4-7  8-12 13-18 19-24 >24
05 0 0 0 0
05 0 0 0 0
Stabitity Class G

4-7  8-12 13-18 19-24 >24
32 05 0 0 0
275 0 0 0 0
6 05 0 0 0

Gaseous Batch Release Number 97-009

Stabitity Class D

Calm 1-3 4-7  8-12 13-18 19-24 >24
0 0 3.7 175 0 0 0
0 0 25 225 0 0 0
0 0 025 05 0 0 0
0 0 6.5 45 0 0 0

Page A22 of A22

Total
0.5
0.5

Total
3.75

2.75

6.5

Total
5.5
4.75
0.75
11
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Appendix B
Kewaunee Nuclear Powef Plant

1997 Offsite Dose Calculation Manual Changes

January 6. 1997 Evaluated, but not implemented

October 20. 1997 Revision 8
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KEWAUNEE NUCLEAR POWER PLANT

OFF-SITE DOSE CALCULATION MANUAL

Revision_temporarv change in support of GNP 1.19.30 & KAP0493

Reviewed by

 Date %;/97 FCKC /"ﬂ;ﬂ"‘/ 7/~col

C. .

/- 6- 77

i

Approved by

Plant Operatio ev1ew Cgmrmttee/Date
Y

Approved by

Supenmende.ﬁt/ Plant Radiation Protectldn/Date

//é// / a_ﬁé’/ 2 for/5s

Approved by

Supenn?ndem Plant Radloch/ermstry/Date

%&w 1-3-97

i

/..-’////

Licensing Director/Date

- TyA - T
- Z)/ i I RS
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GNP 4.3.1
Rev.
APR éﬁ 0 1996
Page 18 of 19
SECOND LEVEL REVIEW REPORT
pATE 2= -9G
RESPONSIBLE PERSON__ Dennis” [Roze L
To___ (Gt themes
SECOND LEVEL REVIEWER(S)
Please perform a Second Level Review for kAP 0493 /ﬁ per
GNP 4.3.1. The review is to cover the following. /
Sarert Review
6 cFR SOST EumuATIon
Second Level Review method used (circle one):
Design Review Alternate Calculations Qualification Testing

2, Lable 3]

Reference material used: VAD S.03, SP 3A-130, OOC,M Sect s [ =
usar 1.1

NEP 4.8, Artachment 1 (Design Inputs)

The items reviewed correctly reflect the applicable design criteria and the requirements of the SR
and, if applicable, SER. Upon resolution of the followmg recommendations, the design change

may be put in service.

Recommendations (if applicable): W v ) z
¢ c az’q Z“ 2 i AaZ‘(, &M ry "4 an < .:_
% leke : cwﬁ«&- oo 00cm Table 3./ ol 57 32‘% (3 a4 L,

. /&M - w‘eaw A o0CM W«?ﬁ.
Fnrf,aai. ok ,Eﬂ«_ C/I&v\?ﬁ- o 7 e
;C%M& z SE -wgcmw_ M—C/Z f-ifiwi/m/;zpﬁl ,_/_
Ms( M/di'de Mﬁlymo ’ REVIEWER'S SIGNATURE”(;)_/DATE !

Resolution of Recommendations by RP:

Co rmExTS T oy InEATEND

\1// «b////’a 20 9

RESPONSIBL'E PERSON/DATE

Form GNP 4.3.1-2



GNP 4.3.1
Rev. A

APR 30 1996
Page 17 of 19

SAFETY REVIEW

IDENTIFICATION No._KAP 0493/Gre |1 936

This form documents a Safety Review has been performed as required by the OQAP and
10CFR50.59(a)(1).

Answer the following: CIRCLE ONE

1. Is this a change in the facility or procedures as described in the USAR or
does this conduct tests or experiments not described in the USAR? @ NO

2. Does this involve a change in the Technical Specifications? YES ANO)

IF THE ANSWER TO QUESTION 1 IS YES, A SAFETY EVALUATION REPORT
DOCUMENTED ON Form GNP 4.3.1-3 IS REQUIRED. IF THE ANSWER TO QUESTION 2
IS YES, APPLICATION FOR A LICENSE AMENDMENT IS REQUIRED PER NEP 5.1.

The basis for these conclusions are: (arrach pages as necessary)

e

.\ _ o
/JZ’V’A/__A @/// /Z‘/@‘?O

l S RESPONSIBLE PERSON/DATE

/zj Z DA wtrpic

Form GNP 4.3.1-1



GNP 43,1
Rev. A

APR 30 1996
Page 19 of 19

SAFETY EVALUATION REPORT

IDENTIFICATION NO. ¥ 0493 / GNP . )2 30

The objective of this document is to perform the evaluation required per |0CFR50.59(a)(2).

ANSWER THE FOLLOWING: CIRCLE ONE
1. Could the change increase the probability of occurrence of an accident

previously evaluated in the USAR? YES [NO -
2. Could the change increase the consequences of an accident previously

evaluated in the USAR? YES (NO)
3. Could the change increase the probability of occurrence of a :

malfunction of equipment important to safety previously evaluated in '

the USAR? YEs /KO)

4.  Could the change increase the consequences of a malfunction of
equipment important to safety previously evaluated in the USAR?

YES /&0 |

5. Could the change create the possibility of an accident of a different
type than any previously evaluated in the USAR? YEs /0 )

6.  Could the change create the possibility of a malfunction of equipment '
important to safety of a different type than any previously evaluated in
the USAR? YEs /K0 )

7.  Could the change reduce the margin of safety as defined in the basis '
: for any Technical Specification? YES / f )

S

The basis for these conclusions are attached.

NOTE: Identification of question answers using the question number on the attached pages is
acceptable.
l IF THE ANSWER TO ANY OF THE ABOVE QUESTIONS IS PPLICATION FOR PRIOR
NRC APPROVAL MUST BE MADE PER NEP 5~
17 /Z /é 9()

l 4/¢/

ONS LE‘PERSON/DATE
QH Lm (%'4‘(4'5

Form GNP 4.3.1-3
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Safetv Review for Sodium Hvdroxide Release via the Waste Neutralizing Tank
(KAP 0493 and GNP 1.19.30)

The subject of this safety review is the release of slightly radioactive Sodium Hydroxide (NaOH) from the
Internal Containment Spray Caustic Additive Standpipe, through a release path not currently identified in the
Offsite Dose Calculation Manual (ODCM). This is a single non-routine evolution based on the need to dispose
of approximately 300 gallons of slightly radioactive 30% NaOH. A sample of NaOH was removed from the
standpipe, sampled, and found to contain ~1.3 x10°° pCi/ml gross gamma radioactivity and ~3.5x10~ nCi/ml
Tritium radioactivity.

The issue under review is the use of a previously unidentified release path. The new release path will be
evaluated as if it were a change to the ODCM, however, since this is a one-time evolution there will be no formal

changes made to the ODCM.

1.) Is this a change in the facility as described in the USAR or does this conduct tests or
experiments not described in the USAR? YES

USAR. section 11.1 describes liquid waste releases and states that all liquid waste releases are continuously
monitored for gross radioactivity. The Offsite Dose Calculation Manual (ODCM) implements the USAR
requirements from section 11.1 and describes the approved release paths for all radioactive effluent releases.

The proposed evolution is a change to the facility as described in the USAR because the release will be through a
previously unevaluated release path and it will be made without continuous radiation monitonng.

A determination was made as a part of the attached Safety Evaluation (and attached calculation),and as required
bv NAD 5.13, that this proposed evolution will maintain the level of radioactivity effluent control required by 10
CFR 20.106, 40 CFR 190, 10 CFR 50.36a, and Appendix I to 10 CFR Part 50 and that this proposed evolution
will not adversely impact the accuracy or reliability of effluent dose or setpoint calculations.

2) Does this involve a change in the technical specifications? NO

Plant Technical Specifications TS 6.16 and TS 6.18 require the existence of the ODCM (see TS Amendment
104) and specifies compliance with federal rules defining dose to the public. The ODCM defines the
methodology used to satisfy these rules. Changes to the ODCM are controlled using NAD 5.13, reviewed using
the GNP 4.3.1 Safety Review process, and do not constitute a Technical Specification (TS) change.

Therefore, the proposed evolution, analyzed as an ODCM change, does not involve a change to the Technical

Specifications.
P
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Safetv Evaluation for Sodium Hvdroxide Release via the Waste Neutralizing Tank

(KAP 0493 and GNP 1.19.30)

1.) Could the change increase the probability of occurrence of an accident previously
evaluated in the USAR?

No. This change does not affect a structure, system, or component that initiates an accident analyzed in the
USAR. This change identifies a new radioactive release path to the environment and is analogous to an ODCM
revision. The NaOH will be removed from the caustic additive standpipe and transferred into 55-gallon drums
for temporary storage and transportation. The NaOH will be neutralized in the Waste Neutralizing Tank (WNT)
and then released to the lake through the circulating water system. None of these systems, structures, or
components involved with this process are safety related or have been identified as capable of initiating an

accident in the USAR.

2)) Could the change increase the consequences of an accident previously evaluated in the
USAR? ’

No. Since the process does not involve any equipment associated with an analvzed accident, no increase in
consequences are possible.

The accidental release of recvcle or waste liquid is one of the accidents described in the USAR (14.2.2). It
involves the release of radioactive liquids due to the rupture or leaking of system pipe lines or storage tanks in
the Auxiliarv Building. The USAR analysis was performed due to potential high activity in fluids captured in the
Auxiliarv Building. Because of the low quantity of radioactivity in the NaOH as evidenced in #3 below, any
accidental release of the NaOH is bounded by the analyzed event in the USAR 14.2.2.

3.) Could the change increase the probability of a malfunction of equipment important to
safety previously evaluated in the USAR?

No. The equipment involved with this process does not impact safety (see ~1 above). The equipment involved
are the WNT, the WNT mixer and transfer pump, the 6 inch circulating water standpipe, the circulating water
pump, and circulating water system.

4.) Could the change increase the consequences of a malfunction of equipment important
to safety previously evaluated in the USAR? :

No. This Safety Evaluation does not address the concem of draining the caustic additive standpipe, only the
release of the slightly radioactive liquid through a release path not currently listed in the ODCM.

The equipment involved in this process (see #3) does not impact safety and is not required to mitigate the
consequences of an accident.
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5.) Could the change create the possibility of an accident of a different type than any
previously evaluated in the USAR?

No. The radioactivity due to this release is expected to be ~1.3x10% uCi/ml gross gamma radioactivity and
~3.5x10~ pCi/ml Tritium. An associated dose for this release of ~1.8x10~ mrem Total Body and ~2.7x10™
mrem organ (liver) has been calculated using ODCM methodology. This is significantly less than the ODCM
limits of 1.5 mrem Total Body quarterly dose and 5 mrem maximum quarterly organ dose. These doses are quite
low and will have a minimum impact on the cumulative quarterly and annual doses. The dose calculation
assumes the total activity present in the NaOH is released instantaneously. No dilution in the WNT is assumed,
although it will occur through the neutralization and release process. A minimum of one service water pump,
with a minimal flow of 5000 gpm, will be operating during this evolution.

The release path from the WNT to the circulating water system (see attached drawing) does not have an in-line
continuous radiation monitor, or an automatic isolation valve, as described in the USAR section 11.1. SP 32A-
136 controls liquid releases and provides contingency actions, consistent with the ODCM, for releases made
without an operable continuous in-line radiation monitor. These contingency actions of redundant sampling,
independent verification of the release rate calculation, and independent venfication of the release flow path will
be implemented for this evolution.

The slight amount of radioactivity in the NaOH has been quantified and determined as negligible. The
consequence of this radioactivity reaching the environment, via any release mechanism, has been evaluated and is
negligible. Use of this described release path, in accordance with approved methodology for liquid releases
without continuous in-line radiation monitoring or automatic isolation functions, is acceptable.

6.) " Could the change create the possibility of a malfunction of equipment important to
safety of a different type than any previously evaluated in the USAR?

No. The equipment involved with this process (see #3) does not impact safety and is not required to mitigate the
consequences of an accident. The solution will be neutralized in the WNT, then released directly to the lake
through the circulating water system. No other instailed equipment in the plant will be involved in this process.

7.) Could the change reduce the margin of safety as defined in the basis for any Technical
Specification?

No. The release flowpath, as described, will be reviewed according to NAD 5.13 as if it were to be included as
an ODCM change, but because this is a one-time evaluation, the ODCM will not be revised. The release under
discussion will be performed and quantified according to approved plant procedures and processes and will be
included in the annual effluent release report. This is consistent with other releases made through the release
paths currently described in the ODCM. There is no reduction in any margin of safety in the basis of the
ODCM, USAR, or Technical Specifications.

The final mixture will conform to the WPDES constraints for pH, Oil and Grease, and Suspended Solids.
Due to the low radioactivity in the NaOH, it is anticipated that no special precautions will be necessary to protect

personnel during this evolution. Current ALARA practices and chemical handling practices will ensure that the
ODCM limits are not exceeded and that all personnel are protected.



ALARA Limits:
Gross Gamma Concentration (diluted): 6.78E-08 uCi/ml
Tritium Concentration (difuted): 2.13E-05 uCi/ml
” Gamma Concentration ALARA fimit of 2.0E-8 uCi/ml is exceeded
Tritium Concentration ALARA limit of 5.0E-6 uCi/ml is exceeded
l DOSE ANALYSIS
Dose analysis based on a release volume of 300.00 gal
and a dilution flow rate of 5000 GPM )
Quarter is 4 based on SAMPLE date of 424302 2N /%6
Quarter and year to date totals are as of 124302, A

SP 32A-136

12/18/96 TECHNICAL SPECIFICATION COMPLIANCE Permit # 02-0003
Status: Pre Release Tank = miscellaneous
ase Rate Calculations Estimated R-18 reading (CPM) is: 3.11E+03

R18 Setpoint 3.22E + 06 CPM
R18 Sensitivity 1.00E+08 CPM per uCi/ml
R18 Background 3.00E+03 CPM
Total MPC Fraction 1.62E-01
Total Gamma Concentration 1.13E-06 pCi/ml
SW Flow Rate 5000 GPM

Base tese parameters, the release rate of ~ 300.00 GPM

dods NOT gxceed limits of Technical Specification
The system calculated maximum release rate is 3.09E + 04 GPM
The calculated setpoint for this release is 4.59E +04 CPM

RNING:

The calculated setpoint is LESS THAN the system R18 setpoint

Dose Information in mrem 12/chRe -

Bone .~ Liver~ ~FBudy~ Thyroid _ Kidney Lung GI-LLI

Release: 1.95E-0Q 2.67E-09‘ 1.75E-04, 1.10E-07 9.07E-05 3.02E-05 7.43E-06

QTD: 1.95E-04 2.67E-04 1.75E-04 1.10E-07 9.07E-05 3.02E-05 7.43E-06

YTD: 1.95E-04 2.67E-04 1.75E-04 1.10E-07 9.07E-05 3.02E-05 7.43E-06
!

Projected

Quarterly  2.40E-04 3.29E-04 2.16E-04 1.36E-07 1.11E-04 3.72E-05 S.14E-06

Quarterly Total Body Dose 1.75E-04 is within ODCM 3.3.2.a limit of 1.50
Annual Total Body Dose 1.75E-04 is within ODCM 3.3.2.b limit of 3.00
Projected Total Body Dose 2.16E-04 is within ODCM 3.3.3 limit of 0.18
rterly Max Organ Dose 2.67€-04 Liver is within ODCM 3.3.2.a limit of
val Max Organ Dose 2.67E-04 Liver . is within  ODCM 3.3.2.b limit of
Projected Max Organ Dose 3.29E-04 Liver is within  ODCM 3.3.3 limit of

mrem

mrem

mrem
5.00 mrem
10.00 mrem

0.62 mrem



l 12/18/96

SP 32A-136
Permit # 02-0003
RADIONUCLIDE ANALYSIS miscellaneous
. Conc Activity MPC
Nuclide pCi/mi Ci pCi/mi Conc/MPC
* H-3 3.54E-04 4.02E-04 3.00E-03 1.18E-01
Co-60 4.70E-07 5.33E-07 3.00E-05 1.57E-02
Sb-125 1.19E-07 1.35E-07 1.00€E-04 1.19E-03
Cs-137 5.42€-07 6.16€E-07 2.00E-05 2.71E-02
Subtotal 3.55E-04 4.03E-04 1.62E-01
Composite Sample for this period not found
Total 3.55E-04 4 03E-04 - 1.62E-01

* . Non-Gamma Emitter
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Abstract

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

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

Introduction

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the methodology and
parameters used in: 1) the calculation of radioactive liquid and gaseous effluent monitoring
instrumentation alarm/trip setpoints; and 2) the calculation of radicactive liquid and gaseous
concentrations, dose rates and cumulative quarterly and yearly doses. The methodology stated in
this manual is acceptable for use m demonstratmg comphance wnh 10 CFR 20 106 10 CFR 50
A i and 4 CFR 190 i — :

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

Rev. 8
0-1 10/20/97



" Definitions
l 1. ACTION
ACTION shall be that part of a specification which prescribes remedial measures required
l under designated conditions.
2. GASEOUS RADWASTE TREATMENT SYSTEM
l A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and installed
to reduce radioactive gaseous effluents by collecting off-gases from the primary coolant
I ‘ system and providing for delay or holdup for the purpose of reducing the total radioactivity
released to the environment.
l 3. INSTRUMENTATION SURVEILLANCE
a. CHANNEL CHECK
I b. CHANNEL FUNCTIONAL TEST
i c.  CHANNEL CALIBRATION
n d.  SOURCE CHECK
As defined in the Technical Specifications.
l 4, MEMBER(S) OF THE PUBLIC
I 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
l 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
l plant.
5. OPERABLE-OPERABILITY
l As defined in the Technical Specifications.
l - 6. PURGE - PURGING
PURGE or PURGING is the controlled proceSs of discharging air or gas from a
l 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.
l ’ Rev. 8
0-2 10/20/97
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The REMM shall contain the current methodology and parameters used in the conduct of
the radiological environmental monitoring program.

SITE BOUNDARY

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

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.
YENTILATION 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’ _
HEPA filters for the purpose of removing iodines or particulates from the gaseous exhaust
stream prior to the release to the environment. Such a system is not considered to have
any effect on noble gas effluents. Engineered Safety Feature atmospheric cleanup systems
(i.e., Auxiliary Building special ventilation, Shield Building ventilation, spent fuel pool
ventilation) are not considered to be VENTILATION EXHAUST TREATMENT
SYSTEM components.

Rev. 8
0-3 10120197
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1.2

1.0 Liquid Effluents

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

1) Alarm (and Automatic Termination) - R-18 provides this function on the

liquid radwaste effluent line, R-19 on the Steam Generator blowdown.

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

3)  Composite Samples - Samples are collected weekly from the steam
generator blowdown and analyzed by gamma spectroscopy. Samples are
collected weekly from the Turbine Building Sump and analyzed by gamma
spectroscopy. The weekly samples are composited for monthly tritium and
gross alpha analyses and for quarterly Sr-89 and 90 analyses. During
periods of identified primary-to-secondary leakage (with the secondary
activity > 1.0E-05 uCi/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 and 90 analyses.

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

Liquid Effluent Monitor Sefooint [ _

Per the requirements of Specification 3.1, alarm setpoints shall be established for
the liquid effluent monitoring instrumentation to ensure that the release
concentration limits of Specification 3.3.1 #iare met (i.e., the concentration of
radioactive material released in liquid effluents to unrestricted areas shall be limited
to the concentrations specified in 10 CFR 20, Appendix B, Table I, Column 2, for
radionuclides and 2.0E-04 Ci/ml for dissolved or entrained noble gases). The
following equation' must be satisfied to meet the liquid effluent restrictions:

! Adapted from NUREG-0133

Rev. 8
1-1 10/20/97
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where:

C (F+)

c ' .
s 7 | . (1.1)

the effluent concentration limit of Specification 3.3.1:
implementing the 10 CFR 20 MPC for the site, in zCi/ml

the setpoint, in 4Ci/ml, of the radicactivity monitor measuring the
radioactivity concentration in the effluent line prior to dilution and
subsequent release; the setpoint, which is inversely proportional to
the volumetric flow of the effluent line and proportional to the
volumetric flow of the dilution stream plus the effluent stream,
represents a value which, if exceeded, would result in
concentrations exceeding the limits of 10 CFR 20 in the unrestricted
area

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. Also, note that when (F) is large
compared to (f), then (F + f) = F.)

1.2.1

where:

SP

MPC, x SEN x CW
Ps

Smmﬂm The setpomts for the hquxd efﬂuent momtors at the
Kewaunee Nuclear Power Plant are determined by the following equations:

bk 1.2
AR + bkg (1.2)
and
MPC, = AC_' (1.3
i
MPC,

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

Rev. 8
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1.3

MPC, = an effective MPC value for the mixture of radionuclides in the
effluent stream (wCi/ml)

C = the concentration of radionuclide i in the liquid effluent (uCi)

-MPC;, = the MPC value corresponding to radionuclide i from 10 CFR 20,

Appendix B, Table II, Column 2 (uCi/ml)

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

Ccw = 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 < MPC, x SEN + bkg | (1.4)

1.2.2 Conservative Default Values. Conservative alarm setpoints may be

summarizes all current default values in use for Kewaunee. They are based
upon the following:

a) substitution of the default effective MPC value of 1.0E-05 uCi/ml
(refer to Appendix C for justification);

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

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

effluents (after dilution the Circulating Water System) to less than the

concentrations as specified in 10 CFR 20, Appendix B, Table I, Column 2 for

Rev. 8
1-3 102097
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1.4

- radionuclides other than noble gases. Noble gases are limited to a diluted

concentration of 2E-04 Ci/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
Specification 3.3.1:: may be performed using the following equation:

L IC, + MPC) x (RR + CW)] < 1

where:

C, = concentration of radionuclide i in the undiluted liquid effluent
(uCy/ml)

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

= 2E-04 Ci/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)

Liquid Eff r Calculation - 10 CFR 50

Specification 3.3.2 :: limits the dose or dose commitment to members of the public
from radioactive materials in liquid effluents from the Kewaunee Nuclear Power
Plant to:
- during any calendar quarter;

< 1.5 mrem to total body

< 5.0 mrem to any organ
- during any calendar year;

< 3.0 mrem to total body

< 10.0 mrem to any organ.

Per: Surveillance Requirements 4.3.2, the following calculational methods may be
used for determining the dose or dose commitment due to the liquid radioactive

Rev. 8
14 . 10720/97
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effluents from Kewaunee.

1.67E-02 x VOL

D, = W x S (CxA) | (1.5)

where

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

A, = 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)

C = average concentration of radionuclide i, in undiluted liquid

' effluent representative of the volume VOL (xCi/ml)

VOL = volume of liquid effluent released (gal)

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

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

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

A, = 1.14E+05 [(U, + D,) + (U, x BF)] DF, (1.6)

where:

A, = 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 Ci/ml)

1.14E4+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 1/4 mile of

the release point to the nearest potable water intake for the

Rev. 8
1-5 10720/97
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adult water consumption (84%, unitless)

Up = adult fish consumption (21 kg/yr)

BF, = bicaccumulation factor for radionuclide i in fish from Table
1.3 (an/kg per pCi/1)

DF, = dose conversion factor for nuclide i for adults in preselected

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

The radxonuchda included in the pmodlc dose assessment per the requirements of

3 432 are those as identified by
gamma spectm] anal 31s._of the llquld waste samples collected and analyzed per

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 siinplified dose calculational equation may be used for demonstrating
compliance with the dose limits of Specification 3.3.2.74 (Refer to Appendix A for
the derivation and justification for this simplified method.)

Total Body
9.67E+03 x VOL
D, = C 1.
® W x )¢ (1.7)
Maximum Organ
1.18E+04 x VOL

D,.,. = oW xJ'C (1.8)
where:
C = average concentration of radionuclide i, in undiluted liquid

effluent representative of the volume VOL (1Civ/ml)

VOL = voluine of liquid effluent released (gal)
Ccw = average circulating water discharge rate during release

Adapted from the Kewaunee Fimal Eavironmental Statement, Section V3

Rev. 8
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period (gal/min)

D, = conservatively evaluated total body dose (mrem)

Dpux = conservatively evaluated maximum organ dose (mrem)

9.6TE4+03 = conversion factor (hr/min) and the conservative total body
dose conversion factor (Cs-134, total body — 5.79E+05
mrem/hr per «Ci/ml)

1.18E+04 = conversion factor (hr/min) and the conservative maximum
organ dose conversion factor (Cs-134, liver -- 7.09E+05
mrem/hr per uCi/ml)

Liquid Eff] Dose Project;

Specification 3.3.3 . requires that the liquid radioactive waste processing system
be used to reduce the radicactive material levels in the liquid waste pnor to release
when the quarterly projected doses exceed:

- 0.18 mrem to the total body, or

- 0.62 mrem to any organ.

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

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

Dy, =D, (91 +d) (1.9)
Dy * Dpax (91 + 9 ' (1.10)
where:
Dy, = the total body dose projection for current calendar quarter (mrem)
D, = the total body dose to date for current calendar quarter as
determined by equation (1.5) or (1.7) (mrem)
Dpp = the maximum organ dose projection for current calendar quarter

(mrem)

Rev. 8
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D, = the maximum organ dose to date for current calendar quarter as
determined by equation (1.5) or (1.8) (mrem)

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

91 = the number of days in a calendar quarter

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

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

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

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

are listed in Appendix E.
733 facility lagoon sludge and
disposal by land spreading.

During operation with a primary-to-secondary leak, the potential exists for
nonradioactive systems to become contaminated. One such system is the heating

Rev. 8
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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 gainma activity or tritium activity exceeds 1.0E-05 uCi/ml. The
results of these samples allows 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.

Rev. 8
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Figure 1
Liquid Radioactive Effluent Flow Diagram
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Table 1.1
- Parameters for Liquid Alarm Setpoint Determinations
Parameter Actual Value| Default Value* | Units Comments Jf
MPC, calculated 1.0E-05** #Ci/ml | Calculate for each batch to be released
C measured N/A uCi/ml | Taken from gamma spectral apalysis of liquid
offluent

MPC, as determined N/A uCi/ml | Taken from 10 CFR 20, Appendix B, Table I,

Col. 2
Sensitivity (SEN)

R-18 as determined 1.0E+08 cpm per| Radwaste effluent

R-19 as determined 1.0E+08 uCi/ml | Steam Generator blowdown

R-20 as determined 1.0E+08 Service Water - componeat cooling

R-16 as determined 9.8B%07 Service Water - Containment fan cooling

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

Release Rate (RR)

R-18 as determined 8.0E+01 gpm | Determined prior to releass; release rate can
be adjusted for Technical Specification
compliance

R-19 as determined 2.0E+02 Steam Generator A and B combined

R-20 as determined 5.0E+03 Service Water - component cooling .

R-16 as determined 1.5SE+03 Service Water - Containment fan cooling

background (bkg)

R-18 as determined 2.0E+03 cpm |Nominal values only; actual values may be

R-19 as determined 8.0E+01 used in lieu of these reference values

R-20 as determined 6.0E+01

R-16 as determined 8.0E+01

Setpoint® (SP)

R-18 calculated | 3.22E+06 + bkg | cpm [Default alarm setpoints; more conservative

R-19 calculated 1.29E+06 + bkg values may be used as deem appropriate and

R-20 calculated | 5.16E+04 + bkg desirable for assuring regulatory compliance

R-16 calculated | F:69BHS+ bkg and for maintianing releases ALARA. '

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

R-18 calculated 1.25E+05 + bkg | cpm |For outages with no Circulating Water System

R-19 calculated | 5.00E+04 + bkg flow (CW=0) and a dilution flow as provided

R-20 calculated | 2.00E+03 + bkg by the Service Water system of 10,000 gpm

R-16 calculated 6:S5IB403+ b total.

* Refer to Calculation # C10690 for the default setpoint calculation.

** Refer to Appendix C for derivation

1-11
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Tabie 1.2
A, Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/ml)

[LNuclide ___Bone Liver T.Body - - g GI-L
H-3 - 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1
C-14 3.13B+4  6.26E+3  6.26E+3  6.26E+3 6.26BE+3  6.26E+3  6.26E+3
Na-24 4.09E+2  4.09E+2  4.09BE+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 - - 1.28B+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-S5 6.61E+2  4.5TE+2 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  2.17E+3 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 4.72B+0 - 2.53B+1 - 8.5TE+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.S6E+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 - - - 4.12E4
Br-85 - - 2.15E+0 - - . .
Rb-86 - 1.01E+5  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
$r-90 5.52E+S§ - 1.35E+5 - - - 1.59E+4
Sr-91 4.13E+2 - 1.6TE+1 - . - 1.97E+3
Sr-92 1.5TE+2 - 6.77E+0 - - - 3.10E+3
Y-90 . 5.85E-1 - 1.5TE-2 - . - 6.21E+3
Y-91m 5.53E-3 - 2.14E-4 - - - 1.62E-2
Y-91 8.58E+0 . 2.29E-1 - - - 4.T2E+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 - 2.75SE+2
Zr-97 1.49E-2 3.01E-3 1.38E-3 . 4.55E-3 - 9.34E+2
Nb-95 4.4TE+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 - 2.43E+2 - 2.49E+2
Tc-99m 9.11E-3 2.58B-2 3.28E-1 . 3.91E-1 1.26B-2 1.52E+1
Tc-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 - S.39E+2
Ru-105 3.84E-1 - 1.52E-1 - 4.96E+0 - 2.35E+2
Ru-106 6.86E+1 - 8.68E+0 - 1.32E+2 - 4.44E+3
Rb-103m - - - - - - -

=Rh-106 - - - - - - -

~ Rev.8
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Table 1.2
A,, Site Related Ingestion Dose Commitment Factors
(mrem/hr per xCi/ml)
Nuclide Bone Liver T. id GI-LLI I
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 3.76E+0  2.30E-2 . 7.38E+0  2.69E+2
Sb-125 6.06E+0  6.77E-2 1.44E+0  6.16E-3 - 46TE+0  6.6TE+1
Te-125m 25TE+3  9.31E+2 3.44E+2  71.13E+2 1.04E+4 - 1.03B+4
Te-127m 6.49E+3  2.32E+3  7.91E+2 1.66E +3 2.64E+4 - 2.18E+4
Te-127 1.05E+2  3.79B+1 2.28E+1 7.81BE+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.SSE+4
Te-129 3.01E+1 1.13E+1 7.33E+0  2.31E+1 1.27B+2 - 2.27TE+1
Te-131m 1.66E+3  8.11E+2  6.76E+2 1.28E+3 8.22B+3 - 8.0SE+4
Te-131 1.89E+1 7.89E+0  5.96E+0 1.55E+1 8.27B+1 - 2.6TE+0
Te-132 2.42E+3 1.56E+3 1.47E+3 1.73E+3 1.50E+4 - 7.39E+4
1-130 2.79E+1 8.23E+1 3.25E+1  6.97E+3 1.28E+2 - 7.08E+1
I-131 1.54E+2  2.20E+2 1.26E+2 7.20E+4 3.76E+2 - 5.79E+1
I-132 749E+0  2.00E+1 701E+0  7.01E+2 3.19E+1 . 3.76E+0
1-133 5.24E+1 9.11E+1 2.78E+1 1.34E+4 1.59E+2 - 8.19E+1
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 4.28B+1 1.58E+1 2.82E+3 6.86E+1 - 4.83E+1
Cs-134 2.98E+S  7.09E+S 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 S5.2E+5 3.42E+5 - 1.77E+5  5.89E+4 1.01E+4
Cs-138 2.64B+2 S5.22E+2  2.59E+2 - 3.84E+2  3.79E+1 2.23E-3
Ba-139 1.02E+0  7.30E4 3.00E-2 - 6.83E4 4.14E4 1.82E+0
Ba-140 2.15SB+2  2.69E-1 1.41E+1 - 9.16B-2 1.54E-1 4.42E+2
Ba-141 4.98E-1 3.76E4 1.68B-2 . 3.50E4 2.13E4 -
Ba-142 2.25E-1 2.31E4 1.42B-2 - 1.95E4 1.31E4 -
La-140 1.52E-1 7.67E-2 2.03E-2 - - - 5.63E+3
La-142 7.79B-3 3.54E-3 8.82E4 - . - 2.59E+1
Ce-141 3.17E-2 2.14E-2 2.43B-3 - 9.95E-3 . 8.19E+1
Ce-143 5.58BE-3 4.13B+0 4.5TE4 - 1.82E-3 - 1.54E+2
Ce-144 1.65E+0  6.90E-1 887E-2 - 4.10B-1 - 5.58E+2
Pr-143 5.60E-1 2.25E-1 2.T7E-2 - 1.30E-1 . 2.45E+3
Pr-144 1.83B-3 7.61E4 9.31E-§ - 4.29E4 - -
Nd-147 3.83BE-1 4.42E-1 2.65E-2 . 2.59E-1 - 2.12E+3
w-187 2.96E+2  247E+2 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 :
Bioaccumulation Factors(BFi)
(pCi/kg per pCi/liter)* /
_—
Element Freshwater Fish

H 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
Za 2.0E+03
Br 42E+02
Rb 2.0E+03
St 3.0B+01
Y 2.5E+01
Zr 3.3E+00
Nb 3.0E+04
Mo 1.0E+01
Tc 1.SE+01
Ru 1.0E+01
Rh 1.0E+01
Ag 2.3E+00
Sb 1.0E+00
Te 4.0E+02
1 1.SE+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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I

2.0  Gaseous Effluents

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:

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.

Condenser Evacuation System - The air ejector discharge is monitored by

R-15. Releases from this system are via the Auxiliary Bu1ldmg vent and
are momtored by R-13 and/or R-14.

C.Qnmnm:m_hm Contamment purge and ventxlat:on 1s v1a the

...........................

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

-4 Auxiliary Building Vent - The Auxiliary Building vent receives discharges
from the waste gas holdup system, condenser evacuation system, fuel

storage area vennlanon Auuhary Building radwaste processing area

5 innels which aii: 2) a noble gas monitori b) an iodine

sampler"é and c) a pamculatc sampler;. 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.

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

: Eff Monitor Sefpgint I .
2.2.1 Containment and Auxiliary Building Vent Monitor. Per the requirements
of Specification 3.2, i 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:
FRAC = [4.72E+02 x X/Q x VF x I (C, x K)] + 500 @2.1)
FRAC = [4.72E+02 x X/Q x VF x Z(C, x (L, + 1.1 M))] + 3000 2.2
where:
FRAC = fraction of the allowable release rate based on the identifled
radionuclide concentrations and the release flow rate
X/Q = annual average meteorological dispersion to the controlling
site boundary location (sec/m’)
VF = ventilation system flow rate for the applicable release point
and monitor (ft’/min)
C, = concentration of noble gas radionuclide i as determined by
radioanalysis of grab sample (Ci/cm’)
K, = total body dose conversion factor for noble gas radionuclide
i (mrem/yr per uCi/m’, from Table 2.1)
L =

beta skin dose conversion factor for noble gas radionuclide

: Rev. 8
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1.1

4.72E+02

500

3000

i (mrem/yr per uCi/m?, from Table 2.1)

gamma air dose conversion factor for noble gas radionuclide
i (mrad/yr per uCi/m’, from Table 2.1)

mrem skin dose per mrad gamma air dose (mrem/mrad)
conversion factor (cm®*/ft’ x min/sec)
total body dose rate limit (mrem/yr)

skin dose rate limit (mrem/yr)

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

where;

SP

SEN

bkg

=[ X C, x SEN + FRAC] + bkg | 2.3)

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

monitor sensitivity (cpm per xCi/cm?)

background of the monitor (cpm)

222 Conservative Default Values. A conservative alarm setpoint can be
established, in lieu of the individual radionuclide evaluation based on the

grab sample analysis, to eliminate the potential of periodically having to
adjust the setpoint to reflect minor changes in radionuclide distribution and
variations in release flow rate. The alarm setpoint may be conservatively
determined by the default values presented in Table 2.2. These values are

based upon:

the maximum ventilation flow rate;

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

an administrative multiplier of 0.5 to conservatively assure that any
simultaneous releases do not exceed the maximum allowable release

*  Adopted from ANSI N237-1976/ANS-18. 1, Source Term Specifications, Table 6.

~ Rev.8
2-3 10/20/97



Y

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.

Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20

2.3.1

where:

Site Boundary Dose Rate - Noble Gases. 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:

D, =XQx Y (K x Q) (2.4)
and
D, =X x J (L, +1.1M) x Q) (2.5)
= total body dose rate (mrem/yr)
= skin dose rate (mrem/yr)

atmospheric dispersion to the controlling site boundary (sec/m’)

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/m’, from Table 2.1)

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

= gamma air dose conversion factor for noble gas radionuclide i

(mrad/yr per uCi/m’, from Table 2.1)

Rev. 8
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1.1 = mrem skin dose per mrad gamma air dose (mrem/mrad)

Actual meteorological conditions concurrent with the release period or the default, -

annual average dispersion parameters as presented in Table 2.3 may be used for
evaluating the gaseous effluent dose rate.

2.3.2 Site Boundary Dose Rate - Radioiodine and Particulates, 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:

D, =xQx Y (R xQ) (2.6)
where:
D, = average organ dose rate over the sampling time period (mrem/yr)
XQ = atmospheric dispersion to the controlling site boundary for the
inhalation pathway (sec/m®)
R, = dose parameter for radionuclide i, (mrem/yr per uCi/m?) for the
child inhalation pathway from Table 2.6
Q = average release rate over the appropriate sampling period and

analysis frequency for radionuclide i, I-131, I-133, tritium or other
radionuclide in particulate form with half-life greater than 8 days
(uCi/sec)

By substituting 1500 mrem/yr for D, solving for Q,, 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 uCi/m®) 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 I-131 releases in any 7 day period do
not exceed 3.9 Ci, no additional analyses are needed to verify compliance with the
Specification 3.4.1.bj limits on allowable release rate.
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2.4

2.4.1 Unrestricted Area Dose - Noble Gases, Specification 3.4.2 # requires a
periodic assessment of releases of noble gases to evaluate compliance with
the quarterly dose limits of (s5 mrad, gamma-air and <10 mrad, beta-air)
and the calendar year limits (sI0 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-08 x XQ x X (M, x Q) - @.7)
and
D, =317E-08 x XQ x J (N, x Q) 2.8)
where:
Dy = air dose due to gamma emissions for noble gas radionuclides
(mrad) '
D, = air dose due to beta emissions for noble gas radionuclides
(mrad) |
X/Q = atmospheric dispersion to the controlling site ‘boundary
' (sec/m?)
Q = cumulative release of noble gas radionuclide i over the
' period of interest (. Ci)
M, = air dose factor due to gamma emissions from noble gas
radionuclide i (mrad/yr per £Ci/m® from Table 2.1)
N; = air dose factor due to beta emissions from noble gas
radionuclide i (mrad/yr per .Ci/m’, 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 Specification 3.4.23. (Refer to Appendix B for
the derivation and justification for this simplified method.)

v ] Rev. 8
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0.50

-31E08 , ymx M x I qQ @.9)
0.50
and
=5107E?'OQXXIOXN,,XZQ, - (2.10)

5.3E+02 effective gamma-air dose factor (mrad/yr per uCi/m’)
1.IE+03 effective beta-air dose factor (mrad/yr per £Ci/m’)

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

where:

X/Q

D/Q

Per the

requxrements of Speaﬁamon 3 4. 3% a penodxc asswsment 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 I-131, I-133, tritium and particulates with half-lives greater than 8 days:-

D”P

=317E-08 x Wx SF, x J' (R, x Q) (2.11)

dose or dose commitment for age group a to organ o, including the
total body, via pathway p from I-131, I-133, tritum and
radionuclides in particulate form with half-life greater than eight
days (mrem)

atmospheric dispersion parameter to the controlling location(s) as
identifled in Table 2.3

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

atmospheric deposition for vegetation, milk and ground plane
exposure pathways (/m?)
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R, = dose factor for radionuclide i, (mrem/yr per uCi/m’) 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.

Q = cumulative release over the period of interest for radionuclide i —
I-131 or radioactive material in particulate form with halflife 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 I;athways: = 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 Specification 3.4.3%.

Dex = 31TE-08 x Wx SF, x R_3, x J Q, - (2.12)
where:
Doy = ‘maximum organ dose (mrem)
Ryn = I-131 dose parameter for the thyroid for the identified controlling
pathway

= 1.05E+12, infant thyroid dose parameter with the grass-cow-milk
pathway controlling (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
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grass-cow-milk pathway. However, use of the I-131 thyroid dose parameter for
all radionuclides will maximize the organ dose calculation, especially consxdenng
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 mlculation may
be based on the available pathways in the surrounding environment of Kewaunee
as identified by the annual land-use census, see Specification 3.6.2%. Otherwise, the
dose will be evaluated based on the predetermined controlling pathways as
identified in Table 2.3.

5 Effluent Dose Proiects

Specification 3.4.47 requires that the Ventilation Exhaust Treatment System be used
to reduce radioactive material levels prior to discharge when projected doses
exceed one-half the annnal design objective rate in any calendar quarter, i.e.,
exceeding:

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

The applicable gaseous release sources land processing systems are as delineated in
Figure 2.

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

D,=D,x(91+4d (2.13)
Dy, =Dy x (91 +) | (2.18)
Dpep “Dnex X (91 + d) (2.15)
where:
D, = gamma air dose projection for current calendar quarter (mrad)
D, = gamma air dose to date for current calendar quarter as determined
by equation (2.7) or (2.9) (mrad)
Dy, = beta air dose projection for current calendar quarter (mrad)
D, = beta air dose to date for current calendar quarter as determined by
Rev. 8
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equation (2.8) or (2.10) (mrad)

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

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

d = number of days to date in current calendar quarter

91 = number of days in a calendar quarter

For the purpose of implementing Specification 3.5% on the EPA environmental
radiation protection standard and Technical Specification §9/#2 on reporting
requirements, dose calculations may be performed using the above equatxons 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.

Incineration of Radicactively Contaminated Oil

During plant operation, radioactively contaminated oils are generated from various
equipment operating in the plant. The largest source of contaminated oil is the
reactor coolant pump lubricating oil which is periodically changed for 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 I.

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. FEach 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 containinated 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
Specifications 3/ €334 2%n& 3473 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
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the heating boiler fuel oil system.
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Table 2.1
Dose Factors for Noble Gases

Total Body Gamma Air Beta Air

Dose Factor Skin Dose Factor Dose Factor Dose Factor |

Ki u Mi Ni |

Radionuclide mrem/ Ci/m”) | (mrem/ Ci/m ‘mrad/ Ci/m mrad/ Ci/ ‘
Kr-83m 7.56E-02 — 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 S.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47TE+04 2.37E+03 1.52B+04 2.93E+03
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.L11E+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 1.0SE+03

Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
Xe-137 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
{LAr41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
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Parameters for Gaseous Alarm Setpoint Determinations

Table 2.2

2-15

L Parameter I Actual Value | Defaukt Value* Units Comments
[
- XIQ calculated 3.6E06 sec/m’ Licensing technical specification value
VF fan curves 33,000 cfm Containment -normal plus purge modes
54,000 Auxiliary Building - normal operation
C, measured N/A uCil® |
muclide specific N/A mrem/yr |Values from Table 2.1
per uCi/n’
L muclide specific | N/A mrem/yr | Values from Table 2.1
per uCi/in’®
M, nuclide specific N/A orem/yr | Values from Table 2.1
per uCi/m’ |
Seasitivity** (SEN) )
R-12 as determined 2.32E+07 cpm per |Containment
R-21 2.32E+07 uCi/cin’ |Containment
R-13 2.32B+07 Auxiliary Building
R-14 2.32E+07 Auxiliary Building
background (bkg)
R-12 as determined 4.0E+02 cpm Nominal values only; actual values may be
R-21 4.0E+01 used in lieu of these reference values.
R-13 6.0E+02
R-14 9.0E+02
Setpoint® (SP) '
R-12 : calculated 2.2E+05 + bkg cpm Default alarm setpoints; more conservative
R-21 calculated 2.2BE+05 + bkg values may be used as deemed appropriate
R-13 calculated 1.3E+05 + bkg and desirable for ensuring reulatory
R-14 calculated 1.3E+05 + bkg i and for maintaining releases
. —  — ___— — _—

* Refer to Calculation # C10690 for the default setpoint calculation.
** Conservatively based on Xe-133 seasitivi
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T.ble 2.3
_ Controlling Locations, Pathways and
Atmospheric Dispersion for Dose Calculations
Atmospberic Dispersion
X/Q "DIQ
i Specification Location Pathway(s) (sec/m’) (1/m)
34.1.a site boundary noble gases 3.6E-06 N/A
(1300 m, N) direct exposure
3.4.1b site boundary inhalation 3.6E-06 N/A
(1300 m, N)
34.2 site boundary gamma-air 3.6E-06 N/A
(1300 m, N) beta-air
3.4.3 residence/dairy vegetation, milk 5.6E-07 5.6E-09
(1 mile W) and _g_round plane
Rev. 8
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Table 2.4
R, Inhalation Pathway Dose Factors - ADULT
' (mrem/yr per uCi/m*
' H-3 . 1.26B+3 1.26B+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3
C-14 1.82E+4  341E+3 3.41B+3 3.41E+3 3.41E+3 341B+3 3.41E+3
Na-24 1.2E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02BE+4
P-32 1.32E+6  7.71B+4 . - . 8.64E+4  S.01E+4
. Cr-51 - - S.9SE+1 2.28BE+1 1.44E+4 3.32E+3 1.00B+2
Mn-54 - 3.96E+4 - 9.84E+3 1.40E+6 7.74B+4 6.30E+3
Mn-56 . 1.24E+0 . 1.30E+0 9.44E+3  2.02E+4  1.83E-1
' Fe-SS 2.46E+4 1.70B+4 . . 7.21E+4  6.03B+3 3.94E+3
Fe-59 1.18E+4  2.78E+4 . - 1.02E+6 1.88B+S 1.06E+4
Co-57 . 6.92E+2 - - 3.70B+5 3.14B+4 6.71E+2
' Co-58 - 1.58E+3 - - 9.28E+S 1.06E+S 2.07E+3
Co-60 . 1.1SE+4 . . S9TE+6 28SE+S 1.48E+4
Ni-63 4.32E+S 3.14E+4 . . 1.78E+S  1.34E+4 1.45B+4
' Ni-65 1.S4E+0  2.10E-] ; . S.60E+3 1.23B+4  9.12E2
Cu-64 . 1.46E+0 - 4.62E+0 6.78E+3 4.90E+4  6.15BE-1
Zn-65 3.24E+4  1.03B+S . 6.90E+4 8.64E+S S.ME+4 4.66E+4
' Zn-69 3.38E2  6.51E-2 - 422E2 9.20E+2 1.63E+1 4.52E-3
Br-82 . . - - . 1.04E+4 1.35SE+4
Br-83 . . . - . 2.32E+2  2.41E+2
Br84 - - - - - 1.64E-3  3.13E+2
Br-85 R - . - - - 1.28E+1
Rb-86 . 1.3SE+S . . . 1.66E+4  S.90E+4
Rb-88 . 3.87E+2 . . . 3.34E9  1.93E+2
' Rb-89 . 2.56B+2 . . . . 1.70E+2
Sr-89 3.04E+5 - - . 1.40E+6 3.50E+S 8.72B+3
Sr-90 9.92E+7 - . - 9.60E+6 7.22E+S 6.10E+6
' Sr-91 6.19E+1 . . . 3.65E+4 191E+S 2.50E+0
Sr-92 6.74E+0 . - - 1.6SE+4 4.30E+4  2.91E-1
Y-90 2.09E+3 . - . 1.70E+5 S.06E+S S.61E+1
' Y-91m 2.61E-1 ; : } 1.92E+3  133E+0  1.02B2
Y-91 4.62B+S - - . 1.70B+6 3.85E+S 1.24E+4
Y-92 1.03E+1 - . . 1.5STE+4  7.35E+4  3.02E-1
l Y-93 9.44E+1 - - - 4.85B+4 4.22E+5 2.61E+0
Zs-95 1.07TB+S  3.44E+4 - 5.42B+4 1.TTE+6 1.S0E+S 2.33B+4
Zr-97 9.68E+1 1.96E+1 - 2.97B+1 7.8TE+4 S23E+S 9.04E+0
Nb-95 1.41E+4  7.82E+3 - 7.74E+3 S5.05E+5 1.04E+S 4.21E+3
' Nb-97 2.22B-1  S.62E-2 . 6.54B2  2.40E+3 2.42E+2  2.05B-2
Mo-99 . 1.21E+2 - 291E+2 9.12BE+4  2.48E+S 2.30E+1
~ Tc-99m 1.03E-3  2.91E-3 . 442E2 7.64E+2 4.16B+3  3.70E-2
' Te-101 4.18EB-5  6.02E-S - 1.08E3  3.99E+2 - 5.90E-4
' _ Rev. 8
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Table 2.4
R, Inhalation Pathway Dose Factors - ADULT
' (mrem/yr per pCi/m’)
S.83E+3  S.OSE+ 6.58E+2
l Ru-105 7.90B-1 . . 1.L02E+0 1.10E+4 4.82B+4  3.11E-1
Ru-106 6.91E+4 . . 1.3E+5 9.36E+6 9.12B+5 8.72E+3
Rh-103m . - - . . . .
I Rh-106 - - - - . . . |
Ag-110m  1.08E+4 1.00B+4 - 1.97E+4 4.63E+6 3.02E+S S.94E+3 |
Sb-124 3.12E+4 S89E+2 7.SSE+1 . 2.48E+6 4.06E+S 1.24E+4 |
' Sb-125 5.34E+4 S.9SE+2  S.40E+1 - 1.74E+6 1.01E+S 1.26E+4 |
‘ Te-125m  3.42E+3 1.58B+3 1.05B+3 1.24E+4 3.14E+S 7.06E+4 4.6TE+2 |
Te-127Tm  1.26E+4  S.7T7E+3  3.29E+3 4.58E+4 9.60E+S 1.S0E+S 1.STE+3 |
' Te-127 1.40E+0  6.42BE-1 1.06E+0 S.I0OB+0 6.5IB+3 S5.74E+4  3.10E-1
Te-129m  9.76E+3 4.6TE+3 3.44E+3 3.66E+4 1.16B+6 3.83B+S5S 1.S8E+3
‘ Te-129 498E2  239E-2  3.90E-2  1.87E-1  1.94E+3 1.STE+2  1.24B-2
I Te-13lm  6.99E+! 4.36E+1 S.SOE+1 3.09B+2 1.46E+S S.S6E+S 2.90E+1
Te-131 LIIE2  S9SE-3  9.36B-3  437E2 1.39B+3 1.84E+!  3.59E-3
Te-132 2.60E+2 2.15SE+2 1.90E+2 1.46E+3 2.88B+5  S5.I0E+5 1.62E+2
’ I-130 4.58E+3 1.34E+4 1.14E+6 2.09E+4 . 7.69E+3  S.28E+3
' 1-131 2.52BE+4 3.58E+4 1.19E+7 6.13B+4 . 6.28E+3 2.05E+4
-132 1.I6E+3 3.26E+3 1.14E+S  S.18E+3 . 4.06E+2 1.16E+3 .
' I-133 _8.64E+3  1.48E+4 2.1SE+6 2.58E+4 - 8.88E+3 4.52E+3
I-134 6.44E+2 1.73E+3 298E+4 2.7SE+3 - 1.0IE+0 6.1SE+2 ' .
f1-135 2.68E+3 6.98E+3 4.48E+S 1.11E+4 . S.2SE+3  2.5TE+3 :
Cs-134 3.73E+S  B8.48E+S . 2.8TE+S 9.76E+4  1.04E+4 7.28E+S
' Cs-136 3.90E+4  1.46E+S . - 8.56B+4  1.20E+4 1.17TE+4 1.10E+S
Cs-137 4.78E+S  6.21E+S . 2.2E+5 7.52B+4 8.40E+3 4.28E+S
Cs-138 3.31E+2  6.21E+2 - 4.80E+2 4.86E+1 1.86E-3 3.24E+2
' Ba-139 9.36E-1  6.66E4 . 6.22E4  3.76E+3 8.96E+2  2.74E-2
Ba-140 3.90E+4 4.90E+1 - 1.67TE+1 1.27E+6 2.18E+S 2.57TE+3 ! '
Ba-141 1.00E-1  7.53B-S - 7.00B-5 1.94E+3  1.16E7  3.36E-3
. Ba-142 2.63E2  2.70B-S - 2.29B-5  1.19E+3 . 1.66E-3
La-140 3.44E+2 1.74E+2 . . 1.36E+S 4.58E+S 4.S8E+1
La-142 6.83B-1  3.10B-l . . 6.33B+3  2.11E+3  7.72E-2
, Ce-141 1.99E+4 1.3SE+4 - 6.26E+3 3.62E+S 1.20B+S 1.53E+3
l n Co-143 1.86E+2  [.38E+2 . 6.08E+1 7.98E+4 2.26E+S 1.S3E+1 ‘
Co-144 3.43E+6 1.43E+6 - 8.48E+S 7.78E+6 8.16E+S 1.B4E+S
Pr-143 9.36E+3  3.7SE+3 - “ 2.16E+3  2.81E+S 2.00E+S 4.64E+2 ,
' Pr-144 3.01E2  1.25E-2 . 7.05E3  1.02E+3 2.1SE8  1.53E-3
Nd-147 S.2TE+3  6.10E+3 . 3.56E+3 2.21E+S 1.73E+S 3.65B+2
w-187 8.48E+0  7.08E+0 . . 2.90E+4 1.SSE+S 2.48E+0
' Np-239 2.30E+2  2.26E+1 . 7.00E+1 3.76E+4 1.19E+5 1.24E+1
' Rev. 8
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Table 2.5
R, Inhalation Pathway Dose Factors - TEEN
(mrem/yr per uCi/in®)
H-3 - 1.27TE+3 1.27E+3 1.27E+3 1.27E+3 1.27E+3 1.27E+3
C-14 2.60E+4 4.87TE+3 4.8TE+3 4.87TE+3 4.87E+3 4.8TE+3 4.87E+3
Na-24 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4
P-32 1.89E+6 1.10E+5 - - - 9.28E+4 7.16E+4
Cr-51 - - 7.50E+1 3.07B+1 2.10E+4 3.00E+3 1.35E+2
Mn-54 - S.11E+4 - 1.27TE+4 1.98E+6 6.68E+4 8.40E+3
Mn-56 - 1.70E+0 - LL79E+0 1.52B+4 S§5.74E+4  2.52B-1
Fe-55 3.34E+4  2.38E+4 - - 1.24E+5 6.39E+3 S.S4E+3
Fe-59 1.59E+4 3.70E+4 - - “1.53E+6 1.78E+S 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+S 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 2.93B-1 - - 9.36E+3 3.67TE+4 1.27E-1
Cu-64 - 2.03E+0 - 6.41E+0 1.11E+4 6.14E+4 8.48E-1
Zo-65 3.86E+4 1.34E+S - 8.64E+4 1.24E+6 4.66E+4 6.24B+4
Zn-69 4.83E-2 9.20E-2 - 6.02B-2 1.58E+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+S5 - - - 1.77TE+4 8.40E+4
Rb-88 - 5.46E+2 - - - 2.92B-5 2.72E+2
Rb-89 - 3.52E+2 - - - 3.38E-7 2.33E+2
Sr-89 4.34E+5 - - - 2.42E+6 3.71E+5 1.25B+4
Sr-90 1.08E+8 - - - 1.65SE+7 7.65SE+S 6.68E+6
Sr-91 8.80E+1 - - - 6.07E+4 2.59E+S 3.51E+0 ||
Sr-92 9.52B+0 - - - 2.74E+4 1.19E+S 4.06E-1
Y-90 2.98E+3 - - - 2.93E+5 5.59E+S 8.00E+1
Y-91mn 3.70B-1 - - - 3.20E+3 3.02E+1 1.42B-2
Y-91 6.61E+S - - - 2.94E+6 4.09E+S5 1.77E+4
Y-92 1.47E+1 - - - 2.68E+4 1.65E+5 4.29B-1
Y-93 1.35E+2 - - - 8.32E+4 S.79E+S 3.T2E+0
Zr-95 1.46E+5 4.58E+4 - 6.74E+4 2.69E+6 1.49E+5 3.1SE+4
Zr-97 1.38E+2 2.72E+1 - 4.12E+1 1.30E+5 6.30E+5 1.26B+1
Nb-95 1.86E+4 1.03E+4 - 1.00E+4 7.51E+S 9.68E+4 S.66E+3
Nb-97 3.14B-1 7.78E-2 - 9.12E-2 3.93E+3 2.17TE+3 2.84E-2
Mo-99 - 1.69E+2 - 4.11E+2 1.54E+5S 2.69E+S 3.22E+1
Tec-99m 1.38E-3 3.86E-3 - 5.76E-2 1.15E+3 6.13E+3 4.99E-2
Te-101 5.92E-5 8.40E-5 - ] .52E-I§_=I 6.67TE+2 8.72E-7 8.24E4
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Table 2.5
R, Inhalation Pathway Dose Factors - TEEN
(mrem/yr per xCi/m?)
Nuclide Bone Liver \ Kidn ng :
Ru-103 2.10E+3 - - 7.43E+3 7.83E+S 1.09E+5 8.96E+2 1
Ru-105 1.12E+0 - - 1.41E+0 1.82E+4 9.04E+4  4.34E-1
Ru-106 9.84E+4 - - 1.90E+S 1.61E+7 9.60E+S 1.24BE+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.38E+4 1.31E+4 - 2.50E+4 6.7SE+6 2.73E+S 7.99E+3
Sb-124 4.30E+4 7.94E+2 9.76E+1 - 3.85E+6 3.98E+S 1.68E+4
Sb-125 7.38E+4 8.08E+2 7.04E+1 - 2.74B+6 9.92E+4 1.T2E+4
Te-125m  4.88E+3 2.24E+3 1.40E+3 - S.36E+S 7.50E+4 6.6TE+2
Te-127m  1.80E+4 8.16E+3 4.38E+3 6.54E+4 1.66B+6 1.S9E+S 2.18E+3
Te-127 2.01E+0  9.12E-1  1.42E+0 7.28E+0 1.12E+4 B8.08E+4 4.42E-1
Te-129m  1.39B+4 6.58BE+3 4.58E+3 S5.19E+4 1.98E+6 4.05B+S 2.25E+3
Te-129 7.10E-2 3.38E-2 S.18E-2 2.66E-1  3.30E+3 1.62E+3  1.76E-2
Te-131m  9.84E+1 6.01E+1 7.25E+1 4.39E+2 2.38E+S5 6.21E+S 4.02E+]
Te-131 1.58E-2 8.32E-3 1.24E-2 6.18B-2 2.34E+3 1.SIE+1 5.04E-3
Te-132 3.60E+2 2.90E+2 2.46E+2 1.95B+3 4.49E+5 4.63E+S5 2.19E+2
1-130 6.24E+3 1.79B+4 1.49E+6 2.75E+4 - 9.12B+3 7.17E+3
I-131 3.54B+4 491E+4 1.46E+7 B8.40E+4 - 6.49E+3 2.64E+4
1-132 1.59E+3 4.38E+3 1.51E+S 6.92E+3 - 1.27B+3 1.S8E+3
1-133 1.22E+4  2.05E+4 2.92E+6 3.59E+4 - 1.03E+4 6.22B+3
I-134 8.88E+2 2.32E+3 3.95E+4 3.66E+3 - 2.04E+1 B8.40E+2
I-135 3.70E+3 9.44E+3 6.21E+5 1.49E+4 - 6.95E+3 3.49E+3
Cs-134 S.02E+5 1.13E+6 - 3.75E+S 1.46BE+S5S 9.76B+3 S5.49E+S
Cs-136 S.ISE+4  1.94E+S5 - 1.10E+S 1.78E+4 1.09E+4 1.3TE+S$
Cs-137 6.70E+S  8.48E+S5 - 3.04BE+5 1.21E+S5S 8.48E+3 3.11E+5
Cs-138 4.66E+2 8.56E+2 - 6.62B+2 7.87E+1  2.70E-1  4.46E+2
Ba-139 1.34E+0  9.44E4 - 8.88E4 6.46E+3 6.4SE+3  3.90E-2
Ba-140 S47TE+4 6.70E+1 - 2.28B+1 2.03B+6 229E+S 3.52B+3
Ba-141 1.42E-1 1.06E4 - 9.84BS 329E+3 7.46E4  4.74E-3
Ba-142 3.70B-2 3.70B-§ - 3.14B-S  1.9IE+3 . 2.27E-3
La-140 4.79E+2  2.36E+2 - - 2.14B+S5S 487E+S 6.26E+1
La-142 9.60B-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+S 2.17E+3
Ce-143 2.66E+2 1.94E+2 - 8.64B+1 130E+S5S 2.5SE+S 2.16E+!
Ce-144 4.89E+6 2.02E+6 - 1.21E+6 1.34E+7 8.64E+5 2.62E+S
Pr-143 1.34E+4  S5.31E+3 - 3.09E+3 4.83E+S 2.14B+5 6.62E+2
Pr-144 4.30E-2 1.76B-2 - 1.01B-2  1.7SE+3  2.35E4  2.18E-3
Nd-147 7.86B+3 B8.56E+3 - S.02E+3 3.72E+S 1.82E+S5 S5.13E+2
W-187 1.20BE+1  9.76E+0 - . 4.74E+4 1.7TE+5 3.43E+0
Np-239 3.38B+2  3.19E+1 - 1.00E+2 _6.49E+4 1.32E+5 1.77E+]
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Table 2.6 .
R, Inhalation Pathway Dose Factors - CHILD
(mrem/yr per xCi/m°)
Nuclide Bone Liver ' GI-LL1 T
H-3 - “1.12B+3  1.12B+3  1.12B+3 1.12B+3  1.12B+3 1.12B+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 161E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4
P-32 2.60E+6 1.14E+5 . - - 4.2E+4 9.88E+4
Cr-51 - - 8.55SE+1 2.43E+! 1.70E+4 1.08B+3 1.54E+2
Mn-54 - 4.29E+4 . 1.00E+4 1.SBE+6 2.29B+4 9.51E+3
Mn-56 - 1.66E+0 . 1.67E+0 1.31B+4 1.23E+S  3.12B-1
Fe-55 4.74E+4 2.52B+4 - . 1.11E+5 2.87E+3 17.TTE+3 }
Fe-59 2.07E+4 3.34E+4 . . 1.27TE+6 7.07E+4 1.6TE+4
Co-57 - 9.03E+2 - - S.OTE+S  1.32E+4 1.07E+3
Co-58 - 1.77E+3 - . 1.11E+6  3.44E+4  3.16B+3
Co-60 - 1.31E+4 - - 7.0TB+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.7SB+S  6.33E+3  2.80B+4
Ni-65 2.9E+0  2.96E-1 . . 8.18E+3 8.40E+4  1.64E-1
Cu-64 - 1.99E+0 - 6.03E+0 9.58E+3 3.67E+4 1.07E+0
Zo-65 4.26E+4  1.13B+S§ . 7.14B+4  9.95E+5 1.63E+4 7.03B+4
Zn-69 6.70E-2  9.66E-2 . S.85E-2  1.42B+3 1.02E+4 8.92E-3
Br-82 - - - . - - 2.09E+4
Br-83 . . - - - - 4.74B+2
Br-84 - - - - - - 5.48E+2
Br-85 - . - . . . 2.53E+1
Rb-86 - 1.98E+S5 . - . 7.99E+3  1.14E+S§
Rb-88 - - 5.62E+2 . - . 1L.2E+1  3.66E+2
Rb-89 - 3.45B+2 . - . 1.89E+0 2.90E+2
Sr-89 5.99E+5 - - - 2.16B+6  1.6TE+5 1.T2E+4
Sr-90 1.01E+8 . - - 1.48E+7  343B+5 6.44E+6
Sr-91 1.21E+2 . - . 5.33B+4  1.74E+5 4.59E+0
Sr-92 1.31E+1 . - . 2.40B+4 2.42E+5  S5.25E-1
Y-90 4.11E+3 . - . 2.62E+5 2.68E+5 1.11E+2
Y-91m 5.07E-1 - . . 2.81E+3 1.72E+3  1.84E-2
Y-91 9.14E+5 - . . 2.63E+6 1.84E+5 2.44E+4
Y-92 2.04E+1 - - - 2.39B+4  2.39B+5  S5.81E-l
Y-93 1.86E+2 . . . 7.44E+4  3.89E+S5S S.11E+0
Zr-95 1.90E+S  4.18B+4 . S96E+4 2.23BE+6 6.11E+4 3.70E+4 n
Zs-97 1.88B+2 2.2B+1 - 3.89E+1 1.13E+5 3.51E+5 1.60B+1
Nb-95 2.35E+4 9.18E+3 = - 8.62E+3  6.14E+5 3.70E+4 6.5SE+3
Nb-97 4.29E-1 7.70E-2 - 8.5SE-2 3.42E+3 2.78E+4  3.60B-2
Mo-99 - 1.72E+2 - 392E+2 1.35SE+5 1.27E+5 4.26E+!
Tc-99m 1.78E-3 3.48E-3 . S.O7E-:2 9.5IE+2 481E+3 5.TTE-2
Tc-101 8.10E-5 8.51E-S - 1.45E-3  S5.85E+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’)

ung  GI-LLI  T.Bod
6.62E+5

7.03E+3

[Ru-103  2.79E+3

4.48E+4 1.07E+3
Ru-105 1.53E+0 - . 1.34E+0 1.59E+4 9.95E+4  S5.55E-!
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 - 2.12B+4 S5.48E+6 1.00E+5 9.14E+3
Sb-124 5.14E+4 7.40E+2 1.26B+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 . 4.TTE+5 338E+4 9.14E+2

To-127Tm 249E+4 8.55E+3  6.07E+3  6.36E+4 1.48B+6 7.14B+4 3.02E+3
Te-127 2.TTE+0 9.51E-1 1.96E+0 7.07E+0 1.00E+4 S5.62E+4  6.11E-1
Te-129m 1.92E+4  6.85E+3 6.33BE+3 S5.03E+4 1.76E+6 1.82E+5 3.04E+3
Te-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3 2.55E+4  2.38E-2
Te-131m 1.34E+2 5.92B+1 9.T7E+! 4.00E+2 2.06E+5 3.08E+S5 5.07E+1

Te-131 217TE-2 _ B.44E-3  1.70E-2  S5.88E2 2.05E+3 1.33E+3  6.59B.3
Te132  481E+2 2.72E+2 3.17E+2 L.TTE+3  3.7TTE+5  1.38E+5 2.63E+2
1130 8.18E+3 1.64E+4 185E+6 2.45E+4 ) S.11E+3  8.44E+3
1131 481E+4 48IE+4 1.62E+7 7.88E+4 . 2.84E+3  2.T3E+4
132 2.12B+3  4.07E+3  1.94E+S 625B+3 - 3.20E+3  1.88E+3
1133 1.66E+4  2.03E+4 3.85E+6  3.38E+4 3 5.48E+3  7.70E+3
134 1.17TE+3  2.16E+3  S.OTE+4  3.30E+3 3 9.55E+2 9.95E+2
1135 4.92E+3 8.T3E+3 T.92E+S  1.ME+4 ; 4.44E+3  4.14E+3
Cs-134  65IE+S  1.01E+6 ; 3.30B+5 1.21E+5 3.85E+3  2.25E+5
' Cs-136  6.5IE+4 1.71E+S . 9.5SE+4  14SE+4  4.18E+3  1.16E+S
| Cs-137  9.0TE+S  8.25E+S ] 2.82B+5 1.04E+5  3.62E+3  1.28E+S5
| Cs-138  6.33E+2 8.40E+2 3 6.2B+2 6.81E+1 2.70E+2 S.SSE+2
l Ba-139  1.84E+0  9.84E4 ; 8.62E4 - S.TTE+3 STIE+4  S.37E2
Ba-140  7.40E+4  6.48E+1 ; 211B+1 1.74E+6 1.02E+S 4.33E+3
Ba-141 1.96E-1  1.09E<4 . 9.4TES  2.92E+3 2.7SE+2  6.36E-3
l Bal42  S500E2  3.60E-S : 291E5  1.64B+3  2.74E+0  2.79E-3
La-140  6.44E+2 2.25E+2 ; ; 1.83E+5  2.26E+5 7.5SE+1
La142  1.30B+0  4.11E- ; . 8.70B+3 7.59E+4  1.29E-1
Col41  3.92E+4 1.95B+4 . 8.5SE+3 S44E+S S.66E+4  2.90E+3 r
l Ce143  3.66B+2 1.99E+2 . 8.36B+1 1.ISE+S 1.27E+5 2.8TE+1
Col44  6.JTE+6  2.12E+6 ] 1.ITE+6  1.20E+7 3.89E+S  3.61E+5
Pr-143  1.85E+4 S.SSE+3 N 300E+3 433E+5 9.73E+4 9.14E+2
' Pr-144 596E2  1.8SE2 . 9.7TE3  1.STE+3 1.97E+2  3.00E-3
Nd-147  1.08E+4 8.73E+3 3 481E+3 328E+S 821E+4  6.81E+2
W-187  1.63B+1  9.66E+0 . ) 4.11E+4  9.10E+4 4.33E+0
' Np239 _ 4.66E+2  3.34E+1 ] 9.TE+1 _ SBIE+d4 _ 6.40E+4_ 2.35E+1
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Table 2.7
R, Inhalation Pathway Dose Factors - INFANT
(mrem/yr per xCi/m

Nuclide Bone Liver GI-LLI T.

H-3 . 6.4TE+2 6.4TE+2 6.4TE+2 6.4TE+2 6.4TE+2 6.47TE+2
C-14 2.65E+4 S31E+3  531E+3  S531B+3  S31E+3  S.31E+3  S.31E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 106E+4 1.06E+4 1.06E+4 1.06E+4
P-32 2.03E+6 1.12B+S§ - - . 1.61E+4 7.74E+4
Cr-51 - - S.ISE+1  1.32E+1  1.28E+4  3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 4.98B+3 1.00E+6 7.06E+3 4.98E+3
Mn-56 . 1.54E+0 - LLIOE+0 1.25B+4 7.17TE+4  2.21E-l
Fe-55 1.97E+4  1.1TE+4 - . 8.69E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4  2.35B+4 - - 1.02E+6  2.48E+4 9.48E+3
Co-57 - 6.51E+2 - - 3.79E+S__ 4.86BE+3 -6.41E+2
Ce-58 - 1.22E+3 - . 7.TTE+5 1.11E+4 1.82E+3
Co-60 - 8.02E+3 - . 451E+6 3.19E+4 1.18B+4
Ni-63 3.39E+S  2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4
Ni-65 2.39E+0  2.84E-1 - - 8.12E+3  S.01E+4  1.23E-1
Cu-64 - 1.88E+0 - 3.98E+0 9.30BE+3  1.50E+4  7.74E-1
Zo-65 1.93E+4  6.26E+4 - 3.25E+4 6.4TE+5 S5.14E+4 3.11E+4
Zn-69 5.39B2  9.67E-2 - 4.02E-2 147B+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 - 1.90E+5 . . . 3.04E+3 8.82E+4
Rb-88 - 5.5TE+2 - . - 3.39E+2 2.87E+2
Rb-89 - 3.21E+2 . . - 6.82BE+1 2.06E+2
Sr-89 3.98E+5 . - - 2.03E+6  6.40E+4  1.14B+4
Sr-90 4.09E+7 - . - 1.12E+7  131E+5 2.59E+6
Sr-91 9.56E+1 . . - 5.26E+4 1.34E+4 3.46E+0
Sr-92 1.05E+1 . . - 2.38E+4  1.40E+5  3.91E-
Y-90 3.29E+3 . . - 2.69E+S 1.04E+5 8.82B+1
Y-91m 4.07E-1 - - - 2.79E+3  2.35E+3 1.39E-2
Y-91 S.88E+5 - . . 245E+6 7.03E+4 1.5TE+4
Y-92 1.64E+1 - . . 2.45E+4  1.27TE+S  4.61E-1
Y-93 1.50E+2 - - - 7.64E+4  1.6TE+S 4.07E+0
Zs-95 1.1SE+5  2.79E+4 - 3.11E+4 17SE+6 2.1TE+4 2.03E+4
2r-97 1.50E+2  2.56E+1 - 2.59E+1  1.10BE+S  1.40E+5 1.17E+1
Nb-95 1.STE+4  6.43E+3 - 4.T2E+3 4.79E+5 1.27E+4 3.78E+3
Nb-97 3.42E-1  7.29E2 . 5.70B-2  332E+3 2.69B+4  2.63E-2
Mo-99 . 1.65E+2 - 265E+2 1.35E+5 4.87E+4 3.23E+1
Tc-99m 1.40E-3  2.88E-3 - 3.11E2  8.11E+2 2.03E+3 3.T2E-2
Tec-101 6.S1E-5  8.23B-§ - 9.79E4  S.84E+2 8.44E+2 8.12E4
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Table 2.7
R, Inhalation Pathway Dose Factors - INFANT
(mrem/yr per uCi/m)

Nuclide Bone
Ru-103 2.02E+3

6.79E+2

5.52B+5 1.61E+4

Ru-105  1.22E+0 . . 8.99E-1 1.5TE+4 4.84E+4  4.10E-1
Ru-106  8.68E+4 . . 1.O7E+5 1.16E+7 1.64E+S 1.09E+4
Rb-103m . . . . . . .

Rb-106 . - - - . - -

Ag-110m 9.98E+3 7.2B+3 . 1.09B+4 3.67E+6 3.30E+4 S.00E+3
Sb-124  3.79B+4 S.S6E+2  1.01B+2 . 2.65E+6 . S91E+4 1.20E+4
Sb-125  S5.17TE+4 4.TTE+2  6.23E+1 . 1.64E+6  1.47E+4 1.09E+4
Te-125m  4.76E+3  1.99E+3  1.62B+3 - 44TE+S5 129E+4 6.58E+2

Te-127m 1.67TE+4 6.90E+3 4.87E+3  3.75E+4  1.31E+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 141E+4  6.09BE+3 S547E+3 3.18E+4 1.68E+6 6.90E+4 2.23E+3
Te-129 7.88E-2 3.47E-2 6.75E-2 1.75E-1 3.00E+3 2.63E+4 1.88E-2
Te-13lm  1.07E+2 S5.50E+1 8.93B+1 265E+2 1.9E+5 1.19E+S 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 3.72B+2 2.37E+2 2.79E+2 1.03E+3 3.40E+S5S 4.41BE+4 1.76E+2
I-130 6.36E+3 1.39B+4 1.60E+6 1.53E+4 . 1.9E+3 5.57E+3
I-131 3.79E+4 4.44E+4 1.48E+7 S5.18B+4 - 1.06E+3 1.96E+4
1132 1.69BE+3  3.54E+3 1.69E+5 3.95E+3 - 1.90E+3 1.26E+3
1133 1.32B+4  1.9E+4 3.56E+6 2.24E+4 . 2.16E+3  S5.60B+3
I-134 9.21E+2 1.88B+3 4.45E+4 2.09B+3 . 1.29E4+3 6.65E+2
I-135 3.86E+3 7.60E+3 6.96E+S5 8.47TE+3 - 1.83B+3 2.77E+3
Cs-134 3.96E+5  7.03E+S . 1.90B+5 7.97E+4 1.33E+3 7.45B+4
Cs-136 483E+4 1.3SE+S . S.64E+4 1.18E+4 1.43E+3 S.29E+4
Cs-137 5.49E+5  6.12E+S . 1.72E+5  7.13E+4 1.33E+3 4.55B+4
Cs-138 5.05SE+2 7.81E+2 . 4.10E+2 6.54E+1 B8.76E+2 3.98E+2
Ba-139 1.48E+0  9.84E4 . S92E4 595E+3 S.10E+4  4.30E-2
Ba-140 5.60E+4 S.60E+1 . 1.34E+1 1.60E+6 3.84E+4 2.90E+3
Ba-141 1.57E-1 1.08E4 . 6.50E-5 297E+3 4.7SE+3 4.97E-3
Ba-142 3.98E-2  3.30E-5 - 1.90E-S  1.S5E+3 6.93E+2  1.96BE-3 |
La-140 5.05SE+2 2.00E+2 . . 1.68E+5 8.48E+4 S.1SE+1
La-142 1.03E+0  3.77E-1 - - 8.2B+3 5.95E+4  9.04E-2
Ce-141 2.TTE+4  1.6TE+4 . 525B+3 S5.17TE+S 2.16E+4 1.99E+3
Ce-143 2.93E+2  1.93B+2 . 5.64B+1 1.16E+5 4.9TE+4 2.21E+1
Ce-144 3.19B+6 1.21E+6 . 5.38E+5 9.84E+6 1.48B+S5 1.76E+5
Pr-143 1.40B+4  S.24E+3 - 1.97E+3  4.33E+5S 3.72E+4 6.99E+2
Pr-144 4.79E-2 1.85E-2 . 6.72E3 1.61E+3 4.28E+3  2.41B-3
Nd-147 7.94E+3  8.13E+3 . 3.1SE+3 3.22E+5 3.12E+4 S.00E+2

W-187 1.30E+1 9.02E+0 - - 396E+4 3.56E+4 3.12B+0
Np-239 3.71E+2  3.32E+) - 6.62B+1 S95E+4 2.49E+4 1.88E+1
e o = |
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Table 2.8
R, Vegetation Pathway Dose Factors - ADULT
(mrem/yr per xCi/m") for H-3 and C-14 (n* x mrem/yr per uCi/sec) for others

' |
| uclide Bone Liver Thyros ) GI-LLI T
| 3 3 2.26B+3 226E+3 2.26E+3 2.26E+3 2.26E+3 226E+3 |
l -14 8.9TE+S 1.79E+5 1.79E+S 1.79E+S 1.79E+S 1.19E+5 1.79E+$
224 2.76E+S  2.76E+S 2.76E+5 2.76E+S 2.76E+5 2.76E+5 2.76E<+$
.32 1.40B+9  8.7IE+7 ] . ; 1.58E+8  S5.42E+7
' r-51 ) : 2.79E+4  1.03E+4  6.19E+4 1.1TE+7  4.66E+4
54 3 3.11E+8 3 9.2TE+7 N 9.54E+8  S5.04E+7
56 ; 1L.6IE+1 - 2.04E+1 . S.13B+2  2.85E+0
' oS5 2.09E+8  1.45E+8 - ] 8.06B+7 8.29E+7 3.37E+7
eS9  1.27E+8 2.99E+8 ] ; 8.3SE+7 9.96E+8  1.14E+8
, os7 . . 1.17E+7 ] 3 . 2.9TE+8  1.95E+7
058 N 3.09E+7 - N - 6.26E+8 G6.92E+7
' 060 ] 1.6TE+8 ] ] ] 3.14E+9  3.69E+8
i-63 LOJE+10 7.21E+8 ] - . 1.S0E+8 3.49E+8
i-65 6.15B+1  7.99E+0 . . - 203E+2 3.65B+0
l 64 ) 9.27E+3 . 2.34E+4 ] 7.90E+5 4.35E+3
3.1TE+8  1.0IE+9 N 6.75E+8 - 6.36E+8  4.56E+8
8.15E6  1.6TE-S - 1.09E-S ] 251B6  1.16E%6
' r-82 A 3 . ] - L.3E+6  1.SIE+6
r-83 . ] i ] ; 4.63E+0  321E+0
r-84 ; ; ; ; ] . ]
b-86 3 2.19E+8 ] ; ; 432E+7  1.02E+8
b-88 - . - - - - - -
b-89 . ] ] ] ) ) .
r-89 9.96E+9 - - - - 1.60E+9 2.86E+8
190 6.05E+11 - - - - 1.7SE+10 1.48E+11
r-91 3.20E+$ . - . ; 1.52E+6  1.29E+4
92 4.2TB+2 . . . . 8.46E+3 1.8SE+1
90 1.33E+4 . ] . ] 1.41E+8 . 3.56E+2
Y-91m 5.83E-9 3 . : . 1.71E8 ;
Y91  5.13E+6 3 - 5 ; 2.82E+9 1.37E+S
Y-2 9.01E-1 . . ] . 1.58E+4  2.63E-2
Y-93 1.74E+2 3 ; ; . 5.52E+6 4.80E+0
7¢.95 1.I9E+6  3.81E+S 3 5.97B+S . 1.21E+9  2.58B+S
2097 3.33B+2  6.73E+1 . 1.02E+2 : 2.08E+7 3.08E+1
95 1.42E+5  7.91E+4 3 781E+4 ) 4.80E+8 4.25E+4
29086  7.ME.7 . 8.56E-7 ] 2.71E3  2.68E.7
i 6.25E+6 ] L41E+7 145SE+7  1.19E+6

¢-99m 3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 S.12E+3 1.10B+2
c-101 - - - - - - .
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Table 2.8
R, Vegetation Pathway Dose Factors - ADULT

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

uclide Bone Liver GI-LLI T.
u-103 4.80E+6 . - 1.83E+7 . S.61E+8 2.07E+6
u-105 5.39B+1 - . 6.96B+2 . 3.30B+4 2.13E+1
u-106 1.93E+8 . - 3.T2E+8 - 1.25E+10 2.44E+7
103m - - - - - : - -
106 - - - - - - -
g-110m 1.06E+7 9.76E+6 - 1.92E+7 - 398E+9 5.80E+6
124 1.04E+8 1.96E+6 2.52E+S5 - 8.08E+7 295E+9 4.11E+7
125 1.36E+8 1.52E+6 1.39E+5§ - 1.05E+8 1.50E+9 3.25E+7
e-125m 9.66E+7 3.50E+7 2.90B+7 3.93E+8 - 3.86E+8 1.29E+7
Te-127m 3.49E+8 1.2SE+8 8.92E+7 1.42E+9 - 1.17E+9 4.26E+7
Te-127 5.76E+3 2.07E+3 4.2TE+3 2.35E+4 - 4.54E+5 1.25E+3
Te-129m 2.55E+8 9.50E+7 8.75E+7 1.06E+9 - 1.28E+9 4.03B+7
Te-129 6.65E4 2.50E4 5.10E4 2.79E-3 - 5.02E4 1.62E4
Te-13lm  9.12E+5 4.46E+5 7.06E+S 4.52E+6 - 4.43E+7 3.T2E+S
Te-131 - - . - . - .
Te-132 4.29E+6 2.TTE+6 3.06E+6 2.67E+7 - 1.31E+8 2.60E+6
-130 3.96E+S 1.1TE+6 9.90E+7 1.82E+6 - 1.01E+6 4.61E+5
-131 8.09E+7 1.16E+8 3. 79E+10 1.98E+8 - 3.05E+7 6.63E+7
-132 5.74E+1 1.54E+2 S38E+3 2.45E+2 - 2.89E+1 S.38E+1 '
-133 2.12E+6 3.69E+6 S5.42E+8 6.44E+6 - 3.31E+6 1.12B+6
-134 1.06E4 2.88E4 5.00E-3 4.59E-4 - 2.51E-7 1.03E4
-135 4.08E+4 1.07E+5 7.04E+6 1.71E+S - 1.21E+5 3.94E+4
s-134 4.66E+9 1.11E+10 - 3.59E+9 1.19E+9 1.94E+8 9.07E+9
s-136 4.20E+7 1.66E+8 - 9.24E+7 1.27TE+7 1.89E+7 1.19E+8
s-137 6.36E+9 8.70E+9 - 2.95E+9 9.81E+8 1.68E+8 S5.70E+9
-138 . . . . . . .
-139 295E-2  2.10BE-S . 1.96B-5  1.19ES  S.23E-2  8.64E4
-140 1.29B+8  1.62B+5 . 5.49E+4 9.25E+4 2.65E+8 8.43E+6
-141 - ' - - - - - - '
-142 - - . - - - - _
-140 1.97E+3 9.92E+2 . - - 7.28E+7 2.62E+2
-142 1.40E4 6.35E-S - - - 4.64E-1 1.58E-5
e-141 1.96E+5 1.33E+S - 6.17TE+4 - SOS8E+8 1.S1E+4 ‘
e-143 1.00B+3 7.42E+5 - 3.26E+2 - 2.TTE+7 8.21E+1
e-144 3.29B+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.T7TE+6 :
-143 6.34B+4 2.54E+4 - 1.47TE+4 - 2.78E+8 3.14E+3
.144 . - . . . . .
-147 3.34E+4 3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3
-187 3.82E+4 3.19E+4 - - - 1.0SE+7 1.12B+4
p-239 1.42E+3 1.40E+2 - 4.37TE+2 - 2.87E+7 1.T2E+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(m’ x mrem/yr per uCi/sec) for others
Nuclide Bone Liver GI-L11 T.

H-3 - 2.59E+3  2.59E+3  259E+3  2.59B+3  2.59E+3  2.59E+3
C-14 1.45E+6  2.91E+5  291B+S 291E+5 291E+5 - 2.91E+S  2.91E+5
Na-24 2.45E+5  2.45E+5  245E+5 245E+5 2.4SE+5 2.4SE+S  2.45E+5
P-32 1.61E+9  9.96E+7 - . - 1.3SE+8  6.23E+7
Cr-51 - - 3.44E+4  136E+4 B8.85E+4 1.04B+7  6.20E+4
Mn-54 . 4.52E+8 . 1.35E+8 - 9.27TE+8  8.97TE+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  S.38E+7
Fe-59 1.81E+8 4.22B+8 - - 1.33E+8 9.98E+8  1.63E+8
Ce-57 - 1.79E+7 . - . 3.34E+8  3.00E+7
Co-58 . 4.38E+7 - - . 6.04E+8  1.01E+8
Co-60 - 2.49E+8 . . . 3.24E+9  5.60E+8
Ni-63 1.L61E+10 1.13E+9 - - . 1.81E+8  S5.45E+8
Ni-65 S.T3E+!  1.32E+0 - . - 3.97E+2  3.33E+0
Cu-64 . 8.40E+3 - 2.12B+4 - 6.SIE+5  3.95E+3
Zo-65 4.24E+8  1.4TE+9 - 9.41E+8 . 6.23E+8  6.86E+8
Zn-69 8.19E6 1.56E-5 - 1.02E-5 . 2.88E-5 1.09E-6
Br-82 - - . - - - 1.33B+6
Br-83 - - - - . - 3.01E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 . 2.713E+8 - . - 4.05E+7  1.28B+8
Rb-88 - - - . . - -
Rb-89 - - - - - - -
Sr-89 1.51E+10 - . - - 1.80E+9  4.33B+8
$r-90 7.51E+11 - - . . 2.11E+10 1.85B+11
Sr-91 2.99E+5 - - . - 1.36E+6  1.19B+4
Sr-92 3.97E+2 - - . . 1.01E+4  1.69E+1
Y-90 1.24B+4 - - - . 1.02E+8  3.34E+2
Y-91m 5.43E-9 . .- - . 2.56E-7 .
Y-91 7.8TE+6 - - - - 3.23E+9  2.11E+S
Y-92 8.47E-1 . - - - 2.32E+4  2.45B2
Y-93 1.63E+2 . . . . 4.98E+6 4.4TE+0
Zr-95 1.74E+6 5.49E+S - 8.07E+5 - 1.27E+9 3.78E+S
Zr-97 3.09E+2  6.11E+1 - 9.26E+1 - 1.L65SE+7  2.81E+1
Nb-95 1.2E+5  1.06E+5 . 1.03E+5 . 4.55E+8  5.86E+4
Nb-97 2.69E-6 6.67E-7 - 7.80E-7 - 1.59E-2 2.44E-7
Mo-99 - 5.74E+6 - 1.31E+7 . 1.03E+7  1.09B+6
Tc-9m  2.70E+0  7.54E+0 - 1.L1I2E+2  4.19E4+0 4.95E+3  9.7TE+1
Te-101 - - - - - - -
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Table 2.9
R, Vegetation Pathway Dose Factors - TEEN |
(mrem/yr per xCi/m’) for H-3 and C-14(m’ x mrem/yr per uCi/sec) for others |
. Nuclide Bone Liver ;m Kndne; g GI-LL1 T.g
Ru-103  6.87E+6 - . 2.42B+7 . . S.T4E+8  2.94E+6 '
Ru-105  5.00E+1 - . 6.31E+2 - 4.04B+4  1.94E+1
Ru-106  3.09E+8 . . S.97E+8 - 1.48E+10  3.90E+7
Rb-103m . . . . - . -
Rh-106 - . - - . . -
Ag-110m 1.52E+7  1.44B+7 - 2.74E+7 - 4.04E+9 8.74E+6
 sb-124 1.55E+8  2.85E+6 3.SIE+S . 1.3SE+8  3.11E+9  6.03E+7
Sb-125  2.14E+8 2.34E+6  2.04E+S5 . 1.88B+8  1.66E+9  S.00E+7
Te-125m 1.48E+8 5.34E+7 4.14B+7 - - 4.37E+8 1.98E+7
Te-127m  5.S1E+8  1.96E+8 1.31E+8 2.24E+9 . 1.37E+9  6.56E+7
Te-127  5.43E+3  1.92E+3  3.74E+3 2.20E+4 - 4.19E+5  1.17E+3
Te-129m  3.67E+8  1.36E+8  1.18E+8 1.54E+9 . 1.38E+9  S.81E+7
Te-129 6.22E4  2.32B4  445E4  2.61E-3 - 3.40E-3 1.51E4
Te-13lm 8.44E+S5S  4.05E+5 6.09E+5 4.22E+6 - 3.25E+7  3.38E+5
Te-131 ; . . . - . .
Te-132  3.90E+6 247E+6 2.60E+6 2.37E+7 . 7.82E+7 2.32E+6
I-130 3.54E+5 1.02E+6 8.35E+7 1.58B+6 - 78TE+S  4.09E+S
I-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 . 2.13B+7  S.79E+7
132 5.18B+1 1.36B+2 4.5TE+3 2.14E+2 - S91E+1 4.8TE+1
I-133 1.97TE+6  3.34E+6 4.66E+8  5.86E+6 - 2.53E+6  1.02E+6
I-134 9.59E-5 2.54E4  4.24E3  4.01E4 - 3.35E6  9.13E-S
I-135 3.68E+4 9.48E+4  6.10E+6 1.S0E+S - 1.05B+5  3.52E+4
Cs-134  7.09E+9 1.6TE+10 . 5.30E+9 2.02E+9 2.08E+8  7.74E+9
Cs-136  4.29E+7  1.69E+8 . 9.19E+7 1.45E+7  1.36E+7  1.13E+8
Cs-137  1.0IE+10 1.3SE+10 - 4.59E+9 1.78E+9 1.92E+8  4.69E+9
Cs-138 . . . - - - -
Ba-139 2.TTE-2 1.95E-5 - 1.84E-§ 1.34E-§ 2.47E-1 8.08E4
Ba-140 1.38E+8  1.69E+S - 5.75E+4 1.14E+5 2.13E+8 8.91E+6
Ba-141 - - . - - . -
Ba-142 - - - - - - -
La-140 1.80E+3  8.84E+2 - . . S.O08E+7  2.35E+2
La-142 1.28E4  S.69E-S - . - 1.73B+0  1.42ES
Co141  2.82BE+5  1.88E+S - 8.86E+4 - S.38SE+8  2.16E+4
flce-143  9.37E+2  6.82B+5 . 3.06E+2 - 2.05E+7 7.62E+1
Co-144  S27E+7  2.18E+7 - 1.30E+7 - 1.33E+10  2.83E+6
Pr-143 7.12E+4  2.84E+4 - 1.65E+4 - 2.34E+8  3.55E+3
Pr-144 . . . - - . -
Nd-147  3.63E+4  3.94E+4 . 2.32E+4 . 1.42E+8  2.36E+3
W-187 3.55E+4  2.90E+4 . . - 7.84E+6  1.02E+4
Np239  1.38E+3  1.30E+2 - 4.09E+2 . 2.10E+7  7.24E+1
|
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Table 2.10
R, Vegetation Pathway Dose Factors - CHILD
(mrem/yr per uCi/m*) for H-3 and C-14(m’* x mrem/yr per uCi/sec) for others
| Nuclide Bone Liver i j GI-LLI T. |
"{H3 - 4.01E+3 4.01B+3  4.01E+3 4.01E+3 4.01E+3 4.01E+3
C-14 3.50E+6 7.01E+S 7.01E+5 7.01B+S 7.01BE+S5 7.01E+S5S 7.01E+S
Na-24 3.83E+5 3.83B+S 3.83E+5 3.83E+5 3I.83E+S 3.83E+S 3.83E+S
P-32 3.37E+9  1.58E+8 - - - 9.30E+7 1.30E+8
Cr-51 . - 6.S4E+4  1.79B+4 1.19E+5 6.2SE+6 1.18E+S
Mn-54 - 6.61E+8 - 1.85E+8 - 5.5SB+8 1.76E+8
Mn-56 .- 1.90E+1 - 2.29E+1 - 2.75E+3 4.28E+0
Fe-55 8.00E+8  4.24E+8 - . 2.40B+8 7.86E+7 1.31E+8
Fe-59 4.01E+8 6.49E+8 - - 1.88B+8 6.76E+8  3.23E+8
Ce-57 - 2.99E+7 . - - 2.45E+8  6.04E+7
Co-58 . 6.4TE+7 - . - 3.77TE+8 1.98E+8
Co-60 - 3.78E+8 - - - 2.10E+9 1.12E+9
Ni-63 3.95E+10 2.11E+9 - - . 1.42E+8  1.34E+9
Ni-65 1.05E+2  9.89E+0 - - - 1.21E+3  5.TTE+0
Cu-64 - 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+3
Zn-65 8.12E+8  2.16E+9 - 1.36E+9 - 3.80E+8 1.35E+9
Zn-69 1.51B-§ 2.18E-5 - 1.32E-§ - 1.38B-3  2.02E6
Br-82 - - - - - . 2.04E+6
Br-83 - - - - - - 5.S5E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.52E+8 - - - 291E+7 2.78B+8
Rb-88 - - - - - . -
Rb-89 - . - . - - -
Sr-89 3.59E+ 10 - - - - 1.39E+9  1.03E+9
S$r-90 1.24E+12 - - - - 1.6TE+10 3.15E+11
Sr-91 5.50E+5 - - . . 1.21E+6 2.08E+4
Sr-92 7.28E+2 - - . - 1.38E+4 2.92E+1
Y-90 2.30E+4 - - . - 6.56B+7 6.1TB+2
Y-9lm 9.94E-9 - - - - 1.95E-5 -
Y91 1.87E+7 - - - - 2.49B+9 _ 5.01E+5
Y-92 1.56E+0 . - - . 4.51B+4  4.46E-2
Y-93 3.01E+2 . - - . 4.48E+6 8.25E+0 ||
Zs-95 3.90E+6 8.S8E+5 - 1.23B+6 - 8.95SB+8 7.64E+S5
Zr-97 5.64E+2  8.15E+1 - 1.17B+2 - 1.23E+7 4.81E+1
Nb-95 4.10E+5 1.59E+5 - 1.50E+5 . 2.95E+8 1.14E+5
Nb-97 4.90E-6 8.85E-7 - 9.82E-7 - 2.73B-1  4.13E7
Mo-99 - 7.83E+6 - 1.6TE+7 - 6.48E+6 1.94E+6
Tc-99m 4.65E+0 9.12E+0 - 1.33E+2 4.63E+0 S5.19E+3 1.S1E+2
Tc-101 - - . . . - -
e — — — |
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Table 2.10
R, Vegetation Pathway Dose Factors - CHILD
per xCi/m’) for H-3 and C-14(m’ x mrem/yr per uCi/sec) for others
Ru-103 1.55E+7 . . 3.89E+7 . 3.99E+8 S5.94E+6
Ru-105 9.17E+1 - . 8.06E+2 - S.98E+4 3.33E+1
Ru-106 7.45E+8 . . 1.01E+9 - 1.16E+10 9.30E+7
Rb-103m - - - . - - .
Rb-106 - - - - - - -
Ag-110m  3.22E+7 2.17B+7 - 4.05E+7 . 2.58E+9 1.74E+7
Sb-124 3.52E+8 4.5TE+6  7.18E+5 - 1.96E+8 2.20E+9 1.23E+8
Sb-125 4.99E+8 3.85E+6 4.62E+S . 2.78E+8 1.19E+9 1.05E+8
Te-125m  3.51E+8 9.50E+7 9.84E+7 . - 3.38E+8 4.67TE+7
Te-127m  1.32E+9  3.56E+8 3.16E+8  3.77E+9 . 1.07E+9 1.5TE+8
Te-127 1.00E+4 2.70E+3 6.93E+3  2.85E+4 - 3.91E+S 2.1SE+3
Te-129m  8.54E+8 2.39E+8 2.75E+8  2.S1E+9 R 1.4E+9  1.33E+8
Te-129 1.15E-3  3.2E4  8.2F4 3.37E-3 . 7172 2.74E4
Te-13lm  1.54E+6 S.33E+S 1.1I0E+6  S.16B+6 - 2.16E+7 S.68B+5
Te-131 - - . - - . .
Te-132 6.98E+6 3.09E+6 4.50E+6  2.87E+7 . 3.11E+7 3.73E+6
I-130 6.21E+5 1.26E+6 1.38E+8  1.88E+6 . S8TE+S 6.4TE+5
I-131 1.43E+48  1.44E+8 4.76E+10 2.36E+8 - 1.28E+7  8.18E+7
I-132 9.20E+1 1.69B+2 7.84E+3  2.59E+2 . 1.99E+2  7.TTE+1
1-133 3.50E+6 4.44E+6 8.25E+8  7.40B+6 . 1.79E+6  1.68E+6
I-134 1.710E4  3.16E4  7.28E3 4.84E-4 - 2.10E4  1.46E4
I-135 6.54E+4  1.18E+S  1.04E+7  1.81E+S - 8.98E+4 S.STE+4
Cs-134 1.L60E+10 2.63E+10 . 8.14E+9 2.92BE+9 1.42B+8  5.S4E+9
Cs-136 8.06E+7 2.22E+8 - 1.18E+8 1.76E+7 7.79E+6 1.43B+8
Cs-137 2.39B+10 2.29E+10 - 7.46E+9  2.68E+9 1.43E+8 3.38B+9
Cs-138 - - - - - - -
Ba-139 5.11E2  2.73BS - 238ES  1.61ES 295E+0  1.48E-3
Ba-140 2.TTE+8  2.43E+5 - 7.90E+4 1.45E+S 1.40E+8 1.62E+7
Ba-141 . - R . . . -
Ba-142 - - - - - - -
La-140 3.23E+3  1.13E+3 - R . 3.1SE+7 3.81B+2
La-142 2.32B4  7.40ES .- - . 14TE+1  2.32B-S
Ce-141 6.35SE+5  3.26B+S . 1.43E+5 . 4.07E+8 4.84E+4
Ce-143 1.73E+3 9.36E+5 - 3.93E+2 - 1.37B+7 1.36E+2
Co-144 1.27E+8  3.98E+7 . 2.21E+7 . 1.04E+10 6.78E+6
Pr-143 1.48E+S  4.46E+4 ] 2.41E+4 . 1.60E+8 7.37E+3
Pr-144 . - . - - - -
Nd-147 7.16E+4  5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3
W-187 6.4TE+4  3.83E+4 . . . S.38E+6 1.T2BE+4
[Np239 2.55E+3  1.83E+2 - 5.30E+2 . 1.36E+7 1.29E+2
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R; Grass-Cow-Milk Pathway Dose Factors - ADULT
(mrem/yr per pCi/m’) for H-3 and C-14(m’ x mrem/yr per uCi/sec) for others

Table 2.11

Bone Liver  Thyroid ney Lung

i H-3 - 7.63E+2 7.63E+2 7.63E+2 71.63E+2 7.63E+2
[C-14 3.63E+5 7.26E+4 7.26E+4 7.26E+4 T1.26E+4 7.26BE+4 7.26E+4
| Na-24 2.54E+6 2.54BE+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6
P-32 1.71E+10 1.06E+9 - - - 1.92E+9 6.60E+8
Cr-51 - - 1.71E+4  6.30E+3 3.80E+4 7.20E+6 2.86E+4
Mn-54 - 8.40E+6 - 2.50E+6 - 2.57TE+7 1.60E+6
Mn-56 - 4.23E-3 - 5.38E-3 - 1.35E-1 7.51E4
Fe-55 2.51E+7 1.73E+7 - - 9.6TE+6 9.95B+6 4.04E+6
Fo-59 2.98E+7 7.00E+7 - - 1.95B+7 2.33E+8 2.68E+7
Co-57 - 1.28E+6 - - - 3.25E+7 2.13E+6
Co-58 - 4.T2E+6 - - - 9.57TE+7 1.06E+7
Co-60 - 1.64E+7 - - - 3.08E+8 3.62E+7
Ni-63 6.73E+9 4.66E+8 - - - 9.73E+7 2.26E+8
Ni-65 3.70E-1 4.81E-2 - - - 1.22B+0  2.19E-2
Cu-64 - 2.41E+4 - 6.08E+4 - 2.05B+6 1.13E+4
Zn-65 1.37TB+9  4.36E+9 - 2.92E+9 - 2.75SE+9 1.97E+9
Zn-69 - - - - - - -

Br-82 - - - - - 3.T2E+7 3.25E+7
Br-83 - - - - - 1.49E-1 1.03E-1
Br-84 - - - - - - -

Br-85 - - - - - - -

Rb-86 - 2.59E+9 - - - 5.11E+8 1.21E+9
Rb-88 - - - - - - -

Rb-89 - - - - - - -

Sr-89 1.45E+9 - - - - 233E+8 4.16E+7
Sr-90 4.68E+10 - - - - 1.35E+9 1.15E+10
Sr-91 3.13B+4 - - - - 1.49BE+5 1.27E+3
Sr-92 4.89E-1 - - - - 9.68E+0  2.11E-2
Y-90 7.07TE+1 - - - - 7.50E+5 1.90E+0
Y-91m - - - - - - -

Y-91 8.60E+3 - - - - 4.73E+6 2.30E+2
Y-92 5.42B-5 - - - - 9.49E-1 1.58E-6
Y-93 2.33E-1 - . - - - 7.39E+3  6.43E-3
Zr-95 9.46E+2  3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2
Zr-97 4.26E-1 8.59E-2 - 1.30E-1 - . 2.66BE+4 3.93E-2
Nb-95 8.25E+4 4.59E+4 - 4.54E+4 - 2.79E+8 2.47E+4
Nb-97 - - - ' - - 5.4TE-9 -

Mo-99 - 2.52E+7 - 5.T2E+7 - 5.85E+7 4.80E+6
Tc-99m 3.25E+0 9.19E+0 - 1.40E+2 4.50E+0 S.44E+3 1.1TE+2
Tc-101 - - - - - - -
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Table 2.11
. Ry Grass-Cow-Milk Pathway Dose Factors - ADULT
l (mrem/yr per xCi/m”) for H-3 and C-14(m’ x mrem/yr per xCi/sec) for others
Ru-103 3.89E+3 1.19E+5 4.39E+2
l Ru-105 8.5TE4 . - 1.11E-2 . 5.24E-1  3.38E4
Ru-106 2.04E+4 . . 3.94E+4 . 1.2E+6 2.58E+3
Rb-103m . - - . . . -
l Rh-106 - - - - - . -
Ag-110m  S5.83E+7 S5.39E+7 . 1.06E+8 R 2.20E+10 3.20E+7
Sb-124 2.5TE+7 4.86E+5 6.24E+4 . 2.00E+7 731E+8 1.02E+7
l_ Sb-125 2.04E+7 2.28E+5S 2.08E+4 - 1.58E+7 2.25B+8 4.86E+6
Te-125m  1.63E+7 S5.90E+6 4.90E+6 6.63E+7 . 6.50E+7 2.18E+6
Te-127Tm  4.58E+7 1.64E+7 1.17TE+7 1.86E+8 - 1.54E+8  5.S8E+6
l Te-127 6.T2E+2 2.41E+2 4.98E+2 2.74E+3 - 5S.30E+4 1.45E+2
Te-129m  6.04E+7 2.25E+7 2.08E+7 2.52E+8 . 3.04E+8 9.5TE+6
Te-129 . . . . . . .
Te-13lm  3.61E+5 1.77E+S 2.80E+5 1.79E+6 . 1.75E+7 1.4TE+S5
l Te-131 ; - . . . - -
Te-132 2.39E+6 1.55E+6 1.71E+6 1.49E+7 . 7.32E+7 1.45E+6
, 1-130 426BE+5 1.26E+6 1.07E+8 1.96E+6 . 1.08E+6 4.96E+S
l I-131 2.96E+8 4.24E+8 1.39E+11 7.27TE+8 - 1.12E+8 2.43E+8
1132 1.64E-1  437E-1  1.53E+1  6.97B-1 - 8.22E-2  1.53E-
” 1-133 3.97E+6 6.90E+6 1.01E+9 1.20E+7 - 6.20E+6 2.10E+6
I-134 - - - . . . .
1135  1.39E+4 363E+4 240E+6 5.83E+4 . 4.10E+4 1.34E+4
Cs-134 5.6SE+9 1.34E+10 . 4.35E+9 144E+9 2.35E+8 1.10E+10
l Cs-136 2.61E+8  1.03E+9 . 5.74E+8 7.87E+7 1.17TE+8 7.42E+8
Cs-137 7.38E+9 1.01E+10 - 3.43E+9 1.14E+9 1.95E+8 6.61E+9
Cs-138 - - - - - - .
l Ba-139 4.70E-8 . - - - 8.34E8  1.38E9
Ba-140 2.69E+7 3.38E+4 LISE+4  1.93E+4  SS4E+7  LT6E+6 ||
Ba-141 . . . - . - -
l Ba-142 - - - - - - -
La-140 4.49E+0 2.26E+0 . . R 1.66E+5  5.97E-1
La-142 . - : . . 3.03E8 -
Co-141 4.84B+3 3.27B+3 - 1.52E+3 . 1.25E+7 3.71B+2
l Co-143 4.19B+1 3.09B+4 - 1.36E+1 . 1.16E+6 3.42E+0
Co-144 3.58B+5 1.S0E+5S - 8.87TE+4 . 1.21E+8  1.92E+4 |
Pr-143 1.59E+2  6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0
l Pr-144 - - - . - . .
Nd-147 9.42B+1 1.09E+2 . 6.3TE+1 - 5.23E+5 6.52E+0
w-187 6.S6E+3  S.48E+3 . - . 1.80E+6 1.92E+3
l Np-239 3.66E+0  3.60E-1 - 1.12E+0 - 7.39E+4  1.98E-1
l Rev. 8
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Table 2.12
R, Grass-Cow-Milk Pathway Dose Factors - TEEN
(mrem/yr per uCi/m") for H-3 and C-14 (m* x mrem/yr per uCi/sec) for others
LNuclide Bone Liver Th GI-LLI T.
H-3 . 9.94E+2 9.94E+2 994E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5  1.34E+5 1.34E+5 1.ME+5 1.M4E+5 1.34B+5 1.34E+S5
Na-24 4.44E+6 4.44E+6 4.44E+6 444E+6 4.44E+6 4.44E+6 4.44E+6
P-32 3.15E+10 1.95E+9 . . R 2.65E+9 1.22E+9
Cr-51 - - 2.78E+4 1.10E+4  7.13E+4  8.40E+6 S.00E+4
Mn-54 - 1.40E+7 - 4.1TE+6 . 2.87E+7 2.78E+6
Mn-56 . 7.51E-3 - 9.50E-3 . 4.94E-1  1.33E3
Fe-55 4.45E+7  3.16E+7 . . 2.00E+7 1.37B+7 7.36E+6
Fe-59 5.20E+7  1.21E+8 - . 3.82E+7 2.87E+8 4.68E+7
Co-57 - 2.25E+6 - - - 4.19E+7  3.76E+6
Co-58 - 7.95E+6 . - - 1.10E+8 1.83E+7
Co-60 - 2.78E+7 . - - 3.62E+8 6.26E+7
Ni-63 1.18E+10 8.35E+8 . . . 1.33E+8 4.01E+8
Ni-65 6.78E-1 8.66E-2 - - . 4.70E+0  3.94E-2
Cu-64 - 4.29E+4 - 1.09E+5 - 3.33E+6_ 2.02E+4 |
Zn-65 2.11E+9  7.31E+9 . 4.68E+9 - 3.10E+9 3.41E+9 |
Br-82 - - - . - . 5.64E+7
Br-83 - - - - - . 1.91E-1
Br-84 - - - - - - .
Br-85 - - . . . . -
Rb-86 - 4.T3E+9 - - . 7.00E+8  2.22E+9
Rb-88 . . - - - - -
Rb-89 . . . . - - -
Sr-89 2.67E+9 - - - - 3.18B+8  7.66E+7
Sr-90 6.61E+10 . . - . 1.86E+9 1.63E+10
Sr-91 5.75E+4 - - . - 2.61E+5 2.29E+3
Sr-92 8.95E-1 - . - - 2.28B+1  3.81E2
Y-90 1.30E+2 . - - . 1.07E+6 3.50E+0
Y-91m - - - - - - -
Y-91 1.58E+4 . . . . 6.48E+6 4.24E+2
Y-92 1.00E4 - . . . 2.7SE+0  2.90E-6
Y-93 4.30E-1 . . . - 1.31E+4  1.18E-2
Zr-95 1.65E+3 5.22E+2 - 7.6TE+2 - I1.20E+6 3.59E+2
Zr-97 7.75E-1 1.53E-1 - 2.32E-1 - 4.1SE+4  7.06B-2
Nb-95 1.41E+5 7.80E+4 - 7.5TE+4 - 3.34E+8 4.30E+4
Nb-97 - - . - - 6.34E8 .
Mo-99 . 4.56E+7 - 1.04E+8 - 8.16E+7 8.69E+6
Tc-99m S.64E+0  1.57TE+! . 234E+2 8.73E+0 1.03B+4 2.04E+2
Tc-101 - - - - . - -
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Table 2.12
R, Grass-Cow-Milk Pathway Dose Factors - TEEN

(mrem/yr per xCi/m’) for H-3 and C-14 (m’* x mrem/yr per uCi/sec) for others
{ Nuclide Liver B
Ru-103 1.81E+3 - - 6.40E+3 . 1.52E+5 7.75BE+2
Ru-105 1.57E-3 - . 1.97E-2 - 1.26E+0  6.08E4
Ru-106 3.75E+4 - - 7.23E+4 . 1.80E+6 4.73E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  9.63E+7 9.11E+7 - . 1.74E+8 .- 2.56E+10 5.54E+7
Sb-124 459E+7 8.46E+5 1.04E+5S - 4.01E+7 9.25E+8 1.79E+7
Sb-125 3.6SB+7 3.99E+5 3.49E+4 - 3.21E+7 2.84E+8 8.54E+6
Te-125m 3.00E+7 1.08E+7 8.39E+6 - . 8.86E+7 4.02E+6
Te-127m 8.44E+7 2.99E+7 2.01E+7 3.42E+8 - 2.10E+8  1.00E+7
Te-127 12dE+3 4.41E+2 8.59E+2 5.04E+3 - 9.61E+4 2.68E+2
Te-129m 1.11E+8  4.10E+7 3.5TE+7 4.62E+8 - 4.15E+8 1.75E+7
Te-129 - - - 1.6TE-9 - 2.18E-9 -
Te-131m 6.STE+S 3.15E+5 4.74E+S  3.29E+6 - 2.53E+7 2.63E+5
Te-131 - - - - - - -
Te-132 4.28E+6 2.71IE+6 2.86E+6 2.60E+7 - 8.58E+7 2.55E+6
I-130 7.49E+5 2.17TE+6 1.77TE+8 3.34E+6 - 1.67TE+6 8.66E+5
1131 538E+8 7.53E+8 2.20E+11 1.30E+9 . 1.49E+8  4.04E+8
1132 2.90E-1 7.59E-1  2.56E+1 1.20E+0 - 331E1 2.72E-l
I-133 7.2dE+6 1.23E+7 1.T2E+9 2.15E+7 - 9.30E+6 3.75E+6
I-134 - - - - - . -
I-135 24TE+4 6.35E+4 4.08E+6 1.00E+S 7.03E+4 2.35E+4
Cs-134 9.81E+9 2.31E+10 - 7.34E+9 2.80E+9 2.8TE+8 1.07E+10
Cs-136 4.45E+8 1.75E+9 - 9.53E+8 1.50E+8 1.41E+8 1.18E+9
Cs-137 1.34E+10 1.78E+10 - 6.06E+9  2.35E+9 2.53E+8 6.20E+9
Cs-138 - . - - - . -
Ba-139 8.69E-8 - - - - 7.75E7  2.53E9
Ba-140 4.85E+7 5.95B+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6
Ba-141 - - - - - - -
Ba-142 - S - - - - -
La-140 8.06E+0 3.96E+0 - - - 2.27TE+5 1.05E+0
La-142 . . - . - 2.23E-7 .
Ce-141 8.87TE+3  5.92E+3 . 2.79E+3 - 1.60E+7 6.81E+2
Ce-143 7.69E+1 5.60E+4 - 2.51E+1 - 1.68E+6 6.25E+0
Ce-144 6.S8E+5 2.72E+S5 - 1.63E+5 - 1.66E+8 3.54E+4
Pr-143 292E+2  1.17TE+2 . 6.77E+1 . 9.61E+5 1.45E+1
Pr-144 - - - . - - -
Nd-147 1.81E+2 1.9TE+2 . 1.16E+2 . 7.11E+5 1.18E+1
W-187 1.20E+4 9.78E+3 - . - 2.65E+6 3.43E+3
Np-239 6.99E+0  6.59E-1 - 2.07E+0 - 1.06E+5  3.66E-1
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Table 2.13

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

(mrem/yr per uCi/m’) for H-3 and C-14 (m’ x mrem/yr per xCi/sec) for others
Nuclide Bone Liver _Thyroid Kidney  Lung Bod
H-3 . 1.STE+3 1.5TE+3 1.5TE+3 1.57E+ 1.5TE+3 .
C-14 1.65E+6 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+S  3.20E+5
Na-24 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
P-32 7.7TE+10  3.64E+9 . - . 2.1SE+9  3.00E+9
Cr-51 - - 5.66E+4  1.55B+4  1.03E+5 5.41E+6 1.02E+S
Mn-54 - 2.09E+7 - 5.87E+6 - 1.76E+7 5.58E+6
Mn-56 . 1.31E2 - 1.58E-2 - 1.90E+0  2.95E-3
Fe-SS 1.12E+8  S.93E+7 - . 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8  1.95E+8 - . 5.65E+7 2.03E+8 ~ 9.71E+7
Co-57 - 3.84E+6 - - - 3.14E+7  7.77E+6
Co-58 - 1.21E+7 R - - 7.08E+7 3.T2E+7
Co-60 . 4.32E+7 - . . 2.39E+8  1.27E+8
Ni-63 2.96E+10  1.59E+9 . . - 1.07TE+8  1.01E+9
Ni-65 1.66E+0  1.S6E-1 . - . 1.91E+1  9.11E-2
Cu-64 . 7.55E+4 - 1.82E+5 - 3.54E+6 4.56E+4
Zn-65 4.13E+9 1.10E+10 - 6.94E+9 . 1.93E+9  6.85E+9
Zn-69 . . - . . 2.14E-9 -
Br-82 . . . . . . 1.1SE+8
Br-83 - - - . - . 4.69E-1
Br-84 - - - - - - -
Br-85 - R - . - - .
Rb-86 . 8.77E+9 - . . 5.64E+8 5.39E+9
Rb-88 . . - . . - -
Rb-89 - - - . . - .
Sr-89 6.62E+9 . . . - 2.56E+8  1.89E+8
Sr-90 1.I2E+11 . . - . 1.51E+9 2.83E+10
Sr-91 1.41E+S5 . . - . 3.12E+5 5.33E+3
Sr-92 2.19E+0 - . . . 4.14E+1  8.76E-2
Y-90 3.22E+2 - - - . 9.15E+5 8.61E+0
Y-91m - - - - - - -
Y-91 3.91E+4 R . R - 521E+6 1.04E+3
Y-92 2.46E4 - - - . 7.10E40  7.03E-6
Y-93 1.06E+0 . . . . 1.5TE+4  2.90E-2 |
Zr-95 3.84E+3 B8.45E+2 - 1.21B+3 . 8.81E+5 7.52E+2
Zr-97 1.89E+0  2.72E-l - 3.91E-1 - 4.13E+4  1.61E-1
Nb-95 3.18E+5  1.24E+5 - 1.16E+5 . 2.29E+8 8.84E+4
Nb-97 . . . ) . 1.45E-6 -
Mo-99 - 8.29E+7 . 1.7TTE+8 . 6.86E+7 2.05SE+7
Tc-99m 1.29E+1  2.54E+1 - 3.68E+2 1.29E+1 1.44E+4 4.20E+2
Tc-101 - - - - - . -
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Table 2.13
R, Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per xCi/m’) for H-3 and C-14 (m’ x mrem/yr per uCi/sec) for otbers

Nuclide Bone Liver __ Thyroid _ Kidn g GI-LLI Bod

Ru-103 4.29E+3 .- .- 1.08E+4 . 1.11E+5 1.65E+3

Ru-105 3.82E-3 - - 3.36E-2 - 2.49E+0  1.39E-3

Ru-106 9.24E+4 - - 1.25E+5 - 1.44E+6 1.15E+4

Rh-103m - - - - - . -

Rhb-106 - - - - . . .

Ag-110m  2.09E+8 1.41E+8 - 2.63E+8 .- 1.68E+10 1.13E+8

$b-124 1.09E+8 1.41E+8 2.40E+S5 . 6.03E+7 6.79E+8 3.81E+7

Sb-125 8.70E+7 1.41E+6 8.06E+4 . 4.85E+7 2.08E+8 1.82E+7

Te-125m  7.38B+7 2.00E+7 2.07E+7 - - 7.12E+7 9.84E+6

Te-127m  2.08E+8 S.60E+7 4.9TE+7 5.93E+8 - 1.68E+8 2.47E+7

Te-127 3.06E+3 8.25E4+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2

Te-129m  2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8 4.23E+7

Te-129° - . - 2.87E-9 - 6.12E-8 -

Te-131m 1.60E+6 5.53E+S5 1.14E+6 S.35E+6 . 2.24E+7 5.89E+5

Te-131 - - - - - - -

Te-132 1.2E+7 4.52E+6 6.58E+6 4.20B+7 - 4.55E+7 5.46E+6

1-130 1.7SE+6 3.54E+6 3.90E+8  5.29E+6 . 1.66E+6 1.82E+6

1-131 1.30E+9 1.31E+9 4.34E+11 2.1SE+9 - 1.17TE+8  7.46E+8

1132 6.86E-1  1.26E+0 S5.85E+1 1.93E+0 . 1.48E+0  5.80E-1 |

I-133 1.76E+7  2.18E+7 4.04E+9 3.63E+7 . 8.77E+6 8.23E+6 }

I-134 - - . - - - -

1135 S.84E+4 1.05E+5 9.30E+6 I1.61E+5 - 8.00E+4 4.9TE+4

Cs-134 2.26E+10 3.71E+10 - 1.1SE+10 4.13E+9 2.00E+8 7.83E+9

Cs-136 1.00E+9  2.76E+9 - 1.4TE+9  2.19E+8 9.70E+7 1.79E+9

Cs-137 3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.93E+8 4.55E+9

Cs-138 . . . - - - -

Ba-139 2.14E-7 . . - - 1.23E5  6.19E9

Ba-140 1.1TE+8  1.03E+S - 3.34E+4  6.12E+4 S5.94E+7 6.84E+6

Ba-141 - - - . . - .

Ba-142 - - - - - - -

La-140 1.93E+1  6.74E+40 - - - 1.88E+5 2.27TE+0

La-142 - - - - . 2.51E6 -

Ce-141 2.19E+4  1.09E+4 . 4.78E+3 . 1.36E+7 1.62E+3 |

Ce-143 1.89E+2  1.02E+5 - 4.29E+1 - 1.50E+6 1.48E+1

Co-144 1.62E+6  5.09E+5 - 2.82E+5 - 1.33E+8  8.66E+4

Pr-143 7.23E+2  2.1TE+2 - 1LITE+2 - 7.80E+5 3.59E+1

Pr-144 . - . . - - .

Nd-147 4.45E+2  3.60E+2 - 1.98E+2 . 5.71E+5 2.79E+1

w-187 291E+4 1.T2E+4 - - . 2.42E+6 7.73E+3

Np-239 1L 2E+1 _1.23E+0 - 3.5TE+0 - 9.14E+4  8.68E-1
\
|
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Table 2.14
- R, Grass-Cow-Milk Pathway Dose Factors - INFANT

(mrem/yr per xCi/m’) for H-3 and C-14 (m* x mrem/yr per xCi/sec) for others
Nuclide Bone Liver é i : GI-LLI T.
H3 - 2.38E+3  2.38E+3  2.38E+3  2.38E+3  2.38E+3  2.38E+43
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5S 6.89E+5 6.89E+S
Na-24 1.61E+7  1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7
P-32 1.60E+11 9.42E+9 - - . 2.17E+9  6.21E+9
Cr-51 - - 1.05E+5  2.30E+4 2.05E+5 4.71E+6 1.61E+S
Mn-54 - 3.89E+7 - 8.63E+6 - 1.43E+7 8.83E+6
Mn-56 - 3.21E2 - 2.76E-2 - 291E+0  5.53E-3
Fe-55 1.3SE+8  8.T2B+7 . . 42TE+7 1.11E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.88E+8 1.5SE+8
Co-57 - 8.95E+6 . - - 3.0SE+7 1.46E+7
Co-58 . 2.43E+7 - . . 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - . 2.10E+8 2.08E+8
Ni-63 3.49E+10 2.16E+9 - . - 1.07E+8 1.21E+9
Ni-65 3.51E+0  3.97E-1 - - . 3.02E+1  1.81E-1
Cu-64 - 1.88E+5 - 3.17TB+S5 - 3.85E+6 8.69E+4
Zn65 S.SSE+9 1.90E+10 - 9.23E+9 . 1.61E+10 8.78E+9
Zn-69 . . - - - 7.36E-9 -
Br-82 - - - - . - 1.94E+8
Br-83 - . - . . . 9.95E-1
Br-84 - - - - - - -
Br-85 . . - - . - -
Rb-86 . 2.22E+10 - - . 5.69E+8 1.10E+10
Rb-88 - - - . - . -
Rb-89 - - - - - - -
Sr-89 1.26E+10 - - - - 2.59E+8 3.61E+8
Sr-90 1.22E+11 - - - . 1.52E+9 3.10E+10
Sr-91 2.94E+5 . - - . 3.48E+5 1.06E+4
Sr-92 4.65E+0 - - - . S.OIE+1  1.73E-l
Y-90 6.80E+2 . - - - 9.39E+5 1.82E+1
Y-91m - - - - - - -
Y-91 7.33E+4 - - - - 5.26E+6 1.95E+3
Y-92 5.22E4 . - . . 9.97E+0  1.47E-S
Y-93 2.25B+0 - - - - 1.78E+4  6.13E-2
Zs-95 6.83E+3  1.66E+3 - 1.79E+3 - 8.28E+5 1.I18E+3
Zr-97 3.99B+0  6.85E-1 - 6.91E-1 - 4.37E+4  3.13E-
Nb-95 S93E+5 2.44E+S5 - 1.75E+5 . 2.06E+8 1.41E+5
Nb-97 - - - . - 3.70E-6 -
Mo-99 - 2.12E+8 - 3.17E+8 . 6.98E+7 4.13E+7
Tc-99m 2.69E+1 5.55E+1 - S9TE+2 2.90E+! 1.61E+4 7.1SE+2
Tc-101 - - - - - - -
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" Table 2.14
R, Grass-Cow-Milk Pathway Dose Factors - INFANT

l (mrem/yr per 4Ci/m’) for H-3 and C-14 (m* x mrem/yr per uCi/sec) for others
Nuclide Bone Liver __ Thyroid __Kidney Lung GLLLI _ T.Body |
, Ru-103 8.69E+3 ] . 1.81E+4 - LOSE+5 2091E+3
l Ru-105 8.06E-3 . ] 5.92E-2 3 3.21E4+0  2.71E3
Ru-106 1.90E+5 ; 3 2.25E+5 ; 1.44E+6 2.38E+4
Rb-103m . ; . . ) ] ]
Rh-106 : : ; ] : ] ]
l Ag-110m  3.86E+8 2.82E+8 . 4.03E+8 ; 1.46E+10 1.86E+8
Sb-124 2.09E+8 3.08E+6  5.56E+S5 . 131E+8  6.46E+8  6.49E+7
Sb-125 1.49E+8  1.45B+6  1.87E+S . 9.38E+7 1.99E+8 3.07E+7
I Te-125m  1.5IE+8 S.04E+7 S.07E+7 . ; 7.18E+7  2.04E+7
Te-127m  4.21E+8 1.40E+8 122E+8  1.04E+9 ; 1.70E+8  5.10E+7
Te-127 6.50E+3 2.18E+3 5.29E+3 1.59E+4 - 1.36E+5 1.40E+3
l Te-129m  S.S9E+8 1.92E+8 2.1SE+8  1.40E+9 3 3.34E+8  8.62E+7
Te-129 2.08E-9 . 1.75E9  S.18E9 ; 1.66E-7 .
Tel3lm  3.38E+6 1.36E+6 2.76E+6 9.35E+6 . 2.29E+7 1.12E+6
l Te-131 - - . . . . .
Te-132  2.10E+7 1.04E+7 1.54E+7 6.51E+7 ; 3.85E+7 9.T2E+6
1130 3.60E+6 7.92E+6 8.88E+8 8.70E+6 - L70E+6 3.18E+6
1131 2T2E+9  3.21E+9 1.05E+12 3.75SE+9 - LISE+8 1.41E+9
l 1132 1.42E+0 2.89E+0 1.35SE+2  3.22E+0 -~ 234BE+0 1.03E+0
- 1133 3.12E+7  S4IE+7 9.84E+9  6.36E+7 ; 9.16E+6 1.58E+7
134 ) ; 1.01E-9 ; ] ] ]
1135 1.21E+5 2.41E+5 2.16E+7 2.69E+5 = - 8.74E+4  8.80E+4
Cs-134 3.65E+10 6.80E+10 ] 17SE+10  7.18E+9  1.85E+8 6.8TE+9
Cs-136 1.96E+9  S5.7TTE+9 ; 2.30E+9 4.70E+8 8.76E+7  2.1SE+9
l Cs-137 5.15E+10 6.02E+10 ] 1.62E+10 6.55E+9  1.88E+8 4.27E+9
Cs-138 - - ; 3 3 ] -
Ba-139 4.55E-7 ] 3 . . 2.88E-5  1.32E8
l Ba-140 2.41E+8  2.41E+5 ] S5.T3E+4  1.48E+5 S.2E+7  1.24E+7
Ba-141 . ; 3 . . ] .
Ba-142 ; : : 5 - ; .
l La-140 4.03E+1 1.59E+1 - 3 ; 1.8TE+5 4.09E+0
La-142 ] ; . . ] 5.21E6 .
' Co-141 4.33E+4 2.64E+4 . 8.15E+3 - 1.37E+7 3.11E+3
l Ce-143 4.00E+2 2.65E+5 ] 1.72B+1 ; 1.55E+6  3.02E+1
Co-144 2.33E+6  9.52E+5 : 3.85E+5 ; 1.33E+8  1.30E+5
Pr-143 149E+3  5.59E+2 ; 2.08E+2 ; 789E+5 7.41E+1
Pr-144 . . ; ] . . -
l Nd-147 8.82E+2 9.06E+2 ; 3.49E+2 ] 5.74E+5 5.55E+1
W-187 6.12E+4  4.26E+4 . . . 2.50B+6 1.4TE+4
l Np-239 3.64E+1  3.25E+0 5 6.49E+0 ] 9.40E+4  1.84E+0
l Rev. 8
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Table 2.15
R, Ground Plane Pathway Dose Factors
(m* x mrem/yr per uCi/sec)
Nuclide | An; g
Sb-124 2.87E+9
Sb-125 6.49E+9
Te-125Sm 1.55E+6
Te-127m 9.17E+4
Te-127 3.00E+3
Te-129m 2.00E+7
Te-129 2.60E+4
Te-131m 8.03E+6
Te-131 2.93E+4 i
Te-132 4.22E+6
I-130 5.53E+6
1-131 1.72E+7
1-132 1.24E+6
1-133 2.4TE+6
1-134 4.49E+5
I-135 2.56E+6
Cs-134 6.75E+9
Cs-136 1.49E+8
Cs-137 1.04E+ 10
Cs-138 3.59E+5
Ba-139 1.06E+5
"Ba-140 2.05B+7 1
Ba-141 4.18E+4
Ba-142 4.49E+4
La-140 1.91E+7
La-142 7.36E+5
Ce-141 1.36E+7
Ce-143 2.32E+6
Ce-144 6.95E+7
Pr-143 -
Pr-144 1.83E+3
Nd-147 8.40E+6
W-187 2.36E+6 i
Np-239 1.71E+6 ﬂ
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3/4 RADIOLOGICAL EFFLUENT SPECIFICATIONS AND SURVEILLANCE
REQUIREMENTS

3/4.0 APPLICABILITY AND SURVEILLANCE REQUIREMENTS

SPECIFICATIONS

3.0.1
3.0.2

3.03

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

NomompﬁmwithlSpeciﬁcmMemwhenmmqmmMusocmmdACﬂON
requirements are not met within the specified time intervals. If the Specification is restored prior to
expiration of the specified time intervals, completion of the Action requiremeats is not required.

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

SURVEILLANCE REQUIREMENTS

4.0.1
4.0.2

4.03

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

Each Surveillance Requirement shall be performed within the specified time uurval with

Failure to perform a Surveillance Requirement within the specified time interval shall constitute

a failure to meet the OPERABILITY requirements for a Specification. Exceptions to these
teqmmmsmsmodmthemdlvulual Specification. Surveillance Requirements do not have to be
performed on inoperable equipment.

Rev. 8
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3/4.1 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

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

APPLICABILITY

ACTION

During release via the monitored pathway.

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

With less than the minimem mrmber 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 pext Radicactive Effluent Release
Report why the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

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

Rev. 8
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3/4.2 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

3.2

The radioactive gaseous effluent monitoring instrumentation channels shown in Table 3.2; shall

be OPERABLE with their alarm/trip setpoints set to ensure that the limits of Specification 3.4.1: are
not exceeded. The alarm/trip setpoints of these channels shall be detsrmined in accordance with the
methodology in sect of the ODCM.

APPLICABILITY

As shown in Table 3.2,

ACTION

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

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

SURVEILLANCE REQUIREMENTS

4.2

Each radioactive gaseous offluent monitoring instrumentation channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the frequencies shown in Table
42.

BASIS
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3/4.3 LIQUID EFFLUENTS

" CONCENTRATION

SPECIFICATIONS

3.3.1  The concentration of radioactive material released in liquid efflueats to UNRESTRICTED AREAS

shall be limited to the concentrations specified in 10 CFR Part 20, Appendix B, Table I, Column 2
for radionuclides other than dissolved or entrained noble gases. For dissolved or entrained noble
gases, the concentration shall be limited to 2 x 10* uCi/ml total activity.

APPLICABILITY
During release via the monitorad pathway.
ACTION

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

SURVEILLANCE REQUIREMENTS

4 3.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the sampling and analysis
program of Table 4.3:,

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

BASIS

- __'586-93 (1968) ard Bntwen
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DOSE
SPECIFICATIONS
3.3.2  The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive materials
in liquid effluents released to UNRESTRICTED AREAS shall be limited:
a. Duringanycalendnrqmnertoleuthanor@nltol.Smremstothetotalbodyandtoless
than or equal to 5 mrems to any organ, and .
b. DminganycalendnryeutoIeuthanoreqmltoeremsto!hetotalbodyamltolessthm
or equal to 10 mrems to any organ.
APPLICABILITY
At all times.
~ ACTION
a. With the calculated dose from the release of radioactive materials in liquid effluents exceeding any of

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

SURVEILLANCE REQUIREMENTS

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

: Rev. 8
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LIQUID RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.33

ACTION

4.3.3

The liquid radwaste trestment system es described in the ODCM shall be used to reduce the radioactive
materials in liquid wastes prior to their discharge whea the projected doses, dus to the liquid effluent,
to UNRESTRICTED AREAS would exceed 0.18 mrem to the total body or 0.62 mrem to any organ
in a calendar quarter. :

APPLICABILITY

At all times.

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

1. Explanation of why liquid mdwasts was being discharged without treatment, ideatification of
any inoperable equipmeat or subsystems, and the reason for the inoperability,

2. Action(s) taken to restore the inoperable equipment to OPERABLE status, and

3. Summary description of action(s) taken to prevent a recurreacs.

SURVEILLANCE REQUIREMENTS

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

Rev. 8
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3/4.4 GASEOUS EFFLUENTS

DOSE RATE
SPECIFICATIONS

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

a. For noble gases: Less than or equal to 500 mrems/yr to the total body and less than or equal
to 3000 mrems/yr to the skin, and
b. For iodine-131, iodine-133, tritium, and for all radiopuclides in particulate form with half
lives greater than 8 days: Less than or equal to 1500 mrems/yr to any organ.
APPLICABILITY
At all times.
ACTION
a. With the dose rate(s) exceeding the above limits, without delay restore the release rate to within the
above limit(s).

SURVEILLANCE REQUIREMENTS

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

4 4.1.2 The dose rate due to iodine-131, iodine-133, tritium, and all radionuclides in

: particulate form with half lives greater than 8 days in gaseous effluents shall be determined to be within
the above limits in accordance with the methodology and parameters in the ODCM by obtaining
representative samples and performing analyses in accordance with the sampling and analysis program
specified in Table 4.4,

BASIS
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DOSE - NOBLE GASES
SPECIFICATIONS

3.4.2  The air dose due to noble gases released mgmefﬂuenu to areas nan'lbeyond!he
: SITE BOUNDARY shall be limited to the following:

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

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

APPLICABILITY
At all times.

ACTION

a. With the calculated air dose from radioactive noble gases in gaseous effluents exceeding any of tbe
above limits, in liew of a Licensee Event Report, prepare and submit to the Commission within 30 days,
pursuant to TS 6.9.5.3, a Special Report that identifies the cause(s) for exceeding the limit(s) and

defines the corrective actions that heve been taken to reduce the releases and the proposed corrective
actions to be taken to assure that subsequent releases will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

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

Rev. 8
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atmospheric conditions.

DOSE - lODI‘NE-ISII. IODINE-133, TRITTUM AND RADIONUCLIDES IN PARTICULATE FORM

SPECIFICATIONS

3.43  The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133, tritium, and all radionuclides
in particulate form with half-lives greater than 8 days in gaseous effluents released to areas_at and
beyond tbe SITE BOUNDARY shall be limited to the following:

a. Durmg any calendar quarter: Lees than or equal to 7.5 mrems to any organ and,
b. During any calendar year: Less than or equal to 15 mrems to any organ.
APPLICABILITY
At all times.
ACTION
a. With the calculated dose from the release of iodine-131, iodine-133, tritium, and radionuclides in

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

SURVEILLANCE REQUIREMENTS

4.43  Cumulative dose contributions for the current calendar quarter and current calendar year for

' iodine-131, iodine-133, tritium, and radiomuclides in particulate form with half lives greater than 8 days
shall be determined in accordance with the metbodology and parameters in the ODCM once per 31
days.

BASIS

Evahutmg ComphmcewnthCFRPutSO Appndal.'
MethodsforEsanmgAtmospbmc Ttmpoﬂﬂ :

- groates
radmx&bpnﬂ:waynom,mamsnmdbeyond!he S!TBBOUNDAR ‘The pathy
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GASEOUS RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.44  The GASEOUS RADWASTE TREATMENT SYSTEM and the VENTILATION EXHAUST

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

APPLICABILITY

At all times.

ACTION

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

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

2. Action(s) taken to restore the moperable equipment to OPERABLE status, and

3. Summary description of action(s) taken {o prevent a recurrence.

SURVEILLANCE REQUIREMENTS

4.4.4  Doses due to gaseous releases from areas at and heyond the SITE BOUNDARY shall be
' projected once per 31 days in accordance with the methodology and parameters in the ODCM.

ials in’ gaseous effhients will be kept "as
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3.5

ACTION

I

4.5.1

45.2

3/4.5 TOTAL DOSE

SPECIFICATIONS

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

APPLICABILITY

At all times.

With the calculated doses from the release of radioactive materials in liquid or gaseous effluents
exceeding twice the limits of Specification 3.3.2.a, 3.3.2.b, 3.4.2.a, 3.4.2.b, 3.4.3.a, or 3.4.3.b,
calculations should be made including direct radiation contributions from the reactor unit to determine
whether the above limits have been exceeded. If such is the case in lieu of a Licensee Event Report,

prepare and submit to the Commission within 30 days, pursuant to TS 6.9.b.3, a special report that
defines the corrective action to he taken to reduce subsequent releases to prevent recurrence of
exceeding the above limits and includes the schedule for achieving conformance with the above limits.

This special report as defined in 10 CFR 20.2203, shall inchude an analysis that estimates the radiation
exposure (dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources, including all
effluent pathways and direct radiation, for the calendar year that includes the release(s) covered by this
repert. It shall also describe levels of radiation and concentrations of mdioactive material involved,

and the cause of the exposure levels or concentrations. If the estimated dose(s) exceeds the above
limits, and if the release condition resulting in violation of 40 CFR Part 190 has not already been
corrected, the special report shall include a request for a variance in accordance with the provisions
of 40 CFR Part 190. Submittal of the report is considerad a timely request, and a variance is granted
until staff action on the request is complete.

SURVEILLANCE REQUIREMENTS

Cumulative dose contnhmons from hqud and gaseous effluents shall be determined in ,
accordance with Strvi s 4.3.2, 4.4.2, and 4.4.3 i in accordance with the
methodology and pnnmeun in the ODCM.

Cumulative dose contributions from direct mdiation from the reactor unit shall be determined in
accordance with the methodolegy and pammetem in the ODCM. This requirement is applicable only
under conditions set forth m Specification 3.5.a:.

L e
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3/46 REPORTING REQUIREMENTS

3/4.6;3 Radioactive Effluent Release Report

The Radioactive Effluent Release Report shall include the following:

A summary of the quantities of radioactive liquid and gaseous effluents and solid waste
released from the unit following the format of Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radioactivity in Solid Wastes and Releases of Radioactive
Materials in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear Power Plants,*
Revision 1, June 1974.

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

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

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

Any changes made during the reporting period to the ODCM.
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TABLE 3.1;
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

Mini
Instrument Channels Action
' Operable

Release

b.

1. Gross Radioactivity Monitors Providing Alarm and Automatic Termination of

Liquid Radwaste Efftuent Line (R-18)

Steam Generator Blowdown Effluent Line (R-19)

a.

2. Gross Beta or Gamma Radioactivity Moaitors Providing Alarm But Not
Providing Automatic Termination of Release

Service Water System Effluent Line 1 3
(Component cooling, R-20)

Service Water System Effluent Line 1 3

ACTION 1 -

ACTION 2 -

ACTION 3 -

uCi/mi:

(Containment fan cooling, R-16)

With the oumber of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, offlucnt releases may continue providod that prior to initiating a
release:

a. At least two independent samples are analyzed in accordance with $
Re of 4.3.1.1 jand

b. At least two technically qualified members of the Facility Staff independently verify the
release rate calculations and discharge line valving;

Otherwise, suspend release of radioactive effluents via this pathway.

With the pumber of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided grab samples
mamlyudforgroundloawv:ty(beuorgam)nllowerhmtofdeuamoflOE-6

a. At least once per week with no indication of primary-to-secondary leakage; or

b. At least once per 24 hours with identified primary-to-secondary leakage (with secondary
side activity > 1.0E-05 uCi/ml)

With the oumber of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, efflucnt releases via this pathway may cootinue previdod that, at least
once per 12 bours, grab samples are collected and analyzed for gross radioactivity (beta or
gamm)atalowerhm:tofdetectmoflOMuCn/ml {(Note: Failure to complete sampling and
analysis prior to 12 bours after the monitor is declared 0.0.S. is a violation of this specification).
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TABLE 3.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
(PAGE 1 OF 2)
Minimum
Chanpels
Instrument - Operable Applicability Action
Noble Gas Activity Monitor
a. R-13 or R-14 1 .
- Waste Gas Holdup System 4
(auto-isolation)
- Auxiliary Building Veatilation System 5
- Containment Purge 2" line 6
(auto-isolation)
b. R-12 or R-21 1 .
- Containment purge 36" duct 6
(auto-isolation)
c. R-15 1 . 5
- Condenser Evacuation System
Radioiodine & Particulate Samplers
a. Containment Building vent (R-21) 1 7
b. Auxiliary Building veat (R-§36it RZ14) 1 7
Sampler flow rate measuring devices
a. Containment Building vent sampler:{R:2§) 1 8
b. Auxiliary Building vent (B3 v R-14 1 _ 8
At all times
Rev. 8
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TABLE 3.2 :
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
(PAGE 2 OF 2)

ACTION 4 - With!hommbetofcﬁannehOPERABLElusthmrequhndby!hoMinimmehmnﬁh

ACTION S -

ACTION 6 -

ACTION 7 -

.ACTION 8 -

TABLE NOTATIONS

OPERABLE requiremeat, the contents of the tank(s) may be released to the environment
provided that prior to initiating the release:

a. At least two independent samples of the tank's contents are analyzed, and
b. At least two technically qualified members of the Facility Staff independeatly verify the
release rate calculations and discharge valve lineup;

Otherwise, suspend release of radioactive offluents via this pathway.

With the pumber of channels OPERABLE less than required by the Minimum Channels }
OPERABLE requirement, efflucot releases via this pathway may continue provided grab samples
are taken at least once per 12 bours and these samples are analyzed for gross activity within 24
hours.

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

With the pumber of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via the affected pathway may continue provided
samples are continuously collected with auxiliary sampling equipment as required in Table 4.4.

With the sumber of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided the flow rate
is estimated at least once per 4 bours.

Rev. 8
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FREQUENCY NOTATION
Notation Frequency'

S Once per shift

St Once per 12 hours

D Once per 24 hours

w Once per 7 days

M Once per 31 days

Q Once per 92 days
SA Once per 184 days

R Once per refueling cycle, not to exceed 18 months
P Prior to each reactor startup if not done previous week
PR Completed prior to each release
N.A. Not applicable

A maximum extension not to exceed 25% of the surveillance interval.

3-16
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TABLE 4.1
- RADIOACTIVE LIQUID EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS
Channel
. Channel | Source | Channel Functional
Instrument Check Check | Calibration Test

Gross Radioactivity Monitors Providing Alarm and
Automatic Termination of Release
a. Liquid Radwaste Effluent Line (R-18) D PR R
b. Steam Generator Blowdown Effluent Line D M R Q

R-19) :
Gross Beta or Gamma Radioactivity Monitors
Providing Alarm But Not Providing Automatic
Termination of Release
a. Service Water System Efflueat Line D M R Q

(Component cooling, R-20)
b. Service Water System Effluent Line D M R Q

(Containment fan cooling, R-16)

Rev. 8
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TABLE 4.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

: Modes
Channel In Which
l Channel | Source | Channel | Functional | Surveillance
Instrument Check Check Calibration Test Required
l 1. Noble Gas Activity Monitor
a. R-13 or R-14
l Waste Gas Hokdup PR PR R Q .
’ System (auto-isolation)
Auxiliary Building D M R Q .
l Veatilation System
Containment Purge 2 D M R Q .
l line (auto-isolation)
b. R-12 or R-21
l Containment purge 36" D PR R Q .
duct (auto-isolation)
p c. R-15
Condenser Evacuation D M R Q .
System
l 2. Radioiodine Particulate Samplers
l a. Containmeot Building w N.A. N.A. N.A. .
veat (R-21)
w N.A N.A N.A .
b. Auxiliary Building vent
| R-13 86 RTD)
3. Sampler Flow Rate Measuring
Devices
a. Containment Building D N.A. R Q .
l veat samplor (R21) ~
l b. D N.A. R Q *
I * At all times other than when the line is valved out and tagged.
l Rev. 8
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TABLE 4.3
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
Page 10f2
Lower Limit of
Detection
Sampling Minimum Type of Activity @LLD)
Liquid Release Type Frequeacy Analysis Analysis (uCi/ml)
Frequeacy
A.  Batch Waste Release PR PR Principal Gamma 1x10*
~ Tanks® Each Batch Each Batch Emitters*
k131 1x10*
PR M H-3 1x10°*
Each Batch Composite’ Gross Alpha 5x107
PR Q | sr89 59 5x10*
Each Batch Composite Fe-55 1x10%
B. Continuous Releases® w w .
(SG Blowdown) Grab Sample Grab Sample incipal Gamma 5x107
(TB Sump®) Emitters*
I-131 Ix10*
w M H-3 1x10°®
Grab Sample Composito’ Gross Alpha 5x107
w Sr-89, Sr-90 5x10?
Grab Sample |  Composite’ | Fe-55 1x10° _J
Rev. 8
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TABLE 4.3
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 of 2 S

Table Notations

 LLD is the a pror lower limit of detection as defined above, as uCi per unit mass or vohune,

The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive material
in a sample that will yield a not count, above system background, that will be detected with 95% probability
with only 5% probability of falsely concluding that a btank observation represents a "real” signal.

For a particular measurement system, which may include radiochemical separation:

LLD = 4.66 s,
E*V*222X10°*Y * exp (-AAY)

Where:

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

E is the counting efficiency, as counts per disintegration,

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

2.22x10° xs the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when apphcable,

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

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

It sbould be recognized that the LLD is defined as an a priori (before the fact) limit representing the capability
of a measurement system and pot as an g posteriorj (after the fact) limit for a particular measurement.

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

The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Mbn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, Cs-134, Cs-137, Ce-141, and Ce-144. This list
does not mean that only these nuclides are to be considered. Other gamma peaks that are identifiable, together
with those of the above nuclides, shall also be analyzed and reported in the Redioactive Effluent Release
Report pursuant to TS 6.9.b.2. - ’

A composite sample is one in which the quantity of liquid sampled is preportional to the quantity of liquid
waste discharged and in which the method of sampling employed results in a specimen that is representative of
the liquids released.

A continuous release is the discharge of liquid wastes of a nondiscrete volume, e.g., from a volume of a
system that has an input flow during the continuous release.

As a minimum, the monthly and quarterly composite samples shall be comprised of weekly grab samples. ||

Rev. 8
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TABLE 4.3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Page 2 of 2

Table Notations

During periods of ideatified primary-to-secondary leakage (with the secondary activity > 1.0E-05 uCi/mi),

grab samples are collected daily and analyzed by gamma spectroscopy.

TABLE 4.4
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
' Page [ of 2
Lower Limit
Minimum of Detection
Sampling Analysis Type of Activity (LLD)"
Gaseous Release Type Frequency Frequency Analysis (uCi/ml)
A.  Waste Gas Storage Tank PR PR Principal Gamma 1x10*
Each Tank Each Tank Emitters®
Grab Sample
B.  Containment PURGE PR PR Principal Gamma 1x10*
Each PURGE Each Purge Emitters®
Grab Sample
C.  Auxiliary Building and M M Principal Gamma 1x10*
Containment Building Grab Sample Emitters®
Vent
Continuous® w 1-13] 3x10™7
Charcoal
Sample
Continuous® w Principal Gamma 1x10™"
Particulate Emitter”
Sample (1-131, others)
Continuous* M Gross Alpha 1x10™"
Composite
Particulate
Sample
Continuous® Q SR-89, SR-90 Ix1o"
Composite
Particulate
Sample
Continuous® Noble Gas Noble Gases 1x10*
Momntor Gross Beta or Gamma
Rev. 8
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TABLE 4.4:
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 OF 2 :

Table Notations

The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive
material in a sample that will yield a net count, above system background, that will be detected with 95%
probability with only 5% probability of falsely conchuding that a blank observation represents a “real®
signal.

For a particular measurement system, whicb may include radiochemical separation:

LLD = : 4,66 5,
E*V*222X10°*Y *exp (-AAt)

Where:
LLD is the g priod lower limit of detection as defined above, as uCi per unit mass or volume,

s, 18 the standard deviation of tbe background counting rate or of the counting rate of a blank sample as
appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,

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

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

Y is the fractional radiochemical yield, when applicable,

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

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

it should be recognized that the LLD is defined as an a priori (before the fact) limit representing the

capability of a measurement system and not as an 3 posteriori (after the fact) limit for a particular
measurement.

The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54,
Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144 for particulate emissions.
This list does not mean that only these nuclides are to be considered. Other gamma peaks that are
identifiable, together with those of the above nuclides, shall also be analyzed and reported in the
Radioactive Effluent Release Report pursuant to TS 6.9.5:2.

The ratio of the sample flow rate to the sampled flow stream flow rate shall be known (based on sampler
and veatilation system flow measuring devices or periodic flow estimates) for the time period covered by
each dose or dose rate calculation made in accordance with Sgiﬁwions 3.4.1,3.4.2, and 3.4.3..
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APPENDIX A
TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS -

LIQUID RADIOACTIVE EFFLUENTS

A-1

Rev. 8
10/20/97



& " T T T " "é "

APPENDIX A

Technical Basis for Effective Dose Factors -
‘Liquid Effluent Releases

The radioactive liquid effluents for the fuel cycle years 1983, 1982 and 1981 were evaluated to
determine the dose contribution of the radionuclide distribution. This analysis was performed to
evaluate the use of a limited dose analysis for determining environmental doses, providing a
simplified method of determining compliance with the dose limits of Specification 3.3.2.; For
the radionuclide distribution of effluents from the Kewaunee Nuclear Power Plant, the controlling
organ is either the GI-LLI or the liver. The calculated GI-LLI dose is almost exclusively dictated
by the Nb-95 releases; the liver dose is mostly a function of the Cs-134 and Cs-137 releases. The
radionuclides, Co-58, Co-60, Sr-90, Cs-134 and Cs-137 contribute essentially all of the calculated
total body dose. The results of this evaluation are presented in Table A-1.

For purposes of simplifying the details of the dose calculational process, it is conservative to
identify a controlling, dose significant radionuclide and limit the calculational process to the use
of the dose conversion factor for this nuclide. Multiplication of the total release (i.e., cumulative
activity for all radionuclides) by this dose conversion factor provides for a dose calculational
method that is simplified while also being conservative.

For the evaluation of the maximum organ dose, it is conservative to use the Cs-134 dose
conversion factor (7.09E+05 mrem/hr per uCi/ml, liver). Only the reactor-generated
radionuclide Nb-95 has a higher dose conversion factor (1.51E+06 mrem/hr per uCi/ml,
GI-LLI). However, since Nb-95 releases are typically less than 5% of the total releases, it is
conservative to use the Cs-134 factor. By this approach, the maximum organ dose will be
routinely overestimated. For 1983, using this simplified conservative method would overestimate
the maximum organ dose by a factor of 85; for 1982, the conservatism is a factor of 35; and for
1981, a factor of 21. -

For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per »Ci/mi, total
body) is the highest among the identified dominant nuclides. For 1981, using this simplified
conservative dose calculational method would overestimate the total body dose by a factor of 26,
for 1982, the conservatism is a factor of 50; and for 1983, a factor of 34.

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

Total Body
1.
cw
Rev. 8
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where:

D, = dose to the total body (mrem)

Acs1u s = 5.79E+05, total body ingestion dose conversion factor for Cs-134
(mrem/hr per xCi/ml)

VOL = volume of liquid effluent released (gal)

iC, | = total concentration of all radionuclides (xCi/ml)

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

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

Substituting the value for the Cs-134 total body dose conversion factor, the equation simplifies
to:

. STEQS X VOL , g ¢

D A2
u, W (A.2)
Maximum Organ
1.67E-02 x VOL x A,
D, = Co-4L c A3
max W xXC (A-3)
where:
Do, = maximum organ dose (mrem)
AC:-I;M,L = 7.09E+05, liver ingestion dose conversion factor for Cs-134 (mrem/hr per
uCi/ml)
Substituting the value for A, ;3 ;.. the equation simplifies to:
1.18E+04 x VOL »
D, = o A4

Only the total body dose need be evaluated by this simplifled method since it represents the more
limiting (compared with the maximum organ dose) for demonstrating comphance with
Specification 3.3.2.

Tritium is not included in the limited analysis dose assessment for liquid releases, because the
potential dose resulting from normal reactor releases is negligible. The average annual tritium
release from the Kewaunee Nuclear Plant to Lake Michigan is approximately 300 curies. The
calculated total body dose from such a release is 1.36E-02 mrem/yr via the fish ingestion and

Rev. 8
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drinking water pathways. This amounts to 0.45% of the design objective dose of 3 mrem/yr.
Furthermore, the release of tritium is a function of operating time and power level and is
essentially unrelated to radwaste system operation.

_ : Rev. 8
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Fish and Drinking Water Pathways

Appendix A

Table A-1

Adult Dose Contributions

1983-84 Fuel Cycle 1982-83 Fuel Cycle 1981-82 Fuel Cycle
Radio- Release B GI-LLI Liver Release B GI-LLI Liver Release TB GI-LLI Liver
" Nuclide (Ci) Dose Dose Dose (Ci) Dose Frac.  Dose Dose (Ci) Dose  Dose Dose
Frac. Frac. Frac. Frac. Frac. Frac. Frac. Frac.
Co-58 5.91E0l 0.01 0.02 he 2.27E01 0.01 0.18 e 8.51E-01 0.01 0.37 .
Co-60 1.29E-01 he 0.01 he 2.36E-01 0.02 0.49 0.01 3.66E-01 0.01 0.43 e
Ag-110m 8.41E-02 e he he 1.57E-01 he he he . 2.06E-02 e . .
Sb-124 9.46E-02 he he he 3.78E-03 he he e 2.88E-02 he e .
Sb-125 4.60E-02 * * * - 8.06E-03 * * * 2.07E-02 i * .
Nb-95 3.91E-02 he 0.96 he 3.67E-04 . 0.24 e N/D e .
Cs-137 3.24E-02 0.64 0.01 0.69 2.08E-02 0.94 0.09 0.96 5.53E-02 0.62 0.14 0.68
Cs-134 1.06E-02 0.35 e 0.31 4.52E-04 0.03 he 0.03 1.93E-02 0.37 0.06 0.32
Total 1.03E+00 6.53E-01 1.36E+00
*Less than 0.01
N/D = not detected
Rev. 8
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APPENDIX B

Technical Bases for Effective Dose Factors -
Gaseous Radioactive Efflueuts

Overview

The evaluation of doses due to releases of radioactive material to the atinosphere can be simplified
by the use of effective dose transfer factors instead of using dose factors which are radionuclide
specific. These effective factors, which can be based on typical radionuclide distributions of
releases, can be applied to the total radioactivity released to approximate the dose in the
environment (i.e., instead of having to perform individual radionuclide dose analyses only a single
multiplication (K4, M4 Or N,y times the total quantity of radioactive material released would be
needed). This approach provides a reasenable estimate of the actual dose while eliminating the
need for a detailed calculational technique.

L ination of Effective Dose F

Effective dose transfer factors are calculated by the following equations:

w =2 (K xf) B.1)
where:
Kg = the effective total body dose factor due to gamma emissions from all noble gases
released
K, = the total body dose factor due to gamma emissions from each noble gas
radionuclide i released
f, - = the fractional abundance of noble gas radionuclide i relative to the total noble gas
activity
L+11M,=3"(L, +1.1M)xFf) (B.2)
where:
L + 1.1 M)y = the effective skin dose factor due to beta and gamma emissions from
all noble gases released
C.+1.1M) = the skin dose factor due to beta and gamma emissions from each noble gas
radionuclide i released

Rev. 8
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My,=3 (Mxf) (B.3)
where: |
My = the effective air dose factor due to gamma emissions from all noble gases released
M; = the air dose factor due to gamma emissions from each noble gas radionuclide i

released

Ng=3 (Nxf) (B.4)
where:

Ng = the effective air dose factor due to beta emissions from all noble gases released
N, = the air dose factor due to beta emissions from each noble gas radionuclide i
released

Normally, it would be expected that past radioactive effluent data would be used for the
determination of the effective dose factors. However, the noble gas releases from Kewaunee have
been maintained to such negligible quantities that the inherent variability in the data makes any
meaningful evaluations difficult. For the years of 1981, 1982 and 1983, the total noble gas
releases have been limited to 6 Ci for 1981, 56 Ci for 1982, and 167 Ci for 1983. Therefore, in
order to provide a reasonable basis for the derivation of the effective noble gas dose factors, the
primary coolant source term from ANSI N237-1976/ANS-18.1, "Source Term Specifications, "
has been used as representing a typical distribution. The effective dose factors as derived are
presented in Table B-1.

licat

To provide an additional degree of conservatism, a factor of 0.50 is introduced into the dose
calculational process when the effective dose transfer factor is used. This conservatism provides
additional assurance that the evaluation of doses by the use of a single effective factor will not
significantly underestimate any actual doses in the environment.

For evaluating compliance with the dose limits of Specification 3.4.2¢, the following simplified
equations may be used:

y=3'17E-08xX/QxM.,X£Q, (B.5)
0.50

Dp=-3'107L50-08xX/QxN.,x£Q, (B.6)

: Rev. 8
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where:

Dy = air dose due to gamma emissions for the cumulative release of all noble
gases (mrad)

D, = air dose due to beta emissions for the cumulative release of all noble gases
(mrad)

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

M4 = 5.3E+02, effective gamma-air dose factor (mrad/yr per uCi/m"®)

N.q = 1.1E+03, effective beta-air dose factor (mrad/yr per uCi/m")

Qi = cumulative release for all noble gas radionuclides (uCi)

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

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

Combining the constants, the dose calculational equations simplify to:

Dy =35E-05xXQ x } Q ®B.7)
and
D, = 70E-05x X/Q x }J' Q (B.8)

The effective dose factors are used on a very limited basis for the purpose of facilitating the timely
assessment of radioactive effluent releases, particularly during periods of computer malfunction
where a detailed dose assessment may be unavailable. Dose assessments using the detailed,
radionuclide dependent calculation are performed at least &i@iilly for preparation of the

. Radioactive Effluent Reports. Comparisons can be performed at this time to assure that the use

of the effective dose factors does not substantially underestimate actual doses.
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APPENDIX B
-
. Table B-1
Effective Dose Factors - Noble Gases
Total Body Effective Skin Effective
Dose Factor Dose Factor
K, L+1.1M),
Radionuclide f, (mrem/yr per xCi/ma”) (mrem/yr per sCi/m’)
Noble Gases - Total Body and Skin
Kr-85 0.01 - 1.4E+01
Kr-88 0.01 1.5E+02 1.9E+02
Xe-133m 0.01 2.5E+00 1.4B+01
Xe-133 0.9 3.0E+02 6.6E+02
Xe-135 0.02 3.6E+01 7.9E+01
TOTAL 4.8E+02 9.6E+ 02
Noble Gases - Air
Gamma Air Effective Beta Air Effective
Dose Factor Dose Factor
M, Nga

Radionuclide f, (mrad/yr per uCi/m’) (mrad/yr per uCi/m’)
Kr-85 0.01 - 2.0E+01
Kr-88 0.0t 1.5E+02 2.9E+01
Xe-133m 0.0t 3.3E+00 1.5E+401
Xe-133 0.95 3.4E4+02 1.0E+03
Xe-135 0.02 3.8E+401 49E+0]
TOTAL 5.3E+02 1.1E4+03

BS
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Appendix C

Evaluation of Conservative, Default MPC Value
for Liquid Effluents

In accordance with the requirements of Specification 3.1: the radioactive liquid effluent monitors
shall be operable with alarm setpoints established to ensure that the concentration of radioactive
material at the discharge point does not exceed the MPC value of 10 CFR 20, Appendix B, Table
II, Column 2. The determination of allowable radionuclide concentration and corresponding alarm
setpoint is a function of the individual radionuclide distribution and corresponding MPC values.

In order to limit the need for routinely having to reestablish the alarm setpoints as a function of
changing radionuclide distributions, a default alarm setpoint can be established. This default
setpoint can be conservatively based on an evaluation of the radionuclide distribution of the liquid
effluents from Kewaunee and the effective MPC value for this distribution.

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

C,
MPC, - L_ (C.1H)
i
MPC,
where:
MPC, = an effective MPC value for a mixture of radionuclide (uCi/ml)
C, = concentration of radionuclide i in the mixture
MPC, = the 10 CFR 20, Appendix B, Table II, Column 2 MPC value for radionuclide i

(«Ci/ml)

Based on the above equation and the radionuclide distribution in the effluents for past years from
Kewaunee, an effective MPC value can be determined. Results are presented in Table C-1.

Based on the annual radionuclide distributions, the most limiting effective MPC was for the
calendar year 1983, with a calculated value of 3.8E-05 »Ci/ml. For conservatism in establishing
the alarm setpoints, a default effective MPC value of 1.0E-05 nCi/ml was selected. The overall
conservatism of this value is reaffirmed for future releases considering that 1.0E-05 nCi/ml is
more restrictive than the individual MPC values for the principal fission and activation products
of Co-58, Co-60 and Cs-137 and is only slightly higher than the 9.0E-06 »Ci/ml MPC value for
Cs-134.
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In 1992, Table C-1 was updated to include data from 1984 through 1991. The default effective
MPC value of 1.0E-05 uCi/ml previously established was reaffirmed as being a conservative
value. Note that the 1984 through 1991 data includes more nuclides than previous years data.
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Appendix C
Table C-1
Calculation of Effective MPC
Activity Released (Ci)

Nuclide MPC (4Ci/ml) 1976-1981 Avg. 1982 1983
Sr-89 3E-06 1.0E-03 3E-05 2E-04
Sr-90 3E07 2.5E-04 SE-05 1.2E-04
Nb-95 1E-04 5.4E-03 2.4E-03 2.5E-03
I-131 3E07 1.9E-02 - 3E-05
133 1E-06 7.4E-04 - 2B-05
Cs-136 6E-05 5.2E-04 - -
Cs-137 2B-05 5.TE02 4.TE02 2.1E02
Cs-138 - 1.2E-04 - -
Ba-140 2E-05 4.5E04 - 6E-06
Mn-54 1E-04 4.5E-02 9E-03 3.6E-03
Co-57 4E-04 3.1E-04 1.7TE-04 1.8E-04
Co-58 9E-05 5.5E-01 8.1E-01 2.1E-01
Co-60 3B-05 1.6E-01 3.7E-01 2.0B-01
Sb-124 2B-05 3.4E-02 3E-02 3.8B-03
Sb-125 1E-04 3.4E02 1.8E-02 8.4E-03
Cr-51 2E-03 4.6E-02 1E.02 2.8E-03
Ag-110m 3E05 4.3E02 1.5E01 7.2E02

~ Na-24 3B-05 9.7E-03 1B-05 8.3E-04
Fe-59 SE-05 6.1E-04 4.4B-04 8E-05
Sn-113 8E-05 6.1E-04 1E-04 8E-05
Zr-95 6E-05 2.2E-03 8E-04 4E-04
Total 1.09 1.46 0.53
Ci 9.2E+04 3.2E+04 1.4E+04
MPCi
MPC, (uCi/ml) 1.2B05° 4.6B-05 3.8E-05
Rev. 8
C4 10120/97



Table C-1 (con't) - Calculation of Effective MPC

Appendix C

Activity Released (Ci)

Nuclide MPC :
(4Ci/ml) 1984 1985 1986 1987 1988
Na-24 3.0E-05 1.42E-03 6.90E-03 $.85E-04 6.16E-04 3.08E-04
Cr-51 2.0E-03 2.57E-03 2.94E-02 4.08E-02 2.02E02 8.36E-03
Mn-54 1.0E-04 6.06E-03 8.53E-03 1.94E-03 3.37E-03 4.87E-03
Fe-55 8.0E-04 7.45E-03 $.24E-02 1.21E01 7.23E02
Mn-56 1.0E-04 8.38E-05
Co-57 4.0E-04 9.47E-04 2.19E-04 1.01E-04 8.03E-05 3.55E-04
Co-58 9.0E-0S 5.78E-01 2.69E-01 1.92E-01 1.86E-01 2.63E-01
Fe-$9 5.0E-05 3.62E-04 3.36E02 1.03E-02 $.02E-03 1.94E-02
Co-60 3.0E-0$ 1.03E-01 1.41E-01 6.32E-02 4.62E02 6.22E-02
Ni-63 3.0E-05 2.24E-02
Sr-89 3.0E-06 2.05E-03 1.40E-04 4.61E-05 6.77E-08
Sr-90 3.0E07 2.59E-04 3.48E-05 1.54E-05 3.79E-06
Nb-95 1.0E-04 1.23E-03 1.83E-02 2.20E-03 $.32E-03 1.36E-05
Zr-95 6.0E-05 7.30E-04 1.05E-02 6.89E-04 2.36E-03 9.53E-04
Nb-97 1.0E-04 3.91E02
Zr-97 2.0E-05 3.55E-04
Mo-99 4.0E-05
Ru-103 8.0E-05
Ag-110m 3.0E-08 8.33E-02 3.82E02 2.97E-02 8.43E-02 2.32E02
Sa-113 8.0E-0S 1.77E-03 3.85E-03 1.27E-03 1.43E-03 7.88E-04
So-117m 3.0E-06
Sb-122 3.0E-0$ 1.91E-04 4.48E-04
Sb-124 2.0E-05 9.51E-02 3.95E-02 2.74E-02 2.92E-02 1.52E-02
Sb-125 1.0E-04 4.73E-02 3.07E02 1.83E-02 2.25E-02 1.15E-02
131 3.0E-07 4.44E-0$ 3.04E-04 : 1.31E-04 1.33E-03
132 8.0E-06 3.44E-05 1.88E-04
I-133 1.0E-06 4.12E03 3.64E-05 $.76E-04 2.62E-04
Cs-134 9.0E-06 1.31E-02 $.62E-03 6.51E-04 2.06E-04 1.7SE-03
1-134 2.0E-0S 1.40E-03
I-i35 4.0E-06 4.31E-04 2.60E-05
Cs-136 6.0E-05 1.92E-04
Cs-137 2.0E-08 2.04E-02 2.4E02 3.63E-03 2.97E-03 7.91E-03
Cs-i38 3.0E06 8.01E-04
Ce-139 3.0E-06 3.28E07
Ba-140 2.0E-03
La-140 2.0E-08 7.32E-05 4.07E-05 2.09E-04 2.63E-05
Ce-144 1.0E-05 9.01E-06
W-187 6.0E-05
Total 1.01E+400 6.28E-01 ' 4.23E01 $.33E01 4.83E-01
Activity
(Ci)
MPCe 4.39E-05 4.19E-05 5.24E-05 5.37E-0$ 3.94E-08
(uCi/ml) :
Rev. 8
C-5 10/20/97



Table C-1 (con't) - Calculation of Effective MPC

Appendix C

Activity Released (Ci)

Nuclide MPC
(sCiml) 1989 1990 1991
Na-24 3.0E-05 5.12E-05 1.53E-05 3.58E-05
Cr-51 2.0E-03 9.59E-04- 2.02E02 1.38E-02
Mo-54 1.0E04 $.71SE-03 2.85E-03 2.34E-03
Fe-55 8.0E-04 1.54E-01 1.53E-02 4.07E-02
Mn-56 1.0E-04
Co-57 4.0E-04 6.67E-04 4.16E-05 1.97E-04
Co-58 9.0E-05 4.58E-01 8.79E-02 1.01E-0!
Fe-59 $.0E-05 4.18E03 3.05E-03 3.68E-03
Ce-60 3.0E-05 9.12E02 3.36E-02 3.45E02
Ni-63 3.0E-05
Sr-89 3.0E-06 2.12E-06
$r-90 3.0E07
Nb-95 1.0E-04 1.43E-02 S.73E-03 4.87E-03
Zr-95 6.0E-05 1.00E-02 3.97E03 3.07E-03
Nb-97 1.0E-04
Zr-97 2.0E-05 3.98E-04 1.17E-04 6.21E-05
Mo-99 4.0E-05 3.16E-07
Ru-i03 8.0E-05 - 6.95E-06
Ag-110m 3.0E-05 6.12E-02 1.92E-02 1.31E02
So-113 8.0E-05 4.38E-03 2.36E-03 1.93E-03
So-117m 3.0E-06 7.21E-05
Sb-122 3.0E-05 5.69E-02 1.83E-05 1.48E-04
Sb-124 2.0E-05 1.22E02 1.90E-03 2.10E-03
Sb-125 1.0E-04 9.04E-03 2.47E03 2.61E-03
1-131 3.0E-07 1.45E-03
1-132 8.0E-06
1-133 1.0E-06
Cs-134 9.0E-06 7.47E03 6.92E-04 1.49E-04
1-134 2.0E-05
1-135 4.0E-06
Cs-136 6.0E-05
Cs-137 2.0E-08 6.25E-03 8.02E-04 1.95E-04
Cs138 3.0E-06
Ce-139 3.0E-06
Ba-140 2.0E-05
La-i40 2.0E-05 2.49E-04
Ce-144 1.0E-05 :
W-187 6.0E-05 9.02E-04 6.87E-04 1.83E-04
Total Activity 9.00E-01 2.01E-01 2.25E-01
(Ci)
MPCe 4.62E-05 6.16E-05 7.06E-05
(uCi/mi) )
C-6
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Appendix D
Site Maps

Plant drawing A-408, "Radiological Survey Site Map" depicts the site area by illustrating the site
boundary and the restricted areas. The area within the site boundary but outside the restricted area
is considered the onsite unrestricted area. Plant drawing A-449, "Plan of Plant Area, Fence,
Lighting, and CCTV Support Structure” shows the layout of the site buildings. Much of the land
located within the unrestricted area is used for recreational or agricultural purposes. The pier, at
the liquid discharge of the plant, is often occupied by fishermen. Occupancy factors for this
location is estimated to be five fishermen per day. The pier is open to the public from 4 AM to
11 PM. Admittance hours are posted. The school forest is most often visited by the Kewaunee
County school system for educational purposes. It is estimated that 250 students visit this area

Figure D-1 presents the locations and elevations of radioactive effluent release points at the plant.
The plant drawings referenced above are not included as part of the ODCM but can be found in
the plant drawing system.

Rev. 8
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APPENDIX E
Onsite Disposal of Low-Level Radioactively

Contaminated Waste Streams
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October 17, 1991

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

Gentlemen:

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

Disposal of Low Level Radigactive Matenal

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

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

WPSC requested the State of Wisconsin Department of Natural Resources (WDNR) to review
the disposal options for the service water pretreatment lagoon sludges. In reference 3, ihe
WDNR completed a review of the most appropriate on site disposal methods for the slightly
contaminated service water pretreatment lagoon sludges. The two proposed methods that the
WDNR evaluated included in-situ capping of the sludge in the wastewater treatment lagoon and
on site landspreading. In Attachment |, Appendix A, WPSC evaluated the on site landspreading




Document Control Desk
October 17, 1991
Page 2

~ application which is our preferred disposal method. WPSC does not intend to utilize the in-situ
capping of the sludge in the lagoon at this ime. However, in the letter the WDNR agreed that

either disposal method was acceptable provided:

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

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

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

member of my staff.

Sincerely; ' —

CA debore Al

C. A. Schrock
Manager - Nuclear Engineering

""" TTTé¢ "

DJM/jms
Attach.

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

Dated

October 17, 1991
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Document Control Desk
October 17, 1991
Attachment 1, Page 1

- References 1) Letter from K. H. Evers to Document Control Desk dated September
| 1, 1989.

NRC Question #1
On page 4 of your submittal, the average input to the Sewage Treatment

System is approximately 11,000 gallons per day. In the Final Environmental
Statement, this system is to be operated below its design capacity of 9,000
gallons per day. Discuss this deviation from the design capacity, and provide

information to justify the higher output for this system.

WPSC Response -
The original Sewage Treatment System installed at the Kewaunee Nuclear

Power Plant (KNPP) was replaced in 1986 with a higher capacity system. The |
original system was designed for an onsite work force of around 150 people.

It was a limited capacity aerobic treatment system which included the onsite
lagoon for additional retention. Because of this limited capacity and more
stringent conditions on system effluent to Lake Michigan, an aerobic digester
system was installed, which has a higher capacity, and uses current

technology.

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

required to accommodate these new facilities.



Document Control Desk
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The current volumes of sewage sludge were used as the basis for the potential
dose analysis and corresponding radionuclide concentration limits. This
increase has no significant effect on the dose modeling. (Refer to the response

to NRC Question #2, below.)

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

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

WPSC Response
The dose pathway modeling used for determining the radioactive matenal

concentration limits was based on NRC modeling. The computer code
IMPACTS-BRC was used as the basis for calculating the potential doses from
the alternative disposal methods. This modeling includes reasonable

" """"""¢"

conservative exposure pathway scenarios for the various disposal methods.

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

any contaminated materials at a fraction of the allowable concentration limits

for the alternative disposal.

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

materials with levels of radioactive material above the concentration limits



N
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Atachment 1, Page 3

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

controlled.

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

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

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

than one).

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

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

- Disposal location

. Deséription of waste

- Shipment/disposal date

- Waste volume |

- Radionuclide concentrations (gamma emitters)

- Year-to-date radionuclide activity . |

- Year-to-date waste volume

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

- Waste identification

- Sample gamma spectroscopy results

- Identified radionuclide concentrations and total activity

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

(onlookers along route).

WPSC Response
The potential exposure to the general public (onlookers along route) is
modeled by the IMPACTS-BRC code. As addressed in NUREG/CR-3585,

this modeling is based on an integration of the source strength, an assumed
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population density along route and vehicular speed. For a conservative
evaluation of the potential exposure to the general public from the transport of

2 was assumed. This

the KNPP waste, a population density of 610 persons/mi
value is conservative for the KNPP site area where the average population
density is less than 53 persons/miz.. A transport distance of 45 miles was
assumed. The IMPACTS-BRC modeling assumes five (5) tons of matenial are
transported per shipment. For the assumed KNPP waste volume, this
shipment weight translates into a total of 167 shipments per year. With a
vehicular speed of 20 miles per hour, the resuitant total population exposure
time is 375 person-hours per year. At the concentration limits established for
 the alternative disposal, the potential onlooker doses during transport will be
less than 0.01 person-rem_per year. For the modeling of the exposure to the

transport worker, the IMPACTS-BRC model assumes two drivers per vehicle.

4

As presented in the September 12, 1989 submittal, the maximum dose to the
driver is less than 1 mrem per year (<0.001 rem/yr). Therefore, the total
collective dose to the transport workers will be twice the individual dose, i.e.,

""" """""é¢ -

less than 0.002 person-rem. Including the population dose of <0.01 person-
rem per year, the total collective dose to both the transport workers and the
population is less than 0.02 person-rem (0.002 person-rem + 0.0l person-rem
< 0.02 person-rem).

For the disposal of the existing 15,000 ft3 of contaminated sludges, the
population dose due to the transportation of the waste is calculated to be
0.0002 person-rem. The estimated collective exposure to the transport worker
is 0.00007 person-rem. The total collective dose due to transport of the waste

is 0.00027 person-rem.
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~ Additional Potential Disposal Method

The Wisconsin Department of Natural Resources has requested Wisconsin
Public Service to examine the feasibility of land application of the lagoon
sludges in lieu of disposal in the Kewaunee County Landfill. Land application
is also an option for the disposal of the sewage sludges. Therefore, WPS
requests that the option for onsite disposal at the KNPP site by land application
be included in the alternative disposal methods which was determined to be
acceptable in our September 12, 1989 submittal.

The potential pathways of exposure as evaluated in the September 12, 1989
submittal conservatively bound any additional pathways of exposure that wouid
result from onsite land spreading of the waste. Attachment A to this response
provides an overview of the land spreading disposal method. Also, the
pathways of exposure applicable to the onsite land application are evaluated;
and a comparison to the controlling pathways and radionuclide concentrations
as presented in the September 12, 1989 submittal are discussed. From a
modeling standpoint, the two exposure scenarios , "Radiation Exposure Dunng
Transport” and “Radiation Exposure to Landfill Operator,” appropriately
characterize any potential exposure to workers involved with the land
spreading of the waste. The other post-disposal exposure scenarios, "Intruder
Scenario”, "Intruder Well", and "Exposed Waste Scenaﬁo,' as described in
NUREG/CR-3585 (and as discussed in Appendix C of the submittal)
reasonably bound any potential exposures from either ground waste migration
or post-release from the Kewaunee site. In no case is there a higher potential
for exposure from land application than the pathways and potential exposures
that were used for the deh‘vation of the limits for alternative disposal.
Therefore, no revisions are needed to the radionuclide concentration limits
proposed in the September 12, 1989 submittal to include the option for
disposal by onsite land spreading of the waste.
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Table A
Radionuclide Quantity Limits
for Alternative Disposal
Limiting
Limiting ~ Annual
Nuclide Concentration’ Quantity
: (uCi/ml) (Ci)
H-3 9.65E-04 0.7382
C-14 4.55E-05 0.0348
Cr-51 3.13E-4 0.2394
Mn-54 1.14E-05 0.0087
Fe-55 H00E-02 7.6500
Fe-59 7.90E-06 0.0060
Co-58 1.16E-05 0.0089
Co-60 3.74E-06 0.0029
Ni-63 1.00E-02 7.6500
Sr-90 3.45E-03 2.6393
Zr-95 6.28E-06 0.0048
Nb-95 1.23E-05 0.0094
Mo-99 6.73E-05 0.0515
Tc-99 2.70E-04 0.2066
I-129 2.50E-06 0.0019
I-131 2.68E-05 0.0205
Cs-134 6.16E-06 0.0047
Cs-137 1.71E-05 0.0131
Ba-140 5.52E-05 0.0422
La-140 4.17E-06 0.0032
Transuranics
TRU (T4 > 5 yrs) 8.91E-05 0.0682
Pu-241 2.85E-03 2.1803
Cm-242 1.00E-02 7.6500
Assumes annual quantity of KNPP wastes is 27,000 ft3 or
7.65E8 mls.
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Appendix A
Evaluation of Onsite Land Application for

Alternative Disposal of Very-Low-Levél Contaminated Materials

Overview _

Land spreading of lagoon sludges onsite at the Kewaunee Nuclear Power Plant has been
recommended by personnel from the Wisconsin Department of Natural Resources (DNR) as
a desirable alternative to the use of the Kewaunee County Landfill for disposal. This method
of disposal is also a recommended practice for disposing of sewage treatment facility sludges.
Therefore, WPS requests that this disposal method be included in the options available for
the alternative disposal of very-low-level radioactively contaminated materials from KNPP.
Description of Disposal Method

The disposal of KNPP sludges will be performed by beneficial land appiication to a dedicated
disposal area located onsite at the Kewaunee Nuclear Power Plant. Typical methods of land
spreading will be employed. KNPP sludges will be loaded onto appropriate vehicles (e.g.,
tanker truck, sludge spreader, etc.) and applied to the dedicated disposal area. The dedicated
disposal area will be periodically plowed to a depth of 6 inches.

Onsite disposal of water treatment and sewage sludges are allowed by EPA and State of
Wisconsin Department of Natural Resources with the criteria and limits for land spreading
being specified by the potential use of the land. The two land use criteria are 1) Agricultural
land that covers any lands upon which food crops are grown or animals are grazed for
human consumption, and 2) Non-Agricultural land that covers lands which do not represent

ingestion pathways to man. To be conservative, the Agricultural Land Application limits of

sludge contaminants will be applied to the KNPP wastes even though the less restnctive Non-

Agricultural Land Application sludge contamination limits are allowed. Therefore, no more
than 50 metric tons of sludge per hectare will be applied to the dedicated disposal site. This

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

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

Applicable Pathways of Exposure

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

discus_sed below:

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

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

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

Post Disposal Exposure - Intruder Scenario

The IMPACTS-BRC model, as applied to the disposal of the KNPP waste, assumes a
loss of institutional controls 10 years after closure of the site (See Appendix B of the
September 12, 1989 submittal). An individual is assumed to reside in a house built
on the disposal area. This individual receives a 'direct exposure (from the uncovered
waste), an inhalation exposure (from resuspension), and an ingestion exposure (from
growing '4 of his food crops). For modeling purposes, it is assumed that the waste is

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

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

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

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

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

" " """""¢ "

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

contaminated materials.




Docket No. 50-305

MEMORANDUM FOR:

FROM:

SUBJECT:

DATE & TIME:

LOCATION:

PURPOSE :

PARTICIPANTS:"
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UNITED STATES R '
NUCLEAR REGULATORY COMMISSION Leecre ol
WASHINGTON, D.C. 20555
G-(4 9N
John N Hannon, Director éﬁ?z,
Project Directorate III-3
Division of Reactor Projects - IIL/1IV/V

June 3, 1992

Allen G. Hansen, Project Manager
Project Directorate III-3
Division of Reactor Projects - ITI/IV/V

FORTHCOMING MEETING WITH WISCONSIN PUBLIC SERVICE
CORPORATION (WPSC)

Thursday, June 18, 1992
1:30 to 4:00 pm

. One White Flint North, Rockville, Maryland
Room 1F19

To discuss WPSC progress on their Individual Plant
Examination (Generic Letter 88-20)

“NRC WPSC

J. Hannon, NRR P. Finnemore

A. Hansen, NRR Others as designated
R. Hernan, NRR

J. Flack, RES

W. Beckner, NRR

Others as designated

oz ) Ao

Allen G. Hansen, Project Manager
Project Directorate II1I-3
Division of Reactor Projects ITI/IV/V

cc: See next page

*Meetings between NRC technical staff and applicants or licensees are open for
interested members of the public, petitioners, intervenors, or other parties
to attend as observers pursuvant to "Open Meeting Statement of NRC Staff
Policy," 43 Federal Register 28058, 6/28/78.

T A Hanson (MG&E)

J D Loock (WPL)
ary Nielsea (ANFC)
L Belant (NSRAC)

D A Bollom G6

K H Evers KNP

J P Giesler D2 C A Schrock D2
M L Marchi KNP C R Steinhardt D2
D L Masarik KNP T J Webb KNP

R P Pulec D2 (2) S F Womiak D2
D J Ristau D2 QA Vault KNP

A J Ruege D2



""" ""¢ "

Wisconsin Public Service Corporation Kewaunee Nuclear Power Plant
cc: i
David Baker, Esquire Mr. C. A. Schrock ‘
Foley and Lardner Manager - Nuclear Power
P. 0. Box 2193 Wisconsin Public Service
Orlando, Florida 32082 Corporation
P. 0. Box 19002
Glen Kunesh, Chairman Green Bay, Wisconsin 54037-9002
Town of Carlton o
Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman

Public Service Commission of Wisconsin
Hi1l Farms State Office Building
Madison, Wisconsin 53702

Attorney General
114 East, State Capitol
Madison, Wisconsin 53702

U.S. Nuclear Regulatory Commission
Resident Inspectors Office

Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Region III
U.S. Nuclear Regulatory Commission
799 Roosevelt Road :

Glen Ellyn, INlinois 60137

Mr. Robert S. Cullen

Chief Engineer

Wisconsin Public Service Commission
P.0. Box 7854

Madison, Wisconsin 53707
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September 14, 1994
Mr. C. A. Schrock _
Manager - Nuclear Engineering
Wisconsin Public Service Corporation
Post Office Box 19002 :
Green Bay, WI 54307-9002

SUBJECT: SAFETY EVALUATION FOR AN ANENDMENT TO AN APPROVED 10 CFR 20.302
APPLICATION FOR THE KEWAUNEE NUCLEAR PLANT (TAC NO. M89719)

Dear Mr. Schrock:

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

Sincergly,

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

Division of Reactor Projocts II1/1V
Office of Nuclear Reactor Regulatfon

Docket No. 50-305

Enclosure:
Safety Evaluation

cc w/enclosure:
see next page
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Wisconsin Public Service Corporation Kewaunee Nuclear Power Plant
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cc:

. Foley & Lardner

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

P. 0. Box 1497 )

Madison, Wisconsin 53701-1497

Chairman

Town of Carlton

Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman

Public Service Commission of
Wisconsin

Hill Farms State Office Building
Madison, Wisconsin 53702

Attorney éeneral
114 East, State Capitol
Madison, Wisconsin 53702

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Region 111

U. S. Nuclear Regulatory Commission
B0l Warrenville Road

Lisle, I11inois 60532-4531

Mr. Robert S. Cullen

Chief Engineer

Wisconsin Public Service Commission
P. 0. Box 7854 :
Madison, Wisconsin 53707
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1.0 INTRODUCTION

By letter dated June 23

Public Service Corporation (the licensee) requested approval to
onsite area for the disposal of contaminated waste sludge in addition to the
location approved by thg_NRC:on quneA1Z, 1992.',.J e '

2.0  EVALUATION

A Safefx Evaluation (SE) dated June 17, 1992, approved the 1icensee’s request
pursuant to 10 CFR 20.302 for the disposal of 15,000 cubfc feet of
contaminated waste sludge by land application at the Kewaunee Nuclear Power

Plant (KNPP) at a specific onsite locatfon. The SE imposed the following
boundary conditions:

1. The annual disposal must be less than a_ total activity of 0.2 mC{.

2. The whole body dose to tbe hypothetical maximally exposed individual
- must be Tess than 0.} arem/year.

3. The disposal must be tbe sale‘s{te.

The site desfgnated in the SE was an unused area adjacent to the onsite lagoon
at the KNPP sewage treatment facility. In 1993, approximately 7500 cubic feet
of the original 15,000 cubic feet of contaminated sludge was spread on that
Tocation. The 1icensee has now preposed to dispose of the remeint

ng
contaminated sludge at another onsite location northwest of the plant (see
Attachment). The licensee has committed that the

andspreeding requirements regarding locatior and
performance standards that wero required at the original disposal site.
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3.0 CONCLUSION

The staff finds the licensee’s proposal to dispose of the low-level

radicactive waste sludge in the additional onsite location to be within the
radiological boundary conditions approved in the June 17, 1992, SE and is
therefore acceptable. The staff also finds that your proposal is in
accordance with 10 CFR 20.2002 which replaced 20.302 on January 1, 1994.

As stated in the NRC’s June 17, 1992, appreval of the 1icensee’s 10 CFR 20.302
application, the licensee {is roquired to permanently incorporate this
modification into the Offsite Doso Calculation Manual as an Appendix, and that
future modification of this commitment be reperted to tho NRC.

Principal Contributor: S. Klementowicz

Date: September 14, 1994

Attachment: KNPP Site Area Map
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November 13, 1995

Mr. M. L. Marchi :

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

Green Bay, WI 54307-9002

SUBJECT: ALTERNATE DISPOSAL OF CONTAMINATED SEMAGE TREATMENT PLANT SLUDGE IN
ACCORDANCE WITH 10 CFR 20.2002 (TAC NO. N93844)

Dear Mr. Marchi:

By letter dated October 17, 1995, as supplemented on November 3, 1995, you
requested approval for the onsite disposal of contaminated sewage treatment
sludge in accordance with 10 CFR 20.2002. This request was similar to a
previous disposal request that was appreved by the NRC on June 17, 1992.

The staff has completed its review of your request and finds that your
proposal meets the radiological boundary conditions approved in the June 17,
1992, Safety Evaluation, and is therefore acceptable.

Y N

PR

This approval is granted previded that tbe enclosed safety evaluation is
permanently incorporated into you Offsito Doso Calculation Manual (ODCM) as an

A’;:pe:géx, and that future modifications of these commitments aro reported to
the .

Sinceroly,

: ‘7421¢124~vz.f 'éj2€zzﬁﬁf\\
Richard J. Ler, Project Manager
Project Directorate 111-3

Division of Reactor Projects I11/1V
Offico of Nuclear Reactor Regulation

Docket No. 50-305
Enclosure: Safety Evaluation

cc: See next page
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Larry Nislsen (ANFC) J K Jubin (NSRAC) CA Steritzky KNP(Lic)
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Mr. M. L. Marchi

Wisconsin Public Service Corporation

cc:

Foley & Lardner

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

P. 0. Dox 1497

Madison, Wisconsin 53701-1497

Chairman

Town of Carlton

Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman

Public Service Commission of
Wisconsin

Hi11 Farma State Office Building

. Madison, Wisconsin 53702

Attorney General
114 East, State Capitol
Madison, Wisconsin 53702

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Region 111
U. S. Nuclear Regulatory Commission
801 Warrenville Boad

Lisle, I1linois 60532-4531

Mr. Robert S. Cullen

Chief Engineer :

Wisconsin Public Service Commission
P. 0. Box 7854

Madison, Wisconsin 53707

Kewaunee Nuclear Power Plant
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WASHINGTON, D.C. 20855-0001

1.0 INTRODUCTION

By letter dated Octobor 17, 1995, as supplemented on November 3, 1995, '
Wisconsin Public Service Corporation (the licensee) requested approval for the
onsite disposal of contaminated sewago sludge similar to a previous disposal
request that was appreved by the NRC on Juno 17, 1992.

2.0 BACKGROUND.

~ In a'letter dated September 12, 1989, the licensee requested authorization for

the alternate disposal of very-low-level radioactive meterfal. In a Safety
Evaluation (SE) dated June 17, 1992, the NRC approved tho licensee’s request
pursuant to 10 CFR 20.302 (now 10 CFR 20.2002) for the disposal of 15,000

cubic feet of contaminated waste sludge by lund application at tho Kewaunee

-Nuclear Power Plant (KNPP) lecation. The SE imposed the following boundary

conditions:

1. The annual dispesal must be less than a totol activity of 0.2 mCi.

2. The whole body doso to tho hypotbetical maximally exposed individual
must be less than 0.1 wrem/year.

3. The disposal must be at tho seme site.

. &
The licensee completed the disposal of tbe contaminated masto sludgo discussed
in the SE dated Juno 17, 1992. The licensee is now requesting authorization
to dispose of additiemal contaminated waste sludgo within tbe boundary
conditions of the previously approved disposal. -

3.0 EVALUATION

The licensee has preposed to dispose of approximately 6000 gallens (800 cubic
feet) of sewage sludge similar to the material approvnd for disposal in the SE
dated June 17, 1992. The principol radionuclides identified in tbe waste
sludge and their activity based on measurements in May 1995 are: Co-58,
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0.0009 mCi; Co-60, 0.0008 mCi; and Cr-51, 0.0006 mCi. The total combined
activity 1s 0.0023 mCi. This activity 1s well balow the

boundary valye of
0.2 mCi. Additionally, Cr-51 with it short half-1ife (27.7 day) will have
undergone significant decay from 1ts inftial value of 0.0006 mC{.

The 1icensee has committed that tho new disposal will meet all the
radiolegical boundary cunditiens, on a cumulativo basis, centained in tbe SE
for the 10 CFR 20.302 application approved on June 17, 1992. Additionally,
the licensee has stated that all applicablo poreits for this disposal have
been obtained from the Wisconsin Department of Natural Resources.

4.0 CONCLUSION

The staff finds the licensee’s proposal to dispose of the low-level

radioactive waste sludge pursuant to 10 CFR 20.2002, on tho licensee’s site
(see Attachment), is within tho rediological baundary conditions approved in
the ane 17, 1992, SER and is thereforo acceptable.

The licensee 1s required to permanently incorporate this modification into the
Offsite Dose Calculation Manual as an Appendix, and to ensuro that futuro
modifications of these commitments are reported to the NRC.

Principal Contri'butor: S. Klementowicz

Date: November 13, 1995

Attachment: KNPP Site Area Map
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NUCLEAR REGULATORY COMMISSION
waxsnmo‘ron, D.C. 20585-0001

April 9, 1997

Mr. M. L. Marchi
Manager - Nuclear Business Group

Wisconsin Public Service Corporation
Post Office Box 19002

Green Bay, WI 54307-9002

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

Dear Mr. Marchi:

The staff has completed its review of your re
determination that the 10 CFR 20.203

992, contains bounding conditions that are a
onsite disposals of a similar nature.
enclosed.

Sincerely,

Richard J. Laﬁzir, Project Manager
Project Directorate I1i-3

Division of Reactor Prejects I11/1v
Dffice of Nuclear Reactor Regulation

Docket No. 50-305

Enclosure: Safety Evaluation

cc: See next page
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Mr. M. L. Marchi
Wisconsin Public Service Corporation

cc:

Foley & Lardner

. Attention: Mr. Bradley D. Jackson

One South Pinckney Street
P. 0. Box 1497 ’
Madison, Wisconsin 53701-1497

Chairman

Town of Carlton

Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman

Wisconsin Public Service Commission
610 N. Whitney Way

Madison, Wisconsin 53705-2729

Attorney General
114 East, State Capitol
Madison, Wisconsin 53702

U. S. Nuclear Regulatory Commission
Resident Inspectors Office '

"Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Region III
U. S. Nuclear Regulatory Commission
801 Warrenville Road -

Lisle, I1linois 60532-4531

Mr. Robert S. Cullen

Chief Engineer

Wisconsin Public Service Commission
610 N. Whitney Way .

Madison, Wisconsin 53705-2B29

Kewaunee Nuclear Power Plant



. UNITED STATES .
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 206550001

1.0 INTRODUCTION

By letter dated December 10, 1996, Wisconsin Public Service Corporation (the
licensee) requested that the U.S. Nuclear Regulatory Commission (NRC) review
its'determination that NRC approval, pursuant to 10 CFR 20.2002, for the

(KNPP) is not required, provided such disposals are conducted within the

limits and bounding conditions approved by the NRC in its June 17, 1992,
Safety Eva]uatiop (St). )

2.0 BACKGROUND

’ In a letter dated Ssptember 12, 1989, the licensce requested authorization for
the alternate disposal of sludge contaminated with 1icensed radioactive
material. In an SE dated June 17, 1992, the NRC appreved the licensee’s

l request pursuant to 10 CFR 20.302 (new 10 CFR 20.2002) for the .disposal of

- 15,000 cubic fest of contaminated waste sludge by land application at the KNPP

l Tocation. The SE imposed boundary conditions as follows:

1. The annual dispesal must he less than a totail activity of 0.2 oCi;

2. The whole body dose to the hypothetical maximally exposed individual
: must be less than 0.1 mrem/year; and

3. Tho disposal must be at the seme site.

The SE also stated that for any repotitive disposals, the licensee must

reapply to tho NRC when a particular disposal would excned the boundary
conditions. .

3.0 EVALUATION

The licensee has determined that NRC appreval for future onsite dispesals of
~ sludge contaminated with 1icensed radioactive material is not required
provided the disposals comply with the limits and conditions of the SE issued
l on June 17, 1992. The licensee has also developed a sludge sampling and
‘ analysis procedure that implements the guidance contained in NRC Information
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Notice 88-22. Specifically, the licensee’s procedure will require the
analysis of sludge samples using a detection system design and operating
characteristics that yield a lower limit of detection for Co-58, Co-60,
Cs-134, and Cs-137 consistent with measurements of environmental samples. The
licensee has provided a site map (attached) that specifies the acceptable
onsite disposal areas for the contaminated sludge.

4.0 CONCLUSION

The staff agrees with the licensee’s determination that additional onsite :
disposals of contaminated sludge, which are conducted within the bounding

limits and conditions contained in the June 17, 1992, SE and within the areas

specified in the attached site map, do not require specific NRC approval.

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

Principal Contributor: S. Klementowicz
Date: April 9, 1997
Attachment: KNPP Site Map
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