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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 closely 
approached was: 

GASEOUS: Ingestion Pathway-Organ Total Body 
Quarterly Limit (mRems) 7.5 
Actual Dose (mRems) 0.00005541 (4t' Quarter) 
% of Specification 0.0007388 

LIQUID: Ingestion Pathway-Organ GI-LLI 
Quarterly Limit (mRems) 5 
Actual Dose (mRems) 0.01252 (4t Quarter) 
% of Limit 0.25 

SOLID: No upper limit for solid radioactive waste applies.  
Cubic Meters Shipped 18.4 m3 (650 ft') 

1.0 INTRODUCTION 

I 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 I - 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 addresses the cumulative g meteorological data.  

1.1 Effluent Dose Limits 

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

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

I 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 50, 
Appendix I; and 40 CFR 190.  
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2.0 GASEOUS EFFLUENTS

2.1 Lower Limits of Detection (LLD) for Gaseous Effluents 

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

The LLD's for gaseous radioanalyses. as listed in Table 4.4 of the Kewaunee ODCM are: 

Analysis LLD (piCi/ml) 

Gaseous Gamma Emitters 1.00 E-04 
Iodine 131 3.00 E-12 
Particulate Gamma Emitters 1.00 E-I1 
Particulate Gross Alpha 1.00 E-Il 
Strontium 89. 90 1.00 E-11 3 Noble Gases. Gross Beta or Gamma 1.00 E-06 

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

Isotope a priori LLD (pCi/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 

I 

I 
I 
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b. Particulate emissions:

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

1.39E-13 
1.51E-13 
3.64E-13 
3.82E-13 
1.66E-13 
1.49E-13 
2.78E-13 
1.61E-13 
2.07E-13 
1.99E-12

c. Other identifiable gamma emitters:

Ar-41 
Kr-85 
Kr-85m 
Kr-89 
Xe-127 
Xe-131m 
Xe-135m 
Xe-137 
1-131

3.93E-08 
7.82E-05 
3.52E-08 
2.60E-06 
3.56E-08 
2.41 E-06 
5.16E-08 
1.1 OE-06 
1.39E-13

d. Composite particulate samples:

Sr-89 
Sr-90 
Gross Alpha

I E-14 
I E-14 
1.00 E-14

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

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

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

Total time for all batch releases (min)............ 5204.0 

Maximum time for a batch release (min)............. 845.0 

Average time for a batch release (min)............. 578.2 

Minimum 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 year from gaseous effluents.  

IS I I 
I 
I 
I 
I 

Page 6 of 62



Table 2.1 
Annual Radioactive Effluent Release Report 1997 

Gaseous Effluents - Summation of all Releases

Fission and Activation Gases 

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

Ist Quarter 

O.OOOE+000 
O.OOOE+000

2nd Quarter 3rd Quarter 

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

4th Quarter 

O.OOOE+000 
O.OOOE+000

lodines

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

O.OOOE+000 
O.OOOE+000

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

O.OOOE+000 
O.OOOE+000

Particulates

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

Gross Alpha Released (Ci)

9.917E-006 
1.261E-006 

1.644E-007

8.833E-006 
1.123E-006

3.511 E-006 
4.466E-007

8.572E-008 O.OOOE-000

5.789E-006 
7.362E-007 

3.332E-008

Tritium

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

4.117E-001 
5.236E-002

2.177E-001 9.869E-001 
2.770E-002 1.255E-001

1.567E+000 
1.993E-001

I 
I.
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Table 2.2 
Annual Radioactive Effluent Release Report 1997 

Gaseous Effluents 

Nuclides Released (Ci) 
Continuous Mode

2nd Quarter 3rd Quarter 4th Quarter

Fission Gases

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

Particulates

8.848E-007 
6.21 8E-006 
2.814E-006 
9.917E-006

8.833E-006 
O.OOOE+000 
O.OOOE+000 
8.83.3E-006

3.511 E-006 
O.OOOE+000 
O.OOOE+000 
3.511 E-006

5.789E-006 
O.OOOE+000 
O.OOOE+000 
5.789E-006
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Table 2.2(cont) 
Annual Radioactive Effluent Release Report 1997 

Gaseous Effluents 

Nuclides Released (Ci) 
Batch Mode

Fission Gases

Total 

lodines 

Total

Particulates 

Total

O.OOOE+000 

O.OOOE+000

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000

I 
S 
I 
I 
I 
I 
I 
I.

Page 9 of 62



Table 2.3A 
Annual Radioactive Effluent Release Report 1997 

1st Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

Isotope January February March Total

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

Particulates (Curies)

January

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

February

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

March Total

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

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

Halogens (Curies) 

Isotope January

O.OOOE+000 O.OOOE+000 O.OOOE+000 O.OOOE+000
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Table 2.3A (Con't) 
Annual Radioactive Effluent Release Report 1997 

1st Quarter Gaseous Release 
Total of all Releases

Summary
January February March Total

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 9.917E-006 

Total Tritium 
(Ci) 4.117E-001 

Total Particulate 
Gross Alpha 
(Ci) 9.107E-008

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.821E-008

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.512E-008

O.OOOE+000 

O.OOOE+000 

9.917E-006 

4.117E-001 

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

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

Particulates (Curies)

April

O.OOOE+000 
O.OOOE+000

May June

3 .008E-006 
3.008E-006

5.824E-006 
5.824E-006

Halogens (Curies)

Isotope

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

Page 12 of 62
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Isotope 

Co-60 
Total

Total

8.833E-006 
8.833E-006

April

Total

May June Total
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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

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) 2.565E-008

O.OOOE+000 

O.OOOE+000 

3.008E-006 

2.126E-001 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

5.824E-006 

5.140E-003 

6.007E-008

O.OOOE+000 

O.OOOE+000 

8.833E-006 

2.177E-001 

8.572E-008
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Table 2.3A (con't) 
Annual Radioactive Effluent Release Report 1997 

3rd Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

July

O.OOOE+000

August

O.OOOE+000

September 

O.OOOE+000

Total

O.OOOE+000

Particulates (Curies)

July

3.511 E-006 
3.51 E-006

August

O.OOOE+000 
O.OOOE+000

September 

O.OOOE+000 
O.OOOE+000

Total

3.511 E-006 
3.511 E-006

Halogens (Curies)

July, 

O.OOOE+OOO

August 

O.OOOE+000

September 

O.OOOE+000

Total 

O.OOOE+000

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

3rd Quarter Gaseous Release 
Total of all Releases

Summary
July August September Total

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 3.511E-006 

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

0.OOOE+000 

3.662E-001 

O.OOOE+000

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

6.206E-00 1 

O.OOOE+000

0.OOOE+000 

0.OOOE+000 

3.511 E-006 

9.869E-00 I 

0.OOOE+000

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

4th Quarter Gaseous Release 
Total of all Releases

Noble Gases (Curies)

October

O.OOOE+000

November 

O.OOOE+000

December 

O.OOOE+000

Total

O.OOOE+000

Particulates (Curies)

Isotope 

Co-60 
Total

October

O.OOOE+000 
O.OOOE+000

Halogens (Curies) 

Isotope October

Total O.OOOE+000

November 

5.789E-006 
5.789E-006

November 

O.OOOE+000

December 

O.OOOE+000 
O.OOOE+000

December 

O.OOOE+000

Total

5.789E-006 
5.789E-006

Total

O.OOOE+000

I 
3@
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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

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) 3.897E-001 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

5.789E-006 

6.884E-001 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

4.890E-00 I 

3.332E-008

O.OOOE+000 

O.OOOE+000 

5.789E-006 

1.567E+000 

3.332E-008

I 
I.
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Table 2.3B 
Annual Radioactive Effluent Release Report 1997 

1st Quarter Gaseous Release 
Continuous Mode Only

Noble Gases (Curies)

Isotope January February March Total

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

Particulates (Curies) 

Isotope January

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

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

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

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

Halogens (Curies)

Isotope

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

I 
I.
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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) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 9.917E-006 

Total Tritium 
(Ci) 4.117E-001 

Total Particulate 
Gross Alpha 
(Ci) 9.107E-008

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.821 E-008

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.512E-008

O.OOOE+000 

O.OOOE+000 

9.917E-006 

4.117E-001 

1.644E-007

U 
I.
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Table 2.3B (Con't) 
Annual Radioactive Effluent Release Report 1997 

2nd Quarter Gaseous Release 
Continuous Mode Only

Noble Gases (Curies)

Isotope April May June Total

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

Particulates (Curies)

April

O.OOOE+000 
O.OOOE+000

May June

3.008E-006 
3.008E-006

Total

5.824E-006 
5.824E-006

8.833E-006 
8.833E-006

Halogens (Curies)

April 

O.OOOE+000

May 

O.OOOE+000

June Total

O.OOOE+000 O.OOOE+000

I 
I.
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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

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) 2.565E-008

O.OOOE+000 

O.OOOE+000 

3.008E-006 

2.126E-001 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

5.824E-006 

O.OOOE+000 

6.007E-008

O.OOOE+000 

O.OOOE+000 

8.833E-006 

2.126E-001 

8.572E-008

I 
I.
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Table 2.3B (con't) 
Annual Radioactive Effluent Release Report 1997 

3rd Quarter Gaseous Release 
Continuous Mode Only

Noble Gases (Curies)

July

O.OOOE+000

Particulates (Curies) 

Isotope July

3.511 E-006 
3.511E-006

August

O.OOOE+000

August

O.OOOE+000 
O.OOOE+000

September 

O.OOOE+000

September 

O.OOOE+000 
O.OOOE+000

Total

O.OOOE+000

Total

3.511E-006 
3.511 E-006

Halogens (Curies)

July

O.OOOE+000

August 

O.OOOE+000

September 

O.OOOE+000

Total 

O.OOOE+000

I 
I.
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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 (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 3.511E-006 

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.662E-001 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

6.206E-001 

O.OOOE+00

O.OOOE+000 

O.OOOE+000 

3.511 E-006 

9.869E-001 

O.OOOE+000

I 
I.
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Table 2.3B (Con't) 
Annual Radioactive Effluent Release Report 1997 

4th Quarter Gaseous Release 
Continuous Mode Only

Noble Gases (Curies) 

Isotope October 

Total O.OOOE+000

November 

O.OOOE+000

December 

O.OOOE+000

Total 

O.OOOE+000

Particulates (Curies)

October 

O.OOOE+000 
O.OOOE+000

Halogens (Curies) 

Isotope October 

Total O.OOOE+000

November 

5.789E-006 
5.789E-006

November 

O.OOOE+000

December 

O.OOOE+000 
O.OOOE+000

December 

O.OOOE+000

Total 

5.789E-006 
5.789E-006

Total 

O.OOOE+000
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Isotope 

Co-60 
Total

I 
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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

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) 3.897E-001 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

5.789E-006 

6.884E-001 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

4.83 1E-001 

3.3.32E-008

O.OOOE+000 

O.OOOE+000 

5.789E-006 

1.561E+000 

3.332E-008

I 
I.
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Table 2.3C 
Annual Radioactive Effluent Release Report 1997 

1st Quarter Gaseous Release 
Batch Mode Only

Noble Gases (Curies)

Isotope 

Total

January 

O.OOOE+000

Particulates (Curies) 

Isotope January 

Total O.OOOE+000 

Halogens (Curies) 

Isotope January 

Total O.OOOE+000

February 

O.OOOE+000

February 

O.OOOE+000 

February 

O.OOOE+000

March 

O.OOOE+000

March 

O.OOOE+000 

March 

O.OOOE+000

Total 

O.OOOE+000

Total 

O.OOOE+000 

Total 

O.OOOE+000
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Table 2.3C (Con't) 
Annual Radioactive Effluent Release Report 1997 

1st Quarter Gaseous Release 
Batch Mode Only

Summary
January February March Total

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

Total Particulate 
Gross Beta-Gamma 
Half-Lives>8 Days 
(Ci) 0.000E+000 

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

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

2nd Quarter Gaseous Release 
Batch Mode Only

Noble Gases (Curies) 

Isotope April 

Total O.OOOE+000 

Particulates (Curies) 

Isotope April 

Total O.OOOE+000 

Halogens (Curies) 

Isotope April 

Total O.OOOE+000

May 

O.OOOE+000

May 

O.OOOE+000 

May 

O.OOOE+000

June 

O.OOOE+000

June 

O.OOOE+000 

June 

O.OOOE+000

Total 

O.OOOE+000

Total 

O.OOOE+000 

Total 

O.OOOE+000

Page 28 of 62

I 
I 
I 
I 
I 
I 
I 
I.  
I



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

2nd Quarter Gaseous Release 
Batch Mode Only

Summary
April May June Total

Total Noble 
Gases (Ci) 

Total Halogens 
(Ci)

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000

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

Total Tritium 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

5.140E-003

O.OOOE+000 

5.140E-003

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000 O.OOOE+000 O.OOOE+000 O.OOOE+000

I 
I.
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Table 2.3C (con't) 
Annual Radioactive Effluent Release Report 1997 

3rd Quarter Gaseous Release 
Batch Mode Only

Noble Gases (Curies)

July 

O.OOOE+000

August 

O.OOOE+000

September 

O.OOOE+000

Total 

O.OOOE+000

Particulates (Curies)

Isotope 

Total

July 

O.OOOE+000

Halogens (Curies) 

Isotope July 

Total O.OOOE+000

August 

O.OOOE+000

August 

O.OOOE+000

September 

O.OOOE+000

September 

O.OOOE+000

Total 

O.OOOE+000

Total 

O.OOOE+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) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

0.000E+000 

O.OOOE+000 

O.OOOE+000 

0.000E+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

I 
I.

Page 31 of 62



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

4th Quarter Gaseous Release 
Batch Mode Only

Noble Gases (Curies)

Isotope 

Total

October 

O.OOOE+000

Particulates (Curies) 

Isotope October 

Total O.OOOE+000 

Halogens (Curies) 

Isotope October 

Total O.OOOE+000

November 

O.OOOE+000

November 

O.OOOE+000 

November 

O.OOOE+000

December 

O.OOOE+000

December 

O.OOOE+000 

December 

O.OOOE+000

Total 

O.OOOE+000

Total 

O.OOOE+000 

Total 

0.000E+000
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Table 2.3C (Con't) 
Annual Radioactive Effluent Release Report 1997 

4th Quarter Gaseous Release 
Batch Mode Only

Summary
October November December Total

Total Noble 
Gases (Ci) O.OOOE+000 

Total Halogens 
(Ci) O.OOOE+000 

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

Total Tritium 
(Ci) O.OOOE+000 

Total Particulate 
Gross Alpha 
(Ci) O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

5.894E-003 

O.OOOE+000

O.OOOE+000 

O.OOOE+Oo 

O.OOOE+000 

5.894E-003 

O.OOOE+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 
Annual

5.0 mRad 
10.0 mRad

10.0 mRad 
20.0 mRad

7.5 mRem 
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:

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

1. Gamma-Whole Body 
Specification (mRads) 5.OOOE+000 
Actual Dose (mRads) 0.OOOE+000 
% of Specification 0.OOOE+000 

2. Beta-Skin 
Specification (mRads) 1.000E+001 
Actual Dose (mRads) 0.OOOE+000 
% of Specification 0.OOOE+000 

3. Ingestion Pathway-Organ 
Specification (mRems) 7.500E+000 
Actual Dose (mRems) 4.082E-005 
% of Specification 5.443E-004 

Bone

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

1.000E+001 
0.OOOE+000 
0.OOOE+000 

7.500E+000 
3.863E-005 
5.15 1E-004 
GI-LLI

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

1.000E+001 
0.OOOE+000 
0.OOOE+000 

7.500E+000 
3.438E-005 
4.584E-004 
GI-LLI

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

1.000E+001 
0.OOOE+000 
0.OOOE+000 

7.500E+000 
5.541 E-005 
7.388E-004 
GI-LLI

I 
I.
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Table 2.4 (Con't) 
Annual Radioactive Effluent Release Report 1997 

Dose From Gaseous Effluents

In addition, the cumulative annual 
the ODCM annual limits were:

offsite doses for the period January 1 - December 31, 1997 versus

Annual

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

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

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

TBody

1.OOOE+001 
O.OOOE+000 
O.OOOE+000 

2.OOOE+001 
O.OOOE+000 
O.OOOE+000 

1.500E+001 
1.485E-004 
9.898E-004

I 
I.
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3.0 LIOUID EFFLUENTS

3.1 Lower Limits of Detection (LLD) for Liquid Effluents 

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

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

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

LLD (pCi/ml) 
1.00 E-06 
1.00 E-06 
1.00 E-05 
5.00 E-07 
5.00 E-08 
1.00 E-06

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

Isotope 

Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Mo-99 
Cs- 134 
Cs-137 
Ce- 141 
Ce-144 
1-131 
H-3 

Sr-89 
Sr-90 

Gross Alpha 
Fe-55

Average a 
Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter priori LLD 

(pCi/mI) 
6.59E-08 6.80E-10 6.80E-10 6.80E-10 1.70E-08 
1.46E-09 1.49E-09 1.49E-09 1.49E- 10 1.1 5E-09 
6.47E-08 9.46E-08 6.69E-08 6.69E-10 5.67E-08 
9.63E-08 9.77E- 10 1.25E-07 9.77E- 10 5.58E-08 
1.64E-09 1.68E-09 1.68E-09 1.68E-09 1.67E-09 
4.66E-09 4.83E-09 4.83E-09 4.83E-09 4.79E-09 
1.92E-07 5.36E-10 5.36E-10 5.36E-10 4.84E-08 
1.35E-07 9.60E-08 1.06E-07 6.63E-10 8.44E-08 
5.47E-07 1.08E-07 3.80E-08 3.80E-10 1.73E-07 
3.46E-07 1.71E-09 6.73E-07 4.52E-07 3.68E-07 
3.96E-08 4.57E-08 7.16E-08 4.13E-08 4.96E-08 
3.41E-06 3.61E-06 4.19E-06 4.44E-06 3.91E-06 
1.47E-08 1.53E-08 1.26E-08 1.14E-08 1.35E-08 
1.07E-08 7.60E-09 7.63E-09 7.13E-09 8.28E-09 
3.27E-08 1.1 2E-08 3.97E-08 1.02E-08 2.34E-08 
6.03E-07 6.07E-07 7.03E-07 6.83E-07 6.49E-07

I 
I.
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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: 

1 Analysis LLD (pCi/ml) 

Principal Gamma Emitters 5.00 E-07 I 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 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter priori LLD 

(VCi/ml) 
Mn-54 2.49E-08 L.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 1.11 E-08 3.86E-08 3.68E-08 2.50E-08 
Co-60 3.2 1E-08 1.63E-10 3.78E-08 2.82E-08 2.46E-08 
Zn-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 
1-131 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 I.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 

P 
I 
I.  
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3.2 Liquid Batch Release Statistics

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

Release Type Number Gallons Released IA SGBT Monitor Tk. 9 80473.0 
B SGBT Monitor Tk. 2 17475.0 
A CVC Monitor 6 37870.0 I B CVC Monitor 6 38570.0 
miscellaneous 1 300.0 
Both WCTs 90 165260.0 

T 
Total time for all batch releases........23193.0 Min.  

I Maximum time for a batch release.............. I100.0 Min.  

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

Average time for a batch release.............. 203.4 Min.  

33 Liquid Effluent Data 

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

I 
I 
I 
I.  
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TABLE 3.1 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Summation of all Releases

I st Qtr 2nd Qtr

Fission and Activation Products

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

8.137E-003 

9.450E-0 10

1.873E-002 

5.461 E-010

8.072E-003 

4.408E-01 I

Tritium

Total Release (Ci) 
Average Concentration 
(PCi/ml) 
% of Tech. Spec.  
Limit(-3 .0E-3 pCi/ml)

2.072E+000 

2.406E-007 

8.021 E-003

4.83 7E+000 

1.411 E-007 

4.702E-003

5.68 1E+000 

3.102E-008 

1.034E-003

4.147E+001 

3.177E-007 

1.059E-002

Dissolved Gases

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

Gross Alpha Activity

Total Release (Ci)

O.OOOE+000 

0.000E+000 

O.000E+000

0.OOOE+000

O.000E+000 

0.OOOE+000 

0.OOOE+000

0.OOOE+000

0.OOOE+000 

0.OOOE+000 

0.OOOE+000

0.OOOE+000

0.000E+000 

0.OOOE+000 

0.OOOE+000

0.OOOE+000

Volume of Waste Released

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

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

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

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

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

Volume of Dilution Water

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

1.050E+009 
7.560E+009 
8.61 OE+009

2.508E+009 
3.178E+O10 
3.429E+O 10

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

4.899E+009 
1.256E+01 I 
1.305E+0I I
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TABLE 3.2A 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

January February March Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 5.386E-003 

Avg. Conc.  
(PCi/ml) 1.504E-008 

Tritium 

Total Release 
(Ci) 2.552E-001 

Avg. Conc.  
(pCi/ml) 7.128E-007 

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

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

Volume of Waste Released 

(liters) 1 .1 88E+005 

Volume of Dilution Water 

(liters) 3.580E+008

2.709E-003 

4.401 E-009 

1.661E-001 

2.699E-007 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

0.OOOE+000 

1.22 1E+005 

6.155E+008

2.904E-005 

3.772E-010 

1.65 1E+000 

2.144E-005 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

8.676E+004 

7.700E+007

8.124E-003 

2.072E+000 

0.OOOE+000 

O.OOOE+000 

3.277E+005 

1.050E+009
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TABLE 3.2A (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

Isotope (Ci) January February

2.552E-001 
1.558E-006 
6.180E-004 
2.752E-003 
1.01 7E-003 
1.473E-004 
1.494E-004 
5.949E-004 
1.057E-004 
2.606E-00 I

1.661E-00 I 
2.028E-006 
5.128E-004 
1.1 15E-003 
4.183E-004 
0.OOOE+000 
0.OOOE+000 
1.040E-004 
5.573E-004 
1.688E-001

1.65 1E+000 
1.124E-006 
0.OOOE+000 
1.083E-005 
1.709E-005 
0.OOOE+000 
O.OOOE+000 
0.ooE+000 
0.OOOE+000 
1.651E+000

2.072E+000 
4.71 OE-006 
1.13 1E-003 
3.877E-003 
1.452E-003 
1.473E-004 
1.494E-004 
6.990E-004 
6.630E-004 
2.080E+000

I 
I.
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H-3 
Mn-54 
Fe-55 
Co-58 
Co-60 
Ag-Ilm 
Sb- 124 
Sb-125 
Cs-137 
Total



TABLE 3.2B 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

April May June Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 1.692E-003 

Avg. Cone.  
(pCi/ml) 7.262E-009 

Tritium 

Total Release 
(Ci) 1.201E-001 

Avg. Cone.  
(pCi/ml) 5.156E-007 

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

Avg. Cone.  
(pCi/ml) O.OOOE+000 

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

Avg. Cone.  
(pCi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 1.254E+005 

Volume of Dilution Water 

(liters) 2.330E+008

3.570E-005 

3.464E-010 

3.887E-004 

3.771E-009 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

o.OOOE+000 

1.256E+005 

1.031E+008

1.509E-002 

6.949E-009 

4.716E+000 

2.172E-006 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

O.OOOE+000 

2.499E+005 

2.172E+009

1.682E-002 

4.837E+000 

O.OOOE+000 

O.OOOE+000 

5.009E+005 

2.508E+009
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TABLE 3.2B (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

Isotope (Ci) 

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

April

1.201E-001 
O.OOOE+000 
3.136E-004 
9.674E-004 
2.065E-004 
2.044E-004 
O.OOOE+000 
1.218E-001

May

3.887E-004 
O.OOOE+000 
O.OOOE+000 
1.458E-005 
2.112E-005 
O.OOOE+000 
O.OOOE+000 
4.244E-004

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 
6.811 E-003 
1.362E-003 
7.85 1E-004 
7.774E-003 
9.153E-007 
4.854E+000

I 
I.
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TABLE 3.2C 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

July
I 
I 
I 
I 
I 
I 
I 
U.  
I 
I 
I 
I 
I 
U 
I 
I.  
I

August

4.535E-003 

5.516E-009 

2.183E+000 

2.655E-006

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

Gross Alpha Activity 

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

Volume of Waste Released 

(liters) 7.880E+004 

Volume of Dilution Water 

(liters) 8.222E+008

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 

Avg. Conc.  
(pCi/ml) 

Tritium 

Total Release 
(Ci) 

Avg. Conc.  
(pCi/ml) 

Dissolved Gases 

Total Release

September 

2.417E-003 

3.023E-009 

2.643E+000 

3.306E-006 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

4.884E+004 

7.995E+008

Total 

8.072E-003 

5.68 1E+000 

O.OOOE+000 

O.OOOE+000 

1.844E+005 

2.252E+009
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1.120E-003 

1.779E-009 

8.550E-001 

1.357E-006 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

5.675E+004 

6.299E+008



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

Liquid Effluents - Batch Releases

Isotope (Ci) 

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

July August

2.183E+000 
8.728E-006 
1.024E-003 
2.152E-006 
8.179E-004 
5.118E-004 
1.659E-005 
9.527E-006 
2.144E-003 
2.1 88E+000

8.550E-001 
0.OOOE+000 
3.632E-004 
O.OOOE+000 
6.773E-005 
8.213E-005 
0.OOOE+000 
0.OOOE+000 
6.073E-004 
8.561E-001

September 

2.643E+000 
O.OOOE+000 
1.416E-003 
O.OOOE+000 
2.864E-004 
3.228E-004 
0.OOOE+000 
0.OOOE+000 
3.915E-004 
2.645E+000

Total

5.681 E+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

I 
I.
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TABLE 3.2D 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

October November December Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 7.839E-003 

Avg. Conc.  
(PCi/ml) 3.277E-009 

Tritium 

Total Release 
(Ci) 1.615E+001 

Avg. Conc.  
(pCi/ml) 6.750E-006 

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

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

Volume of Waste Released 

(liters) 1.305E+005 

Volume of Dilution Water 

(liters) 2.392E+009

6.247E-003 

9.399E-009 

3.773E+000 

5.676E-006 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

4.798E+004 

6.647E+008

1.678E-003 

9.112E-010 

2.155E+001 

1.170E-005 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

9.540E+004 

1.842E+009

1.576E-002 

4.147E+001 

O.OOOE+000 

O.OOOE+000 

2.739E+005 

4.899E+009
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TABLE 3.2D (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Batch Releases

Isotope (Ci) 

H-3 
Fe-55 
Co-58 
Co-60 
Sr-90 
Ag-1 10m 
Cs-137 
Total

October

1.615E+001 
5.612E-004 
5.058E-005 
2.698E-004 
1.436E-006 
6.956E-003 
0.OOOE+000 
1.616E+001

November 

3.773E+000 
4.318E-004 
1.310E-004 
3.140E-004 
O.OOOE+000 
5.371E-003 
O.OOOE+000 
3.779E+000

December 

2.155E+001 
2.480E-004 
0.OOOE+000 
9.657E-005 
O.OOOE+000 
1.33 IE-003 
3.333E-006 
2.155E+001

Total

4.147E+001 
1.24 1E-003 
1.816E-004 
6.804E-004 
1.436E-006 
1.366E-002 
3.333E-006 
4.149E+001

I 
I.
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TABLE 3.3A 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

January February March Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 0.OOOE+000 

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

Tritium 

Total Release 
(Ci) 0.OOOE+000 

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

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

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

Volume of Waste Released 

(liters) 2.116E+006 

Volume of Dilution Water 

(liters) 1.369E+009

1.321E-005 

3.154E-012 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

o.OOOE+000 

1.297E+006 

4.190E+009

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

6.267E+005 

2.001E+009

1.321E-005 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

4.039E+006 

7.560E+009
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TABLE 3.3A (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

Isotope (Ci) January February March

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

7.793E-006 
5.42 1E-006 
1.321E-005

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

7.793E-006 
5.421 E-006 
1.321 E-005

I 
I.
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Co-58 
Co-60 
Total

Total



TABLE 3.3B 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

I 
I 
I 
I 
I 
I 
I 
U.  
I 
I 
I 
I 
I 
I 
I 
I.  
I

May JuneApril 

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 1.958E-005 

Avg. Conc.  
(pCi/ml) 1.896E-01 1 

Tritium 

Total Release 
(Ci) 0.OOOE+000 

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

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

Avg. Cone.  
(pCi/ml) O.OOOE+000 

Volume of Waste Released 

(liters) 5.949E+005 

Volume of Dilution Water 

(liters) 1.033E+009

1.888E-003 

6.333E-0 11 

1.769E-004 

5.935E-012 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

9.529E+006 

2.98 1E+010

Total 

1.908E-003 

1.769E-004 

O.OOOE+000 

O.OOOE+000 

1.074E+007 

3.178E+010
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O.OOOE+000 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

O.OOOE+000 

0.OOOE+000 

0.OOOE+000 

6.167E+005 

9.366E+008



TABLE 3.3B (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

Isotope (Ci) April May June

O.OOOE+000 
O.OOOE+000 
O.OOOE+000 
1.958E-005 
1.958E-005

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

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

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

U 
U.
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H-3 
Mn-54 
Co-58 
Co-60 
Total

Total



TABLE 3.3C 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

August September Total

Gross Radioactivity 

Total Release 
Excluding H3 
and Dissolved 
Gases (Ci) 0.OOOE+000 

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

Tritium 

Total Release 
(Ci) 0.OOOE+000 

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

Dissolved Gases 

Total Release 
(Ci) 0.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) 0.OOOE+000 

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

Volume of Waste Released 

(liters) 1.301E+007 

Volume of Dilution Water 

(liters) 4.788E+010

o.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

1.143E+007 

6.759E+010

0.OOOE+000 

0.OOOE+000 

0.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

0.OOOE+000 

1.241E+007 

6.541E+010

0.000E+000 

0.000E+000 

0.000E+000 

0.000E+000 

3.686E+007 

1.809E+01 1
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TABLE 3.3C (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases

Isotope (Ci)

Total

July

O.OOOE+000

August

O.OOOE+000

September 

O.OOOE+000

Total

O.OOOE+000

I 
I.
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TABLE 3.3D 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases 

October November December Total

Gross Radioactivity 

Total Release 
Excluding H3  
and Dissolved 
Gases (Ci) O.OOOE+000 

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

Tritium 

Total Release 
(Ci) O.OOOE+000 

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

Dissolved Gases 

Total Release 
(Ci) O.OOOE+000 

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

Gross Alpha Activity 

Total Release 
(Ci) O.OOOE+000 

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

Volume of Waste Released 

(liters) 9.003E+006 

Volume of Dilution Water 

(liters) 5.914E+O10

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

9.261 E+006 

3.271E+010

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

1.283E+007 

3.380E+010

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

O.OOOE+000 

3.109E+007 

1.256E+01I1
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Isotope (Ci) 

Total

TABLE 3.3D (Con't) 
Annual Radioactive Effluent Release Report 1997 

Liquid Effluents - Continuous Releases 

October November December Total 

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

1 
I 
I 
I 
I 
I 
I 
I.
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Table 3.4 
Annual Radioactive 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
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Quarterly 
Limit 
mRem 

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

Quarterly 
Limit 
mRem 

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0

Percent 
of Limit 

0.41 
0.12 
0.18 
0.02 
0.07 
0.04 
0.04 

Percent 
of Limit 

0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.01



Table 3.4 (Con't) 
Annual Radioactive Effluent Report 1997 

Dose From Liquid Effluents

Organ 
3rd Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI 

Organ 
4th Qtr Dose 

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI 

Calculated Dose 
Organ

Total Body 
Bone 
Liver 
Thyroid 
Kidney 
Lung 
GI-LLI

Dose 
Total 
mRem

3.952E-005 
2.500E-005 
4.606E-005 
2.191E-005 
2.236E-005 
3.147E-005 
7.247E-004 

Dose 
Total 
mRem 

2.798E-004 
5.095E-005 
2.942E-004 
2.426E-004 
2.560E-004 
2.523E-004 
4.015E-004

This Year 
Dose 
Total 
mRem

6.531E-003 
6.333E-003 
9.497E-003 
1.257E-003 
3.861E-003 
2.398E-003 
3.675E-003

I 
I.
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Quarterly 
Limit 
mRem 

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

Quarterly 
Limit 
mRem 

1.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0

Quarterly 
Limit 
mRem

3.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0

Percent 
of Limit 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

Percent 
of Limit 

0.02 
0.00 
0.01 
0.00 
0.01 
0.01 
0.01

Percent 
of Limit

0.22 
0.06 
0.09 
0.01 
0.04 
0.02 
0.04



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 ft3 

LSA Box (B-25) 98 ft3 

Compactor Boxes 50 ft3 

DOT-17H Drum 7.5 ft3 

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

Table 6.1 contains the radionuclide content (curies) and percent abundance for each type of waste.  
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Table 6.1 
Annual Radioactive Effluent Report 1997 

Solid Waste and Irradiated Fuel Shipments 

Isotopes denoted by an asterisk (*) in Table 6.1 are correlated values.  

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 m3  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 
Container: Compactor Box Ci None 

Average Transuranics shipped (all shipments): 0.OOE+ 

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 1.47E-01 
*Fe-55 5.98E+01 4.75E-01 
Ni-63 2.11E+O1 1.68E-01 
Tc-99 5.1OE-01 4.02E-03 

d. DAW (Non-Compactible) None None 

3. Solid Waste Disposition 

a. Date of Shipment Mode of Transportation 

12/22/97 CNSI Van

)0 nCi/g 

Destination 

3arnwell, SC

Page 59 of 62



B. Irradiated Fuel Shipments 

~No irradiated fuel shipments were made from the Kewaune Nuclear Power Plant during the year 

I o 97 

I 
I 
I 
I 
I 

I 

I.  
I 
I 
I 
I 
I 
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 complete 
copy of Revision 8 of the ODCM is included as a part of this report.  

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

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

8.0 REPORTABLE OCCURRENCES 

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 
years 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.  I 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, "Radiological Liquid 
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 efjluent monitoring instrumentation 
channels OPERABLE, take the ACTION shown in Table 3.1. Exert best efforts to return the 
instruments to OPERABLE status within 30 days and, if unsuccessful, explain in the next Radioactive 
Effluent Release Report why the operability 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: 
Second Quarter: 
Third Quarter: 
Fourth Quarter:

83 Hours 
424.5 Hours 
259 Hours 
6.5 Hours



Kewaunee Nuclear Power Plant Meteorological Data 
January 1997 to December 1997 

Wind Speed Hourly Average vs. Direction

First Quater 1997

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 

WNW 
NW 
NNW 
TOTAL

Calm 
3.5 
0 
1.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
5 
6 
16.5

1-3 
0.5 
0 
0.5 
0.5 
1.25 
0.5 
0.25 
0 
0.75 
0 
0.75 
0.25 
0 
0.25 
0.5 
1.25 
7.25

4-7 
7.75 
7.25 
5.75 
6.25 
7.5 
10.75 
4 
5.75 
4.75 
5.25 
3.25 
5 
7 
6.5 
11.25 
8.5 
106.5

Stabitity Class A

8-12 
15.75 
18.25 
13.5 
12.5 
5.75 
13.25 
9.75 
10 
9.75 
11.5 
9.75 
15.75 
29 
19.5 
15.25 
22

13-18 
23 
14.25 
12.25 
11.25 
6 
4.5 
8.5 
20.5 
7.25 
5 
6.25 
7.25 
28.25 
34.25 
6.5 
9.25

231.25 204.25

19-24 
2.5 
1 
2 
2.75 
12.5 
2.25 
2.75 
22 
7.75 
0 
5 
0 
21.5 
17.75 
1.5 
0.25 
101.5

First Quater 1997 Stabitity Class B

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total
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>24 
0 
0 
0 
0 
3 
0 
0 
4.25 
3 
0 
0.25 
0 
0.25 
0 
0 
0 
10.75

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

Calm 
0 
0 
0.25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.5 
2.75 
3.5

1-3 
0.25 
0.25 
0.75 
0 
0 
0 
0.5 
0.25 
0.25 
0 
0 
0 
0 
0 
0 
0 
2.25

4-7 
4.25 
4.5 
1 
0.5 
0 
0.25 
0 
1.75 
4 
3.25 
1 
0.75 
4.5 
0.5 
1 
2.25 
29.5

8-12 
1.75 
2 
1 
1.5 
1.25 
2.25 
1.5 
4.75 
4.5 
2.75 
4 
2.75 
2.75 
7.75 

3.75 
47.25

13-18 
0.75 
3.5 
4.5 
3.25 
0 
0.25 
0.5 
4.25 
1 
2.25 
1.25 
1 
5 
5 
1.75 
3.25 
37.5

19-24 
0.25 
1.25 
1 
1.25 
0 
0 
0 
3.25 
1.25 
0 
0.25 
0 
2 
0.5 
0.75 
0 
11.75

>24 
0 
1 
0 
0 
0 
0 
0 
1.5 
0 
0 
0.75 
0 
0 
0 
0 
0 
3.25

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 
7 
12 
135



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 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

First Quater 1997 Stability Class D

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

CALM 1-3 
0.25 2.75 
0 0.5 
0 0.75 
0 1.25 
0 0 
0.25 0 
0 0 
0 0 
0 1 
0 1.5 
0 1.5 
0 0.25 
0 1.5 
1.25 0.75 
4.25 0.5 
1.5 1 
7.5 13.25
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Calm 
0 
0 
0 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
3.25 
3.75 
7.5

1-3 
1.75 
0.25 
0 
0 
0.75 
0 
0 
0.25 
0.25 
0 
0 
0 
0.25 
0.25 
0.25 
1 
5

4-7 
4.25 
2 
1.25 
0.5 
0.25 
0.5 
0.25 
1.75 
1.75 
35 
1.5 
0.25 
1.25 
1.75 
1.5 
1 
2 3. 25

8-12 
9.75 
6 
1.5 
3.75 
1.25 
1 
0.75 
2.25 
4.25 
7.5 
2.75 
3.75 
8.25 
6.25 
0.5 
5.75 
65.25

13-18 
7.75 
2.75 
2.75 
1.75 
0 
0.5 
3.25 
4 
5.5 
2.25 
0 
11 
11 
11 
1 
6.75 
61.25

19-24 
1 
0 
0 
0 
0 
0 
0 
2.25 
2.5 
0 
0 
0 
0.25 
1 
2 

0.5 
9.5

>24 
0 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0 
0 
0 
0 
0 
0 
0.25

Total 
24.5 
11 
5.5 
6 
2.25 
2.5 
4.25 
10.75 
14.25 
13.25 
4.25 
5 
21 
20.25 
8.5 
18.75 
172

4-7 
8.75 
8.25 
6.25 
4.75 
2 
0.75 
1.75 
0.75 
5.75 
22 
11 
5 
5.75 
11.5 
7.75 
6.5 
108.5

8-12 
8.5 
4.25 
4.5 
2.5 
0.75 
0.25 
1.25 
4.25 
9.75 
13.25 
11.75 
9.5 
25.75 
26 
16 
27.25 
165.5

13-18 
4.75 
5.5 
2.25 
1.75 
0 
0 
2.75 
5 
8.75 
7.5 
1 
2.25 
27 
69 
8 
10.75 
156.25

19-24 
5.5 
3.25 
0.75 
1.5 
0.75 
0 
0 
1 
1.75 
0 
0.75 
0 
7.75 
14.75 

1.75 
42.5

>24 
1.25 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0.25 
0 
0 
2.25

Total 
31.75 
21.75 
14.5 
12.25 
3.5 
1.25 
5.75 
11 
27 
44.25 
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 

First Quater 1997 Stabitity Class E 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 1 2 6.25 4.75 1 1.5 0 16.5 
NNE 0 0 2.75 2.25 3.25 0 0 8.25 NE 0 0.25 1.5 0 2.25 0 0 4 
ENE 0 0.5 1.25 0 5 2.5 0 9.25 
E 0 0.25 1 0 0.75 1 0 3 
ESE 0 0.5 2.25 0 0 0 0 2.75 
SE 0 0 1.5 1.5 0 0 0 3 
SSE 0 1 1 0 0 0.5 0.25 2.75 
S 0 1.25 3.25 3.5 0 1.25 0 9.25 
SSW 0 1.5 10.75 17.5 0 0 0 29.75 
SW 0 0.75 9.75 6.25 5.5 3.5 0 25.75 
WSW 0 1 7 12.25 8.75 5.5 0.25 34.75 
XI 0 0.25 5.5 11.5 21.25 6.25 0 44.75 I WNW 2.25 0.5 4 26.25 18.5 1 0 52.5 
NW 1.75 1 5.5 8.25 1.75 1.25 0.25 19.75 
NNW 2.25 1 5.5 6.5 0 0 0 15.25 
Total 7.25 11.75 68.75 100.5 68 24.25 0.75 281.25 

First Quater 1997 Stabitity Class F 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0.5 0.5 0.5 2.75 0 0 0 4.25 
NNE 0 1.25 0.5 0.75 0 0 0 2.5 
NE 0.25 0 2.75 0.25 0 0 0 3.25 
ENE 0 0.5 0.75 1.25 1.25 0 0 3.75 
E 0 0 0.5 2.25 0 0 0 2.75 
ESE 0 0 0 1.5 0 0 0 1.5 
SE 0 0.25 0 0 0.25 0 0 0.5 
SSE 0 0.75 0.5 1.25 0 0 0 2.5 
S 0 0.5 2.5 2 0 0 0 5 
SSW 0 1.5 8.25 2.5 0.75 0 0 13 
SW 0 1.5 11.5 9 1.25 1.5 0 24.75 
WSW 0.25 1.25 8.5 6.5 0.75 0 0 17.25 
W 0 0.25 3.25 11.25 2.5 0 0 17.25 
WNW 1.5 1.5 4.75 14.25 4 0 0 26 
NW 3.25 0 8.75 8.25 0.25 0 0 20.5 
NNW 0.250 3 5 0 0 0 8.25 
Total 6 9.75 56 68.75 11 1.5 0 153 
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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

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Second Quarter 1997 Stabitity Class A

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0 
0 
0 
0 
0 
0 
0 
0 
.0 
0 
0 
0 
0 
0 
0.25 
0 
0.25

1-3 
0 
0.25 
0 
0.5 
0.25 
1.75 
1.25 
0.5 
0 
0.5 
0 
0.25 
0.25 
0 
0 
0.25 
5.75

4-7 
2.5 
4.5 
13.75 
7 
6.5 
10.25 
6.75 
12.25 
3.25 
1 
1.25 
1.75 
1.75 
3.75 

2 
81.25

8-12 
9.5 
33.5 
27.25 
8 
2.5 
1.5 
2.5 
10 
10.25 
5.25 
3.5 
5 
4.5 
8.75 
12 
15.25

13-18 
6.25 
13 
4.5 
2.5 
0.5 
0 
0.75 
2.5 
3.5 
1.25 
2.75 
5.75 
2.75 
4.75 
22 
5.5

159.25 78.25
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Calm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0.25

1-3 
0 
0 
0.5 
0.25 
1 
0.25 
1 
0 
0.5 
1 
0.5 
1 
1.5 
0.75 
0 
0 
8.25

4-7 
1 
0 
1.5 
1.5 
2.75 
1.5 
1 
1.75 
4.75 
3.25 
9.5 
11.5 
5 
15.25 
9.5 

72.75

8-12 
2.5 
0.25 
0 
0 
0 
0 
0 
1.25 
1.75 
1.5 
6 
18 
21.5 
12 
0.75 
5.25 
70.75

13-18 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
3.75 
2.25 
0 
0 
10

19-24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

Total 
3.5 
0.25 
2 
1.75 
3.75 
1.75 
2 

7 
5.75 
16 
34.5 
31.75 
30.25 
10.25 
8.5 
162

19-24 
0.25 
5.5 
3.25 
0 
0 
0 
0 
0 
0 
0.25 
1.75 
3 
3.25 
3.5 
0.75 
8.25 
29.75

>24 
0 
1.75 
0 
0 
0 
0 
0 
0 
0 
0 
5.5 
3.75 
7.5 
1.75 
0.5 
0.5 
21.25

Total 
18.5 
58.5 
48.75 
18 
9.75 
13.5 
11.25 
25.25 
17 
8.25 
14.75 
19.5 
20 
22.5 
38.5 
31.75 
375.75

U 
I.



Kewaunee Nuclear Power Plant Meteorological Data 
January 1997 to December 1997 

Wind Speed Hourly Average vs. Direction 

Second Quarter 1997 Stabitity Class B 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0 1.5 2 0.5 0 0 4 
NNE 0 0 1.75 11 4.75 0.75 4 22.25 
NE 0 0 2 1.5 0.5 0 0 4 
ENE 0 0 1 0.75 0.25 0 0 2 
E 0 0 1 0 0.25 0 0 1.25 IESE 0 0.25 0.5 0 0 0 0 0.75 
SE 0 0.25 0.25 0.5 0 0 0 1 
SSE 0 0.25 3.25 1 0 0 0 4.5 
S 0 0 1 1.5 1 0 0 3.5 
SSW 0 0.25 1.5 0.5 0 0 0 2.25 
SW 0 0.25 0.25 0 0 0 0 0.5 
WSW 0 0 0 0 0.25 0 1 1.25 
W 0 0 0 0 0.25 0.5 1.75 2.5 IWNW 0 0 0 0.5 1.25 0 0.5 2.25 
NW 0 0 0 1.5 0.25 0 0 1.75 
NNW 0 0 0 2.5 3.5 1 0 7 
Total 0 1.25 14 23.25 12.75 2.25 7.25 60.75 

Second Quarter 1997 Stabitity Class C 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0 1.25 1.5 1 0 0.25 4 
NNE 0 0 1.5 3.75 0 0.25 4.5 10 
NE 0 0.25 2 6 0.25 0 0 8.5 
ENE 0 0 1.25 1.5 0 0 0 2.75 
E 0 0 0.75 0 0 0 0 0.75 
ESE 0 0 0.5 0 0 0 0 0.5 
SE 0 0 1.75 1 0.25 0 0 3 
SSE 0 0 4 0.75 0 0 0 4.75 
S 0 0.25 2.25 1.5 0 0 0 4 
SSW 0 0.25 1.5 1.25 0.75 0 0 3.75 
SW 0 1 0.25 1 0.5 0.25 0 3 
WSW 0 0.75 0.25 1 2.25 0.5 0 4.75 
W 0 0 0 2.5 1 0.25 1 4.75 
WNW 0 0 0.25 1.25 2.75 1 0 5.25 
NW 0 0 0 1 3.25 0.5 0 4.75 
NNW 0 0.75 0 2.25 4.5 0.25 0 7.75 
Total 0 3.25 17.5 26.25 16.5 3 5.75 72.25 
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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 D

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0.25 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0 
0.25 
0 
0 
0 
0 
0.75

1-3 
0.5 
0.5 
1 

1.75 
1.75 
2 
2.75 
1 
0.25 
0.5 
0 
0.25 
0.25 
0.25 
0 
13.75

4-7 
5.75 
7.25 
10.25 
5.75 
6.5 
5.25 
5 
6.25 
5.5 
6.25 
2 

2.5 
1 
1.25 
0.75 
4.25 
75.5

8-12 
7 
27 
15.75 
8.25 
3.5 
2.25 
0.5 
2.25 
6 
9.25 
4 
2.75 
2.75 
2.5 

10.5

13-18 
0.75 
14.25 
2.5 
1.5 
0.5 
0 
0 
1.5 
4.5 
8 
2.75 
1.5 
3.25 
9.5 
4.75 
3.25

107.25 58.5

Second Quarter 1997 Stabitity Class E

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
6 
0 
0 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6.5

1-3 
1.5 
1 
2.25 
2.5 
2.75 
2.25 
2.5 
4 
3.75 
2 
2.25 
2.25 
1.25 
0 
1.25 
0.75 
32.25

4-7 8-12 
5.5 2.75 
10.75 22.5 
10.75 8.75 
5 3 
6.5 1.75 
3.75 1 
3 1 
5.25 4.25 
17.75 9.25 
22.5 13.25 
4 
1.5 1.25 
2.75 2 
1 4.5 
2.75 5 
3 7.5 
105.75 90.75
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19-24 
0.5 
1.5 
0 
0 
0 
0 
0 
1 
1 
0.25 
1 
1.5 
3.25 
2 
0.5 
5.5 
18

>24 
3.25 
I 
0.25 
0 
0 
0 
0 
0.5 
0 
0 
0 
0.25 
4 
1.5 
0 
2.25 
13

Total 
18 
51.5 
29.75 
16.5 
12.25 
9.25 
7.5 
14.5 
18 
24 
10.25 
8.75 
14.5 
17 
9.25 
25.75 
286.75

13-18 
0.5 
9 
0.75 
0.25 
0 
0 
0 
1.75 
4 
4 
2.5 
1 
0.75 
2 
0.5 
0.5 
27.5

19-24 
0.  
5.75 
0 
0 
0 
0 
0 
1.25 
0.25 
0 
0.25 
0 
1.5 
0 
0 
0 
9

>24 
0 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0.25 
0 
0 
0 
0 
0 
0.5

Total 
16.25 
49 
22.5 
10.75 
11 
7.5 
6.5 
16.75 
35 
41.75 
12.25 
6 
8.25 
7.5 
9.5 
11.75 
272.25

U 
I.



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 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

1-3 

0.25 
2 
0 
1.25 
0.75 
1.75 
3.25 
1.5 
2.5 
2.5 
1.25 
1.5 
0.5 
0.75 
2.25 
23

4-7 
7.5 
6.75 
8.5 
4.75 
3..5 
3.25 
5.25 
6.5 
18.5 
18.75 
4.25 
2.25 
1.25 
2 
2 
5.75

8-12 
2.25 
13.5 
4.5 
1 
1.5 
0.5 
0.5 
7.5 
9 
6 
1.5 
2 
3.5 
5.25 
3.25 
5.5

100.75 67.25

Second Quarter 1997 Stabitity Class G

Wind Direction 
N E 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
I

I -3 
5 
2.5 

1.75 
4.75 
3.75 
2.75 
4 
4.25 
7.75 
5.5 
2.5 
2.25 
3.75 

7.5 
64

4-7 
12 
11 
15.5 
9 
6 
7.5 
11 
28.25 
38.25 
36.75 
31 
15.5 
9.75 
8.75 
8.25 
15.5 
264

8-12 13-18 
0.75 0 
8 4.75 
8.5 0.5 
1 1.75 
6.5 2 
2.25 0 
1 0 
22.75 8.75 
30.5 7.5 
1.75 0 
4.5 0.25 
9.5 0.25 
8.5 0 
9.25 0 
7 0 
1 0 
122.75 25.75
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13-18 
0 
6.75 
0.25 
0.25 
0 
0 
0 
5.5 
5 
0.5 
0.25 
0.25 
0.5 
0 
0 
0 
19.25

19-24 
0 
0.25 
0 
0 
0 
0 
0 
0.25 
0.75 
0.25 
0.25 
0 
0 
0 
0 
0 
1.75

>24 
0.25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25

Total 
11 
27.5 
15.25 
6 
6.25 
4.5 
7.5 
23 
34.75 
28 
8.75 
5.75 
6.75 
7.75 
6 
13.5 
212.25

19-24 
0 
0 
0 
0 
0 
0 
0 
0.5 
0.25 
0 
0 
0 
0.5 
0.5 
0 
0 
1.75

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0 
0 
0 
0 
0 
0.25

Total 
18.5 
26.25 
27.5 
13.5 
19.25 
13.5 
14.75 
64.25 
81 
46.25 
41.25 
27.75 
21 
22.25 
18.25 
24.25 
479.5

U 
I.



Kewaunee Nuclear Power Plant Meteorological Data 
January 1997 to December 1997 

Wind Speed Hourly Average vs. Direction 

Third Quarter 1997 Stabitity Class A 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0.75 0 5 15.75 7.75 0.25 0 29.5 
NNE 0 0.5 7 30 5.75 0 0 43.25 
NE 0 0.75 16.75 20.5 0.5 0 0 38.5 
ENE 0 0.5 12.25 4.5 2 0 0 19.25 
E 0 0.75 14.5 7 0.5 0 0 22.75 
ESE 0 0.5 17.5 5.25 1 0 0 24.25 
SE 0 0.25 8.5 3.75 3 0 0 15.5 
SSE 0 0 4.25 6 1.25 0 0 11.5 
S 0 0.25 4.5 0.5 1 0 0.25 6.5 
SSW 0 0.25 1.5 2.25 2.25 0 0 6.25 
SW 0 0 1 7.5 5.75 0.25 0 14.5 
WSW 0 0 7.25 14.5 10.5 2.25 1.5 36 
W 0 0.5 5.75 25.25 4.25 1 0.5 37.25 
WNW 0 0.25 4.25 12.25 4.75 0 0 21.5 
NW 0 1.25 4.5 9.75 4.5 0 0 20 
NNW 0 0.5 5.5 22.75 9.75 0 0 38.5 
Total 0.75 6.25 120 187.5 64.5 3.75 2.25 385 

Third Quarter 1997 Stabitity Class B 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 1.25 0.25 0.5 5 1.5 1.25 0 9.75 
NNE 0 0.5 2.75 10.75 4 0 0 18 
NE 0 0.5 4.5 0.25 0.5 0 0 5.75 
ENE 0 0.5 1.75 0.25 0.75 0 0 3.25 
E 0 1 1.25 0.75 0 0 0 3 
ESE 0 0 0.75 0.25 0 0 0 1 
SE 0 0.25 0.5 2.25 1.75 0.25 0 5 
SSE 0 0 0.75 2.75 1.25 0.25 0 5 
S 0 0.25 0.5 1.25 0.25 0 0 2.25 
SSW 0 0.5 0 1.25 0.75 0.5 0 3 
SW 0 0 1.5 0.5 0 0 0 2 
WSW 0 0.5 2.25 3 0 0.5 0.5 6.75 
W 0 0 0.5 2.75 0.5 0 0 3.75 
WNW 0 0.5 1.75 1.25 1.5 0 0 5 
NW 0 0 0.75 4 0.25 0 0 5 
NNW 0 0.5 1 2 0.5 0 0 4 
Total 1.25 5.25 21 38.25 13.5 2.75 0.5 82.5 

I.  
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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 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SS W 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Third Quarter 1997

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
1.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.75

1-3 
1.25 
1.5 
2 
1.5 
1.25 
1.5 
1.25 
1.5 
0.5 
1.25 
1.5 
0 
0.25 
0.75 
0.5 
1.25 
17.75

4-7 
6.25 
6.5 
10.75 
11.5 
13.75 
7.5 
10 
12.25 
16.5 
9 
1.25 
2 
2.75 

10 
9 
132

Stabitity Class D

8-12 
13.75 
23 
9.5 
4.5 
3.75 
2.5 
3.75 
10.25 
12.75 
3.5 

9.5 
9.25 
8.25 
10 
7.5

13-18 
4.75 
14.25 
3 
0.25 
0.5 
1.25 
6.5 
7 
0.75 
1.5 
4 
7.25 
10.5 
4.5 
0 
0.75

134.75 66.75

19-24 
0.25 
0.5 
0 
0 
0 
0 
0.25 
0 
0 
0 
0 
2.25 
1.5 
0 
0 
0 
4.75
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Calm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

1-3 
0 
0 
0 
0 
0 
0.25 
0 
0.25 
0 
0.25 
0 
0.25 
0.25 
0 
0.5 
0.25 
2

4-7 
2.25 
1.5 
2 
0.75 
3.5 
1 
4.5 
2.25 
1.25 
2 
0.75 
0.5 
0.25 
0.75 
2 
3 
28.25

8-12 
5.75 
9 
7.5 
1 
0.75 
0.25 
1.75 
3 
1.75 
0.75 
0.75 
0.5 
1.5 
1.75 
2.75 
3.25 
42

13-18 
2.75 
1.5 
0 
0 
0 
0 
0 
3.5 
1.75 
0 
0.75 
1.25 
0.25 
1 
1 
0.25 
14

19-24 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0.5 
0 
0.75 
0.25 
0 
0 
0 
2

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

Total 
11.25 
12 
9.5 
1.75 
4.25 
1.5 
6.25 
9 
4.75 
3.5 
2.25 
3.25 
2.5 
3.5 
6.25 
6.75 
88.25

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0 
0 
0 
0.25

Total 
28 
45.75 
25.25 
17.75 
19.25 
12.75 
21.75 
31 
30.5 
15.25 
9.75 
21 
24.5 
16.5 
20.5 
18.5 
358



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 8-12 13-18 19-24 >24 Total 
N 20.5 0.5 10.5 11 1 0.25 0 43.75 
NNE 0.25 0.25 2.5 10.5 3.5 0.25 0 17.25 
NE 0 1 4.75 5.25 2.5 0 0 13.5 
ENE 0 1 0.75 0.25 0.5 0 0 2.5 
E 0 0.25 1.75 0.25 0.25 0 0 2.5 
ESE 0 0.5 4 0 0 0 0 4.5 
SE 0 1 3.5 3.75 2 0.25 0 10.5 
SSE 0 2.5 9.75 9.25 7.75 0.25 0 29.5 
S 0 2.5 23.5 16 0 0 0 42 
SSW 0 1 18.5 6.25 1.5 0 0 27.25 
SW 0 1.25 10.75 10.25 6 0 0 28.25 
WSW 0 0 5.25 12.75 3.25 0.5 0 21.75 
W 0 0.25 3.75 13.5 9.5 3 0 30 
WNW 0 0.75 6 12.5 2.25 0 0 21.5 
NW 0.25 2 9.5 3 0 0 0 14.75 
NNW 0 2 16.25 8.5 0.5 0 0 27.25 
Total 21 16.75 131 123 40.5 4.5 0 336.75 

Third Quarter 1997 Stabitity Class F 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 2.5 0.25 4.5 1.75 0 0 0 9 
NNE 0 0.5 3.25 7.75 0.75 0 0 12.25 
NE 0 0 1.25 6.25 0 0 0 7.5 
ENE 0 0 0.75 0.75 0 0 0 1.5 
E 0 0.25 1.25 0 0 0 0 1.5 
ESE 0 1.75 2.75 0 0 0 0 4.5 
SE 0.25 1 2.5 1.5 2.75 0 0.25 8.25 
SSE 0 4 11 7.75 9.75 0.25 0.25 33 
S 0 6.5 14.75 5.25 0.75 0 0 27.25 
SSW 0 4.75 10.25 3.5 0.25 0 0 18.75 
SW 0 0.75 5.25 4.75 1.25 0 0 12 
WSW 0.75 1.25 4.75 4.75 1.25 0 0 12.75 
W 0 0.5 2.75 10.5 0.25 0.75 0 14.75 
WNW 0 2 5.5 1.25 1.5 0 0 10.25 
NW 0.25 2.25 8.5 2 0 0 0 13 
NNW 0.25 0.25 13.25 6 0 0.25 0 20 
Total 4 26 92.25 63.75 18.5 1.25 0.5 206.25
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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 G

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
12.25 
0 
0 
0.25 
0 
0.25 
0 
0.25 
0 
0 
0 
0 
0 
0 
0 
0 
13

1-3 
0 
0.25 
0.25 
0.5 
2 
1.5 
3.75 
4.75 
8.5 
14.25 
13.5 
8 

4.75 
6 
5.5 
76.5

4-7 
4.5 
0.25 
0.75 
1 
0.75 
2 
3.5 
14.25 
35.75 
29.25 
33.75 
45.25 
34.75 
33.25 
38.25 
36.25 
313.5

Fourth Quarter 1997

8-12 
0.25 
1 
3.25 
0.75 
0 
0 
1.25 
17 
17.5 
4.25 
1.5 
8 
24 
5.25 
0.75 
0.75 
85.5

13-18 
0 
0 
0 
0 
0 
0 
0.25 
2.25 
0.5 
0 
0 
0 
0.5 
0 
0 
0 
3.5

19-24 
0 
0 
0 
0 
0.25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25

>24 Total 
0 17 
0 1.5 
0 4.25 
0 2.5 
0 
0 3.75 
0 8.75 
0 38.5 
0 62.25 
0 47.75 
0 48.75 
0 61.25 
0 62.25 
0 43.25 
0 45 
0 42.5 
0 492.25

Stabitity Class A

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

1-3 
0.5 
0 
0.5 
0.5 
0.25 
0.25 
1.25 
1.25 
0 
0.25 
0.25 
1 
0.75 
0.5 
0.25 
0.75 
8.25

4-7 
5.5 
3.25 
1.25 
4 
6.75 
7 
3.25 
4.25 
4 

5.25 
3.25 
7.75 
8.5 
11.5 
13.25 
91.75

8-12 
7.5 
10.75 
4 
8 
9 
8.25 
7.5 
4.25 
2 
7.25 
8.5 
13.25 
26 
25.5 
15.25 
21.25

13-18 
2.75 
6.75 
3.75 
15 
7 
2 
7.75 
4.25 
4.25 
1 
8 
17.75 
14 
15.5 
8.5 
6.5

19-24 
0 
0.25 
2 
11 
7.75 
0 
0 
0.25 
0.5 
0.5 
1.25 
4.5 
1 
0.75 
0.5 
0.25

178.25 124.75 30.5

>24 
0 
0.25 
0.25 
0.75 
1 
0 
0 
0 
02 
0.25 
0.25 
0 
0 
0 
0 
0

Total 
16.25 
21.25 
11.75 
39.25 
31.75 
17.5 
19.75 
14.25 
10.75 
12.25 
23.5 
39.75 
49.5 
50.75 
36 
42

2.75 436.25
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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 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0 3.25 9 0.5 0 0 12.75 
NNE 0 0 0.75 3 4.75 1.25 1.75 11.5 
NE 0 0 0.75 2 2.25 1 0 6 
ENE 0 0 0.25 0 0.25 1.75 0 2.25 
E 0 0.25 0.5 6.5 4.5 0 0 11.75 
ESE 0 0.25 0.5 4.25 0.75 0 0 5.75 
SE 0 0 2.25 3.25 1.25 0 0 6.75 
SSE 0 0.75 1.75 2.25 2 0 0 6.75 
S 0 0 0.75 1 0 0 0 1.75 
SSW 0 0 0.25 2 0 0 0 2.25 
SW 0 1 0.75 0.25 0 0.5 0 2.5 
WSW 0 0.25 0.25 2.75 2 0.5 0 5.75 
W 0 0 1 3.75 1.75 0 0 6.5 
WNW 0 0.5 0.25 4.5 1.25 0 0 6.5 
NW 0 0.5 2.25 3.75 0.5 0 0 7 
NNW 0 0 1.75 7.25 0.25 0 0 9.25 
Total 0 3.5 17.25 55.5 22 5 1.75 105 

Fourth Quarter 1997 Stabitity Class C 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0 2.25 5.25 2.75 0 0 10.25 
NNE 0 0 0.5 3.25 2.5 1 0 7.25 
NE 0 0 0.5 1 2 1.5 0.25 5.25 
ENE 0 0.25 1 0.25 1 0.25 0 2.75 
E 0 0.75 3.5 2.25 2.5 0 0 9 
ESE 0 1 4.25 3.25 0 0 0 8.5 
SE 0 0.25 4 1.5 0.5 0 0 6.25 
SSE 0 0 1.5 0.75 0 0 0 2.25 
S 0 1.5 0.25 0.5 0 0 0 2.25 
SSW 0 0.25 0.5 3.5 0.5 0 0 4.75 
SW 0 0.75 0.75 1.75 0.5 0.5 0.25 4.5 
WSW 0 0.5 1.75 2.25 1.25 0.75 0 6.5 
W 0 0 0.5 2.25 2.25 0.25 0 5.25 
WNW 0 0.25 0.5 5 2 0 0 7.75 
NW 0 0 1.25 4.5 0.5 0 0 6.25 
NNW 0 0.5 2.25 5 1.5 0 0 9.25 
Total 0 6 25.25 42.25 19.75 4.25 0.5 98 
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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

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

1 -3 
2 
1 
0 
0.25 
0.5 
1 
0.75 
0 
0.75 
0.75 
0.25 
0.5 
1.25 
2.25 
2.75 
1.75 
15.75

4-7 
11.25 
3.5 
9.5 
3.25 
3.25 
3.75 
2 
0.75 
2.25 
11 
5.75 
7.5 
14 
20.75 
20.5 
18.25

8-12 
46.5 
9.5 
8.5 
7.25 
3.5 
1.25 
2 
1.75 
4.25 
16.5 
10.75 
12.5 
27.75 
37.75 
14.75 
39.25

137.25 243.75

Fourth Quarter 1997

Wind Direction 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Total

Calm 
1.25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.25

1-3 
1.5 
0.5 
1.75 
0.5 
0.25 
0.75 
0.25 
1.5 
0.5 
1.75 
1.75 
0.25 
4.25 
2.25 
1.25 
2 

21

4-7 
6.5 
2.25 
2.5 
2 
0.25 
1.25 
2.25 
1 
3.75 
16.75 
7.5 
13 
12.75 
17.75 
14.25 
11.5 
115.25

13-18 
16.5 
4.25 

1.75 
0.5 
0.5 
1.25 
0.5 
3.75 
2 
2.5 
5.5 
24.25 
35.5 
0.5 
5.25 
107.5

Stabitity Class E

8-12 13-18 
7.5 3 
0.75 2.5 
1.25 0.25 
1 0 
0.75 0 
0 0 
0.25 0 
4 0.5 
15.75 8.5 
13.5 2.75 
12.75 1 
9.75 10 
13.25 8.25 
38.75 12.5 
18.75 1.5 
13.25 3 
151.25 53.75
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19-24 
0.25 
1.5 
0 
0.25 
0 
0 
0 
0 
0.75 
0.5 
0.5 
1.75 
6.5 
1.5 
0 
0 
13.5

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0 
1 
0 
0.5 
0 
0 
0 
1.75

Total 
76.5 
19.75 
21 
12.75 
7.75 
6.5 
6 

12 
30.75 
20.75 
27.75 
74.25 
97.75 
38.5 
64.5 
519.5

19-24 
0.75 
0 
0 
0 
0 
0 
0 
0.25 
0.75 
0.25 
0.5 
8.75 
3.50 

0 
0 
0 
14.75

>24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1

Total 
20.5 
6 
5.75 
3.5 
1.25 
2 
2.75 
7.25 
29.25 
35 
23.5 
41.75 
43 
71.25 
35.75 
29.75 
358.25

I 
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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 F 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 2.25 4.25 3.75 1.25 0 0 11.5 
NNE 0 0.75 0.5 1.5 0 0 0 2.75 
NE 0 1.75 0.25 0.25 0 0 0 2.25 
ENE 0 0.25 1.5 0.25 0 0 0 2 
E 0 0 0.75 0 0 0 0 0.75 
ESE 0 0.5 0.25 0 0 0 0 0.75 
SE 0 0 1.75 0 0 0 0 1.75 
SSE 0 0.25 2 2 2 3 0.5 9.75 
S 0 0.25 10.25 11.25 8.75 0.5 0 31 
SSW 0 3.25 24.5 6.75 0.25 0 0 34.75 
SW 0 2.75 13.75 15.25 4.25 0 0 36 
WSW 0.25 1 10.75 12.25 1.75 0.25 0 26.25 
W 0.25 2 12.75 12.5 8.75 0 0 36.25 
WNW 0 1.5 18.25 23.25 1.5 0 0 44.5 
NW 0 2.75 16 6.75 0 0 0 25.5 
NNW 0 2.75 12.5 10.5 0.75 0 0 26.5 
Total 0.5 22 130 106.25 29.25 3.75 0.5 292.25 

Fourth Quarter 1997 Stabitity Class G 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0.25 1.5 3.25 0 0 0 0 5 
NNE 0 1 0.5 1.25 0 0 0 2.75 
NE 0 1.25 1.75 0.75 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 0.25 0 0 0 1.5 
SE 0.25 3.5 4 2.5 0.25 0 0 10.5 
SSE 0 2.5 17.25 17.25 15 2 1 55 
S 0 5.25 14.75 11.25 3 0.25 0 34.5 
SSW 0.25 4 15 0.5 0 0 0 19.75 
SW 0 6 37 10.5 0.25 0 0 53.75 
WSW 0 6.5 31 11.25 0 0 0 48.75 
W 0 6 21.5 24.25 0.25 0 0 52 
WNW 0.25 10 25 19.25 0.75 0 0 55.25 
NW 0 6.25 21.75 2.75 0 0 0 30.75 
NNW 0.25 3.5 8.5 1.75 0 0 0 14 
Total 1.25 60.5 204.25 103.5 19.5 2.25 1 392.25
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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 

Gaseous Batch Release Number 97-001 
Stabitity Class A

Wind Direction 
SW 
WSW 
Total

Calm 1-3 
0 0 
0 0 
0 0

4-7 
0 
0 
0

8-12 13-18 
2 0.25 
1.25 0 
3.25 0.25

Gaseous Batch Release Number 97-002 
Stabititv Class A

Wind Direction 
NE 
ESE 
S 
WNW 
NW 
Total

Calm 
0 
0 
0 
0 
0 
0

1-3 
0 
0 
0 
0 
0 
0

4-7 
0.25 
0 
0 
0.25 
0.25 
0.75

Wind Direction 
ENE 
ESE 
SE 
Total

Wind Direction 
NNE 
NE 
ENE 
Total

Calm 
0 
0 
0 
0

Calm 
0 
0 
0 
0

1-3 
0 
0.  
0.25 
0.25

1-3 
0 
0 
0 
0

Stabitity Class B 

4-7 8-12 13-18 
0.25 0 0 
0.25 0 0 
0 0 0 
0.5 0 0 

Stabitity Class D

4-7 
0 
0.25 
0 
0.25

8-12 
0.25 
0.75 
0.25 
1.25

13-18 
0 
0 
0 
0

I 
I.

Page Al6 of A22

19-24 
0 
0 
0

>24 
0 
0 
0

Total 
2.25 
1.25 
3.5

8-12 
0.25 
0.25 
0.25 
0 
0 
0.75

13-18 
0 
0 
0 
0 
0 
0

19-24 
0 
0 
0 
0 
0 
0

>24 
0 
0 
0 
0 
0 
0

Total 
0.5 
0.25 
0.25 
0.25 
0.25 
1.5

19-24 
0 
0 
0 
0

19-24 
0 
0 
0 
0

>24 
0 
0 
0 
0

>24 
0 
0 
0 
0

Total 
0.25 
0.25 
0.25 
0.75

Total 
0.25 
1 
0.25 
1.5



Kewaunee Nuclear Power Plant Meteorological Data 
January 1997 to December 1997 

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

Stabitity Class E 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
NNE 0 0 0.25 0.75 0 0 0 
NE 0 0 0.5 1 0 0 0 1.5 
E 0 0 0.25 0 0 0 0 0.25 
SE 0 0.25 0 0 0 0 0 0.25 
SSE 0 0.25 0 0 0 0 0 0.25 
NNW 0 0 0.75 0 0 0 0 0.75 
Total 0 0.5 1.75 1.75 0 0 0 4 

Stabitity Class F 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0.25 0.25 0 0 0 0 0.5 
NNE 0 0 0.25 1 0 0 0 1.25 
NE 0 0 0.25 0.5 0 0 0 0.75 
ENE 0 0 0 0.25 0 0 0 0.25 
SE 0 0.25 0 0 0 0 0 0.25 
NNW 0 0 0.5 0 0 0 0 0.5 
Total 0 0.5 1.25 1.75 0 0 0 3.5 

I Stabititv Class G 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
N 0 0.25 0 0 0 0 0 0.25 
NNE 0 0.25 0 0.5 0 0 0 0.75 
NE 0 0.5 0.5 0 0 0 0 1 
ENE 0 0 0.5 0.25 0 0 0 0.75 
Total 0 1 1 0.75 0 0 0 2.75 

I 
I 
I 
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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 

Gaseous Batch Release Numebr 97-003 
Stabitity Class F 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
SW 0 0 0 1 0 0 0 1 
Total 0 0 0 1 0 0 0 1 

Gaseous Batch Release Numebr 97-004 

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

Gaseous Batch Release Numebr 97-005 
Stabitity Class A 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
ENE 0 0 0.25 0 0 0 0 0.25 
E 0 0 0.25 0 0 0 0 0.25 
ESE 0 0 0.25 0.25 0 0 0 0.5 
SE 0 0 0.25 0.25 0 0 0 0.5 
SSE 0 0 0.5 1.5 0 0 0 2 
Total 0 0 1.5 2 0 0 0 3.5 

Stabitity Class C 

Wind Direction Calm 1-3 4-7 8-12 13-18 19-24 >24 Total 
E 0 0 0.25 0 0 0 0 0.25 
SE 0 0 1 0 0 0 0 1 
Total 0 0 1.25 0 0 0 0 1.25 

I 
I 

I 
I.  
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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 
ENE 
E 
SSE 
S 
SSW 
SW 
Total

Calm 1-3
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0

4-7 8-12 13-18 19-24 
0.25 0 0 0 
0.25 0.5 0 0 
0 0.25 0 0 
0.5 0.25 0 0 
1.5 0 0 0 
0.25 0 0 0 
2.75 1 0 0

Stabitity Class E

Wind Direction 
SSE 
S 
Total

Calm 
0 
0 
0

Stabitity Class F

Wind Direction 
SSW 
Total

Calm 
0 
0

Stabitity Class G

Wind Direction 
SW 
WSW 
W 
Total

Calm 
0 
0 
0 
0
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>24 
0 
0 
0 
0 
0 
0 
0

Total 
0.25 
0.75 
0.25 
0.75 
1.5 
0.25 
3.75

1-3 
0 
0 
0

4-7 
0 
0 
0

8-12 
0.5 
0.25 
0.75

13-18 
0 
0 
0

19-24 
0 
0 
0

>24 
0 
0 
0

Total 
0.5 
0.25 
0.75

0 
0

4-7 
0.25 
0.25

8-12 
0 
0

13-18 
0 
0

19-24 
0 
0

>24 
0 
0

Total 
0.25 
0.25

0 
0 
0 
0

4-7 
0.25 
3 
0.5 
3.75

8-12 
0 
0 
0 
0

13-18 
0 
0 
0 
0

19-24 
0 
0 
0 
0

>24 
0 
0 
0 
0

Total 
0.25 
3 
0.5 
3.75



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 
Stabitity Class A

Wind Direction 
SW 
Total

Calm 
0 
0

1-3 
0 
0

4-7 
0 
0

8-12 
0.5 
0.5

13-18 
0 
0

19-24 
0 
0

>24 
0 
0

Stabitity Class D

Wind Direction 
SW 
Total

Calm 
0 
0

1-3 
0 
0

4-7 
0 
0

8-12 13-18 
1 0.25 
1 0.25

Stabitity Class E

Wind Direction 
SSW 
SW 
Total

Calm 
0 
0 
0

1-3 
0 
0 
0

4-7 
0.75 
1.5 
2.25

8-12 13-18 
0.25 0 
0.5 0 
0.75 0

Stabitity Class F

Wind Direction 
SSW 
Total

Calm 
0 
0

Stabitity Class G

Wind Direction 
SSW 
SW 
WSW 
W 
Total

Calm 
0 
0 
0 
0 
0
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Total 
0.5 
0.5

19-24 
0 
0

>24 
0 
0

Total 
1.25 
1.25

19-24 
0 
0 
0

>24 
0 
0 
0

Total 
1 
2

1-3 
0 
0

4-7 
0.5 
0.5

8-12 
0 
0

13-18 
0 
0

19-24 
0 
0

>24 
0 
0

Total 
0.5 
0.5

1-3 
0 
0 
0 
0 
0

4-7 
0.75 
1.25 
3 
0.25 
5.25

8-12 
0 
0 
0 
0 
0

13-18 
0 
0 
0 
0 
0

19-24 
0 
0 
0 
0 
0

>24 
0 
0 
0 
0 
0

Total 
0.75 
1.25 

0.25 
5.25

I 
I.  
I



Kevaunee 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 97-007 
Stabitity Class G

Wind Direction 
SW 
WSW 
W 
WNW 
Total

Calm 1-3 
0 0 
0 0 
0 0 
0 0 
0 0

4-7 8-12 13-18 19-24 
0.25 0 0 0 
1.5 0.5 0 0 
0.75 7.25 0 0 
0 0.25 0 0 
2.5 8 0 0

Gaseous Batch Release Number 97-08 

Stabitity Class A

Wind Direction 
WSW 

WNW 
NW 
Total

Calm 
0 
0 
0 
0 
0

1-3 
0.  
0 
0 
0 
0

4-7 8-12 
0 2 
0.25 2.25 
0 0.75 
0.25 0 
0.5 5

Stabitity Class D

Wind Direction 

WSW 
Total

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

0 
0

0 
0

0.5 0 
0.5 0

0 
0

0 
0

0 
0

Stabitity Class E

Wind Direction 
SW 
WSW 
Total

Calm 
0 
0 
0
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>24 
0 
0 
0 
0 
0

Total 
0.25 
2 
8 
0.25 
10.5

13-18 
0.25 
0 
0 
0 
0.25

19-24 
0 
0 
0 
0 
0

>24 
0 
0 
0 
0 
0

Total 
2.25 
2.5 
0.75 
0.25 
5.75

Total 

0.5 
0.5

1-3 
0 
0 
0

4-7 
0.25 
0.75 
1

8-12 
0 
0 
0

13-18 
0 
0 
0

I 
I.

19-24 
0 
0 
0

>24 
0 
0 
0

Total 
0.25 
0.75 
1



Kewaunee Nuclear Power Plant Meteorological Data 
January 1997 to December 1997 

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

Stabititv Class F

Wind Direction 
SW 
Total

Calm 
0 
0

1-3 
0 
0

4-7 
0.5 
0.5

8-12 13-18 
0 0 
0 0

Stabitity Class G

Wind Direction 
SW 
WSW 
Total

Calm 
0 
0 
0

1-3 
0 
0 
0

4-7 
3.25 
2.75 
6

8-12 13-18 
0.5 0 
0 0 
0.5 0

Gaseous Batch Release Number 97-009 

Stabitity Class D

Wind Direction 
W 
WNW 
NW 
Total

Calm 
0 
0 
0 
0

1-3 
0 
0 
0 
0

4-7 
3.75 
2.5 
0.25 
6.5

8-12 
1.75 
2.25 
0.5 
4.5
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19-24 
0 
0

>24 
0 
0

Total 
0.5 
0.5

19-24 
0 
0 
0

>24 
0 
0 
0

Total 
3.75 
2.75 
6.5

13-18 
0 
0 
0 
0

19-24 
0 
0 
0 
0

>24 
0 
0 
0 
0

Total 
5.5 
4.75 
0.75 
11
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Appendix B 

Kewaunee Nuclear Power Plant 

1997 Offsite Dose Calculation Manual Changes 

January 6. 1997 Evaluated, but not implemented 

October 20. 1997 Revision 8



KEWAUNEE NUCLEAR POWER PLANT 

OFF-SITE DOSE CALCULATION MANUAL 

Revision temporary change in support of GNP 1.19.30 & KAP0493

Date 7 fcc -

(f. a

Plant Operatio eview CoA ttee/Date 

by 
Supe rtend Plant Radiation Protecti'n/Da'te 

by/ 
Superinendent - Plant RadiocKemistry/Date 

by 1-3-"
Licensing Director/Date

U 
I.

Reviewed 

Approved 

Approved 

Approved

by



GNP 4.3.1 
Rev. A 

APR 3 0 1996 
Page 18 of 19 

SECOND LEVEL REVIEW REPORT 

DATE______________ 

RESPONSIBLE PERSON - < ~ ~ 

SECOND LEVEL REVIEWER(S) 

Please perform a Second Level Review for ( 0 9 per U GNP 4.3.1. The review is to cover the following. / 

I Second Level Review method used (circle one): 

Design Review Alternate Calculations Qualification Testing 

Reference material used: NAO 5.13 SP .5Ak- , 00Cw Sdec S I 

NEP 4.8, Attachment I (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 following recommendations, the design change 
may be put in service.  

5 REVIEWER'S SIGNATURE(S)/DATE.  I7 
Resolution of Rommendations by RP: 

~~~~~L / aL -A ?0~~ ~_

II POSIBL PERSONIDATE 

3 Form GNP 4.3.1-2 

g.



GNP 4.3.1 
Rev. A 

APR 3 0 19% 
Page 17 of 19 

SAFETY REVIEW 

IDENTIFICATION NO. n / N ,. , o 

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/NO 

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: (attach pages as necessary)

7,z~~A C
ecnentirZ~ n DPE N/DATE

Form GNP 4.3.1-1

W~

I 
I.

I



GNP 4.3.1 
Rev. A 

APR 3 0 1996 
Page 19 of 19

SAFETY EVALUATION REPORT 

IDENTIFICATION NO. jO'PC-f GNR C . 19.'o

The objective of this document is to perform the evaluation required per 10CFR50.59(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 /_) 

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

YES /(O 

5. Could the change create the possibility of an accident of a different 
type than any previously evaluated in the USAR? YES /146 

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 / 

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

The basis for these conclusions are attached.  

NOTE: Identification of question answers using the question number on the attached pages is 
acceptable.  

IF THE ANSWER TO ANY OF THE ABOVE QUESTIONS IS YES, PPLICATI)N FOR PRIOR 
NRC APPROVAL MUST BE MADE PER NEP 5- m, . //

Form GNP 4.3.1-3

U 
U.

I



Safety Review for Sodium Hydroxide Release via the Waste Neutralizin2 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 xl0' gCi/ml gross gamma radioactivity and -3.5x0 gCi/ml 

Tntium 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 monitoring.  

A determination was made as a part of the attached Safety Evaluation (and attached calculation),and as required 

by 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.  

II 
I 
I 
I.



Safety Evaluation for Sodium Hydroxide Release via the Waste Neutralizin2 Tank 
(KAP 0493 and GNP 1.19.30) 

1 
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 analyzed accident, no increase in 

consequences are possible.  

The accidental release of recycle 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 Auxiliary Building. The USAR analysis was performed due to potential high activity in fluids captured in the 

Auxiliary Building. Because of the low quantity of radioactivity in the NaOH as evidenced in #5 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 concern of draining the caustic additive standpipe, only the 

release ot 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.  

I 
I.



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 -1.3xl0-6 lCi/ml gross gamma radioactivity and 

-3.5x10 gCilml Tritium. An associated dose for this release of -1.8xl0 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 verification 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 installed 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.



W 12/18/96 TECHNICAL SPECIFICATION COMPLIANCE
SP 32A-136 
Permit # 02-0003

tus: Pre Release 

lase Rate Calculations

Tank = miscellaneous

Estimated R-18 reading (CPM) is: 3.11E+03

R18 Setpoint 3.22E+06 CPM 
R18 Sensitivity 1.OOE+08 CPM per pCi/mI 

R18 Background 3.00E+03 CPM 
Total MPC Fraction 1.62E-01 

Total Gamma Concentration 1.13E-06 pCilml 
SW Flow Rate 5000 GPM

RNING:

Base J=ese parameters, the release rate of 300.00 GPM 
do NOT xceed 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 

The calculated setpoint is LESS THAN the system R1 8 setpoint

ALARA Limits:
Gross Gamma Concentration (diluted): 

Tritium Concentration (diluted):
6.78E-08 pCi/ml 
2.13E-05 pCi/mI

Gamma Concentration ALARA limit of 2.OE-8 uCi/mi is exceeded 
Tritium Concentration ALARA limit of 5.OE-6 uCi/mi is exceeded

DOSE ANALYSIS 
Dose analysis based on a release volume of 

and a dilution flow rate of 
Quarter is 4 based on SAMPLE
Quarter and year to date totals are as of 

Dose Information 
Bone , ,L-Bd7- Thyroid

Release: 

OTD: 

YTD:

1.95E-0 1.10E-07

300.00 gal 
5000 GPM 

date of 1102 

in mrem 
Kidney Lung GI-LLI

9.07E-05 3.02E-05 7.43E-06

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

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 9.14E-06

Quarterly Total Body Dose 
Annual Total Body Dose 
Projected Total Body Dose 

rterly Max Organ Dose 
ual Max Organ Dose 

Projected Max Organ Dose

1.75E-04 is within 
1.75E-04 is within 
2.16E-04 is within 

2.67E-04 Liver 
2.67E-04 Liver 
3.29E-04 Liver

ODCM 3.3.2.a limit of 
ODCM 3.3.2.b limit of 
ODCM 3.3.3 limit of

is within 
is within 
is within

1.50 
3.00 
0.18

ODCM 3.3.2.a limit of 
ODCM 3.3.2.b limit of 
ODCM 3.3.3 limit of

mrem 
mrem 
mrem

5.00 
10.00 
0.62

mrem 
mrem 
mrem
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RADIONUCLIDE ANALYSIS 
Conc 

Nuclide pCi/mI
* H-3 

Co-60 
Sb-125 
Cs-137

3.54E-04 
4.70E-07 
1.1 9E-07 
5.42E-07

Subtotal 3.55E-04

Activity 
Ci

4.02E-04 
5.33E-07 
1.35E-07 
6.16E-07

SP 32A-136 
Permit # 02-0003 
miscellaneous 

MPC 
pCi/ml

3.OOE-03 
3.OOE-05 
1.OOE-04 
2.OOE-05

4.03E-04

Composite Sample for this period not found

Total 3.55E-04 4.03E-04

* - Non-Gamma Emitter

Conc/MPC
1.18E-01 
1.57E-02 
1.19 E-03 
2.71 E-02 

1.62E-01

1.62E-01
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Abstract

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

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

Introduction 

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the methodology and 
parameters used in: 1) the calculation of radioactive liquid and gaseous effluent monitoring 
instrumentation alarm/trip setpoints; and 2) the calculation of radioactive liquid and gaseous 
concentrations, dose rates and cumulative quarterly and yearly doses. The methodology stated in 
this manual is acceptable for use in demonstrating compliance with 10 CFR 20.106, 10 CFR 50, 
Appendix I and 40 CFR 190.  
N eaa al.5..iif..li.i i ... ii.i i that 
tiroe. the NR~has detennisedlJhit itiiqneitb55w thiils iting level of 
effluent control as imple mtingtthe:ALARA requiemnt~fti 1,994 without 
submitting indviifa niquidti o kniiii their todhaicisifiiikiiifi ifmtiiipfith new 10 
CPR 20.1 101(b). Therefore, the instantaneous seleaseivat lHiaits. wiih are specified by 
reference to the vaues is Appendix B will continue to be the watnes ini Appendii B prior to 
revision, unil the teli iatiicatioaa hangua:2Tcalimbwnlitinttodology contained 
in thit manual ~if iartiiutilt ro lliaOb prot~ -199Wi~rsb.i1 tC*20'tdfidi M t idei 

More conservative calculational methods and/or conditions (e.g., location and/or exposure 
~ pathways) expected to yield higher computed doses than appropriate for the maximally exposed 

person may be assumed in the dose evaluations.  

The ODCM will be maintained at the station for use as a reference guide and training document I 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.  

I 
I 
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I 

I. Rev. 8 
0-1 10/20/97



Derintions

1. ACTION 

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

2. GASEOUS RADWASTE TREATMENT SYSTEM 

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

3. INSTRUMENTATION SURVEILLANCE 

a. CHANNEL CHECK 

b. CHANNEL FUNCTIONAL TEST 

c. CHANNEL CALIBRATION 

d. SOURCE CHECK 

As defined in the Technical Specifications.  

4. MEMBER(S' OF THE PUBLIC 

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

5. OPERABLE-OPERABRLITY 

As defined in the Technical Specifications.  

6. PURGE - PURGING 

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

Rev. 8 
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7. RADIOLOGICAL ENVIRONMENTAL MONITORING MANUAL-I (REhM

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

8. SITE BOUNDARY 

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

9. UNRESTRICTED AREA 

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

I10. VENTILATION EXHAUST TREATMENT SYSTEM 

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

I 
I 
I 
I 
I 
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1.0 Liquid EMuents

1.1 Radiation Monitoring Instrumentation and Controls 

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

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

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

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

1.2 Liquid Effluent Monitor Setpoint Determination 

Per the requirements of Specification 3. 11, alarm setpoints shall be established for 
the liquid effluent monitoring instrumentation to ensure that the release 
concentration limits of Specification 3.3.1 ''?are met (i.e., the concentration of 
radioactive material released in liquid effluents to unrestricted areas shall be limited 
to the concentrations specified in 10 CFR 20, Appendix B, Table II, Column 2, for 
radionuclides and 2.OE-04 Ci/ml for dissolved or entrained noble gases). The 
following equation' must be satisfied to meet the liquid effluent restrictions: 

Adapted from NUREG-0133 
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CSC (F4) 

If 

where: 

C = the effluent concentration limit of Specification 3.3. l: 
implementing the 10 CFR 20 MPC for the site, in pCi/ml 

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

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

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

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

1.2.1 Liquid Effluent Monitors (Radwaste. Steam Generator Blowdown and 
Sevice Water). The setpoints for the liquid effluent monitors at the 
Kewaunee Nuclear Power Plant are determined by the following equations: 

IMPC x SEN x CW + bkg (1.2) 
RR 

and 

MPCO = (1.3) 
C 

MPC, 

where: 

SP = alarm setpoint corresponding to the maximum allowable release rate 
(cpm) 
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MPC. = an effective MPC value for the mixture of radionuclides in the 
effluent stream (ACi/ml) 

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

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 
VCilml) 

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

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

bkg =the background of the monitor (cpm) 

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

SP S MPC* x SEN + bkg (1.4) I 
1.2.2 Conservative Default Values. Conservative alarm setpoints may be 

determined through the use of generic, default parameters. Table 1.A I 
summarizes all current default values in use for Kewaunee. They are base d 
upon the following: 

a) substitution of the default effective MIPC value of 1 OE-05 gsCi/ml 
(refer to Appendix C for justification); 

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

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

1.3 Liquid Effluent Concentration Limits - 10 CFR 20 

Specification 3.3.1 Z~limits the concentration of radioactive material in liquid 
effluents (after dilution in the Circulating Water System) to less than the 
concentrations as specified in 10 CFR 20, Appendix B, Table fi, Column 2 for I.  

Rev. 8 
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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: 

Z [(Ci + MPC) x (RR + CW)] s 1 

where: 

C, = concentration of radionuclide i in the undiluted liquid effluent 
(uCilml) 

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

= 2E-04 gCilml 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) 

1.4 Liquid Effluent Dose 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; 

I 1.5 mrem to total body 

s 5.0 mrem to any organ 

- during any calendar year; 

s 3.0 mrem to total body 

s 10.0 mrem to any organ.  

Per Surveillance Requirementa 4.3.21, the following calculational methods may be 
used for determining the dose or dose commitment due to the liquid radioactive 
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effluents from Kewaunee.

D. 1.67E -02 x VOL 
CW x (C, x (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 
gCilml) (Table 1.2) 

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

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 guidance of NUREG-0133 by 
the equation: 

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

where: 

As = 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 Cilml) 

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

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

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

Rev. 8 
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adult water consumption (842, unitless) 

I.  U,= adult fish consumption (21 kg/yr) 
BF,= bicaccumulation factor for radionuclide i in fish from Table 

1.3 (pCi/kg per pCi/) 

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

The radionuclides included in the periodic dose assessment per the requirements of SSpecification 3.32and Surveilanc o~pilinti06 are those as identified by 
gamma spectral analysis of the liquid waste samples collected and analyzed per 
Surveillanceequirement 4.3.1 , Table 4.3.  

Radionuclides requiring radiochemical analysis (e.g., Sr-89 and Sr-90) will be 
added to the dose analysis at a frequency consistent with the required minimum 
analysis frequency of Table 4.3.  

In lieu of the individual radionuclide dose assessment as presented above, the 
following simplified dose calculational equation may be used for demonstrating 
compliance with the dose limits of Specification 3.3.2.1 (Refer to Appendix A for 
the derivation and justification for this simplified method.) 

I Total d 

dD =9.6 7E03 x VOLXEC (1.7) 
CW 

I Maximum Organ 

1.18E +04 x VOL X E C1  (1.8) D CW 

where: 

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

VOL = volume of liquid effluent released (gal) 

CW = average circulating water discharge rate during release 

I 
2 Adapted from the Kewaunee Final Environmental Statement, Section V# 
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period (gal/min) 

D= conservatively evaluated total body dose (mrem) 

D= conservatively evaluated maximum organ dose (mrem) 

9.67E+03 = conversion factor (hr/min) and the conservative total body 
dose conversion factor (Cs-134, total body - 5.79E+05 
mrem/hr per gCi/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 jCilml) 

1.5 Liquid Effluent Dose Projections 

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

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

The 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: 

DO =Do (91 + d) (1.9) 

D,, = D, (91 + d) (1.10) 

where: 

D" the total body dose projection for current calendar quarter (mrem) 

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

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

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

91 = the number of days in a calendar quarter 

1.6 Onsite Disposal of Low-Level Radioactively Contaminated Waste Streams 

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

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

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

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

Approvals for specific alternate disposal methods are listed in Appendix E.  
Currentlyj only sevice water petreatideaf$W1MS facility lagoon sludge and 
sewatatrent plant sldge have been approved for disposal by land spreading.  

1.7 Heating Boiler Blowdown Operation with Primary-to-Secondary Leak 

During operation with a primary-to-secondary leak, the potential exists for 
nonradioactive systems to become contaminated. One such system is the heating 
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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 gamma activity or tritium activity exceeds 1.OE-05 ;&Ci/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.  
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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 Defauk Val* Unks Comments 

rPC. calculated 1.0OFA5** aCi/ml Calculate for each batch to be released 

Ci measured N/A pCi/mI Taken from gamma spectral analysis of liquid 
Offluent 

MPC as determined N/A pCi/mI Taken from 10 CFR 20, Appendix B, Table II, 
I Col. 2 

Sensitivity (SEN) 
R-18 as determined 1.01+08 cpm per Radwaste efflhat 
R-19 as determined 1.01+08 pCiL/ml Steam Generator blowdown 
R-20 as determined 1.0E+08 Service Water - component cooling 
R-16 as determined 9U88 O7 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.OE+01 gpm Determined prior to release; release rate can 

be adjusted for Technical Specification 
compliance 

R-19 as determined 2.01+02 Steam Geneator A and B combined 
R-20 as determined 5.O+03 Service Water - componeat cooling 
R-16 as determined 1.5E+03 Service Water - Containment fan cooling 

background (bkg) 
R-18 as determined 2.0E+03 cpw 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 8.01+01 

Setpoint* (SP) 
R-18 Calo.lat 3.22E+06 + bkg cpm Default alarm setpoints; more conservative 
R-19 calculated 1.29E+06 + bkg values may be used as deam appropriate and 
R-20 calculated 5.16E+04 + bkg desirable for assuing regulatory compliance 
R-16 calculated EAMM,+ bkg and for maintianing releases ALARA.  

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

R-1 calculated I 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 1 .538*0 + bkg total.  

* Refer to Calculation # C10690 for the default setpoint calculation.  
Refer to Appendix C for derivation
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Table 1.2 
A,. Site Related Ingestion Dose Commitment Factors 

(mrem/hr per )&Ci/mIl) 

Nudide Bone Uver T.Body Kidney Lung GI-LU I 
H-3 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30B-1 
C-14 3.13E+4 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3 
Na-24 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 
P-32 1.39E+6 8.62E+4 5.36E+4 - - - 1.56E+5 
Cr-51 - - 1.28E+O 7.63E-1 2.81B-1 1.69E+O 3.21E+2 
Mn-54 - 4.38E+3 8.36E+2 - 1.30E+3 1.34E+4 
Mn-56 - 1.1OE+2 1.96E+1 - 1.40E+2 - 3.52E+3 
Fe-55 6.61E+2 4.57E+2 1.06E+2 - - 2.55E+2 2.62E+2 
F.-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+O - - 4.18E+2 
Cu-64 - 1.OIE+1 4.72E+O - 2.53E+1 - 8.57E+2 
Zn-65 2.32E+4 7.38E+4 3.33E+4 - 4.93E+4 - 4.65E+4 
Zn-69 4.93E+1 9.43E+1 6.56E+O - 6.13E+1 - 1.42E+1 
Br-82 - - 2.27E+3 - - 2.61E+3 
Br-83 - - 4.05E+ 1 - - 5.83E+ 1 
Br-84 - - 5.24E+1 - - 4.12E-4 
Br-85 - - 2.15E+O - - -

Rb-86 - 1.01E+5 4.71E+4 - - - 1.99E+4 
Rb-88 - 2.90E+2 1.54E+2 - - 4.OO-9 
Rb-89 - 1.92E+2 1.35E+2 - - -

Sr-89 2.24E+4 - 6.44E+2 - - 3.60E+3 
Sr-90 5.52E+5 - 1.35E+5 - - 1.59E+4 
Sr-91 4.13E+2 - 1.67E+1 - - - 1.97E+3 
Sr-92 1.57E+2 - 6.77E+O - 3.10E+3 
Y-90 5.85E-1 - 1.57E-2 - - - 6.21E+3 
Y-91m 5.53E-3 - 2.14E-4 - - - 1.62E-2 
Y-91 8.58E+0 - 2.29E-1 - - - 4.72E+3 
Y-92 5.14E-2 1.50E-3 - - 9.00E+2 
Y-93 1.63E-1 - 4.5OE-3 - - - 5.17E+3 
Zr-95 2.70E-1 8.67E-2 5.87E-2 - 1.36-1 - 2.75E+2 
Zr-97 1.49E-2 3.01B-3 1.38E-3 - 4.55E-3 - 9.34E+2 
Nb-95 4.47E+2 2.49E+2 1.34E+2 - 2.46E+2 - 1.51E+6 
Nb-97 3.75E+O 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 9.1IE-3 2.58E-2 3.28E-1 - 3.91E-1 1.26E-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 - 5.39E+2 
Ru-105 3.84E-1 - 1.52E-1 - 4.96E+O - 2.35E+2 
Ru-106 6.86E+1 - 8.68E+O - 1.32E+2 - 4.44E+3 
Rh-103m - - - - - -

Rh-106 - - - - - -
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Table 1.2 
Ab Site Related Ingestion Dose Commitment Factors 

(mrem/hr per pCi/mi) 
Nuclide Bone IUver T.Bod Thyrid Kidaey L=nX GI-LLI 

Ag-1 10m 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-l25 6.06E+0 6.772-2 1.44B+0 6.162-3 - 4.672+0 6.672+1 
To-125m 2.57E+3 9.31E+2 3.44E+2 7.73E+2 1.042+4 - 1.03E+4 
T-127m 6.49E+3 2.32E+3 7.91E+2 1.66B+3 2.64B+4 - 2.18E+4 
To-127 1.05E+2 3.79E+1 2.28E+1 7.81E+1 4.29B+2 - 8.32E+3 
To-129m 1.10E+4 4.11E+3 1.74E+3 3.79E+3 4.60B+4 - 5.55E+4 
To-129 3.01E+1 1.13E+1 7.33E+0 2.31E+1 1.27E+2 - 2.27E+1 
T-131m 1.66E+3 8.11E+2 6.76E+2 1.28E+3 8.22E+3 - 8.05E+4 
T-131 1.89E+1 7.89E+0 5.96E+0 1.55E+1 8.27B+1 - 2.67E+0 
Tel32 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 
1-131 1.54E+2 2.20E+2 1.26E+2 7.20E+4 3.76E+2 - 5.79E+1 
1-132 7.49E+0 2.OOE+1 7.O1E+0 7.01E+2 3.19E+1 - 3.76E+0 
1-133 5.24E+1 9.1IE+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 4.28E+1 1.58E+1 2.82E+3 6.86E+1 4.83E+1 
Cs-134 2.98E+5 7.09E+5 5.79E+5 - 2.29E+5 7.61E+4 1.24E+4 
Cs-136 3.12E+4 1.23E+5 8.86E+4 - 6.85E+4 9.39E+3 1.40E+4 
Cs-137 3.82E+5 5.22E+5 3.42E+5 - 1.77E+5 5.89E+4 1.01E+4 
C&-138 2.64E+2 5.22E+2 2.59E+2 - 3.84E+2 3.79E+1 2.23E-3 
Ba-139 1.02E+0 7.30E4 3.00&2 - 6.83B-4 4.1424 1.82E+0 
Ba-140 2.15E+2 2.69E-1 1.41E+1 - 9.16E-2 1.54E-1 4.42E+2 
Be-141 4.98E-1 3.76E-4 1.68E-2 - 3.50E4 2.13E-4 
Ba-142 2.25E-1 2.31E-4 1.42E-2 - 1.95E4 1.3124 
La-140 1.52E-1 7.67E-2 2.03E-2 - - - 5.63E+3 
LA-142 7.79E-3 3.54E-3 8.82E-4 - - - 2.59E+ 1 
Ce-141 3.17E-2 2.14E-2 2.43E-3 - 9.95E-3 - 8.19E+1 
Ce-143 5.58E-3 4.13E+0 4.57E4 - 1.82&-3 - 1.54E+2 

Cel44 1.65E+0 6.90E-1 8.87E-2 - 4.102-1 - 5.58E+2 
Pr-143 5.60E-1 2.25E-1 2.772-2 - 1.30E-1 - 2.45E+3 

Pr-144 1.83E-3 7.61E4 9.31E-5 - 4.2924 -

Nd-147 3.83E-1 4.42E-1 2.65E-2 - 2.59-1 - 2.12E+3 
W-187 2.96E+2 2.47E+2 8.65E+1 - - 8.10E+4 

Np-239 2.972-2 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 pCilliter)* 
Element Freshwater Fish 

H 9.0E-01 
C 4.61+03 
Na 1.01+02 
P 3.OE+03 

Cr 2.OE+02 
Mn 4.01+02 
Fe 1.01+02 
Co 5.0E+01 
Ni 1.01+02 
Cu 5.OE+01 
Zn 2.OE+03 
Br 4.2E+02 
Rb 2.OE+03 
Sr 3.0E+01 
Y 2.5E+01 
Zr 3.3E+00 
Nb 3.0E+04 
Mo 1.01E+01 
Tc 1.5E+01 
Ru 1.OE+01 
Rh 1.01+01 
Ag 2.3E+00 
Sb 1.0E+00 
To 4.OE+02 
I 1.53S+01 

CS 2.OE+03 
Ba 4.0E+00 
La 2.51+01 
Co 1.0E+00 
Pr 2.5E+01 
Nd 2.SE+01 
W 1.2E+03 
Np 1.01+01 

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

2.1 Radiation Monitoring Instrumentation and Controls 

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

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

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

2.L3 Containment Purg - Containment purge and ventilation is via the 
containment stack t 

k f the-inc etan* lt siltm o 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 ofi fan operation (fan curves). Sampler flow rates 
are determined by flow rate instrumentation.  

2.1.4 Auxiliary Bu1ilding Vent - The Auxiliary Building vent receives discharges 
from the waste gas holdup system, condenser evacuation system, fuel 
storage area ventilation, Auxiliary Building radwaste processing area 
ventilation, . iieli relief purgvent sysm and 
Auxiliary Building general area. All effluents pass through thethl andles 
% MM it: a) a noble gas monitorf4 b) an iodine 
samplerfl and c) a particulate sampler!. The noble gas monitor. provides 
auto isolation of any waste gas decay tank releasei 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.  

oth ai.i t.i.i ii l t s .  .. OWN.M .... 03h, " e 0 N i MfIh 
~;:Is 

..ti~i ..~A~~ .... u. l.d......11
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A gaseous radioactive waste flow diagram with the applicable, associated radiation 
monitoring instrumentation and controls is presented as Figure 2.  

2.2 

2.2.1 Containment and Auxiliary Building Vent Monitor. Per the requirements 
of Specification 3.2, alarm setpoints shall be established for the gaseous 
effluent monitoring instrumentation to ensure that the releas rate of noble 
gases does not exceed corresponding dose rate at the site boundary of 500 
mremlyear to the total body or 3000 m irem/year to the siln. 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: 

FRAsC o4.72E no2 xceedx VF e do(C,s x K t 500 (2.1) 

U .FRA C = [4. 72E +02 xXV x VF x T7(C, x (L, + 1. 1 M,)J] + 3000 (2.2) 

where: 

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

X/Q o i annual average meteorological dispersion to the controlling 
site boundary location (sec/ing) 

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

C = concentration of noble gas radionuclide i as determined by 
radioanalysis of grab sample (,oCi/cm3) 

total body dose conversion factor for noble gas radionuclide 
i (mremn/yr per sZCi/rn 3 , from Table 2. 1) 

= beta simn dose conversion factor for noble gas radionuclide 
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i (mrem/yr per gCi/ml, from Table 2.1)

= gamma air dose conversion factor for noble gas radionuclide 
i (mradlyr per wCi/m', from Table 2.1) 

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

4.72E+02 = conversion factor (cm3/ft x min/sec) 

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

3000 = 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= C, x SEN + FRAC] + bkg (2.3) 

where: 

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

SEN = monitor sensitivity (cpm per gCi/cm3) 

bkg = background of the monitor (cpm) 

2.2.2 Conservative Default Valu. 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 

simultanowus releases do not exceed the maximum allowable release 

Adopted from ANSI N237-1976/ANS-18.1, Source Term Specifications, Table 6.  
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rate.

For this radionuclide distribution, the alarm setpoint based on the total body 
dose rate is more restrictive than the corresponding setpoint based on the 
skin dose rate. The resulting conservative, default setpoints are presented 
in Table 2.2.  

2.3 Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20 

2.3.1 Site Boundary Dose Rate - Noble Gases. Specification 3.4.1.a limits the 
dose rate at the site boundary due to noble gas releases to s 500 mrem/yr 
to the total body, and s 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: 

6, = XK) x E (K, x Q) (2.4) 

and 

6, = X/Q x E((L, + 1.1M) xQ) (2.5) 

where: 

I = total body dose rate (mrem/yr) 

D = skin dose rate (mrem/yr) 

X/Q = atmospheric dispersion to the controlling site boundary (sec/im') 

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

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

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

= gamma air dose conversion factor for noble gas radionuclide i 
(mrad/yr per Ci/m', from Table 2.1) 
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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 51500 mrem/yr to any organ for 1-131, 
1-133, tritium and particulates with half-lives greater than 8 days. To 
demonstrate compliance with this limit, an evaluation is performed at a 
frequency no greater than that corresponding to the sampling and analysis 
time period for continuous releases (e.g., nominally once per 7 days) and 
for batch releases on the time period over which any batch release is to 
occur. The following equation may be used for the dose rate evaluation: 

D0 = X/Q x Z (R, xQ (2.6) 

where: 

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

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

Ri= dose parameter for radionuclide i, (mremlyr per sCilm) for the 
child inhalation pathway from Table 2.6 

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

By substituting 1500 mrern/yr for b. solving for Q1, an allowable release rate for 
1-131 can be determined. Based on the annual average meteorological dispersion 
(see Table 2.3) and the most limiting potential pathway, age group and organ 
(inhalation pathway, child thyroid - R, = 1.62E+07 mrem/yr per sCi/m3) the 
allowable release rate for 1-131 is "A3 MCi/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 1-131, the cumulative allowable 
release is 3.9 Ci. Therefore, as long as the 1-131 releases in any 7 day period do 
not exceed 3.9 Ci, no additional analyses are needed to verify compliance with the 
Specification 3.4.1.b limits on allowable release rate.  
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2.4 Gaseous Effluent Dose Calculations - 10 CFR 50

2.4.1 Unrestricted Area Dose - Noble Gases. Specification 3.4.2 1 requires a 
periodic assessment of releases of noble gases to evaluate compliance with 
the quarterly dose limits of (s5 mrad, gamma-air and s 10 mrad, beta-air) 
and the calendar year limits (! 10 mrad, gamma-air and s20 mrad, 
beta-air). The following equations may be used to calculate the gamma-air 
and beta-air doses: 

Dy =3.17E-8 xX/Q x (M, x Q) (2.7) 

and 

Do =3.17E -8 x X x (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 (uCi) 

= air dose factor due to gamma emissions from noble gas 
radionuclide i (mrad/yr per MCi/m 3 from Table 2.1) 

N = air dose factor due to beta emissions from noble gas 
radionuclide i (mrad/yr per IICi/m 3, Table 2.1) 

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

In lieu of the individual noble gas radionuclide dose assessment as presented above, 
the following simplified dose calculational equation may be used for verifying 
compliance with the dose limits of Specification 3.4.2J. (Refer to Appendix B for 
the derivation and justification for this simplified method.) 
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Dy= 3.17E -08 
0.50 xXQxM 1 xZQ; (2.9) 

and 

D = .7 E08 x XQ x N,x E Q, (2.10) 
0.50 

where: 

Me = 5.3E+02 effective gamma-air dose factor (mrad/yr per gCi/m3) 

N = 1.1E+03 effective beta-air dose factor (mrad/yr per gCi/m' ) 

0.50 = conservatism factor 

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

2.4.2 Unrestricted Area Dose - Radiniodine and Particulates. Per the 
requirements of Specification 3.4.3l, a periodic assessment shall be 
performed to evaluate compliance with the quarterly dose limit (s7.5 
mrem) and calendar year limit (& 15 mrem) to any organ. The following 
equation may be used to evaluate the maximum organ dose due to releases 
of 1-131, 1-133, tritium and particulates with half-lives greater than 8 days: 

D, =3.17E -08 x W x SFP x E (R,xQ (2. 11) 

where: 

DUP= dose or dose commitment for age group a to organ o, including the 
total body, via pathway p from 1-131, 1-133, tritium and 
radionuclides in particulate form with half-life greater than eight 
days (mrem) 

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

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

D/Q = atmospheric deposition for vegetation, milk and ground plane 
exposure pathways (/i) 
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R = dose factor for radionuclide i, (mrem/yr per gCi/m') or 
(m2 - mremlyr per AiCi/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 
1-131 or radioactive material in particulate form with halflife greater 
than 8 days (jsCi).  

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

1) For milk and vegetation exposure pathways: 

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

= 0.5 for annual calculations 

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

In lieu of the individual radionuclide (1-131 and particulates) dose assessment as 
presented above, the following simplified dose calculational equation may be used 
for verifying compliance with the dose limits of Specification 3.4.34.  

D, = 3.17E-08 x W x SF, x Ri-131 x E Q, (2.12) 

where: 

D = maximum organ dose (mrem) 

R1.,31  = 1-131 dose parameter for the thyroid for the identified controlling 
pathway 

= 1.05E+ 12, infant thyroid dose parameter with the grass-cow-milk 
pathway controlling (m2 - mrem/yr per AiCi/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 

Rev. 8 
2-8 10/20/97



grass-cow-milk pathway. However, use of the 1-131 thyroid dose parameter for 
all radionuclides will maximize the organ dose calculation, especially considering 
that no other radionuclide has a higher dose parameter for any organ via any 
pathway than 1-131 for the thyroid via the grass-cow-milk pathway.  

The location of exposure pathways and the maximum organ dose calculation may 
be based on the available pathways in the surrounding environment of Kewaunee 
as identified by the annual land-use cms, see Specification 3.6.20. Otherwise, the 
dose will be evaluated based on the predetermined controlling pathways as 
identified in Table 2.3.  

2.5 Gaseous Effluent Dose Projection 

Specification 3.4.4.0 requires that the Ventilation Exhaust Treatment System be used 
to reduce radioactive material levels prior to discharge when projected doses 
exceed one-half the annual design objective rate in any calendar quarter, i.e., 
exceeding: 

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

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

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

D = Dr x (91 + ) (2.13) 

D - D, x (91 +d) (2.14) 

D = D, x (91 + ) (2.15) 

where: 

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

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

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

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

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

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

d = number of days to date in current calendar quarter 

91 = number of days in a calendar quarter 

2.6 Environmental Radiation Protection Standards 40 CFR 190 

For the purpose of implementing Specification 3.51 on the EPA environmental 
radiation protection standard and Technical Specification 0glM on reporting 
requirements, dose calculations may be performed using the above equations with 
the substitution of average or actual meteorological parameters for the period of 
interest and actual applicable pathways. Any exposure attributable to on-site sources 
will be evaluated based on the results of the environmental monitoring program 
(TLD measurements) or by calculational methods. NUREG-0543 describes 
acceptable methods for demonstrating compliance with 40 CFR Part 190 when 
radioactive effluents exceed the Appendix I portion of the specifications.  

2.7 Incineration of Radioactively Contaminated 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. Each container will be sampled and analyzed for 
radioactivity. The isotopic concentrations will be recorded for each container.  

The heating boiler will be utilized to incinerate the radioactively contaminated oil 
collected on site. A gaseous radwaste effluent dose calculation, as prescribed in 
Section 2.3 of the ODCM, will be performed to insure that the limits established by 
Specifications i 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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Figure 2 
Gaseous Radioactive Effluent Flow Diagram

* The shield bulding veniblafion and special ventilation are ESF systems and are not part 
of he narnnal ulliuent proceseing syterr. They am included Ior oompletenese only 

- The containment er ampler (R-11) and radiation modor (R-12) 
can also be sligned as needed for samptin containrnerd vend
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Figure 3 
Simplified Heating Boiler Fuel Oil Piping System
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Heating Boiler Fuel Oil Storage Tank 
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Table 2.1 
Dose Factors for Noble Gases 

Total Body Gamma Air Beta Air 
Dose Factor Ski. Dose Factor Dose Factor Dose Factor 

Ki u MI Ni Radionudide (mrem/yr per Cmill (r l er U (mradly per Umi (mrly pe UZI 
Kr-83m 7.56E-02 1.93E+01 2.88E+02 
Kr-85m 1.17E+03 1.461+03 1.23E+03 1.97E+03 
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03 

Kr-87 5.92E+03 9.73E+03 6.171+03 1.03E+04 

Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03 

Kr-89 1.66E+04 L.OIE+04 1.73E+04 1.06E+04 

Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03 

Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.11E+03 

Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03 

Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03 

Xel35m 3.12E+03 7.11E+02 3.36E+03 7.39E+02 

Xe-135 1.81E+03 1.86E+03 1.9213+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 

Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03

2-14
Rev. 8 

10/20/97



Table 2.2 
Parameters for Gaseous Alarm Setpoint Determinations 

Parameter Actual Value Default Value Units Comments 
X/ calculated 3.6E-06 sec/mn Licensing technical specification value 
VF fan curves 33,000 cfin Contsimnmet -normal plus purge modes 

54,000 Auxiliary Building - normal operation 

CM measured N/A pCi/m' 

uclide specific N/A arem/yr Values from Table 2.1 
per lCi/m' 

nuclide specific N/A mram/yr Values from Table 2.1 
per ILCi/m' 

nuclide specific N/A mren/yr Values from Table 2.1 
per pCim 

Sensitivity" (SEN) 
R-12 as determined 2.32E+07 cpm per Containment 
R-21 2.32E+07 gCi/cm' Containment 
R-13 2.32E+07 Auxiliary Building 
R-14 2.32E+07 Auxiliary Building 

background (bkg) 
R-12 as determined 4.OE+02 cpw Nominal values only; actual values may be 
R-21 4.OE+01 used in lieu of these reference values.  
R-13 6.OE+02 
R-14 9.0E+02 

Setpoint* (SP) 
R-12 calculated 2.2E+05 + bkg cpm Default alarm setpoints; more conservative 
R-21 Calculated 2.2E+05 + bkg values may be used as deemed appropriate 
R-13 calculated 1.3E+05 + bkg and desirable for ensuring roulatory 
R-14 calculated 1.3E+05 + bkg compliance and for maintaining releases 

_ a ALARA.  

* Refer to Calculation I C 10690 for the default setpoint calculation.  
Conservatively based on Xe-133 sensitivity
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Tuble 2.3 
Controlling Locations, Pathways and 

Atmospheric Dispersion for Dose Calculations 

Atmospheric Dispersion 

X/Q D/Q 
Speification Location Pathway(s) (sec/mi) (1/m) 

3.4.1.a site boundary noble gases 3.6E-06 N/A 
(1300 m, N) direct exposure 

3.4.1.b site boundary inhalation 3.6E-06 N/A 
(1300 m, N) 

3.4.2 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 ground plane



Table 2.4 
R1 Inhalation Pathway Dose Factors - ADULT 

(mrem/yr per Ci/m) 

Nudide Bone Lf 'Iyroid Kidney Lung GI-LLI T.Body 
H-3 - 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3 I C-14 1.82E+4 3.41E+3 3.41E+3 3.41E+3 3.41E+3 3.41E+3 3.41E+3 
Na-24 1.02E+4 1.02E+4 1.02E+4 1.02B+4 1.02E+4 1.02B+4 1.02E+4 
P-32 1.32E+6 7.71E+4 - - 8.64E+4 5.01E+4 
Cr-51 - - 5.95E+1 2.285+1 1.44E+4 3.32E+3 1.OOE+2 
Mn-54 - 3.96E+4 - 9.84E+3 1.40B+6 7.74E+4 6.30E+3 
Mn-56 1.24+0 - 1.305+0 9.44E+3 2.02E+4 1.83E-1 
Fo-55 2.46E+4 1.70B+4 - - 7.21B+4 6.03E+3 3.94E+3 
Fe-59 1.18E+4 2.78E+4 - - 1.025+6 1.88E+5 1.06E+4 
Co-57 - 6.92E+2 - - 3.70E+5 3.14E+4 6.71E+2 
Co-58 - 1.58E+3 - - 9.28E+5 1.06E+5 2.07E+3 
Co-60 - 1.15E+4 - - 5.97E+6 2.85E+5 1.48E+4 
Ni-63 4.32E+5 3.14E+4 - - 1.78E+5 1.34E+4 1.45E+4 
Ni-65 1.54E+0 2.10E-1 - - 5.60E+3 1.23E+4 9.12E-2 
Cu-64 - 1.46E+0 - 4.62E+0 6.78E+3 4.90E+4 6.15E-1 
Zn-65 3.24E+4 1.03E+5 - 6.90E+4 8.64E+5 5.34E+4 4.66E+4 
Zn-69 3.38E-2 6.515-2 - 4.225-2 9.20E+2 1.63E+1 4.52E-3 
Br-82 - - - . 1.04E+4 1.35E+4 
Br-83 - - - . 2.32E+2 2.41E+2 
Br-84 - - . . 1.64E-3 3.13E+2 

Br-85 - - - - - 1.28E+ 1 
Rb-86 - 1.35E+5 - - - 1.66E+4 5.90E+4 
Rb-88 - 3.87E+2 - - - 3.34E-9 1.93E+2 
Rb-89 - 2.56E+2 - - - 1.70E+2 
Sr-89 3.04E+5 - - - 1.40E+6 3.50E+5 8.72E+3 
Sr-90 9.92E+7 - -- 9.60E+6 7.22E+5 6.10E+6 
Sr-91 6.19E+1 - - - 3.65E+4 1.91E+5 2.50E+0 
Sr-92 6.74E+O - - - 1.65E+4 4.30E+4 2.915-1 
Y-90 2.09E+3 - - - 1.70E+5 5.06E+5 5.61E+ 1 
Y-91m 2.61-1 - - - 1.92E+3 1.335+0 1.02E-2 
Y-91 4.62E+5 - - 1.70E+6 3.85E+5 1.24E+4 
Y-92 1.03E+1 - - - 1.57E+4 7.35E+4 3.025-1 
Y-93 9.44E+1 - - - 4.85E+4 4.22E+5 2.61E+0 
Zr-95 1.07E+5 3.445+4 - 5.42E+4 1.77E+6 1.SOE+5 2.33E+4 
Zr-97 9.68B+1 1.96E+1 - 2.97E+1 7.87E+4 5.23E+5 9.04E+0 
Nb-95 1.41E+4 7.82E+3 - 7.74E+3 5.05E+5 1.04E+5 4.21E+3 
Nb-97 2.22E-1 5.62E-2 - 6.545-2 2.40E+3 2.42E+2 2.05E-2 
Mo-99 - 1.21E+2 - 2.91E+2 9.12E+4 2.48E+5 2.30E+1 
Tc-99m 1.03E-3 2.91E-3 - 4.42E-2 7.64E+2 4.16E+3 3.70E-2 
Tc-101 4.185-5 6.02E-5 - 1.085,3 3.99E+2 - 5.90E4 

I 
I.  
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Table 2.4 
R1 Inhalation Pathway Dose Factors - ADULT 

(mrem/yr per pCi/m) 

Nucide Bone IUver Tkyrkid Kiney Luag GI-LU T.Body 
Ru-103 1.53E+3 - - 5.83E+3 5.05E+5 1.10E+5 6.58E+2 
Ru-105 7.90E-1 - * 1.021+0 1.10E+4 4.82E+4 3.11-1 
Ru-106 6.91E+4 - 1.34E+5 9.36E+6 9.12E+5 8.72E+3 
Rh-103m - - . . .  

Rh-106 - - - . . .  

Ag-110m 1.08E+4 1.00B+4 - 1.97E+4 4.63E+6 3.02E+5 5.94E+3 
Sb-124 3.12E+4 5.89E+2 7.552+1 - 2.48E+6 4.06E+5 1.24E+4 
Sb-125 5.34E+4 5.95E+2 5.40E+1 - 1.74B+6 1.01E+5 1.26E+4 
T-125m 3.42E+3 1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2 
Te-127m 1.26E+4 5.77E+3 3.29E+3 4.58E+4 9.60E+5 1.50E+5 1.57E+3 
T-127 1.40E+0 6.422-1 1.062+0 5.10E+0 6.51E+3 5.74E+4 3.10&l 
TO-129m 9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+6 3.83E+5 1.58E+3 
T-129 4.98E-2 2.39E-2 3.90E-2 1.87E-1 1.94E+3 1.57E+2 1.24E-2 
To-131m 6.99E+1 4.36E+1 5.50E+1 3.09E+2 1.46E+5 5.56E+5 2.90E+1 
Te-131 1.11E-2 5.95E-3 9.36E-3 4.37E-2 1.39E+3 1.84E+1 3.59E-3 
T132 2.60E+2 2.15E+2 1.90E+2 1.46E+3 2.88E+5 5.10E+5 1.62E+2 
1-130 4.58E+3 1.34E+4 1.14E+6 2.09E+4 - 7.69E+3 5.28E+3 
1-131 2.52E+4 3.58E+4 1.19E+7 6.13E+4 - 6.28E+3 2.05E+4 
1-132 1.16E+3 3.26E+3 1.14E+5 5.18E+3 - 4.06E+2 1.16E+3 
1-133 8.64E+3 1.48E+4 2.15E+6 2.58E+4 - 8.88E+3 4.52E+3 
1-134 6.44E+2 1.73E+3 2.98E+4 2.75E+3 - 1.012+0 6.15E+2 
1-135 2.68E+3 6.98E+3 4.48E+5 1.112+4 - 5.25E+3 2.57E+3 
Cs-134 3.73E+5 8.48E+5 - 2.87E+5 9.76E+4 1.04E+4 7.28E+5 
Cs-136 3.90E+4 1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+5 
Cs-137 4.78E+5 6.21E+5 - 2.22E+5 7.52E+4 8.40E+3 4.28E+5 
Cs-138 3.31E+2 6.21E+2 - 4.80E+2 4.86E+1 1.86E-3 3.24E+2 
B-139 9.36E-1 6.66F24 - 6.22E4 3.76E+3 8.96E+2 2.74E-2 
B-140 3.90E+4 4.902+1 - 1.67E+1 1.27E+6 2.18E+5 2.572+3 
B-141 1.002-1 7.53E-5 - 7.002-5 1.94E+3 1.16E-7 3.36E-3 
Ba-142 2.632-2 2.70E-5 - 2.292-5 1.19E+3 - 1.66E-3 
La-140 3.44E+2 1.74E+2 - - 1.362+5 4.58E+5 4.58E+ 1 
LA-142 6.83E-1 3.10B-1 - - 6.33E+3 2.11E+3 7.72E-2 
C-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3 
C-l43 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+ 1 
C-144 3.43E+6 1.43E+6 - 8.48E+5 7.78E+6 8.16E+5 1.84E+5 
Pr-143 9.36E+3 3.75E+3 - 2.16E+3 2.81E+5 2.00E+5 4.64E+2 
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3 
Nd-147 5.27E+3 6.10E+3 - 3.56E+3 2.21E+5 1.73E+5 3.65E+2 
W-187 8.48E+0 7.08E+0 - - 2.90E+4 1.55E+5 2.48E+0 
Np-239 2.30E+2 2.26E+1 - 7.00E+1 3.76E+4 1.19E+5 1.24E+1 
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Table 2.5 
R1 Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per pCi/m) 

Nucide Bone IUver Thyki Kiary Luag GI-LLI T.Body 
H-3 - 1.27E+3 1.27E+3 1.27E+3 1.27E+3 1.27E+3 1.27E+3 
C-14 2.60E+4 4.875+3 4.87E+3 4.875+3 4.87E+3 4.87E+3 4.87E+3 
Na-24 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+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 3.07E+1 2.10E+4 3.00E+3 1.35E+2 
Mn-54 - 5.11E+4 - 1.27E+4 1.98E+6 6.68E+4 8.40E+3 
Mn-56 - 1.70B+0 - 1.795+0 1.52E+4 5.74E+4 2.52B-1 
Fe-55 3.34E+4 2.385+4 - - 1.24B+5 6.395+3 5.54E+3 
F-59 1.59E+4 3.70E+4 - - 1.535+6 1.78E+5 1.43E+4 
Co-57 - 6.92E+2 - 5.86E+5 3.14E+4 9.20E+2 
CO-58 - 2.07E+3 - - 1.34E+6 9.52E+4 2.78E+3 
Co-60 - 1.51E+4 - - 8.72E+6 2.59E+5 1.98E+4 
Ni-63 5.80E+S 4.34E+4 - - 3.07E+5 1.42E+4 1.98E+4 
Ni-65 2.18E+O 2.93E-1 - - 9.36E+3 3.67E+4 1.27E-1 
Cu-64 - 2.03E+0 - 6.41E+0 1.11E+4 6.14E+4 8.485-1 
Zn-65 3.86E+4 1.34E+5 - 8.64E+4 1.24E+6 4.66E+4 6.24E+4 
Zn-69 4.83E-2 9.20E-2 - 6.02E-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+5 - - - 1.77E+4 8.40E+4 
Rb-88 - 5.46E+2 - - 2.92E-5 2.72E+2 
Rt"9 - 3.52E+2 - - - 3.38E-7 2.33E+2 
Sr-89 4.34E+5 - - - 2.42E+6 3.71E+5 1.25E+4 
Sr-90 1.08E+8 - - - 1.65E+7 7.65E+5 6.68E+6 
Sr-91 8.80E+1 - - - 6.07E+4 2.59E+5 3.51E+0 
Sr-92 9.52E+0 - - - 2.74E+4 1.19E+5 4.06-1 
Y-90 2.98E+3 - - - 2.93E+5 5.59E+5 8.00E+ 1 
Y-91m 3.70E-1 - - - 3.20E+3 3.02E+ 1 1.42E-2 
Y-91 6.61E+5 - - - 2.945+6 4.09E+5 1.77E+4 
Y-92 1.47E+1 - - - 2.685+4 1.65E+5 4.295-1 
Y-93 1.35E+2 - - - 8.32E+4 5.79E+5 3.72E+0 
Zr-95 1.46E+5 4.58E+4 - 6.74E+4 2.69E+6 1.49E+5 3.15E+4 
Zr-97 1.38E+2 2.72E+1 - 4.12E+1 1.30E+5 6.30E+5 1.26E+1 
Nb-95 1.86E+4 1.03E+4 - 1.00E+4 7.51E+5 9.68E+4 5.66E+3 
Nb-97 3.14E-1 7.78E-2 - 9.12E-2 3.93E+3 2.17E+3 2.84E-2 
Mo-99 - 1.69E+2 - 4.11E+2 1.54E+5 2.69E+5 3.22E+1 
Tc-99m 1.38E-3 3.86E-3 - 5.76E-2 1.15E+3 6.13E+3 4.99E-2 
Tc-101 5.92E-5 8.40E-5 - 1.52-3 6.67E+2 8.72E-7 8.24E-4 
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Table 2.5 
R1 Inhalation Pathway Dose Factors - TEEN 

(mrem/yr per pCi/mi) 

Nuclide Bone I~ver Thyroid Kidnhey Lung GI-LLI T.Body 

Ru-103 2.10E+3 - - 7.43B+3 7.832+5 1.09E+5 8.96E+2 
Ru-105 1.12E+0 - - 1.412+0 1.822+4 9.04E+4 4.34E-1 
Ru-106 9.84E+4 - - 1.90E+5 1.61E+7 9.60E+5 1.24E+4 
Rh-103m - - - . . .

Rh-106 - - - . . . .  

Ag-ill0m 1.38E+4 1.31E+4 - 2.50E+4 6.75E+6 2.73E+5 7.99E+3 
Sb-124 4.30E+4 7.94E+2 9.76B+1 - 3.85E+6 3.98E+5 1.68E+4 
Sb-125 7.38E+4 8.08E+2 7.04+1 - 2.74E+6 9.92E+4 1.72E+4 
Te-125m 4.88E+3 2.24E+3 1.40E+3 5.368E+5 7.50E+4 6.67E+2 
T-127m 1.80E+4 8.16E+3 4.38E+3 6.54E+4 1.66E+6 1.59E+5 2.18E+3 
T-1l27 2.2E+3 9.12E-1 1.42E+0 7.28E+0 1.12E+4 9.08E+4 4.42E-1 
T-129m 1.39E+4 6.58E+3 4.58E+3 5.19E+4 1.98E+6 4.05E+5 2.25E+3 
To-129 7.10E-2 3.38E-2 5.18E-2 2.66E-1 3.30E +3 1.62E+3 1.76E-2 

Tol31m 9.84E+1 6.0E+4 7.25E+1 4.39E+2 2.38E+5 6.21E+5 4.02E3+ 
Te131 1.58E-2 8.32E-3 1.24E-2 6.18B-2 2.34E+3 1.51E+1 S.04E-3 
To-132 3.60E+2 2.90E+2 2.46E+2 1.95E+3 4.49E+5 4.63E+5 2.19E+2 

1-130 6.24E+3 1.+ 1.49E+6 2.75B+4 6- 9.12E+3 7.17E+3 
I-131 3.54E+4 4.91E+4 1.46E+7 8.40E+4 6.49E+3 2.64E+4 
I-132 1.59E+3 438E+3 1.510+5 6.92E+3 2 1.27E+3 1.58E+3 
I-133 1.22E+4 2.05E+4 2.92E+6 3.59E+4 - 1.03E+4 6.22E+3 
I-134 8.88E+2 2.32E+3 3.95E+4 3.66E+3 - 2.04E+5 8.40E+2 
I-135 3.70E +3 9.44E+3 6.21E+5 1.49E+4 - 6.95E +3 3.49E+ 3 

Cs-134 5.02E+5 1.13E+6 - 3.75E+5 1.46E+3 9.76E+3 5.49E+5 

Cs-136 5.15E+4 1.94E+5 - 1.10B+5 1.78E+4 1.09E+4 1.37E+5 

Cs-137 6.70E+5 8.48E+5 - 3.04E+5 1.21E+3 8.48E+3 3.11+5 
Cs-138 4.66E+2 8.56E+2 - 6.62E+2 7.12+5 2.702+1 4.46E+2 
Ba-139 1.34E+0 9.44E-4 - 8.88E4 6.46E+3 6.45E+3 3.90&-2 
Ba-140 5.47E+4 6.70E+1I - 2.28E+1I 2.03E+6 2.29E+5 3.52E+ 3 
Ba-141 1.42B&1 1.06E4 - 9.84E-5 3.29E+3 7.46E-4 4.74E-3 
Ba-142 3.70E-2 3.70E-5 - 3.14E-5 1.91E+3 - 2.27E-3 
I~A-140 4.79E+2 2.36E+2 - - 2.14E+5 4.87E+5 6.26E+1I 
LA-142 9.60-1 4.252-1 - - 1.02E+4 1.20E+4 1.06E-1 
Ce-141 2.84E+4 1.90E+4 - 8.88E+3 6.14E+5 1.26E+5 2.17E+3 
Ce-143 2.66E+2 1.94E+2 - 8.64E+1 1.30E+5 2.55E+5 2.16E+1 
Ce-144 4.89E+6 2.02E+6 - 1.21E+6 1.34E+7 8.64E+5 2.62E+5 
Pr-143 1.34E+4 5.31E+3 - 3.09E+3 4.83E+5 2.14E+5 6.62E+2 
Pr-144 4.30E-2 1.76E-2 - 1.012-2 1.75E+3 2.35E-4 2.18E-3 
Nd-147 7.86E+3 8.56E+3 - 5.02E+3 3.72E+5 1.82E+5 5.13E+2 
W-187 1.20E+ 1 9.76E+0 - 4.74E+4 1.77E+5 3.43E+0 

I Np-239 3.382 +2 3.192+1I - 1.002+2 6.492+4 1.322+5 1.77+ 
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Table 2.6 
R1 Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per pCi/i) 

Nuclide Bone IUver Kidney GI-LLJ T.Body 
H-3 - 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3 
C-14 3.59E+4 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3 
Na-24 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 
P-32 2.60E+6 1.14E+5 - 4.22E+4 9.88E+4 
Cr-51 - 8.55E+1 2.43E+1 1.70E+4 1.08E+3 1.54E+2 
Ma-54 - 4.29E+4 - 1.O0E+4 1.58E+6 2.29E+4 9.51E+3 
Mn-56 - 1.66E+O - 1.67E+O 1.31E+4 1.23E+5 3.12E-1 
Fo-55 4.74E+4 2.52E+4 - - 1.11E+5 2.87E+3 7.77E+3 
F-59 2.07E+4 3.34E+4 - 1.27E+6 7.07E+4 1.67E+4 
Co-57 - 9.03E+2 - - 5.07E+5 1.32E+4 1.07E+3 
Co-58 - 1.77E+3 - - 1.11E+6 3.44E+4 3.16E+3 
Co-60 - 1.31E+4 - - 7.07E+6 9.62E+4 2.26E+4 
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 6.33E+3 2.80E+4 
Ni-65 2.99E+O 2.96E-1 - - 8.18E+3 8.40E+4 1.64E-1 
Cu-64 - 1.99E+O - 6.03E+O 9.58E+3 3.67E+4 1.07E+O 
Zn-65 4.26E+4 1.13E+5 - 7.14E+4 9.95E+5 1.63E+4 7.03E+4 
Zn-69 6.70E-2 9.66E-2 - 5.85E-2 1.42E+3 1.02E+4 8.92E-3 
Br-82 - - - - - - 2.09E+4 

Br-83 - - - - - - 4.74E+2 
Br-84 - - - - 5.48E+2 

Br-85 - - - - - - 2.53E+ 1 
Rb-86 - 1.98E+5 - - - 7.99E+3 1.14E+5 
Rb-8S - 5.62E+2 - - - 1.72E+1 3.66E+2 
Rb-89 - 3.45E+2 - - - 1.89E+O 2.90E+2 
Sr-89 5.99E+5 - - 2.16E+6 1.67E+5 1.72E+4 
Sr-90 1.O1E+8 - - - 1.48E+7 3.43E+5 6.44E+6 
Sr-91 1.21E+2 - - - 5.33E+4 1.74E+5 4.59E+O 
Sr-92 1.31E+1 - - - 2.40E+4 2.42E+5 5.25E-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 - - - 2.39E+4 2.39E+5 5.81E-1 
Y-93 1.86E+2 - - - 7.44E+4 3.89E+5 5.11E+O 
Zr-95 1.90E+5 4.18E+4 - 5.96E+4 2.23E+6 6.11E+4 3.70E+4 
Zr-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 3.51E+5 1.60E+1 
Nb-95 2.35E+4 9.18E+3 - 8.62E+3 6.14E+5 3.70E+4 6.55E+3 
Nb-97 4.29E-1 7.70E-2 - 8.55E-2 3.42E+3 2.78E+4 3.60E-2 
Mo-99 - 1.72E+2 - 3.92E+2 1.35E+5 1.27E+5 4.26E+1 
Tc-99m 1.78E-3 3.48E-3 - 5.07E-2 9.51E+2 4.81E+3 5.77E-2 
Tc-101 8.10E-5 8.51E-5 - 1.45E-3 5.85E+2 1.63E+1 1.08E-3 

Rev. 8 
2-21 10/20/97



Table 2.6 
R4 Inhalation Pathway Dose Factors - CHILD 

(mrem/yr per pCilm) 

Nucide Bone IUver Thyroid Kidaey Lng GI-LLI T.Body 
Ru-103 2.79E+3 - - 7.03E+3 6.62E+5 4.48E+4 1.07E+3 
Ru-105 1.53E+0 - 1.34E+0 1.59E+4 9.95E+4 5.55E-1 
Ru-106 1.36E+5 - - 1.845+5 1.43E+7 4.29E+5 1.69E+4 
Rh-103m - - - . . . .  

Rh-106 - - . . .

Ag-ll0m 1.69E+4 1.14E+4 - 2.12E+4 5.48B+6 1.00E+5 9.14E+3 
Sb-124 5.74E+4 7.40E+2 1.26E+2 - 3.24E+6 1.64E+5 2.OE+4 
Sb-125 9.84E+4 7.59E+2 9.10B+1 - 2.32E+6 4.03E+4 2.07E+4 
To-125m 6.73E+3 2.33E+3 1.92E+3 - 4.77E+5 3.38E+4 9.14E+2 
T-127m 2.49E+4 8.55E+3 6.07E+3 6.36E+4 1.48E+6 7.14E+4 3.02E+3 
T-127 2.77E+0 9.51E-1 1.96E+0 7.07E+0 1.00E+4 5.62E+4 6.11E-1 
To-129m 1.92E+4 6.85E+3 6.33E+3 5.03E+4 1.76E+6 1.82E+5 3.04E+3 
To-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3 2.55E+4 2.38E-2 
Te131m 1.34E+2 5.92E+1 9.77E+1 4.00E+2 2.06E+5 3.08E+S 5.07E+1 
T-131 2.17E-2 8.44E-3 1.70E-2 5.88B-2 2.05E+3 1.33E+3 6.59E-3 
T-132 4.81E+2 2.72E+2 3.17E+2 1.77E+3 3.77E+5 1.38E+5 2.63E+2 
1-130 8.18E+3 1.64E+4 1.85E+6 2.45E+4 5.11E+3 8.44E+3 
1-131 4.81E+4 4.81E+4 1.62E+7 7.885+4 - 2.84E+3 2.73E+4 
1-132 2.12E+3 4.07E+3 1.94B+5 6.25E+3 - 3.20E+3 1.88E+3 
1-133 1.66E+4 2.03E+4 3.85E+6 3.38B+4 - 5.48E+3 7.70E+3 
1-134 1.17E+3 2.16E+3 5.07E+4 3.30E+3 - 9.55E+2 9.95E+2 
1-135 4.92E+3 8.73E+3 7.92E+5 1.34E+4 - 4.44E+3 4.14E+3 
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.85E+3 2.25E+5 
Cs-136 6.51E+4 1.71E+5 - 9.55E+4 1.45E+4 4.18E+3 1.16E+5 
Cs-137 9.07E+5 8.25E+5 2.825+5 1.04E+5 3.62E+3 1.28E+5 
Cs-138 6.33E+2 8.40E+2 - 6.225+2 6.81E+1 2.70E+2 5.55E+2 
B-139 1.84E+0 9.8454 - 8.62E-4 5.77E+3 5.77E+4 5.375-2 
Ba-140 7.40E+4 6.48E+1 - 2.11B+1 1.74E+6 1.02E+5 4.33E+3 
B-141 1.96B-1 1.09E-4 - 9.475-5 2.92E+3 2.75E+2 6.365-3 
B-142 5.00B-2 3.60-5 - 2.91E-5 1.645+3 2.74E+0 2.7953 
L-140 6.44E+2 2.25E+2 - - 1.83E+5 2.26E+5 7.55E+1 
LA-142 1.305+0 4.11-1 - - 8.70E+3 7.59E+4 1.295-1 
Co-141 3.925+4 1.95E+4 - 8.55B+3 5.44+5 5.665+4 2.90E+3 
Ce-143 3.665+2 1.99E+2 - 8.36E+1 1.15E+5 1.27E+5 2.87E+1 
Ce-144 6.77E+6 2.12E+6 - 1.175+6 1.20E+7 3.89E+5 3.61E+5 
Pr-143 1.855+4 5.55E+3 - 3.00E+3 4.33E+5 9.73E+4 9.14E+2 
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 1.57E+3 1.97E+2 3.00E-3 
Nd-147 1.08E+4 8.73E+3 - 4.81E+3 3.28E+5 8.21E+4 6.81E+2 
W-187 1.63E+1 9.66E+0 - - 4.11E+4 9.10E+4 4.33E+0 
Np-239 4.66E+2 3.34E+1 - 9.73E+1 5.81E+4 6.40E+4 2.35E+1
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Table 2.7 
1 Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per pCI/m) 

Nuclide Bone IUver Thyroid Kidney LuaM GI-LU T.Body 
H-3 - 6.47E+2 6.47E+2 6.47B+2 6.47E+2 6.47E+2 6.47E+2 
C-14 2.65E+4 5.31E+3 5.31E+3 5.31E+3 5.31E+3 5.31E+3 5.31E+3 
Na-24 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06B+4 1.06E+4 1.06E+4 
P-32 2.03E+6 1.12E+5 - - . 1.61E+4 7.74E+4 
Cr-51 - - 5.75E+1 1.32E+1 1.28E+4 3.57E+2 8.95E+1 
Mn-54 - 2.53E+4 - 4.98E+3 1.O0E+6 7.06E+3 4.98E+3 
Mn-56 - 1.54E+O - 1.1OE+0 1.25E+4 7.17E+4 2.21E-1 
F-55 1.97E+4 1.17E+4 - - 8.69E+4 1.09E+3 3.33E+3 
Fe-59 1.36E+4 2.35E+4 - - 1.02E+6 2.48E+4 9.48E+3 
Co-57 6.51E+2 - - 3.79E+5 4.86E+3 6.41E+2 
Co-58 1.22E+3 - - 7.77E+5 1.11E+4 1.82E+3 
Co-60 - 8.02E+3 - - 4.51E+6 3.19E+4 1.18E+4 
Ni-3 3.39E+5 2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4 
NiBS 2.39E+0 2.84E-1 - - 8.12E+3 5.01E+4 1.23E-1 
Cu4-4 - 1.88E+ - 3.98E+0 9.30E+3 1.50E+4 7.74El 
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11IE+4 
Zn469 5.39E-2 9.67E-2 - 4.02E-2 1.47E+3 1.32E+4 7. 18E-3 
Br-82 - - -.-- 133E+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 - 5.57E+2 - - - 3.39E+2 2.87E+2 
Rb-89 - 3.21E+2 - - 6.82E+1 2.06E+2 
Sr-89 3.98E+5 - - - 2.03E+6 6.40E+4 1.14E+4 
Sr-90 4.09E+7 - - - 1.12E+7 1.31E+5 2.59E+6 
Sr-91 9.56E+ 1 - - - 5.26E+4 7.34E+4 3.46E+O 
Sr-92 1.05E+ 1 - - - 2.38E+4 1.40E+5 3.91E-1 
Y-90 3.29E+3 - - - 2.69B+5 1.04E+5 8.82E+1 
Y-91m 4.07E-1 - - - 2.79E+3 2.35E+3 1.39E-2 
Y-91 5.88E+5 - - - 2.45E+6 7.03E+4 1.57E+4 
Y-92 1.64E+1 - - - 2.45E+4 1.27E+5 4.61E-1 
Y-93 1.50E+2 - - - 7.64E+4 1.67E+5 4.07E+0 
Zr-95 1.15E+5 2.79E+4 - 3.11E+4 1.75E+6 2.17E+4 2.03E+4 
Zr-97 1.50E+2 2.56E+1 - 2.59E+1 1.10E+5 1.40E+5 1.17E+1 
Nb-95 1.57E+4 6.43E+3 - 4.72E+3 4.79E+5 1.27E+4 3.78E+3 
Nb-97 3.42E-1 7.29E-2 - 5.70E-2 3.32E+3 2.69E+4 2.63E-2 
Mo-99 - 1.65E+2 - 2.65E+2 1.35E+5 4.87E+4 3.23E+ 1 
Tc-99m 1.40E-3 2.88E-3 - 3.11E-2 8.11E+2 2.03E+3 3.72E-2 
TC-101 6.51E-5 8.23E-5 - 9.79E-4 5.84E+2 8.44E+2 8.12E4 
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Table 2.7 
R1 Inhalation Pathway Dose Factors - INFANT 

(mrem/yr per pCi/m') 

Nucide Bone Ur Thyroid Kdy Lung GI-LLI T.Body 
Ru-103 2.02E+3 - - 4.24E+3 5.52E+5 1.61B+4 6.79E+2 
Ru-105 1.22E+0 - - 8.99B-1 1.57E+4 4.84E+4 4.10E-1 
Ru-106 8.68E+4 - - 1.07E+5 1.16E+7 1.64E+5 1.09E+4 
Rh-103m - - . . .

Rh-106 

Ag-110m 9.98E+3 7.22E+3 - 1.09E+4 3.672+6 3.30B+4 5.OOE+3 
Sb-124 3.79E+4 5.56E+2 1.01E+2 2.65B+6 5.91E+4 1.20E+4 
Sb-125 5.17E+4 4.772+2 6.23E+1 - 1.64E+6 1.472+4 1.09E+4 
To-125m 4.76E+3 1.99E+3 1.62E+3 - 4.47E+5 1.29E+4 6.58E+2 
T-127m 1.67E+4 6.90E+3 4.872+3 3.75E+4 1.31E+6 2.73E+4 2.07E+3 
To-127 2.23E+0 9.53E-1 1.852+0 4.86E+0 1.03E+4 2.44E+4 4.89E-1 
Te-129m 1.41E+4 6.09E+3 5.47E+3 3.18E+4 1.68E+6 6.90E+4 2.23E+3 
To-129 7.88E-2 3.47E-2 6.75E-2 1.75E-1 3.00E+3 2.63E+4 1.88E-2 
Te-131m 1.07E+2 5.50E+1 8.93E+1 2.65E+2 1.99E+5 1.19E+5 3.63E+1 
Te-131 1.74E-2 8.22E-3 1.58E-2 3.99E-2 2.06E+3 8.22E+3 5.OOE-3 
Te-132 3.72E+2 2.37E+2 2.79E+2 1.03E+3 3.40E+5 4.41E+4 1.76E+2 
1-130 6.36E+3 1.39E+4 1.60E+6 1.53E+4 - 1.99E+3 5.57E+3 
1-131 3.79E+4 4.44E+4 1.48E+7 5.18E+4 - 1.06E+3 1.96E+4 
1-132 1.69E+3 3.54E+3 1.69E+5 3.95B+3 - 1.90E+3 1.26E+3 
1-133 1.32E+4 1.92E+4 3.56E+6 2.24E+4 - 2.16E+3 5.60E+3 
1-134 9.21E+2 1.88E+3 4.452+4 2.09E+3 - 1.29E+3 6.65E+2 
1-135 3.86E+3 7.60E+3 6.96E+5 8.47E+3 - 1.83E+3 2.77E+3 
Cs-134 3.96E+5 7.03E+5 - 1.90E+5 7.97E+4 1.33E+3 7.45E+4 
Cs-136 4.83E+4 1.35E+5 - 5.64E+4 1.18E+4 1.43E+3 5.29E+4 
Cs-137 5.49E+5 6.12E+5 - 1.72E+5 7.13E+4 1.33E+3 4.55E+4 
Cs-138 5.05E+2 7.81E+2 - 4.10B+2 6.54E+1 8.76E+2 3.98E+2 
Ba-139 1.48E+0 9.84E-4 - 5.92E-4 5.95E+3 5.10E+4 4.30E-2 
Ba-140 5.60E+4 5.60E+1 - 1.34E+1 1.60E+6 3.84E+4 2.90E+3 
Ba-141 1.572-1 1.08E4 - 6.50E-5 2.97E+3 4.75E+3 4.97E-3 
Ba-142 3.98E-2 3.30E-5 - 1.90B-5 1.55E+3 6.93E+2 1.96E-3 
Ia-140 5.05E+2 2.00E+2 - - 1.68E+5 8.482+4 5.15E+ 1 
Ia-142 1.03E+0 3.772- - - 8.22E+3 5.95E+4 9.042-2 
Ce-141 2.77E+4 1.672+4 - 5.25E+3 5.17E+5 2.16E+4 1.99E+3 
Ce-143 2.932+2 1.93E+2 - 5.64B+1 1.16E+5 4.97E+4 2.21E+1 
Co-144 3.19E+6 1.21E+6 - 5.38E+5 9.84E+6 1.482+5 1.76E+5 
Pr-143 1.40E+4 5.24E+3 - 1.972+3 4.33E+5 3.72E+4 6.99E+2 
Pr-144 4.79E-2 1.85E-2 - 6.72E-3 1.61E+3 4.28E+3 2.41E-3 
Nd-147 7.94E+3 8.13E+3 - 3.15E+3 3.22E+5 3.12E+4 5.00E+2 
W-187 1.30E+1 9.02E+0 - - 3.96E+4 3.56E+4 3.12E+0 
Np-239 3.71E+2 3.32E+1 - 6.62E+1 5.95E+4 2.49E+4 1.882+1 
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Table 2.8 
R1 Vegetation Pathway Dose Factors - ADULT 

(mrem/yr per pCi/mi) for H-3 and C-14 (in2 x mrem/yr per pCi/sec) for others 

uclide Bone I~ver Thyroid Kidny Lung GI-LU T.Body 
-3 - 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 
-14 8.97E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 
a-24 2.76E+5 2.76E+5 2.76E+5 2.76B+5 2.76E+5 2.76E+5 2.76E+5 
-32 1.40E+9 8.73E+7 - - . 1.58E+8 5.42E+7 
r-51 - - 2.79E+4 1.03E+4 6.19E+4 1.17E+7 4.66E+4 

54 - 3.11E+8 - 9.27B+7 - 9.54E+8 5.94E+7 
Mn-56 - 1.61E+1 - 2.04E+1 - 5.13E+2 2.85E+0 
0-55 2.09E+8 1.45E+8 - - 8.06B+7 8.29E+7 3.37E+7 
0-59 1.27E+8 2.99E+8 - - 8.35E+7 9.96E+8 1.14E+8 
o-57 - 1.17E+7 - - - 2.97E+8 1.95E+7 
o-58 - 3.09E+7 - - - 6.26E+8 6.92E+7 
o-60 - 1.67E+8 - - - 3.14E+9 3.69E+8 
i-63 1.04E+10 7.21E+8 - - - 1.50E+8 3.49E+8 
i-65 6.15E+1 7.99E+0 - - - 2.03E+2 3.65E+0 
u-64 - 9.27E+3 - 2.34E+4 - 7.90E+5 4.35E+3 

3.17E+8 1.01E+9 - 6.75E+8 - 6.36E+8 4.56E+8 
8.75E-6 1.67E-5 - 1.09E-5 - 2.51E-6 1.16E-6 

r-82 - - . - - 1.73E+6 1.51E+6 
r-83 - . - - - 4.63E+0 3.21E+0 
r-84 

r-85 

Rb-86 - 2.19E+8 - - - 4.32E+7 1.02E+8 
R6-88 

R-89 

r-89 9.96E+9 - - - - 1.60E+9 2.86E+8 
r-90 6.05E+11 - - - - 1.75E+10 1.48E+11 
r-91 3.20E+5 - - - . 1.52E+6 1.29E+4 
r-92 4.27E+2 - - - - 8.46E+3 1.85E+1 
-90 1.33E+4 - - - - 1.41E+8 3.56E+2 
-91m 5.83E-9 - - 1.71E-8 

Y-91 5.13E+6 - - - - 2.82E+9 1.37E+5 
Y-92 9.01&-1 - - - - 1.58E+4 2.632-2 
Y-93 1.742+2 - . . . 5.52E+6 4.80E+0 

-95 1.19E+6 3.81E+5 - 5.972+5 - 1.21E+9 2.58E+5 
r-97 3.33E+2 6.73E+1 - 1.02E+2 - 2.08E+7 3.08E+1 

95 1.42E+5 7.91E+4 - 7.81E+4 - 4.80E+8 4.25E+4 
97 2.90E-6 7.34E-7 - 8.56E-7 - 2.71E-3 2.68E-7 

Mo-99 - 6.25E+6 - 1.41E+7 - 1.45E+7 1.19E+6 
Tc-99m 3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 5.12E+3 1.10E+2 
TC-101 - - . . . . .
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Table 2.8 
R1 Vegetation Pathway Dose Factors - ADULT 

(mrem/yr per p1Ci/mi) for H-3 and C-14 (n2 x mrem/yr per pCi/sec) for others 

ucide Bone uver Thyroid Kidney LAM GI-LLI T.Body 
u-103 4.80E+6 - 1.83E+7 5.61E+8 2.07E+6 
u-105 5.39E+1 - 6.96E+2 - 3.30E+4 2.13E+1 
u-106 1.93E+8 - - 3.72E+8 - 1.25E+10 2.44E+7 

103m - + . . . . .  

106 - - - . .

g-ll0m 1.06E+7 9.76E+6 - 1.92E+7 - 3.98E+9 5.80E+6 
124 1.04E+8 1.96E+6 2.52E+5 - 8.08E+7 2.95B+9 4.11E+7 

S 125 1.36E+8 1.52E+6 1.39E+5 - 1.05E+8 1.50E+9 3.25E+7 
T-125m 9.66E+7 3.50E+7 2.90E+7 3.93E+8 - 3.86E+8 1.29E+7 
T-127m 3.49E+8 1.25E+8 8.92E+7 1.42E+9 - 1.17E+9 4.26E+7 
T-127 5.76E+3 2.07E+3 4.27E+3 2.35E+4 - 4.54E+5 1.25E+3 
T 129m 2.55E+8 9.50E+7 8.75E+7 1.06E+9 - 1.28E+9 4.03E+7 

e-129 6.65E-4 2.50E-4 5.10E-4 2.79E-3 - 5.02E-4 1.62E-4 
T.131m 9.12E+5 4.46E+5 7.06E+5 4.52E+6 - 4.43E+7 3.72E+5 
T4131 

T4132 4.29E+6 2.77E+6 3.06E+6 2.67E+7 - 1.31E+8 2.60E+6 
1-130 3.96E+5 1.17E+6 9.90E+7 1.82E+6 - 1.01E+6 4.61E+5 
1-131 8.09E+7 1.16E+8 3.79E+10 1.98E+8 - 3.05E+7 6.63E+7 
1-132 5.74E+1 1.54E+2 5.38E+3 2.45E+2 - 2.89E+1 5.38E+1 
1-133 2.12E+6 3.69E+6 5.42E+8 6.44E+6 - 3.31E+6 1.12E+6 
-134 1.06E-4 2.88E-4 5.00E-3 4.59E-4 - 2.51E-7 1.03E-4 
-135 4.08E+4 1.07E+5 7.04E+6 1.71E+5 - 1.21E+5 3.94E+4 
s-134 4.66E+9 1.11E+10 3.59E+9 1.19E+9 1.94E+8 9.(17E+9 
s-136 4.20E+7 1.66E+8 - 9.24E+7 1.27E+7 1.89E+7 1.19E+8 
s-137 6.36E+9 8.70E+9 - 2.95E+9 9.81E+8 1.68E+8 5.70E+9 
s-138 - - . . . . .  

-139 2.95E-2 2.IOE-5 - 1.96E-5 1.19E-5 5.23E-2 8.64E-4 
-140 1.29E+8 1.62E+5 5.49E+4 9.25E+4 2.65E+8 8.43E+6 

Eh-141 - - - . . . .  

Ba-142 - . . . . . .  

LA-140 1.975+3 9.92E+2 - - 7.28E+7 2.62E+2 
LA-142 1.40E-4 6.355-5 - - - 4.64E-1 1.58E-5 

C-141 1.965+5 1.335+5 - 6.17E+4 - 5.08E+8 1.51E+4 
e-143 1.005+3 7.42E+5 - 3.26E+2 - 2.77E+7 8.21E+1 
C-l44 3.29E+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.77E+6 
-143 6.34E+4 2.54E+4 - 1.47E+4 - 2.78E+8 3.14E+3 

Pr-144 - - . . . . .  

Nd-147 3.34E+4 3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3 
W-187 3.82E+4 3.19E+4 - - - 1.05E+7 1.12E+4 
Np-2 3 9  1.42E+3 1.40E+2 - 4.37E+2 2.87E+7 7.72E+1 
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Table 2.9 
1 Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per gCl/mi) for H-3 and C-14(mn x mrem/yr per pCl/sec) for others 
Nudide Bone LjVe Thyroid Kidney LAMg GI-LU1 T.By 
H-3 - 2.59E+3 2.598+3 2.59E+3 2.59B+3 2.59E+3 2.59E+3 
C-14 1.45E+6 2.918+5 2.91E+5 2.918+5 2.918+5 2.91E+5 2.91E+5 
Na-24 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5 2.45E+5 
P-32 1.61E+9 9.96E+7 - . - 1.35E+8 6.23E+7 
Cr-51 - - 3.44E+4 1.36E+4 8.85E+4 1.04E+7 6.20E+4 
Mn-54 - 4.52E+8 - 1.35E+8 - 9.27E+8 8.97E+7 
Mn-56 1.45E+1 - 1.83E+1 9.54E+2 2.58E+0 
Fo-55 3.25E+8 2.31E+8 - . 1.468+8 9.98E+7 5.38E+7 
F-59 1.81E+8 4.22E+8 - - 1.33E+8 9.98E+8 1.63B+8 
Co-57 -.. _ _1.79E+7 - - 3.34E+8 3.00E+7 
Co-58 - 4.38E+7 - . - 6.04E+8 1.01E+8 
Co-60 - 2.49E+8 - . - 3.24E+9 5.60E+8 
Ni-63 1.61E+10 1.13E+9 - . 1.81E+8 S.45E+8 
Ni-65 5.73E+1 7.32E+0 - . - 3.97E+2 3.33E+0 
Cu-64 - 8.40E+3 - 2.12E+4 - 6.51E+S 3.95E+3 
Zn-65 4.24E+8 1.47E+9 - 9.41E+8 - 6.23E+8 6.86E+8 
Zn-69 8.19E-6 1.56E-5 - 1.0285- 2.88E-S 1.098-6 
Br-82 - - - - 1.33E+6 
Br-83 . . - - - 3.01E+0 
Br-84 . . .

Br-85 - . .  

Rb-86 - 2.73E+8 - . 4.05E+7 1.28E+8 
Rb-8 - . . .  

Rb-89 - - . .  

Sr-89 1.51E+ 10 . - - 1.80E+9 4.33E+8 
Sr-90 7.51E+11 - . - 2.11E+10 1.85E+11 
Sr-91 2.99E+5 - . - 1.36E+6 1.19E+4 
Sr-92 3.97E+2 - . . 1.01E+4 1.69E+1 
Y-90 1.24E+4 - . - - 1.02E+8 3.34E+2 
Y-91m 5.43E-9 - . - - 2.568-7 
Y-91 7.87E+6 - - - 3.23E+9 2.11E+5 
Y-92 8.478-1 - . . - 2.328+4 2.45E-2 
Y-93 1.638+2 - . . - 4.98E+6 4.47E+0 
Zr-95 1.74E+6 5.49E+5 8.07E+5 - 1.27E+9 3.78E+5 
Zr-97 3.098+2 6.11E+1 - 9.26E+1 - 1.65E+7 2.818+1 
Nb-95 1.92E+5 1.06E+5 - 1.03E+5 - 4.55E+8 5.86E+4 
Nb-97 2.69E-6 6.67E-7 - 7.80-7 - 1.59E-2 2.44E-7 
Mo-99 - 5.74E+6 - 1.31E+7 - 1.03E+7 1.09E+6 
Tc-99m 2.70E+0 7.54E+0 - 1.12E+2 4.19E+0 4.95E+3 9.77E+1 
Tc-101 - . .-.
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Table 2.9 
H1 Vegetation Pathway Dose Factors - TEEN 

(mrem/yr per piCl/m) for H-3 and C-14(m& x mrem/yr per pCi/sec) for others 
Nucide Bone IUver Th Kidae GI-LU T.Body 
Ru-103 6.87E+6 - - 2.42E+7 - 5.74E+8 2.94E+6 
Ru-105 5.OOE+1 - 6.31E+2 - 4.04E+4 1.94E+1 
Ru-106 3.09E+8 - 5.97E+8 - 1.48E+10 3.90E+7 
Rh-103m - - - . . . .  

Rh-106 - . . . . . .  

Ag- ll0m 1.52E+7 1.44E+7 - 2.74E+7 - 4.04E+9 8.74E+6 
Sb-124 1.55E+8 2.85B+6 3.51E+5 - 1.35B+8 3.11E+9 6.03E+7 
Sb-125 2.14E+8 2.34E+6 2.04E+5 - 1.88E+8 1.66E+9 5.OOE+7 
Te-125m 1.48E+8 5.34E+7 4.14E+7 - - 4.37E+8 1.98E+7 
To-127m 5.51E+8 1.96E+8 1.31E+8 2.24E+9 - 1.37E+9 6.56E+7 
To-127 5.43E+3 1.92E+3 3.74E+3 2.20E+4 - 4.19E+5 1.17E+3 
Tel29m 3.67E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E+9 5.81E+7 
Te-129 6.22E-4 2.32E-4 4.45E-4 2.61E-3 - 3.40E-3 1.SIE-4 
Te-131m 8.44E+5 4.05E+5 6.09E+5 4.22E+6 - 3.25E+7 3.38E+5 
T 131 - - . . . . .  

T-132 3.90E+6 2.47E+6 2.60E+6 2.37E+7 - 7.82E+7 2.32E+6 
I-130 3.54E+5 1.02E+6 8.35E+7 1.58E+6 - 7.87E+5 4.09E+5 
1-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 2.13E+7 S.79E+7 
1-132 5.18E+1 1.36E+2 4.57E+3 2.14E+2 - 5.91E+1 4.87M+1 
1-133 1.97E+6 3.34E+6 4.66E+8 5.86E+6 - 2.53E+6 1.02E+6 
1-134 9.59E-5 2.54E-4 4.24E-3 4.O1E-4 - 3.35EM 9.13E-5 
1-135 3.68E+4 9.48E+4 6.10E+6 1.50E+S - 1.05E+5 3.52E+4 
Cs-134 7.09E+9 1.67E+10 - 5.30E+9 2.02E+9 2.08E+8 7.74E+9 
Cs-136 4.29E+7 1.69E+8 - 9.19E+7 1.45E+7 1.36E+7 1.13E+8 
Cs-137 1.O1E+10 1.35E+ 10 - 4.59E+9 1.78E+9 1.92E+8 4.69E+9 
Cs-138 - - . . . . .  

Ba-139 2.77E-2 1.95E-5 - 1.84E-5 1.34E-5 2.47E-1 8.08E-4 
Ba-140 1.38E+8 1.69E+5 - 5.75E+4 1.14E+S 2.13E+8 8.91E+6 
Ba-141 - - - - . .  

Ba-142 - - - . . . .  

La-140 1.80E+3 8.84E+2 - - - 5.08E+7 2.35E+2 
La-142 1.28E4 5.69E-5 - - 1.73E+0 1.42E-5 
Ce-141 2.82E+5 1.88E+5 - 8.86E+4 - S.38E+8 2.16E+4 
Ce-143 9.37E+2 6.82E+S - 3.06E+2 - 2.OSE+7 7.62E+1 
Co-144 5.27E+7 2.1BE+7 - 1.30E+7 - 1.33E+10 2.83E+6 
Pr-143 7.12E+4 2.84E+4 - 1.65E+4 - 2.34E+8 3.55E+3 
Pr-144 - . . . .

Nd-147 3.63E+4 3.94E+4 - 2.32E+4 - 1.42E+8 2.36E+3 
W-187 3.55E+4 2.90E+4 - . - 7.84E+6 1.02E+4 
Np-239 1.38E+3 1.30E+2 - 4.09E+2 - 2.10E+7 7.24E+ 1 
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Table 2.10 
R Vegetation Pathway Dose Factors - CHILD 

(mrem/yr per ACilm) for H-3 and C-14(n x mrem/yr per pCi/sec) for others 
Nuclide Bone IUver Thyi Kidaey Lung GI-LLI T.Body 
H-3 - 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3 
C-14 3.50E+6 7.01B+5 7.01E+5 7.01E+S 7.O1E+5 7.01E+5 7.O1E+5 
Na-24 3.83E+5 3.83E+S 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 
P-32 3.37E+9 1.58E+8 - - - 9.30E+7 1.30E+8 
Cr-51 - - 6.54E+4 1.79E+4 1.19E+5 6.25E+6 1.18E+5 
Ma-54 - 6.61E+8 - 1.852+8 - 5.55E+8 1.76E+8 
Mn-56 - 1.90E+1 - 2.29E+1 - 2.75E+3 4.282+0 
Fe-55 8.00E+8 4.242+8 - - 2.40E+8 7.86B+7 1.31E+8 
Fo-59 4.01E+8 6.49E+8 - - 1.88E+8 6.76E+8 3.23E+8 
C-57 - 2.99E+7 - 2 - 2.45E+8 6.04E+7 
Co-58 - 6.47E +7 - -- 3.77E+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-6S 1.05E+2 9.89E+0 - - 1.21E+3 S.77E+0 1Cu4 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+ 3 
Zn465 8.12E+8 2.16E+9 - 1.36E+9 - 3.80E+8 1.35E+9 
Zn-69 1.51E-5 2.18E-5 - 1.322-5 - 1.38E-3 2.02E-6 
Br-82 - - . . . - 2.04E+6 
Br-83 - - . . - - 5.55E+0 
Br-84 - . . . .  

Br-85 - - ---

Rb-86 - 4.52E+8 -2.91E+7 2.78E+8 
Rb-88 - . - - - . .  
Rb-89 - . . . .  
Sr-89 3.59E+ 10 - - - - 1.39E+9 1.03E+9 
Sr-90 1.24E+12 - - - - 1.67E+10 3.15E+11 
Sr-91 5.50E+5 - - . . 1.21E+6 2.08E+4 
Sr-92 7.28E+2 - - - - 1.38E+4 2.92E+1 
Y-90 2.30E+4 - - - - 6.56E+7 6.17E+2 
Y-91m 9.94E-9 - - - - 1.95E-5 

Y-91 1.87E+7 - - - - 2.49B+9 5.01E+5 
Y-92 1.56E+0 - - - - 4.51E+4 4.46E-2 
Y-93 3.01E+2 - - - - 4.48E+6 8.25E+0 
Zr-95 3.90E+6 8.58E+5 - 1.23E+6 - 8.95E+8 7.64E+5 
Zr-97 5.64E+2 8.15E+1 - 1.17E+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 2.73E-1 4.13E-7 
Mo-99 - 7.83E+6 - 1.67E+7 - 6.48E+6 1.94E+6 
Tc-99m 4.65E+0 9.12E+0 - 1.33E+2 4.63E+0 5.19E+3 1.51E+2 

I TC-101 - - . . .  
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Table 2.10 
R4 Vegetation Pathway Dose Factors - CHILD 

(mrem/yr per pCi/m) for H-3 and C-14(n? x mrem/yr per pCi/sec) for others 
Nuride Bone ver Thyroid Kidney L GI-LLI T.Body 
Ru-103 1.55E+7 - - 3.89E+7 3.99E+8 5.94E+6 
Ru-105 9.17E+1 - - 8.06E+2 - 5.98E+4 3.33E+1 
Ru-106 7.45E+8 - - 1.01E+9 - 1.16E+10 9.30E+7 
Rh-103m 

Rh-106 - - . . . .

Ag-ll0m 3.22E+7 2.17E+7 - 4.OSE+7 - 2.58E+9 1.74E+7 
Sb-124 3.52E+8 4.57E+6 7.78E+5 - 1.96B+S 2.20E+9 1.23E+8 
Sb-125 4.99E+8 3.85E+6 4.62E+5 2.78E+8 1.19E+9 1.OSE+8 
To-l25m 3.51E+8 9.50E+7 9.84E+7 -- 3.38E+8 4.67E+7 
T-127m 1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8 
To-127 1.08E+4 2.70E+3 6.93E+3 2.85E+4 - 3.91E+5 2.15E+3 
To-129m 8.54E+8 2.39E+8 2.75E+8 2.51E+9 - 1.04E+9 1.33E+8 
To-129 1.15E-3 3.22E-4 8.228E4 3.37E-3 - 7.17E-2 2.74E-4 
To-131m 1.54E+6 5.33E+5 1.10E+6 5.16E+6 - 2.16E+7 5.68E+5 I ~ ~T-l31--.....  
To-132 6.98E+6 3.09E+6 4.50E+6 2.87E+7 - 3.11E+7 3.73E+6 
1-130 6.21E+5 1.26E+6 1.38E+8 1.88E+6 - 5.872+4 6.47E+5 

-131+8 43E+80 1.44E+ 4 10 2.36E+8 - 1.28E+7 8.18E+7 
I-132 9.20E+1 1.69E+2 7.84E+3 2.59E+2 - 1.99+2 7.77E+ 1 

I-33 3.986 .4E+ 8258+8 7.40E+6 - 1.79E+6 1.68E+6 
I-134 1.70FA4 3.16E-4 7.28E-3 4.84E-4 - 2. 10E-4 1.46E-4 
I-135 6.54E+4 1.18E+5 1.04E+7 1.81E+5 - 8.98E+4 5.57E+4 
Cs-134 1.60E+ 10 2.63E+ 10 - .14B+9 2.92E+9 1.42E+8 5.54E+9 
Cs-136 8.06E+7 2.22E+8 - 1.1E+8 1.76E+7 7.79E+6 1.43E+8 
Ca-137 2.39E+10 2.29E+10 - 7.46E+9 2.68E+9 1.43E+8 3.38E+9 
Cs-138 
Ba-139 5.11E-2 2.73E-5 - 2.38E-5 1.61E-5 2.95E+O 1.48E-3 
Ba-140 2.77E+8 2.43E+5 - 7.90E+4 1.45E+5 1.40E+8 1.62E+7 
Ba-141-- ....  

B-142 
La-140 3.23E+3 1.13E+3 - - - 3.15E+7 3.81E+2 
IA-142 2.32B-4 7.40E-5 - - - 1.47E+ 1 2.32E-5 
C-141 6.35E+5 3.26E+5 - 1.43E+5 - 4.07E+8 4.84E+4 
Ce-143 1.73E+3 9.36E+5 - 3.93E+2 - 1.37E+7 1.36E+2 
Co-144 1.27E+8 3.98E+7 - 2.21E+7 - 1.04E+10 6.78E+6 
Pr-143 1.482+5 4.46E+4 - 2.41E+4 - 1.60E+8 7.37E+3 

I ~ ~~~Pr-144-......  
Nd-147 7.16E+4 5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3 
W-187 6.47E+4 3.83E+4 - - - 5.38E+6 1.72E+4 
NZ239 2.55E+3 1.83E+2 - 5.30E+2 - 1.36E+7 1.29E+2 
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Table 2.11 
R1 Grass-Cow-Milk Pathway Dose Factors - ADULT 

(mrem/yr per pCi/i) for H-3 and C-14(mm2 x mrem/yr per pCi/sec) for others 

Nucide Bone Iuver Tyreid Kklney Luag GI-LLI T.Body 
H.3 - 7.63E+2 7.63E+2 7.63E+2 7.63B+2 7.63E+2 7.63E+2 
C-14 3.63E+5 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4 
Na-24 2.54E+6 2.54E+6 2.54E+6 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 - 2.57E+7 1.60E+6 
Mn-56 - 4.23E-3 S.38B-3 - 1.35E-1 7.51E-4 
F.-55 2.51E+7 1.73E+7 - - 9.67E+6 9.95E+6 4.04E+6 
FO-59 2.98E+7 7.OOE+7 - 1.95E+7 2.33E+8 2.68E+7 
Co-57 - 1.28E+6 - - - 3.25E+7 2.13E+6 
Co-58 - 4.72E+6 - - - 9.57E+7 1.06E+7 
Co-60 - 1.64E+7 - - - 3.08E+8 3.62E+7 
Ni-63 6.73E+9 4.66E+8 - - - 9.73E+7 2.26E+8 
Ni-65 3.70E-1 4.81E-2 - - - 1.22E+0 2.19E-2 
Cu-64 - 2.41E+4 - 6.08E+4 - 2.05E+6 1.13E+4 
Zn-65 1.37E+9 4.36E+9 - 2.92E+9 - 2.75E+9 1.97E+9 
Zn-69 - - - . . .  

Br-82 - - -- - 3.72E+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 - - - - 2.33E+8 4.16E+7 
Sr-90 4.68E+ 10 - - - - 1.35E+9 1.15E+10 
Sr-91 3.13E+4 - - - - 1.49E+5 1.27E+3 
Sr-92 4.89E-1 - - - - 9.68E+O 2.11E-2 
Y-90 7.07E+1 - - - - 7.50E+5 1.90E+O 
Y-91m - - - - - .  

Y-91 8.60E+3 - - - - 4.73E+6 2.30E+2 
Y-92 5.42-5 - - - - 9.49E-1 1.58E-6 
Y-93 2.33E-1 - - - - 7.39E+3 6.43E-3 
Zr-95 9.46E+2 3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2 
Zr-97 4.26E-1 8.59E-2 - 1.30E-1 - 2.66E+4 3.93E-2 
Nb-95 8.25E+4 4.59E+4 - 4.54E+4 - 2.79E+8 2.47E+4 
Nb-97 - - - - - 5.47E-9 

Mo-99 - 2.52E+7 - 5.72E+7 - 5.85E+7 4.80E+6 
Tc-99m 3.25E+0 9.19E+O - 1.40E+2 4.50E+O 5.44E+3 1.17E+2 
Tc-101 - - - . -
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Table 2.11 
B1 Grass-Cow-Milk Pathway Dose Factors - ADULT 

(mrem/yr per %Ci/m) for H-3 and C-14(in x mrem/yr per pCI/sec) for others 

Nuclide Bone lIver Thmi Lun GI-LLI T.Body 
Ru-103 1.02B+3 - - 3.89E+3 - 1.19E+5 4.39E+2 
Ru-105 8.57E-4 - 1.112-2 - 5.24E-1 3.38FA 
Ru-106 2.04E+4 - - 3.94E+4 - 1.32E+6 2.58E+3 
Rh-103m - - - . . . .  

Rh-106 - - - . .  

Ag-110m 5.83E+7 5.39E+7 - 1.06E+8 2.20E+10 3.20E+7 
Sb-124 2.57B+7 4.86E+5 6.24E+4 - 2.00B+7 7.31E+8 1.02E+7 
Sb-125 2.04E+7 2.28B+5 2.08E+4 - 1.582+7 2.252+8 4.86E+6 
To-125m 1.63B+7 5.90E+6 4.90E+6 6.63B+7 - 6.50E+7 2.18E+6 
T-127m 4.58E+7 1.64E+7 1.17E+7 1.862+8 - 1.54E+8 5.58E+6 
T&127 6.72E+2 2.41E+2 4.98E+2 2.74E+3 - 5.30E+4 1.45E+2 
T-129m 6.04E+7 2.25E+7 2.08E+7 2.52E+8 - 3.04E+8 9.57E+6 
Te-129 - - - - . . .  

To-131m 3.61E+5 1.77E+S 2.80E+5 1.79E+6 - 1.75E+7 1.47E+5 
Te-131 - - - . . . .  

To-132 2.39E+6 1.55E+6 1.71E+6 1.49E+7 - 7.32E+7 1.45E+6 
1-130 4.26E+5 1.26E+6 1.07E+8 1.96E+6 - 1.08E+6 4.96E+5 
1-131 2.96E+8 4.24E+8 1.39E+11 7.27E+8 - 1.12E+8 2.43E+8 
1-132 1.64E-1 4.37E-1 1.53E+ 1 6.972- - 8.22E-2 1.53E-1 
1-133 3.97E+6 6.90E+6 1.01E+9 1.20E+7 - 6.20E+6 2.10E+6 
1-134 - - - . . .  

1-135 1.39E+4 3.63E+4 2.40E+6 5.83E+4 - 4.10E+4 1.34E+4 
Cs-134 5.65E+9 1.34E+10 - 4.35E+9 1.44E+9 2.35E+8 1.10E+10 
Cs-136 2.61E+8 1.03E+9 - 5.74E+8 7.87E+7 1.17E+8 7.42E+8 
Cs-137 7.38E+9 1.012+ 10 - 3.43E+9 1.14E+9 1.95E+8 6.61E+9 
Cs-138 - - - - . . .  

Ba-139 4.70PA - - - - 8.34E-8 1.38E-9 
Ba-140 2.69E+7 3.38E+4 1.15E+4 1.93E+4 5.54E+7 1.762+6 
Ba-141 - - - . . . .  

Ba-142 - - - - - . .  

La-140 4.49E+0 2.26E+0 - - - 1.662+5 5.972-1 
1a-142 - - - - - 3.032-8 
C-141 4.84B+3 3.272+3 - 1.52E+3 - 1.25E+7 3.71E+2 
Ce-143 4.19B+1 3.09E+4 - 1.36E+1 - 1.162+6 3.42E+0 
C&144 3.58E+5 1.50E+5 - 8.87E+4 - 1.212+8 1.92E+4 
Pr-143 1.59E+2 6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0 
Pr-144 - - - . . .  

Nd-147 9.42E+1 1.09E+2 - 6.37E+1 - 5.23E+5 6.52E+0 
W-187 6.56E+3 5.48E+3 - - - 1.80E+6 1.92E+3 
Nt239 3.662+0 3.60-1 - 1.12E+0 - 7.39E+4 1.98E-1 
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Table 2.12 
B Grass-Cow-Milk Pathway Dose Factors - TEEN 

(mrem/yr per #Ci/i) for H-3 and C-14 (in x remn/yr per pCi/sec) for others 

Nucide Bone Ljver lTyroid Kidney LAg GI-LU T.Body 
H-3 - 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2 
C-14 6.70E+5 1.34E+5 1.34E+5 1.34E+S 1.34E+S 1.34E+S 1.34E+5 
Na-24 4.44E+6 4.44E+6 4.4E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 
P-32 3.15E+10 1.95E+9 - . . 2.65E+9 1.22E+9 
Cr-51 - 2.78E+4 1.1OE+4 7.13E+4 8.40E+6 5.00E+4 
Mn-54 1.40E+7 - 4.17E+6 - 2.87E+7 2.78E+6 
Mn-56 - 7.51E-3 - 9.50E-3 - 4.94E-1 1.33E-3 
Fo-55 4.45E+7 3.16E+7 - - 2.00B+7 1.37E+7 7.36E+6 
Fe-59 5.20E+7 1.21E+8 - - 3.82E+7 2.8M+8 4.68E+7 
Co-57 - 2.25E+6 - - - 4.19E+7 3.76E+6 
Co-58 7.95E+6 - - - 1.10B+8 1.83E+7 

Co-60 - 2.78E+7 - - - 3.62E+8 6.26E+7 

Ni-3 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-4 - 4.29E+4 - 1-09E+5 - 3.33E+6 2.02E+4 

Zn-65 2.11E+9 7.31E+9 - 4.68+9 - 3.10E+9 3.41E+9 
Za-69 - - - . .  

Br-82 - - - 5.64E+7 

Br-893 -- .- - 1.91E-1 
Br-84 - - . .6.+. .  
Br-5 - - -

Rh-86 - 4.73E+9 - + . 7.0E+8 2.22E+9 
Rb- - 7 
Rb-9 - -

Sr-89 2.67E +9 - - 3.18E+8 7.66E+7 
Sr-90 6.61E+10 - - - - 1.86E+9 1.63E+10 
Sr-91 5.75E+4 - - -4- 2.61E+5 2.29E+3 
Sr-92 8.95E-1 - - - - 2.28E+1 3.8E-2 

Y-90 1.30E+2 - - -- 1.07E+6 3.50E+0 
Y-91m - 1 
Y-91 1.58E+4 -... 6.48E+6 4.24E+2 
Y-92 1.00B-4 - - 2.75E+0 2.90E-6 
Y-93 4.30B&l -**- 1.31E+4 1. 18E-2 
Zr-95 1.65E+3 5.22E+2 - 7.67E+2 - 1.20E+6 3.59E+2 
Zr-977 7.75E-1 1.53E-1 - 2.32&l- - 4.15E+4 7.06E-2 
Nb-95 1.41E+5 7.80E+4 - 7.57E+4 - 3.34E+8 4.30E+4 
N -97 ----- 6.34E-8

Mo-99 - 4.56E+7 - 1.04E+8 - 8.16E+7 8.69E+6 
Tc-99m S.64E+0 1.57E+1 - 2.34E+2 8.73E+0 1.03E+4 2.04E+2 
Tc-101-......
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Table 2.12 
R1 Grass-Cow-Milk Pathway Dose Factors - TEEN 

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

Nucide Bone Iver yKidney Luna3 GI-LLI T.Body 
Ru-103 1.81E+3 - - 6.40E+3 - 1.52E+5 7.75E+2 
Ru-105 1.57E-3 - 1.97E-2 - 1.26E+0 6.08-4 
Ru-106 3.75E+4 - - 7.23B+4 - 1.805+6 4.73E+3 
Rh-103m - - .  

Rh-106 - .  

Ag-110m 9.63E+7 9.11E+7 - 1.74E+8 - 2.56E+10 5.54E+7 
Sb-124 4.59E+7 8.46E+5 1.04E+5 - 4.01E+7 9.25E+8 1.79E+7 
Sb-125 3.65E+7 3.99E+5 3.49E+4 - 3.21E+7 2.84B+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 - 2.105+8 1.00E+7 
Te-127 1.24E+3 4.41E+2 8.59E+2 5.04E+3 - 9.61E+4 2.68E+2 
T-129m 1.11E+8 4.10E+7 3.57E+7 4.62E+8 - 4.15E+8 1.75E+7 
Tel29 - - - 1.67E-9 - 2.18E-9 
To-131m 6.57E+5 3.15E+5 4.74E+5 3.29E+6 - 2.53E+7 2.63E+5 
Te-131 -

Te-132 4.28E+6 2.71E+6 2.86E+6 2.60E+7 - 8.58E+7 2.55E+6 
1-130 7.49E+5 2.17E+6 1.77E+8 3.34E+6 - 1.67E+6 8.66E+5 
1-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 1.49E+8 4.04E+8 
1-132 2.9051 7.59E-1 2.56E+ 1 1.20E+0 3.31E-1 2.72E-1 
1-133 7.24E+6 1.23E+7 1.72E+9 2.15E+7 9.30E+6 3.75E+6 
1-134 -

1-135 2.47E+4 6.35E+4 4.08E+6 1.00E+5 7.03E+4 2.355+4 
Cs-134 9.81E+9 2.31E+ 10 - 7.34E+9 2.80E+9 2.87E+8 1.07E+10 
Cs-136 4.455+8 1.75E+9 - 9.53E+8 1.50E+8 1.415+8 1.18E+9 
Cs-137 1.345+10 1.78E+10 - 6.06E+9 2.35E+9 2.53E+8 6.20E+9 
Cs-138 - . .  

Ba-139 8.6958 - - - - 7.755-7 2.53E-9 
B-140 4.85E+7 5.95E+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6 
B&-141 

Ba-142 - .  

LA-140 8.065+0 3.965+0 - - - 2.27E+5 1.05E+0 
LA-142 - . . . . 2.23B-7 
Ce-141 8.87B+3 5.92E+3 - 2.79E+3 - 1.69E+7 6.81E+2 
C-143 7.69E+1 5.60E+4 - 2.51E+1 - 1.68+6 6.25E+0 
Co-144 6.58E+5 2.72E+5 - 1.63E+5 - 1.66E+8 3.54E+4 
Pr-143 2.92E+2 1.17E+2 - 6.77E+1 - 9.61E+5 1.45E+1 
Pr-144 - - . . . .  

Nd-147 1.81E+2 1.97E+2 - 1.16E+2 - 7.11E+5 1.18E+1 
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 
R1 Grass-Cow-Milk Pathway Dose Factors - CHILD 

I(mremlyr pe im) for H-3 and C-14 (m& x mremlyr perji/e)frohs Nucli Bone Iver Thri Kie LuaG 
H-3 - 1.57E+3 1.57E+3 1.57E+3 1.57E+3 1.73I'5E3 
C-14 1.65E+6 3.29E+5 3.29E+5 3.29E5 3.29+5 3.29E+5 3.29E+5 
Na-24 9.23E+6 9.23+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 
P-32 7.77E+10 3.64E+9 -2.15+9 3.002+9 
Cr-51 - 5.66E+4 1.55E+4 1.03E+5 5.41E+6 1.02E+5 
Mn-54 - 2.09E+7 - 5.87B+6 - 1.76+7 5.58E+6 
Mn-56 1.31E-2 1.58E-2 - 1.902+ 2.952-3 
P-55 1.12E+8 5.93E+7 - 3.35E+7 1.10+7 1.84E+7 Fo-59 1.20E+8 1.95E+8 - - 5.65E+7 .3 g 971 7 

Ni-65 1.66+ 1.56.-15E 
Cu-64 7.55E+4 - 1.82E+5 - 3.542+6 4.562E+4 I Z-65 4.13E+9 1102+10 - 6.942+9 - 1.93E+9 6.85E+9 
Zn-69 - - - 2.14E-9 

Br25.41E 1.02E+8 

b-5 .619 8.771+9 5.64E+7 5.39E+9 

1b-8. 

-
- -2.9E

Ib8 - - Sr-896.62 + 9 -- -1.10E+7 1.84E+7 
Sr-90 1. 123+ - - - 1.51+9 2.832+10 
Sr-91 1.41-+ 1 - - - 3.12E+5 5.332E+3 

Y-90 3.22E+2 - - - 9.15E+5 8.612E+ 
Y-91M - - - - - -Ir-82 -.9 + - . . 4.4E - 1.15E+ 8 
Y-91 3.91+4 . 5.21+6 1.04E+3 
Y-92 28.77+ - - - 7.64E+0 7.03E-6 

R0 1.57+4 2.902-2 Sr-9 6.62E+9 -AE+ 1.2-E-32.56E+8 1.89E+8 
Sr-90 1.12E+11 2.2-1 3.91-1 - 4.1E+9 2.83E+10 
Sr-91 .8 1.41 E+5 1.1-6.1E+5 5.9 .33E+3 
Sr-92 2.9+1 .145E+1 876
Y-9 3.2E 297 - - - - 691E+5 8.61E+0 

Y-2 2464 --- - 7.0+ 7.3-6 

Y-93 1.06E+0 I 2 . . 1.57E+4 420E-2 
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Table 2.13 
R, Grass-Cow-Milk Pathway Dose Factors - CHILD 

(mremlyr per pCI/m) for H-3 and C-14 (n? x mremlyr per pCI/sec) for others 
Nudide Bone lIver Ir Kidne GI-LLI T.  
Ru-103 4.29E+3 - - 1.08E+4 1.1IE+5 1.65E+3 
Ru-105 3.82E-3 = - 3.36E-2 - 2.49E+0 1.392-3 
Ru-106 9.24E+4 1 - 1.25E+5 8- 1.44E+6 1.85E+4 
Rh-103m - - ... . .  
Rh-106--....  
Ag-1 10m 2.09E+8 1.41E+8 2.63E +8 - 1.68E+ 10 1. 13E+ 8 
Sb 124 1.09E+8 1.41E+8 2.40B+5 - 6.03E+7 6.79E+8 3.81E+7 
Sb-l25 8.70E+7 1.41E+6 8.06E+4 - 4.85E+7 2.08E+8 1.82E+7 
To-125m 7.38E+7 2.00E+7 2.07E+7 -- 7.12B+7 9.84E+6 
Te-127m 2.08E+8 5.60E+7 4.97E+7 5.93E+8 - 1.682+8 2.472+7 
T-127 3.06E+3 8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2 
T-129m 2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.322+8 4.23E+7 
Te-129 - - - 2.87E-9 - 6.12E-8 
Te-31m 1.60E+6 5.53E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5 
To-131 - - . . . .  

T-132 1.02E+7 4.52E+6 6.58E+6 4.20E+7 - 4.55E+7 5.46E+6 
1-130 1.75E+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 2.15E+9 - 1.17E+8 7.46E+8 
1-132 6.862-1 1.26E+0 5.85E+1 1.93E+0 1.48E+0 5.80E-1 
1-133 1.76E+7 2.18E+7 4.04E+9 3.63E+7 - 8.77E+6 8.23E+6 
1-134 - - . . . . .  

1-135 5.84E+4 1.05E+5 9.30E+6 1.61E+5 - 8.00E+4 4.97E+4 
Cs-134 2.26E+10 3.71E+10 1.15E+10 4.13E+9 2.002+8 7.83E+9 
Cs-136 1.OOE+9 2.76E+9 - 1.47E+9 2.19E+8 9.70E+7 1.79E+9 
Cs-137 3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.932+8 4.55E+9 
Cs-138 - - - . . .  

Ba-139 2.14E-7 - - - - 1.23E-5 6.19E-9 
Ba-140 1.17E+8 1.03E+5 - 3.34E+4 6.12E+4 5.94E+7 6.84E+6 
Ba-141 - - . . . .  

Ba-142 - - . . . .  

La-140 1.93E+ 1 6.74E+0 - - 1.88E+5 2.27E+0 
LA-142 - - - -- 2.51E-6 
Ce-141 2.192+4 1.09E+4 4.78E+3 - 1.36E+7 1.62E+3 
Co-143 1.892+2 1.02E+5 - 4.29E+ 1 - 1.502+6 1.48E+1 
Ce-144 1.62E+6 5.09E+5 - 2.82E+5 - 1.332+8 8.66E+4 
Pr-143 7.232+2 2.17E+2 - 1.17E+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 2.91E+4 1.72E+4 - - 2.42E+6 7.73E+3 
Np-239 1.72E+1 1.23E+0 - 3.57E+0 - 9.14E+4 8.68E-1 
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Table 2.14 
R1 Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per uiCi/mi) for H-3 and C-14 (nZ x mrem/yr per #gCi/sec) for others 
Nudide Bone Uver yrkId KldeV GI-LU T.Body 
H-3 - 2.38E+3 2.38E+3 2.38E+3 2.38E+3 2.38E+3 2.38E+3 
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5 
Na-24 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+5 
Mn-54 - 3.89E+7 - 8.63E+6 - 1.43E+7 8.83E+6 
Mn-56 - 3.21E-2 - 2.76E-2 - 2.91E+O 5.53E-3 
Fo-55 1.35E+8 8.72E+7 - 4.27E+7 1.11E+7 2.33E+7 
F.-59 2.25E+8 3.93E+8 - - 1.16E+8 1.88E+8 1.55E+8 
Co-57 - 8.95E+6 - - - 3.05E+7 1.46E+7 
Co-58 - 2.43E+7 - - 6.05E+7 6.06E+7 
Co-60 - 8.81E+7 - - 2.1OE+8 2.08E+8 
Ni-63 3.49E+10 2.16E+9 - - 1.07E+8 1.21E+9 
Ni-65 3.51E+O 3.97E-1 - - 3.02E+1 1.81E-1 
Cu-64 - 1.88E+5 - 3.17E+5 3.85E+6 8.69E+4 
Zn-65 5.55E+9 1.90E+10 - 9.23E+9 - 1.61E+10 8.78E+9 
Zn-69 - - - - - 7.36E-9 
Br-82 - - - - - 1.94E+8 
Br-83 - - - - - - 9.95E-1 
Br-84 - - - - -

Br-85 - - - - -

Rb-86 - 2.22E+10 - - - 5.69E+8 1.10E+10 
Rb-88 - - - -

Rb-89 - - - -

Sr-89 1.26E+10 - - 2.59E+8 3.61E+8 
Sr-90 1.22E+11 - - 1.52E+9 3.10E+10 
Sr-91 2.94E+5 - . . . 3.48E+5 1.06E+4 
Sr-92 4.65E+O - - - 5.01E+ 1 1.73E-I 
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 5.22E-4 - - . . 9.97E+O 1.47E-5 
Y-93 2.25E+O - - - - 1.78E+4 6.13E-2 
Zr-95 6.83E+3 1.66E+3 - 1.79E+3 8.28E+5 1.18E+3 
Zr-97 3.99E+0 6.85I-1 - 6.91E-1 4.37E+4 3.13E-1 
Nb-95 5.93E+5 2.44E+5 - 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 - 5.97E+2 2.90E+1 1.61E+4 7.15E+2 
Tc-101 
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Table 2.14 
R4 Grass-Cow-Milk Pathway Dose Factors - INFANT 

(mrem/yr per pCi/mi3) for H-3 and C-14 (m2 x mrem/yr per pCi/sec) for others 
Nudide Bone Liver Thw KLua GI-LLI T.Body 
Ru-103 8.69E+3 - - 1.1BE+4 - 1.06E+5 2.91E+3 
Ru-105 8.06E-3 - - 5.92E-2 - 3.21E+O 2.71E-3 
Ru-106 1.90E+5 E -7 2.25E+5 - 1.44E+6 2.38E+4 
Rh-103m - - . . .  

Rh-1060

Ag-110m 3.86E+8 2.82E+ 8 - 4.03E+8 - 1.46E+10 1.86E+8 
S-124 2.09E+8 3.08E+6 5.56E+5 - 1.31E+8 6.46E+8 6.49E+7 
Sb-125 1.49E+8 1.45E+6 1.87E+5 -2 9.38E+7 1.99E+8 3.07E+7 
To-125m 1.51E+8 5.04E+7 5.078E+ +7 - 7.18E+7 2.04E+7 
T-127m 4.21E+8 1.40E+8 1.22E+9 1.04E+9 - 1.70E+8 5-E+7 
To-127 6.50E +3 2.18E+3 5.29E +3 1.59E+4 - 1.36E+5 1.40E+3 
T-129m 5.59E+8 1.92E+8 2.15E+8 1.40E+9 - 3.34E+8 8.62E+7 
TC-129 2.08E-9 - 1.75E-9 5.18E-9 - 1.66E-7 
To-31m 3.38E+6 1.36E+6 2.76E+6 9.35E+6 - 2.29E+7 1.12E+6 
To-131
T-132 2.10E+7 1.04E+7 1.54E+7 6.51E+7 - 3.85E+7 9.72E+6 
I-130 3.60E+6 7.92E+6 8.88E+8 8.70E+6 - 1.70E+6 3.18E+6 

I-131 2.72E+9 3.21E+9 1.05E+12 3.75E+9 - 1.1E+8 1.41E+9 
I-132 1.42E+0 2.89E+0 1.35E+2 3.22E+0 - 2.34E+0 1.03E+0 
I-133 3.72E+7 5.41E+7 9.84E+9 6.36E+7 - 9.16E+6 1.58E+7 

I-134 - 1 1E-9 

I-135 1.21E+5 2.41E+5 2.16E+7 2.69E+5 - 874E+4 8.80E+4 
Ca-134 3.65E+10 6.80E+10 1.75E+10 7.18E+9 1.85E+8 6.87E+9 
Cs-136 1.96E+9 5.77E+9 - 2.30E+9 4.70E+ 8.76E+7 2.15E+9 
Cs-137 5.15E+10 6.02E+1 - 1.62E+1 1.88E+8 4.27E+9 
Cs-138
Ba-139 4.55E-7 - - . - 2.88E-5 1.32E-8 
Ba-140 2.41E+8 2.41E+5 - 5.73E+4 1.48E+5 5.92E+7 1.24E+7 
Ba-141 

Ba-142
1d-140 4.03E+1 9.5E+1 - 2 - 1.87E+5 4.09E+0 
la-142 -...- 5.21E-6
Co-141 4.33E+4 2.64E+4 8.15E+3 - 1.37E+7 3.11E+3 
Cel-43 4.00E+2 2.65E+5 - 7.72E+ - 1.55E+6 3.02E+1 
Caol44 2.33E+6 9.52E+5 - 3.85E+5 - 1.33E+8 1.30E+5 
Pr-143 1.49E+3 5.59E +2 - 2.08E+2 - 7.89E+5 7.41E+1I 
Pr-144-.....  
Nd- 147 8.82E+2 9.06E+2 - 3.49E+2 - 5.74E+5 5.SSE+1I 
W-187 6.12E+4 4.26E+4 --- 2.50E+6 1.47E+4 
Np-239 3.64E+1I 3.25E+0 6.49E+0 9.40E+4 1.84E+0
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Table 2.15 
R1 Ground Plane Pathway Dose Factors 

(m' x mrem/yr per ,Ci/sec) 

Nudide Any Orm 
Sb-124 2.87E+9 
Sb-125 6.49E+9 

Te-125m 1.55E+6 
To-127m 9.17E+4 
T-127 3.00E+3 

Te-129m 2.OOE+7 
To-129 2.60E+4 

Tel31m 8.03E+6 
Te-131 2.93E+4 
.T-132 4.228+6 

1-130 5.53E+6 
1-131 1.72E+7 
1-132 1.24E+6 
1-133 2.47E+6 
1-134 4.49E+5 
1-135 2.56E+6 

Cs-134 6.75E+9 
Cs-136 1.49E+8 
Cs-137 1.048+10 
Cs-138 3.59E+5 
Ba-139 1.06E+5 
Ba-140 2.05E+7 
Ba-141 4.18E+4 
Ba-142 4.49E+4 
LA-140 1.91E+7 
LA-142 7.36E+5 
Cel41 1.36E+7 
Co-143 2.32E+6 
Co-144 6.95E+7 
Pr-143 

Pr-144 1.83E+3 
Nd-147 8.40E+6 
W-187 2.36E+6 
Np-239 1.71E+6

2-40
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3/4 RADIOLOGICAL EFFLUENT SPECIFICATIONS AND SURVEILLANCE 
REQUIREMENTS 

3 /4.0 APPLICABILITY AND SURVEILLANCE REQUIREMENTS 

SPECIFICATIONS 

3.0.1 Compliance with the specifications contained in the succeeding text is required during the 
conditxios specified therein; except tha upon faihire to meet the specifications, the associated ACTION 
requirements shall be met.  

3.0.2 Noncompliance with a Specification shall exist when its requirements and associated ACTION 
requirements are not met within the specified time intervals. If the Specification is restored prior to 
expiration of the specified time intervals, completion of the Action requirements is not required.  

3.0.3 When a Specification is not met, except as provided in the associated ACTION requirements, 
reporting pursuant to TS 6.9.5.3 will be initiated.  

SURVEILLANCE REQUIREMENTS 

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

4.0.2 Each Surveillance Requirement shall be performed within the specified time interval with 
a maim allowale exiusiolet to woet25% ofth survemncineiin 

4.0.3 Failure to perform a Surveillance Requirement within the specified time interval shall constitute 
a failure to metthe OPERABILIT requirments for a Specification. Exceptions to these 
requirements are stated in the individual Specification. Surveillance Requirements do not have to be 
performed on inoperable equipment.  

I 
I 
I 
I 
I 
I 
I 
I.  
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3/4.1 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION 

SPECIFICATIONS 

3.1 The radioactive liquid effluent monitoring instrumentation channels shown in Table 3.1 shall 
be OPERABLE with their alarm/trip setponts set to ensure that the limits of Specification 3.3.1:1 are 
not exceeded. The alarm/trip setpoits of these channels shall be determined in accordance with the 
methodology in Section 1.0 of the OFFSITE DOSE CALCULATION MANUAL (ODCM).  

APPLICABILITY 

During release via the monitored pathway.  

ACTION 

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

b. With less than the mininmn mnber 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 umuccessful, explain in the next Radioactive Effluent Release 
Report why the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

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

RAML 
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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 seepomis set to ensure that the limits of Specification 3.4.1 are 
no exceeded. The alarm/trip seepoints of these channels shall be determined in accordance with the 
methodology in 00iii 0W.* the ODCM.

APPLICABILITY 

As shown in Table 3.2:.  

ACTION 

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

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

SURVEILLANCE REQUIREMENTS 

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

BASIS 

of~nesfv dgitiiif K dai~ pitalis KraeCPRwfl~assral acm r516 W .o~j~i~us~gi.mI t .. .... ... .....

Rev. 8 
10/20/973-3



3/4.3 LIQUID EFFLUENTS

CONCENTRATION 

SPECIFICATIONS 

3.3.1 The concentration of radioactive material released in liquid effluents to UNRESTRICTED AREAS 
shall be limited to 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/mI total activity.  

APPLICABILITY 

During release via the monitored pathway.  

ACTION 

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

SURVEILLANCE REQUIREMENTS 

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 

Coocessraden - Th ec i s providat to eur that the concentration of radiosetive maaerals released 
in liquid a ofthest a URSTICTED AREAS wmbtfostn the cancentration levels specied i 10 
CFR Pat 20) Appeni , TbbL Coi u st. This wW.. aiona a..os.. tA die levels of 
radoctiv mater.als in bodiPa.uk it i F. T. H alARlA 1sa in exposs v48 (1) de 
Section IL.A dsig bjcimp AMpluedi I 10 CPAt itG0, toaM ME OF TBB PUBIC and (2) the 
limits o 10 CFR Pat 2..3..ta p i ..e. trdisolve&etmied i0ob a 
is based upo the asumpto s a adioisoe and il PCis air (sleri wa 

caveston gsvales46thoeeraiemith sing htod iductibed in International coennmisson an 
Radiologist PrtcinCP 

Th ucapireddetecewantr udcedve aerisi in lipid waste samples ase tailated in terms of thei 
lower limits of detection (LLDk Detil~i icoeo of to LLD, aind other detectio timier can be fouind in 
ERASL Procedues Maaal. HASL*300 (wevised amuely), Charis, L.A., "Limnits for Qualitative Detection and 
Quantitative Determination - Apphication to wariocm~i, t AnLCia $86-93 (1968), and Hartwell, 
J.K., 'Detectice Iat for Raanlytcal Canainmg Techniqes * Atlantic Rich~el Hansford Company Report 

Rev. 8 
3-4 10/20/97



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. During any calendar quarter to less than or equal to 1.5 mrems to the total body and to less 
than or equal to 5 mrems to any organ, and 

b. During any calendar year to less than or equal to 3 mrems to the total body and to less than 
or equal to 10 irems 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 lies of a Licensee Event Report, prepare and submit to the Commission within 30 
days, pursuant to Technical Specification (TS) 6.9.10, a Special Report that identifies the cause(s) for 
exceeding the limit(s) and defines the corrective actions that have been taken to reduce the release and 
the proposed corrective actions to be taken to assure that subsequent releases will be in compliance with 
the above limits.  

SURVEILLANCE REQUIREMENTS 

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

BASIS 

flsa hp.i Alaa damsspaimt Gl.dia 3A, Ill4A at N.Af.Apeni IL 10 
CFR so. '>Th*I~im Ca f~i or opensMon ingl.asse*m Wa kII einseionrI ofAppem.i. L. The.  
^ACTION an n4 probth neui opferalt mbihiy at atsm Ann iSm felsesesth pide. se fth th 
seaonW.A atAeast to asse*S .<aaees orga **nine IaBq .8 ennSe to UNREstalcTED 
AREA.... n........ Wma a idaatb. .. te .. l.dd mthdkigyaS pa.m..n.s in t OD~~.00 ... .iiim W.~r At i.... nit .ii .r.tim ..k......... t.. ... u. s 

shVfly hiifllVla thi ihsentadeplSrdosfituer mifi beri seof snMDIBE O THE 
O ia t S t te asip e consistent 

withthiipvi fh Rpleonife IZ for *A a MnaS e to. Ma fa otieRlea 
of ResstilhedW tpose ofEvaluatiq Complimce wit I0 CFR PNAR , ApediTI, Rvision 1, October 
1977 and ReWs Ods 14113, 'Estimting Aquatic DisperioofEICt fromn Accidenal and Routine Reactor 
Releases fte Pharpose of ImlmnigAppendix t April 1971.
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LIQUID RADWASIE TREATMENT SYSTEM

SPECIFICATIONS 

3.3.3 11m liquid radwase trnt systn a described in the ODCM &hall be used to reduce the radioactive 
materials m liquid wss prior to their discharge when the projected doses, due to the liqpid efment, 
to UNRESTRICTED AREAS would exceed 0.18 aram to the total body or 0.62 mrem to any organ 
in a calendar quarter.  

APPLICABILITY 

At all times.  

ACTION 

a. With radioctive liquid waste being discharged without treatment and in excess of the above limits, in 
lies of a Licensee Event Report, prepare and submit to the Commission within 30 days pursuant to TS 
6.9.6l, a Special Report that includes the following informatio: 

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

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

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

SURVEILLANCE REQUIREMENTS 

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

BASIS 
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3/4.4 GASEOUS EFFLUENTS

DOSE RATE 

SPECIFICATIONS 

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

a. For noble gases: Lass 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, iodin-133, tritium, and for all radionuclides in particulate form with half 
lives greater than 8 days: Les 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 performig analyses in accordance with the sampling and analysis program 
specified in Table 4.4.  

BASIS 

Doe as -nai 1posdicetis ided is em du d dose *.ay tian 4 and beyond Hs SITE BOUNDARY from 
seon.. ses w1e w i o eloime ( 10 CR Ps 20 to UNRESTTD AREAS. The annual dose 

lmits use d sc dw oord.s.. C B A pdia X Table U, Coloum 1. These lAit 
povd. raoabh dist d e a ou a nuwiBact result in he expo of 
a MEMBER OITilB PUBLIC isu as *TU AREither wiltin or outsie the SITB BOUNDARY, to 
anoal avetage coisearadioes theobgd thi. spci4 ftAppedi B, Table II o 10 CFR Part 20 (10 CPR Past 
20.106(tg). For MEMBERS OP THE PUBLI who an at taesbe within the SITB BOUNDARY, the occnpmacy of 
that MEMBER OP THE PUBIlC witl usally be su~cienty low to compeansate for any increase in the atmospheric 
dif fusion factor above t hfrth SITE BOUNDARY. Exangles chalculation for such MEMBERS OF THE PUBLIC, 
with the appropriase occupany foolous, almB letie in due1 ODCM. Tle. specified release. rats limits restrict, at all 
tunes, the corresponding pam and bela does saties above backamed to a MEMBER OF THE PUBLIC at or beyond 
the SITE BOUNDARY to lessa th or equal to 500 arenyr to the tal. body or to less than or equal to 3000 
areastyear to the ski. 11ees selessal i mits also seatrises, aaBims, the orresponding thytoid dose rate above 
backpound to. a cild via dei hnk.uirm pathway to lssi teor equal to 1500 satsyea.  

The suiudldlitahc iq bilities fr adi jnjltj Silliil M - illit& am ins e thabulated in terms of the lower 
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limit# Ofd aioLDe): Dehtaod dismi siam of di. LLD, ad odwr deteadon limican to foun in HASL Procedures 
Marm iRASL-300 (Mrvised daually), Carne, LA.. *ILimit .,o QDe inad Deinadan 

Applicationt A h 58.9 (9ti a Hatwel, J.. D Linit fo 
Couna Techniqu." Adantic R i Hiao Coampan Report Alm-SAtI m n L975).  

DOSE - NOBLE GASES 

SPECIFICATIONS 

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

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

b. Durng any calendar year. Less than or equal 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 the 
above limits, in lieu of a Licensee Event Report, prepare and submit to the Commission within 30 days, 
pursuant to TS 6.9.3, a Special Report that identifies the cause(s) for exceeding the limit(s) and 
defines the corrective actions that have been taken to reduce the releases and the proposed corrective 
actions to be taken to assure that subsequent releases will be in compliance with the above limits.  

SURVEELLANCE 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 per 31 days.  

BASIS 

Dose Ni " " '" ap a p' tis i oftctons IIW.Aand IV.A of 

Apeni T1 1o C i M liCoition dr Open imlpelh gpae ea ineti .B of 
Appedix L Th 030 i' iI ~ he qit opmain 6adialiy an &the sale thasg~ lplese b. guides 
sa foith in Seidivgg wa br aise. thu the reeamse of atdidentitabastr in psos easnse to 
U NRESTRICTW AREA W Vi w as s emly aciWbae.. rim 
the rupirees in Ss. IS d peai Itha cnfoa with the ge fApeli b bowby almsoa 
procedures besid c 6'ehed uc tt a l sp1 eo a 
pathways unlikely mb.use..mlLy n .s Th ako 6 rs ... idtihs aptinu esbab.sid 
in the ODCM for a.Lanig the dses due to t caa rees saus of radioative nob4s ae ii gaiMnie affunts are 
consistea withe m proddedio Replosy i 1.196, Cci oeanual Do 3i AsauIoutine 
Releasis of Rmctor Witek ir Prpo. of Batig CO l w t ....... p.e Rvsio 
g k~~chborJS~am) Itophaggage~t,1,.M.... ....ai . M.m..W. ... .(.*ttsarhnda.  

5 Effhiit in.Rutin..tleast kme Lintr Cooled keactor,' Itevsine IY@$1Th WOD)C equations 
provided for delerining a dose . and b eyo d: tirST BOUNDARY ass based upos eiorical average I.  
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atmospheric conditiom.

DOSE - IODINE-131, IODINE-133, TRIUM AND RADIONUCLIDES IN PARTICULATE FORM 

SPECIFICATIONS 

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

a. During any calendar quarter: Less than or equal to 7.5 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 be in compliance with the above limits.  

SURVEILLANCE REQUIREMENTS 

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

BASIS 

Dose - Iodia431, lodia-133, Tr3itmn, and Radioscd in riah1 Freis specificution is pmvided to 
implmsge the npaireues of Sections UC, II.A sad IV.A of Appealls , 10CFR Part 50. Th Limiting Coraliionu 
for Operation a the guides .e forth i Section IIC of Appest L ACTIOflanse giwvide the sequidd 
operating fleibility and ah m dn imqibmle the guidas set fothia ciV AofAppedit ia that the 
releases of radi vntm ials in as enens to UNRESTRICTED AREASwlbelpt as low asis reasonably 
achievable'. 1e ODCM calculational method. specified in the Sweeiance Rretoem. tpleedla. reqirsement 
in Secn IlA ot Appni*m I ita co dinoe with the guids of Appia& Ibe shom by clulational pocedure based 
on models and dats, such ther ti actual exposure of a MEMBER OP THE PUBLTC throutgh appropriae pathways is 
unlikely t6 be substantially t e ODCM cakoaioal mthodolog and parametes for calculating the 
dose due to the adual elease faes of the 'satect material are cosistem wth sethodologpmvide in Regulatry 
Guide 1.109, "Calculatiou of Ananal Doses to man from Routine Reluases of Reactor EItanhls for the Purpose of 
Evaluating Compliance with 10 CFR Part 50, Appendix I,' Revision 1, October 1977 saleRgulator Gide 1.111, 
Methods for Estimating Atmospheric Tasport and Dispersion of Gaeu B16t is Randa Release. from 

LigblV -WatCoomi Reactors,' Revision 1,July 1977. These equato also pmide for whenewaday the actual doses 
Pon historical averag atopienc conditions. The reaeasat ap-iatkra for iod*11, iodine-133, 

triim, ni lides in particila, form with half lives raer than I days aedpn t upon the existing 
radionuclid. pahways to man, in areas at and beyond the SITE BOUNDARY. The pathways dhat were examined in the 
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developmet MikolfilakWirnu indivi ialati o r taieids position of radionuclide 
onto r elef vgeIdost th ueequeas coasneagsby son, 3) deposition co rassy afs whme milk: animals 
ad mutucing d wiui a .Illa with camuiptio of th milk an meet bry m 4 sitis a the ground with 
subsequun oshi of 

GASEOUS RADWASTE TREATMENT SYSTEM 

SPECIFICATIONS 

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

APPLICABILITY 

IO 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 sumit to the Commission within 30 days, pursuant to TS 6.9.b.3, 
a Special Report that includes the following information: 

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

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

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

SURVEILLANCE REQUIREMENTS 

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

Gasoim RAM Trmuet t.Tb. rewuimmet tt~ teavq a ps i bimi tee systenis be used, when 
specified pride. reisoitkassumwance that the releases ofradidaiW aerkias gaseous effluents will be kept "as 
low al aiscodIahievkiale,' 

i 0 6 ipi uins tie rupirenms of 10 CPR 50.36, Genral DeaiaCtiion 60 of Appendix A to 10 CFR 
Part S and " design ofad s gin in Sechen ILD of Appec Ib to10 CFR Puat 50. The'specifet limits governmng Iab e s is i iedist of th syens rspcea itshisj ( o dte doe duign objectives set forth 
in1 siri6ii6H3a:i MC of Afpendix L 1o CP a Pint o0fr genoum eOMnes 
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3/4.5 TOTAL DOSE

SPECIFICATIONS 

3.5 The annual (calendar year) dose or dose commitment to any MEMBER OF THE PUBLIC due to 
releases of radioactivity and to radiation from uranium fuel cycle sources shall be limited to less than 
or equal to 25 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.  

ACTION 

a. 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 6.9.1.3, a special report that 
defines the corrective action to be taken to reduce subsequent releases to prevent recurrence of 
exceeding the above limits and includes the schedule for achieving conformance with the above limits.  
This special report as defined in 10 CFR 20.2203, shall include an analysis that estimates the radiation 
exposure (dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources, including all 
efflut pathways and direct radiation, for the calendar year that includes the release(s) covered by this I report. It shall also describe levels of radiation and concentrations of radioactive material involved, 
and the cause of the exposure levels or concentrations. If the estimated dose(s) exceeds the above 
limits, and if the release condition resulting in violation of 40 CFR Part 190 has not already been 
corrected, the special report shall include a request for a variance in accordance with the provisions 
of 40 CFR Part 190. Submittal of the report is considered a timely request, and a variance is granted 
until staff action on the request is complete.  

SURVEILLANCE REQUIREMENTS 
4.5.1 Cumulative dose contributions from liquid and gaseous effluents shall be determined in 

accordance with Stveileos R 4.3.2, 4.4.2, and 4.4.3 in accordance with the 
methodology and parameters in the ODCM.  

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

I 
BASIS 

Total Dw - This specificatkim i povid to met the doe b katiamof 40 CFR Part 190 that have been iicorporated 
into 10 CFR Part 20 by 46 FR 18525. as pmeiflcaions respes tim pseparation and submittal of a Special Repott 
whenever the cakubtad doses 6iM pa geoadafctive afls an direct radiation exceed 25 os to the total 
body or any orp, excpt tdiv, &ich sl be Imimed to less a or spal to $s75m it s highly unlikely that 
the resle dose o a MEMB OP THE JB[JC'wlumed s dose liit of4CFR Par 190 if smseedr remins 
within twice th doe design objectves of Apeix 4 as if irect adiaion doses free Onh reactoraat n s~mall. The 
SpeciaRw ecrib co ofationdt ha 10n i t.e o m gthe rsal dose o MDBER OF 
THBPUBUC to wihini. 40 CFR Pt 190 ait. Mr the prpose ofth Seci Reot, ia be assue that the 
doe comitnet t e MEMBER OP TEB PUBUC from asher uraianm fuel cycle source is neigible. If the dose 
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3/4. REPORTING REQUIREMENTS 

3/4.14 Radioactive Effluent Release Report 

The Radioactive Effhaset Release Report shall include the following: 

a. A summary of the qaities 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 Laquid and Caseous Effluests from Light-Water-Cooled Nuclear Power Plants, 
Revision 1, June 1974.  

b. An annual sammary of hourly meteorological data collected over the previous year. This 
annual summary may be either in the form of an hour-by-hour listing on magnetic tape of 
wind speed, wind direction, atmospheric stability, and precipitation (if measured), or in the 
form of joit freupay distributions of wind speed, wind direction, and atmospheric stability.' 
This same report shall nche an assm==al of the radiation domes due to the radioactive 
iquid and gueous offluents released from the unit during the previous calendar year. The 
asumptions used in making thee assesmen, i.e., specific activity, exposure time and 
location, shall be included in these seports, The assessment of radiation dome shall be 
performed based on the calculational guidance, as presented in the ODCM.  

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

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

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

I 
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TABLE 3.1' 
RADIOACTIVE UQUID EFFLUENT MONITORING INSTRUMENTATION 

Minimum 
Instrument Channels Action 

Operable 

1. Gross Radioactivity Monitors Providing Alarm and Automatic Termination of 
Release 

1 1 
a. Liquid Radwaste Effluent Line (R-18) 

1 2 
b. Steam Generator Blowdown Effluent Line (R-19) 

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

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

b. Service Water System Effluent Line 1 3 
(Containment fan cooling, R-16) 

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

a. At least two independent samples are analyzed in accordance with $S00glliii 
Ieii ai 4.3.1.1 land 

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.  

ACTION 2- With the amber of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided grab samples 
are analyzed for gross radioactivty (beta or gamma) at a lower limit of detection of 1.OE-6 
uCi/ml: 

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

b. At least once per 24 hours with identified priary-to-secondary leakage (with secondary 
side activity > 1.OE-05 uCi/ml) 

ACTION 3 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided that, at least 
once per 12 hours, grab samples are collected and analyzed for gross radioactivity (beta or 
gamma) at a lower limit of detection of 1.OE6 uCi/ml. (Note: Failure to complete sampling ass 
analysis prior to 12 hours after the monitor is declared O.O.S. is a violation of this speification).

Rev. 8 
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At all times

TABLE 3.2 
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION 

(PAGE I OF 2 

Mininum 
Channels 

Instnunent Operable Applicability Action 

1. Noble Gas Activity Monitor 
a. R-13 or R-14 1 

- Waste Gas Holdup Systen 4 
(auto-isolation) 

- Auxiliary Building Veotilation System 5 
- Containmeut Purge 2' line 6 

(auto-isolation) 
b. R-12 or R-21 1 * 

- Containment purge 36* duct 6 
(auto-isolation) 

c. R-15 1 * 5 
- Condenser Evacuation System 

2. Radioiodine & Particulate Samplers 
a. Containment Building vent (R-21) 1 * 7 
b. Auxiliary Building vent(4) 1 X41*-MO 7 

3. Sampler flow rate measuring devices 
a. Containment Building vow sampled 4 1 * 8 
b. Auxiliary Building vent oamler 1 W1 1 * 8

3-14
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TABLE 3.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INTUMENTATION 

(PAGE 2 OF 2) 

TABLE NOTATIONS 

ACTION 4 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, the contents of the tank(s) may be released to the environment 
provided that prior to initiating the release: 

a. At least two independent samples of the tank's contents are analyzed, and 
b. At least two technically qualified members of the Facility Staff independently verify the 

release rate calculations and discharge valve lineup; 

Otherwise, suspend release of radioactive effluents via this pathway.  

ACTION 5 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided grab samples 
are taken at least once per 12 hours and these samples are analyzed for gross activity within 24 
hours.  

ACTION 6 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, immediately suspend PURGING of radioactive effluents via this 
pathway.  

ACTION 7 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via the affected pathway may continue provided 
samples are continuously collected with auxiliary sampling equipment as required in Table 4.4.  

ACTION 8 - With the number of channels OPERABLE less than required by the Minimum Channels 
OPERABLE requirement, effluent releases via this pathway may continue provided the flow rate 
is estimated at least once per 4 hours.



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

3-16

TABLE 4.' 
FREQUENCY NOTATION 

Notation Frequency' 

S Once per shift 

St Once per 12 hours 

D Once per 24 hours 

W Once per 7 days 

M Once per 31 days 

Q Once per 92 days 

SA Once per 184 days 

R Once per refueling cycle, not to exceed 18 months 

P Prior to each reactor startup if not done previous week 

PR Completed prior to each release 

N.A. Not applicable
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TABLE 4.1:i 
RADIOACTIVE LIQUID EFFLUENT MONITORING 

INSTRUMENTATION SURVEILLANCE REUIEMENTS__ 

Channel 
Channel Source Channel Functional 

Instrumaent Check Check Calibration Test 

Gros Radioactivity Monitors Providing Alarm and 
Automatic Termination of Release 

a. Liquid Radwaste Effluent Line (R-18) D PR R Q 

b. Steam Genrator Blowdown Effluet Line D M R Q 
(R-19) 

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

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

b. Service Water System Effluent Line D M R Q 
(Containment fan cooling, R-16)



TABLE 4.2 
RADIOACTIVE GASEOUS EFFL UENT MONITORING 

INSTRUMENTATION SURVEILLANCE REQ EMENTS 

Modes 
Channel In Which 

Channel Source Channel Functional Surveillance 
Instrument Check Check Calibration Test Required 

Noble Gas Activity Monitor 

a. R-13 or R-14 

Waste Gas Holdup PR PR R Q * 
System (auto-isolation) 

Auxiliary Building D M R Q 
Ventilation System 

Containment Purge 2" D M R Q 
line (auto-isolation) 

b. R-12 or R-21 

Containment purge 36" D PR R Q 
duct (auto-isolation) 

c. R-15 
Condenser Evacuation D M R Q 
System 

2. Radioiodine Particulate Samplers 

a. Containment Building W N.A. N.A. N.A.  
vent (R-21) 

W N.A. N.A. N.A. * 
b. Auxiliary Building vent 

(R-l@ 8844) 

3. Sampler Flow Rate Measuring 
Devices 

a. Containment Building D N.A. R Q 
vent sampler (R21) 

b. Auxiliary Building vent D N.A. R Q 
sampler (143.ar W14)

* At all times other than when the line is valved out and tagged.

3-18
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TABLE 4.3 
RADIOACTIVE LIQUID WASTE SAMPING AND ANALYSIS PROGRAM 

Pae 1 of 2 

Lower Limit of 
Detection 

Sampling Minimam Type of Activity (LLD)' 
Liquid Release Type Frequency Analysis Analysis (uCi/ll) 

Frequency 

A. Batch Waste Release PR PR Principal Gamma lx104 

Tankab Each Batch Each Batch Emitters 
1-131 1x106 

PR M H-3 1xIO 
Each Batch Composite Gros Alpha 5xl0 

PR Sr-89 Sr-90 5x106 

Each Batch Composited Fe-5 lxl0 

B. Continuous Releases' W W 
(SG Blowdown) Grab Sample Grab Sample Principal Gamma 5xl0' 
(TB Sump') Emitterse 

1-131 1xl0 4 

W M H-3 1xl0s 
Grab Sample Composite' Gross Alpha 5xl0 

W Q Sr-89, Sr-90 5xl0' 
Grab MCompite' Fe-55 Ix10'



TABLE 4.3 
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 2 of 2 

Table Notations 

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

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

LLD= 4.66, 
E * V * 2.22 X 10' * Y * exp (-At) 

Where: 

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

s, is the standard deviation of the background counting rate or of the counting rate of a blank sample as 
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, 

2.22 x 10' is the number of disintegrations per minute per nicrocurie, 

Y is the fractional radiocbemical yield, when applicable, 

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

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

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

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

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

The principal gamma emitters for which the LLD specification applies exclusively are the following 
radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144. This list 
does not mean that only these nuclides are to be considered. Other gamma peaks that are identifiable, together 
with those of the above nuclides, shall also be analyzed and reported in the Radioactive Effluent Release 
Report pursuant to TS 6.9.b2.  

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

* A continuous release is the discharge of liquid wastes of a noodiscrete 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 samvles shall be comprised of weekly grab samples.  
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TABLE 4.31 
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 

Page 2 of 2 

Table Notations 

During periods of identified primary-to-secondary leakage (with the secondary activity > 1.OE-05 uCi/in), 
grab samples are collected daily and analyzed by gamma spectroscopy.  

TABLE 44 
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM 

_P 1d2 

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 lx10 
Each Tank Each Tank Emittersb 

Grab Sample 

B. Containment PURGE PR PR Principal Gamma 1xl0 
Each PURGE Each Purge Emitters' 
Grab Sample 

C. Auxiliary Building and M M Principal Gamma 1Xl0I 
Containment Building Grab Sample Emittersb 
Vent 

Continuous' W 1-131 3xl0'2 

Charcoal 
Sample 

Continuous' W Principal Gamma lxl0 " 
Particulate Emitterb 

Sample (1-131, others) 

Continuous' M Gross Alpha 1xl0'" 
Composite 
Particulate 

Sample 

Continuous' Q SR-89, SR-90 lx10" 
Composite 
Particulate 

Sample 

Continuous' Noble Gas Noble Gases 1xl0 4 

I_ Monitor Gross Beta or Gamma
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TABLE 4.4 
RADIOACTIVE GASEOUS WASTE SAMPIANG 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 not count, above system background, that will be detected with 95% 
probability with only 5% probability of falsely concluding that a blank observation represents a *real* 
signal.  

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

LLD= 4,661, 
E * V * 2.22 X 10' * Y * exp (-IAt) 

Where: 

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

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

E is the counting efficiency, as counts per disintegration, 

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

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

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

b The principal gamma emitters for which the LLD specification applies exclusively are the following 

radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, 
Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144 for particulate emissions.  
This list does not mean that only these nuclides are to be considered. Other gamma peaks that are 
identifiable, together with those of the above nmclides, shall also be analyzed and reported in the 
Radioactive Effluent Release Report pursuant to TS 6.9.2.  

The ratio of the sample flow rate to the sampled flow stream flow rate shall be known (based on sampler 
and ventilation system flow measuring devices or periodic flow estimates) for the time period covered by 
each dose or dose rate calculation made in accordance with Specifications 3.4.1, 3.4.2, and 3.4.31.  
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APPENDIX A 

TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS 

LIQUID RADIOACTIVE EFFLUENTS 
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APPENDIX A

Technical Basis for Effective Dose Factors 
Liquid Effluent Releases 

The radioactive liquid effluents for the fuel cycle years 1983, 1982 and 1981 were evaluated to 
determine the dose contribution of the radionuclide distribution. This analysis was performed to 
evaluate the use of a limited dose analysis for determining environmental doses, providing a 
simplified method of determining compliance with the dose limits of Specification 3.3.2. 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 gCi/ml, liver). Only the reactor-generated 
radionuclide Nb-95 has a higher dose conversion factor (1.51E+06 mrem/hr per ACilml, 
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 I 1981, a factor of 21.  

For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per MCi/ml, total 
body) is the highest among the identified dominant nuclides. For 1981, using this simplified 
conservative dose calculational method would overestimate the total body dose by a factor of 26; 
for 1982, the conservatism is a factor of 50; and for 1983, a factor of 34.  
For evaluating compliance with the dose limits of Specification 3.3.2. the following simplified 
equations may be used: 

TotalI Body 

D = 1. 67E -02 x VOL 

I.  
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where:

D= dose to the total body (mrem) 

Acs-13ss = 5.79E+05, total body ingestion dose conversion factor for Cs-134 
(mrem/hr per uC/il) 

VOL = volume of liquid effluent released (gal) 

EC= total concentration of all radionuclides (jCi/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: 

D 9.67E +03 x VOL X'C 1  (A.2) 
D = CW x[C A2 

Maximum Organ 
1.67E -02 x VOL x Al,3L X E( 

Dm CW (A.3) 

where: 

D= maximum organ dose (mrem) 

Ac. 134 .L = 7.09E+05, liver ingestion dose conversion factor for Cs-134 (mrem/hr per 
gCi/ml) 

Substituting the value for Ac. ,,, the equation simplifies to: 

1. 18E *04 x VOL XE C, (A.4) 
CW 

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

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 mremlyr via the fish ingestion and 
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drinking water pathways. This amounts to 0.45% of the design objective dose of 3 mremlyr.  
Furthermore, the release of tritium is a function of operating time and power level and is 
essentially unrelated to radwaste system operation.  
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Appendix A 

Table A-1

1983-84 Fuel Cycle

Adult Dose Contributions 
Fish and Drinking Water Pathways 

1982-43 Fuel Cyce

Radio- Release 
Nuclide (Ci)

5.91 E- I 

1.29E1

8.411E-02 

9.46E-02 

4.60E-02 

3.91 E-02 

3.24E-02 

1.06E-02 

1.03E+00

TB 
Dose 
Frac.

0.01 

* 

*

GI-LLI 
Dose 
Frac.

Liver 
Dose 
Frac.

0.02 

0.01 

*

* *

* * 

* 0.96 

0.64 0.01 

0.35 *

* 

* 

0.69 

0.31 

6.53E-01

Release TB 
(Ci) Dose Frac.

2.27E-0 1 

2.36E-01 

I.57E-0 I 

3.78E-03 

8.06E-03 

3.67E-04 

2.08E-02 

4.52E-04

0.01 

0.02 

*

GI-LLI 
Dose 
Frac.

0.18 

0.49

* 

*

Liver 
Dose 
Frac.  

* 

0.01

*

0 

0.94 

0.03

0.24 

0.09 

*

* 

0.96 

0.03 

1.36E+00

Release TB 
(Ci) Dose 

Frac.

8.5 1E-1 

3.66E-1 

2.06E-02 

2.88E-02 

2.07E02 

N/D 

5.53E-02 

1.93E-02

0.01 

0.01 

*

Gl-LLI 
Dose 
Frac.

0.37 

0.43 

0

* * 

* * 

* 

0.62 0.14 

0.37 0.06

*Less than 0.01 

N/D - not detected

1981 -A2 Flip'I CwAp

Co-58 

Co-60 

Ag-ll0m 

Sb- 124 

Sb-125 

Nb-95 

Cs-137 

Cs-134 

Total

Liver 
Dose 
Frac.

* 

* 

* 

* 

* 

0.68 

0.32
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APPENDIX B 

1 TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS 

GASEOUS RADIOACTIVE EFFLUENTS 
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APPENDIX B 

Technical Bases for Effective Dose Factors 
Gaseous Radioactive Effluents 

Overview 

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

Determination of Effective Dose Factors

Effective dose transfer factors are calculated by the following equations:

K, = E (K, x f) (B. 1)

where:

= the effective total body dose factor due to gamma emissions from all noble gases 
released 

= the total body dose factor due to gamma emissions from each noble gas 
radionuclide i released 

= the fractional abundance of noble gas radionuclide i relative to the total noble gas 
activity

(L * 1.1 M),, = Z ((L, * 1.1 M) x f)

(L + 1.1 M)eff 

(L, + 1.1 M) =

= the effective skin dose factor due to beta and gamma emissions from 
all noble gases released 

the skin dose factor due to beta and gamma emissions from each noble gas 
radionuclide i released
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M., = Z (Mf X Q3

where: 

M' = the effective air dose factor due to gamma emissions from all noble gases released 

= the air dose factor due to gamma emissions from each noble gas radionuclide i 
released 

N,= J (N, x Q (B.4) 

where: 

Ne = 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.  

Application 

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

For evaluating compliance with the dose limits of Specification 3.4.21, the following simplified 
equations may be used: 

3.17E O8 X X MXEQ (B.5) 
D= 0.50 

D# = .7 E0 8 x XA x N., x Q, (B.6) 
0.50 
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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') 

Mef = 5.3E+02, effective gamma-air dose factor (mrad/yr per MCi/m) 

Nea = 1.1E+03, effective beta-air dose factor (mrad/yr per ACilm) 

E Qi = cumulative release for all noble gas radionuclides (MCi) 

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 = 3.5E-05 x X/Q x Q, (B.7) 

and 

D,= 7.OE-05 x X/Q x E 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 aio$il 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-l 
Effective Dose Factors - Noble Gases 

Total Body Effective Skin Effective 
Dose Facter Dose Factor 

Kw (L+1.1 M) 
Radionulide f (mrem/yr per pCi/m) (mrem/yr per pCi/mr) 

Noble Gases - Total Body and Skin 

Kr-85 0.01 1.4E+01 

Kr-88 0.01 1.5E+02 1.9E+02 

Xe133m 0.01 2.5E+00 1.4E+01 

Xe-133 0.9 3.OE+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 

Mac Nff 
Radionuclide f (mrad/yr per Ci/m) (mrad/yr per pCi/m) 

Kr-85 0.01 2.OE+01 

Kr-88 0.01 1.5E+02 2.9E+01 

Xe-133m 0.01 3.3E+00 1.5E+01 

Xe-133 0.95 3.4E+02 1.OE+03 

X-135 0.02 3.8E+01 4.9E+01 

TOTAL 5.3E+02 1.1E+03
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APPENDIX C

EVALUATION OF CONSERVATIVE, DEFAULT MPC VALUE 

FOR LIQUID EFFLUENTS 
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Appendix C 

Evaluation of Conservative, Default MIPC 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: 

MPC*= ; (C. I) 
Ci 

MPC/ 

where: 

MPC = an effective MPC value for a mixture of radionuclide (j2Ci/ml) 

Ci = 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 pCi/ml. For conservatism in establishing 
the alarm setpoints, a default effective MPC value of I.OE-05 vCi/ml was selected. The overall 
conservatism of this value is reaffirmed for future releases considering that 1.OE-05 jCi/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.OE-06 liCilml MPC value for 
Cs-134.  
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In 1992, Table C-I was updated to include data from 1984 through 1991. The default effective 
MPC value of 1.OE-05 uCi/mI 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)

MPC (Ci/ml) 

3E-06 
3E-07 
1E-04 
3E-07 
IE-06 

213-05 

2E-05 

1E-04 
4E-04 
9E-05 
3E-05 
2E-05 
1E-04 
2E-03 
3E5 
3E-05 
1E-04 
3E-05 

6E-05

Ci 
MPCI 
MPC* (pCi/mi)

1976-1981 Avg.  

1.OE-03 
2.5E-04 
5.4AE-03 
1.9E-02 
7.43-04 
5.2-04 
5.7E-02 
1.2E-04 
4.5E-04 
4.5E-02 
3.1 E-04 
5.5E-01 
1.6E-01 
3.4E-02 
3.4E-02 
4.6E-02 
4.3E-02 
9.7E-03 
6.1E-04 
6.1E-04 
2.2E-03 

1.09

9.2E+04 

1.2E-05

C-4

Nuclide 

Sr-89 
Sr-90 
Nb-95 
1-131 
1-133 
Cs-136 
Cs-137 
Cs-138 
Ba-140 
Mn-54 

Co-57 
Co-58 
Co-60 
Sb-124 
Sb-125 
Cr-51 
Ag-1 10m 
Na-24 
Fo-59 
Sn-I 13 
Zr-95 
Total

1982 

3E-05 
5E-05 

2.4E-03 

4.7E-02 

9E-03 
1.7E-04 
8.1E-01 
3.7E-01 
3E-02 

1.8E-02 
11.02 

1.5E-01 
IE-05 

4.4AE-04 
IE-04 
8E-04 
1.46

3.2E+04 

4.6-5

1983 

2E-04 
1.2E-04 
2.5E-03 
3E-05 
2E-05 

2.1E-02 

6E-06 
3.6E-03 
1.8E-04 
2.1E-01 
2.OE-01 
3.8E-03 
8.4E-03 
2.8E-03 
7.2E-02 
8.3E-04 
8E-05 
8E-05 
4E-04 
0.53

1.4E+04 

3.8E-05
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Appendix C

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

Nuclide

Na-24 
Cr-51 
Mn-54 
Fe-55 

Mo-56 
Co-57 
Co-58 
Fe-59 
Co-60 
Ni-63 
Sr-89 
Sr-90 
Nb-95 
Zr-95 
Nb-97 
Zr-97 
Mo-99 
Ru-103 

Ag-ll0m 
Sn-l13 

Sn- ll7m 
Sb- 122 
Sb- 124 
Sb- 125 
1-131 
1-132 
1-133 

C-134 
1-134 
1-135 

Cs-136 
Cs-137 
C-138 
C- 139 
Ba- 140 
LA- 140 
Co- 144 
W-187

MPC 
(pCilmi) 
3.0F-05 
2.0F-03 
1.0F.04 
8.0F-04 

O-04 
4.0F-04 
9.0F-05 
5.0F-05 
3.0OAS 
3.0F-05 
3.0E-06 
3.0F-07 
1.0F-04 

6.OE-05 
LOE-04 
2.0E-05 
4.OE-05 
8.0E-05 
3.0E-05 
8.0F"s0 
3.0E-06 
3.0E-05 
2.0E-05 
1.0E-04 
3.0E-07 
8.0E-06 
1.0E-06 
9.0F-06 
2.OE-05 
4.05-06 
6.0&-05 
2.0OAS 
3.0F06 
3.0F-06 
2.05-05 
2.05-0S 
1.0E-05 
6.OE-0S

Total 1.01E+00 6.28-01 4.235-01 5.33F-01 4.83-01 
Activity 

(Ci)

MPCc 
(pCi/mi)

4.39E-05 4.19E5OS 5.24E-05 5.37E-05

C-5

3.94FA0S

I 
U.
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1984 

1.42E&03 
2.57F-03 
6.06F-03 
7.45F-03 

9.47544 
5.78E-0 
3.62F-04 
1.03F-01 

2.05E-03 
2.59F-04 
1.235-03 
7.30F-04 
3.91E-02 
3.55E-04 

8.335-02 
1.77F-03 

9.51F-02 
4.73E02 
4.44-S 

4.12F-05 
1.31E-02 

2.04E-02 
8.015-04 
3.285-07

1985 
6.90B.03 
2.943-02 
8.53-03 

2.19-04 
2.695-01 
3.36FM3 
1.41F-01 

1.40FA4 
3.48-OS 
1.83E-02 
1.05O-02 

3.82F-02 
3.85F-03 

3.951-02 
3.07F-02 
3.04E-04 

5.62E-03

1986 
5.85F-4U 
4.08E-03 
1.945-03 
5.24F-02 

1.013-04 
1.923-01 
1.035-03 
6.32F-02 
2.245-02 

2.20F-03 
6.893-04 

2.97E-02 
1.27E-03 

2.741-02 
1.83E-02 

3.44F-05 
3.645-05 
6.51E-04 
1.40F-03

1987 
6.165-04 
2.02F-02 
3.375-03 
1.213-01 
8.385-05 
8.03F-05 
1.865-01 
5.02F-03 
4.625-02 

4.61E-05 
1.545-05 
5.32-03 
2.36E-03 

8.43E-02 
1.43E-03 

1.91E-04 
2.92E-02 
2.25E-02 
1.31-04 
1.8-04 
5.76E-04 
2.061-04 

4.31E-04

2.24F-02 3.63-03 2.97E-03

1988 
3.08F-04 
8.36F-03 
4.875-03 
7.23F-02 

3.553-04 
2.68-01 
1.94-03 
6.225-02 

6.77E-05 
3.793-06 
1.36E-03 
9.53E-04 

2.32E-02 
7.881-04 

4.485-04 
1.52E-02 
1.155-02 
1.33E-03 

2.62F-04 
1.75E-03 

2.60FAOS 
1.925-04 
7.91-03 

2.635-057.3255 
9.015-06

4.07F5S 2.095-04



Appendix C 

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

Activity Released (Ci)
Nuclide MPC 

(a&Ci/mi) 1989
1990 1991

Na-24 
Cr-51 
Mn-54 
Fo-55 
Mn-56 
Co-57 
Co-58 
Fe-59 
Co-60 
Ni-63 
Sr-89 
Sr-90 

Nb-95 
Zr-95 
Nb-97 
Zr-97 
Mo-99 
Ru- 103 

Ag-I l0m 
So- 113 

Sn-I 17m 
Sb-122 
Sb- 124 
Sb- 125 
1-131 
1-132 
1-133 

Cs- 134 
1-134 
1-135 

Cs- 136 
Cs- 137 
Cs-138 
Ce- 139 
Ba- 140 
LA- 140 
C*-144

3.02-05 
2.0E-03 
1.02-04 
8.02-04 
1.03-04 
4.0F-04 
9.0A-S 
5.0E-05 
3.0F05 
3.0-05 
3.0E-06 
3.OE-07 
1.0E-04 
6.0E-05 
1.0-04 
2.0-OS 
4.0-05 
8.0F-OS 
3.0E-05 
8.0O05 
3.0-06 
3.02-05 
2.0-05 
1.0E-04 
3.0F-07 
8.0E-06 
1.0E-06 
9.OE-06 
2.0E-05 
4.0E-06 
6.02-05 
2.OAS 
3.0E-06 
3.02-06 
2.0E-5 
2.0E-05 
1.0E-05

W-187 6.0OAS 9.02E-04 6.87E-04 1.83E-04 

Total Activity 9.00F01 2.01E-01 2.25E-01 
(Ci)

MPCc 
(MCilmi)

4.62-05 6.16E-05 7.06E-05

C-6
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5.12E-05 
9.59E-04 
5.75F-03 
I.54E-01 

6.67E-04 
4.58E-01 
4.18-03 
9.12E-02 

1.43E-02 
1.00E-02 

3.98E-04 
3.16E-07 
6.95E-06 
6.122-02 
4.38F-03 

5.69E-02 
1.22E-02 
9.04F-03 
1.45E-03 

7.47E-03 

6.25E-03

1.53F-05 
2.02E-02 
2.85F,03 
1.53E-02 

4.16E-05 
8.79E-02 
3.05F-03 
3.36E-02 

5.73E-03 
3.97E-03 

1. 17E-04 

1.92F-02 
2.36F03 

1.53E-05 
1.90E-03 
2.47E-03 

6.92E-04 

8.02F-04

3.58E-05 
1.38E-02 
2.34E-03 
4.07E-02 

1.97F-04 
1.01 E-l 
3.68E-03 
3.45E-02 

2.12E-06 

4.87E-03 
3.07E-03 

6.21E-05 

1.31 -02 
1.93E-03 
7.21 -,05 
1.48E-04 
2.10E03 
2.61E-03 

1.49E-04 

1.95E-04

2.49E-04

1990 1991
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Appendix D

SSite Map 

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 CCrV 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 S11 PM. Admittance hours are posted. The school forest is most often visited by the Kewaunee 
County school system for educational purposes. It is estimated that 250 students visit this area 
per year. The trails, softball diamond and thechoolf mopet to use by the general 
public. I is estimated that approximately 400-500 people .s this ara ach year:The school 
fores is also used by area schools for cross country meets and area boy scout troops for overnight 
campouts.  

Figure D-I presents the locations and elevations of radioactive effluent release points at the plant.  
The plant drawings referenced above are not included as part of the ODCM but can be found in 
the plant drawing system.  
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October 17, 1991 

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

Gentlemen: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
Disposal of Low Level Radioactive Material

References:

h/LI 
-I

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, the 

WDNR completed a review of the most appropriate on site disposal methods for the slightly 
contaminated service water pretreatment lagoon sludges. The two proposed methods that the 

WDNR evaluated included in-situ capping of the sludge in the wastewater treatment lagoon and 

on site landspreading. In Attachment 1, Appendix A, WPSC evaluated the on site landspreadin2I 
I.
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application which is our preferred disposal method. WPSC does not intend to utilize the in-situ 

capping of the sludge in the lagoon at this time. However, in the letter the WDNR agreed that 
either disposal method was acceptable provided: 

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

- if the on site landspreading option is utilized, the material would be 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, 

C. A. Schrock 
Manager - Nuclear Engineering 

DJM/jms 

Attach.  

cc - US NRC - Region II 
Mr. Patrick Castleman, US NRC LIC\DJM\N492



ATTACHMENT 1 

To 

Letter from K. H. Evers (WPSC) to Document Control Desk (NRC) 

Dated

October 17, 1991I.  
I 
I 
I 
I 
I 
I 
I 
I.  
I



Document Control Desk 

October 17, 1991 
Attachment 1, Page I 

I 
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.  

I.
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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 material 

concentration limits was based on NRC modeling. The computer code 

IMPACTS-BRC was used as the basis for calculating the potential doses from 

the alternative disposal methods. This modeling includes reasonable 

conservative exposure pathway scenarios for the various disposal methods.  

Administrative controls will be established to ensure that the actual disposal of 

any slightly contaminated materials from KNPP are within the bounds of the 

evaluation. Samples from each of the waste streams will be collected and 

analyzed by gamma spectroscopy prior to release for disposal. A system 

lower limit of detection (LLD) of 5E-07 pCi/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
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(and of plant origin) will be treated as a radioactive waste and appropriately 

controlled.  

I 
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 I of reference 1, it 

was assumed the total annual design basis volume of 27,000 ft3 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 I 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 ft3. These total 

activity limits are presented in Table A of this response, for each radionuclide 

individually. For a mixture of radionuclides, a total annual activity limit may be 

determined by normalizing the concentrations so that the sum-of-the-fractions for the 

mixture 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.  

I.

1



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

A Disposal Log will be maintained on a calendar year basis for all disposals of 

any very-low-level radioactive materials. The log will contain as a minimum 

the following information: 

* Disposal location 

- Description of waste 

* Shipment/disposal date 

- Waste volume 

* Radionuclide concentrations (gamma emitters) 

* Year-to-date radionuclide activity.  

* Year-to-date waste volume 

I 
In addition to the above Disposal 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 

I.
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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 

the KNPP waste, a population density of 610 persons/mi2 was assumed. This 

value is conservative for the KNPP site area where the average population 

density is less than 53 persons/mi2 . A transport distance of 45 miles was 

assumed. The IMPACTS-BRC modeling assumes five (5) tons of material are 

transported per shipment. For the assumed KNPP waste volume, this 

shipment weight translates into a total of 167 shipments per year. With a 

vehicular speed of 20 miles per hour, the resultant total population exposure 

time is 375 person-hours per year. At the concentration limits established for 

the alternative disposal, the potential onlooker doses during transport 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.  

As presented in the September 12, 1989 submittal, the maximum dose to the 

driver is less than 1 mrem per year (<0.001 remlyr). Therefore, the total 

collective dose to the transport workers will be twice the individual dose, i.e., 

less than 0.002 person-rem. Including the population dose of <0.01 person

rem per year, the total collective dose to both the transport workers and the 

population is less than 0.02 person-rem (0.002 person-rem + 0.01 person-rem 

< 0.02 person-rem).  

For the disposal of the existing 15,000 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.  

I 
I.
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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 would 

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 During 

Transport" and "Radiation Exposure to Landfill Operator," appropriately 

characterize any potential exposure to workers involved with the land 

spreading of the waste. The other post-disposal exposure scenarios, "Intruder 

Scenario", "Intruder Well", and "Exposed Waste Scenario," as described in 

NUREG/CR-3585 (and as discussed in Appendix C of the submittal) 

reasonably bound any potential exposures from either ground waste migration 

or post-release from the Kewaunee site. In no case is there a higher potential 

for exposure from land application than the pathways and potential exposures 

that were used for the derivation of the limits for 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 
(ACilml) (Ci) 

H-3 9.65E-04 0.7382 
C-14 4.55E-05 0.0348 

Cr-51 3.13E-04 0.2394 
Mn-54 1. 14E-05 0.0087 
Fe-55 1-OOE-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.OOE-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 
1-129 2.50E-06 0.0019 
1-131 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 (TIz > 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 mis.

I 
I.
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Appendix A 

Evaluation of Onsite Land Application for 

Alternative Disposal of Very-Low-Level Contaminated Materials 

Overview 
Land spreading of lagoon sludges onsite at the Kewaunee Nuclear Power Plant has been 

recommended by personnel from the Wisconsin Department of Natural Resources (DNR) as 

a desirable alternative to the use of the Kewaunee County Landfill for disposal. This method 

of disposal is also a 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.  

I , Description of Disposal Method 

The disposal of KNPP sludges will be performed by beneficial land application 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 restrictive 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.).  

1 
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 major exposure pathways are 

discussed below: 

I 
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 sludges being
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plowed into the soil to a depth of six (6) inches. With a land spreading of 50 

metric tons per hectare per year, a mixing ratio of 1:30 will be achieved.  

Therefore, the resultant dose to the exposed worker would be less than the I 

mrem per year dose to the transport 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 1/ 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 

sludge concentrations for heavy metal or organic chemicals, unlimited application 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. (Additional discussion of this modeling is presented in 

NUREG/CR-3585, Volume 2).  

The potential dose for the intruder well scenario for the land spreading disposal would 

be less than 0.001 mrem per year. The modeling as presented in the September 12, 

1989 submittal reasonably bounds any hypothetical well water exposure pathway.  

In summary, the modeling of the exposure scenarios, as presented in the September 

12, 1989 submittal, conservatively bounds the hypothetically exposures for the on-site 

land spreading. In no case is it likely that any individual, either on-site or off-site, 

will receive a dose in excess of 1 mrem per year from the disposal of the slightly 

contaminated materials.
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NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20 5q 

June 3, 1992 

John N Hannon, Director 
Project Directorate 111-3 
Division of Reactor Projects - III/IV/V 

Allen G. Hansen, Project Manager 
Project Directorate 111-3 
Division of Reactor Projects - III/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 
A. Hansen, NRR 
R. Hernan, NRR 
J. Flack, RES 
W. Beckner, NRR 
Others as designated

P. Finnemore 
Others as designated

Allen G. Hansen, Project Manager 
Project Directorate 111-3 
Division of Reactor Projects III/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 pursuant to "Open Meeting Statement of NRC Staff Policy," 43 Federal Register 28058, 6/28/78.
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Wisconsin Public Service Corporation

cc:II
Kewaunee Nuclear Power Plant 

Mr. C. A. Schrock 
Manager - Nuclear Power 
Wisconsin Public Service 

Corporation 
P. 0. Box 19002 
Green Bay, Wisconsin 54037-9002

Mr. Harold Reckelberg, Chairman 
Kewaunee County Board 
Kewaunee County Courthouse 
Kewaunee, Wisconsin 54216 

Chairman 
Public Service Commission of Wisconsin 
Hill Farms State Office Building 
Madison, Wisconsin 53702 

Attorney General 
114 East, State Capitol 
Madison, Wisconsin 53702 

U.S. Nuclear Regulatory Commission 
Resident Inspectors Office 
Route #1, Box 999 
Kewaunee, Wisconsin 54216 

Regional Administrator - Region III 
U.S. Nuclear Regulatory Commission 
799 Roosevelt Road 
Glen Ellyn, Illinois 60137 

Mr. Robert S. Cullen 
Chief Engineer 
Wisconsin Public Service Commission 
P.O. Box 7854 
Madison, Wisconsin 53707
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David Baker, Esquire 
Foley and Lardner 
P. 0. Box 2193 
Orlando, Florida 32082 

Glen Kunesh, Chairman 
Town of Carlton 
Route 1 
Kewaunee, Wisconsin 54216
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0 UNITED STATES 9/21/94 NUCLEAR REGULATORY COMMISSION 

* WASHINGTON, D.C. a2o4MI 

Mr. C. A. Schrock September 14, 1994 
Manager - Nuclear Engineering 
Wisconsin Public Service Corporation 
Post Office Box 19002 
Green Bay, WI 54307-9002 

SUBJECT: SAFETY EVALUATION FOR AN AMENDMENT TO AN APPROVED 10 CFR 20.302 APPLICATION FOR THE KEWAUNEE NUCLEAR PLANT (TAC No. M189719) 
Dear Mr. Schrock: 

By letter dated June 23, 1994, as supplemented June 29, 1994, you requested approval to use another onsite 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.  

This approval is granted provided that the enclosed Safety Evaluation is permanently incorporated into your Offsite Dose, Calculation Manual (00CM) as 
an the NRC.  

Sincerely, 

Richard.3. Lafer, Ating Project Manager Project Directorate*111-3 
Division, of Reactor Projects III/IV Office of Nuclear Reactor Regulation 

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

.ROW 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 1Hill 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 #l, Box 999 
Kewaunee, Wisconsin 54216 

Regional Administrator - Region III 
U. S. Nuclear Regulatory Commission 
801 Warrenville Road 
Lisle, Illinois 60532-4531 

Mr. Robert S. Cullen 
Chief Engineer 
Wisconsin Public Service Commission 
P. 0. Box 7854 
Madison, Wisconsin 53707 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 2D5-oooi 

SAFETY EVALUATION.BL1HE OFFICE OF NUCLEAR REACTOR REGULATION 
RELATING TO QNSITE DISPOSAL OF LOW-LEVEL RADIOACTIVELY 

CONTAMINATED WASTE SLUDGE 

AT THEKEMAUNEE NUCLEAR POWER PLANT 

WICONSIN _PUBLIC SERVICE_ CORPORATION 
WISCONSIN POWER AND LIGHT COMPANY MADISON GAS AND ELECTRIC COMPANY

1.0 INTRODUCTION

By letter dated June 23, 1994, and as supplemented on June 29, 1994, Wisconsin Public Service Corporation (the licensee) requested approval to use anothe .r onsite area for the disposal of contaminated waste sludge in addition to the location approved by the NRC on June 17, 1992.

2.0 EVALUATION 

A Safety Evaluation (SE) dated June 17, 1992, approved the licensee's request pursuant to 10 CFR 20.302 for the disposal of 15,000 cubic feet of contaminated waste sludge by land application at the Kewaunee Nuclear Power Plant (KNPP) at a specific onsite location. The SE imposed the following boundary conditions: 

1. The annual disposal must be less than a. total activity of 0.2 uCi.  
2. The whole body dose to the hypothetical maximally exposed individual must be less than 0.1 mrem/year.  
3. The disposal must be the same site.  

The site designated In the SE was an unused area adjacent to the onsite lagoon at the KNPP sewage treatment facility. In 1993, approximately 7500 cubic feet of the original 15,000 cubic feet of contaminated sludge was spread on that location. The licensee has now proposed to dispose of the remaining contaminated sludge at another onsite location northwest of the plant .(see Attachment). The licensee has comitted that the new disposal, location will meet all the radiological boundary conditions contained in the SE for the 10 CFR 20.302 application approved on June 17, 1992. Additionally, the licensee has stated that this additional disposal site will meet all applicable Wisconsin Department of Natural Resources (WDNR) application requiremets (i.e., sludge application rate and frequency of spreading rate), in addition to WDNR landspreading reqiremnts, regarding location and performance standards that were required at the original disposal site.

I.
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3.0 CONCLUSION 

The staff finds the licensee's proposal to dispose of the low-level radioactive 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, approval of the licensee's 10 CFR 20.302 application, the licensee is required to permanently incorporate this modification into the Offsite Dose Calculation Manual as an Appendix, and that future modification of this commitment be reported to the NRC.  
Principal Contributor: S. Klementowicz 

Date: September 14, 1994 

Attachment: KNPP Site Area Map
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A UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. i 

November 13, 1995 

Mr. N. 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 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.  

S This approval is granted provided that the enclosed safety evaluation is 
permanently incorporated into you Offsite Dose Calculation Manual (00CM) as an Appendix, and that future modifications of these commitments are reported to the NRC.  

I Sincerely, 

I.  
Richard J. Lauer, Project Manager 
Project Directorate 111-3 
Division of Reactor Projects III/IV 
Office 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 Kewaunee Nuclear Power Plant 

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 I 3 Kewaunee, Wisconsin 54216 

Mr. Harold Reckelberg, Chairman 
Kewaunee County Board 
Kewaunee County Courthouse 
Kewaunee, Wisconsin 54216 

Chai man 
Public Service Commission of 
Wisconsin 
Hill Farms State Office Building Madison, Visconsin 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 
801 Warrenville Road 
Lisle, Illinois 60532-4531 

Mr. Robert S. Cullen 
Chief Engineer 
Wisconsin Public Service Commission 
P. 0. Box 7854 
Madison, Wisconsin 53707 

I 
I 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 2056-00 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 
RELATING TO ONSITE DISPOSAL OF LOW-LEVEL RADIOACTIVELY 

CONTAMINATED SEMAGE TREATMENT SLUDGE 

AT THE KEWAUNEE NUCLEAR POWER PLAT 

WISCONSIN PUBLIC SERVICE CORPORATION 
WISCONSIN POWER AND LIGHT COMPANY 

MADISON GAS AND ELECTRIC COMPANY 

DOCKET NO. 50-305 

1.0 INTRODUCTION 

By letter dated October 17, 1995, as supplemented on November 3, 1995, Wisconsin Public Service Corporation (the licensee) requested approval for the onsite disposal of contaminated sewage sludge similar to a previous disposal request that was approved by the NRC on June 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 material. In a Safety Evaluation (SE) dated June 17, 1992, the NRC approved the licensee's request pursuant to 10 CFR 20.302 (new 10 CFR 20.2002) for the disposal of 15,000 cubic feet of contaminated waste sludge by land application at the Kewaunee Nuclear Power Plant (KNPP) location. The SE imposed the following boundary conditions: 

1. The annual disposal must be less than a total activity of 0.2 Ki.  
2. The whole body dose to the hypothetical maximally exposed individual must be less than 0.1 we/year.  

3. The disposal must be at the same: site.  

The licensee completed the disposal of the contaminated waste sludge discussed in the SE dated June 17, 1992. The licensee is now requesting authorization to dispose of additional contaminated waste sludge within the boundary conditions of the previously approved disposal.  

3.0 EVALUATION 

The licensee has proposed to dispose of approximately 6000 gallons (800 cubic feet) of sewage sludge similar to the material approved for disposal in the SE dated June 17, 1992. The principal radionuclides identified in the waste sludge and their activity based on measurements in Nay 1995 are: Co-58,

I



- 2 -

p 0.0009 mCi; CO-60, 0.0008 mCi; and Cr-51, 0.0006 mCi. The total combined activity is 0.0023 mCi. This activity is well below the boundary value of 0.2 mCi. Additionally, Cr-51 with it short half-life (27.7 day) will have undergone significant decay from its initial value of 0.0006 mci.  
The licensee has committed that the new disposal will meet all the radiological boundary conditions, on a cumulative basis, contained in the SE for the 10 CFR 20.302 application approved on June 17, 192. Additionally, the licensee has stated that all applicable permits for this disposal have been obtained from the Wisconsin Department of Natural Resources.  I 4.0 

The staff finds the licensee's proposal to dispose of the low-level radioactive waste sludge pursuant to 10 CFR 20.2002, on the licensee's site (see Attachment), is within the radiological boundary conditions approved in the June 17, 1992, SER and is therefore acceptable.  
The licensee is required to permanently incorporate this modification into the 

3 Offsite Dose Calculation Manual as an Appendix, and to ensure that future modifications of these commitments are reported to the NRC.  
Principal Contributor: S. Klementowicz 
Date: November 13, 1995 

Attachment: KNPP Site Area Map



m - m ---- ~ m - m m - in m 

S..

KEWAUNEE NUCLEAR POWER PLANT SITE AREA MAP

- - -

- -

- - -

- - - - - - ~bi

- - - - -i 
-

- - - - - -

I - - - - - - -

I - - -

I



UNITED STATES e NUCLEAR REGULATORY COMMISSION 
WASHINGTON. D.C. 20m-cM 

Apri1 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: 

By letter dated December CO, 1996, you requested that the U.S. Nuclear Regulatory Comission (NRC) review the applicability of a 10 CFR 20.203 (now 20.2002) application approved on June 17, 1992, for additional disposals of a similar nature.  

The staff has completed its review of your request and agrees with your 
determination that the 10 CFR 20.203 application for onsite disposal of sludge contaminated with licensed radioactive material, which was approved on June 17, 1992, contains bounding conditions that are applicable for additional onsite disposals of a similar nature. A copy of the Safety Evaluation is ~ enclosed.  

Sincerely, 

IAL 
Richard J. La'fer, Project Manager Project Directorate 111-3 
Division of Reactor Projects III/IV Office 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 Kewaunee Nuclear Power Plant 

cc: 

Foley & Lardner 
Attention: Mr. Bradley 0. 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 fl, Box 999 
Kewaunee, Wisconsin 54216 

Regional Administrator - Region III 
U. S. Nuclear Regulatory Commission 
801 Warrenville Road* 
Lisle, Illinois 60532-4531 

Mr. Robert S. Cullen I Chief Engineer 
Wisconsin Public Service Commission 
610 N. Whitney Way 
Madison, Wisconsin 53705-2829 
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1 .. UNITED STATES 
g- NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20gs.gs 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 
RELATING TO ONSITE DISPOSAL OF CONTAMINATED SLUDGE 

AT THE KE AUNEE NUCLEAR POWER PLANT 

WISCONSIN PUBLIC SERVICE CORPORATI0 
ISCONSIN POWER AND LIGHT COMPANY 
MADISON GAS AND ELECTRIC COMPANY 

00CKET ND. 50-3.05 

1.0 INTRODUCTION I 
By letter dated December 10, 1996, Wisconsin Public Service Corporation (the licensee) requested that the U.S. Nuclear Regulatory Coission (NRC) review its determination that NRC approval, pursuant to 10 CFR 20.2002, for the onsite disposal of contaminated sludge at the Kewaunee Nuclear.Power Plant (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 Evaluation (SE).  

~ 2.0 SAC GROUNDj 

In a letter dated September 12,_ 1989, the licensee requested authorization for the alternate disposal of sludge contaminated with licensed radioactive material. In an SE dated June 17, 1992, the NRC approved the licensee's request pursuant to 10 CFR 20.302 (new 10 CFR 20.2002) for the disposal of 15,000 cubic feet of contaminated waste sludge by land application at the KNPP location. The SE imposed boundary conditions as follows: I 1. The- annual disposal must be less than a total activity of 0.2 mCi; 2. The whole body dose to the hypothetical maximally exposed individual * must be-less than 0.1 mrea/year; and 
3. The disposal must be at the same site.  

The SE also stated that for any repetitive disposals, the licensee must reapply to the NRC when a particular disposal would exceed the boundary conditions.  

3.0 UALMUMl~ 
The licensee has determined that NRC approval for future onsi te disposals of sludge contaminated with licensed radioactive material is not required provided the disposals comply with the limits and conditions of the SE issued on June 17, 1992. The licensee has also developed a sludge sampling and I . analysis procedure that implements the guidance contained in NRC Information



- 2 -

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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