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50.59 APPLICABILITY REVIEW

(Is the activity excluded from 50.59 review?)

1. Document/Activity number:  ODCM revision 9
2. Brief description of proposed activity (what is being changed and why):
Implement changes to incorporate new Effluent Concertration Values of 10 CFR 20, Appendix B, Table 2, Column 2. Change default setpoints
for R-16, R-18, R-19 & R-20 when CW= 0 based on minimum SW flow of 5,000 gpm rather than 10,000 gpm.
3 Does the proposed activity involve or change any of the following documents or processes? Check YES or NO for EACH applicability review
’ item. Explain in comments if necessary. [Ref. NMC 50.59 Resource Manual, Section 4]
NOTE: If you are unsure if a document or process may be affected, contact the process owner,
Yes No Document or Applicable
3 3 Process Regulation Contact/Action
a| O | B | Technical Specifications or Operating License 10CFR50.92 Crocess {‘;25;:;’ NAD-05.14.
b ® O Activity/change previously approvedby NRC in 10CFR50.90 ::‘:::? NRC letter in comments below. Process
license amendment or NRC SER Contact Licensing for assistance.
Activity/change covered by an existng approved - Identify screening or evaluation in comments below.
c| O & 10CFR50.59 review, screening, or evaluation. 10CFR50 Appendix B Process change.
d| O | ® [ Quality Assurance Program (OQAPD) 10CFR50.54(2) S QA 0107
Contact EP.
el O BJ | Emergency Plan 10CFR50.54(q) Refer {o FP-R-EP-02.
3 Contact Security.
f| O & | Sccurity Plan 10CFR50.54(p) Refer to FP-S-SPE-0].
el O IST Plan 10CFR50.55a(f) o ALy oocas ownr.
Contact ISI process owner.
hj O | B [ISIPlan 10CFRS0.55a(g) Refer to NADs 01.03, 01.05, and 05.11.
i| O B | ECCS Acceptance Criteria 10CFR50.46 Contact Licensing.
USAR or any document incorporated by reference - Pr
. . . e ocess USAR change per NEP-05.02.
i) g E ﬁ::?hmyfﬁ :r;ly if change is editorial (sce 10CFR50.71 Contact USAR process owner for assistance.
Commitment - Commitment changes associated L
x| O & | with aresponse to Generic Letters and Bulletins, or 10CFR50 Appendix B g:?’e??o mgz 5
if described in the USAR require apre-screening. e
Maintcnance activity or new/reviscd maintcnance
i1l O ] procedure - Check YES only if clearly maintenance 10CFR50.65 Evaluate under Maintenance Rule.
and equipment will be restored to itsas-designed ) Refer to NAD-08.20 and NAD-08.21.
condition within 90 days (sce Attachment C).
New/revised administrative or managerial
directive/procedure (e.g., NAD, GNP, Fleet
Procedure) or 2 change to any procedure or other . ..
n{ X O controlled document (e.g., plant drawing) which is 10CFRS0 Appendix B Process procedure/document revision.
clearly editorial/administrative. See Attachments A
and B.
4, Conclusion. Check one of the following:
D All documents/processes listed above are checked NO. 10CFR50.59 applies to the proposed activity. A 50.59 pre-screening shall be performed.
D One or more of the documents/processes listed above are checked YES, AND controls all aspets of the proposed activity. 10CFR50.59 does
NOT apply. Process the change under the applicable programbrocess/procedure.
@ One or more of the documents/processes listed above are checked YES, however, some portion of e proposed activity is not controlled by any

of the above processes. 10CFR50.59 applics to that portion. A 50.59 pre-screening shall be performed.

s. Comments:
Implementing the new EC values from 10 CFR 20, Appendix B, Table 2, Column 2 has been previously approved by the NRC as part license TS

Amendment No. 186. A 50.59 screening for ODCM rev 9 spplies to default setpoint changes with CW =0

6. Print name followed by signature. Attach completed form to document/activity/change package.
Prepared by: _ Darryl Holschbach Y
(prinUsign) i <

Reviewedby: _EN Al HACS

(print/sign)

Date: _ 11/10/2005

Date: f’/’s-/as—’

Form GNP-04.04.01-1 Rev. F

Date: NOV 8 2005
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50.59 PRE-SCREENING ' -

(!s a 50.59 screening required?)
Document/Activity number: ODCM revision 9

2. Brief description of proposed activity (what is being changed and why):
Implement changes to incorporate new Effluent Concertration Values of 10 CFR 20, Appendix B, Table 2, Column 2. Change default setpoints for R-16, R-18,
R-19 & R-20 when CW= 0 based on minimum SW flow of 5,000 gpm rather than 10,000 gpm.
3. Does the proposed activity involve or change any of the following documents or processes? Explain in Comments if necessary.
Check YES or NO for EACH pre-screening item. [Ref. NMC 50.59 Resource Manual, Section 5.1) -
NOTE: [fyou are unsure if a document or process may be affected, contact the process owner.
NOTE: An asterisk (*) indicates that the document is incorporated by reference in the USAR or is implicitly considered part of the USAR.
NOTE: Check NO if activity/change is considered editorial, administrative, or maintenance as defined in Attachments A, B, and C. Explain in Comments if __
necessary.
Yesd No3 Document/Process Directive/
Procedure
a D E Updated Safety Analysis Report (USAR) NEP-05.02
b E D *  Technical Specifications Bases or Technical Requirements Manual (TRM) NAD-05.14,
NAD-0325
c D E *  Commitments made in response to NRC Generic Letters and Bulletins, and those described in the USAR NAD-05.25 __
d D E *  Environmental Qualification (EQ) Plan NAD-01.08
c D E *  Regulatory Guide 1.97 (RG 1.97) Accident Monitoring Instrumentation Plan NAD-05.22
Tl O X |* FiePan NAD-01.02
g D E *  Appendix R Design Description NAD-01.02
h D *  Fire Protec@on Program Analysis (FFPA) NAD-01.02
i ] [0 |* Offsite Dose Calculation Manual (ODCM) NAD-05.13 w
j D E *  Radiological Environmental Monitoring Manual (REMM) NAD-05.13
k D *  Station Blackout Design Description
| D E *  Control Room Habitability Study —
m D E Plant Drawing Changes/Discrepancies NAD-05.01
n D E Calculations/Evaluations/Analyses/Computer Software - Check YES only if: 1) It affects a methad of evaluation Various
described in the USAR, or 2) It independently (i.c., nat part of a modification) affects the licensing or design basis. .
o D E Permanent Plant Physical Changes - All require a screening. NAD-04.03
P D E Temporary Plant Physical Changes (TCRs) - Check No only if installed for maintenance AND in cffect for less than NAD-04.03
90 days at power conditions.
q D ] QA Typing Determinaions - Check YES only if reduction in classification, or affects design function as described in NAD-01.01 —
= USAR.
r E |:| Setpoint or Acceptance Criteria - Check YES only if change affects plant monitoring, performance, or operation. Various
s D m Plant Procedures/Revisions - Check YES only if the change directly or indirectly involves operating, controlling or NAD-03.01
configuring an SSC differently than described or credited in USAR. _ —~
t D E Engincering Specifications - Check YES only if a design function or design requirement may be affected. NAD-05.03
u D E Operations Night Orders or Operator Work Arounds - Check YES only if SSCs are operated or configured dif_f"crcmly NAD-12.08
than described in USAR. '
v Temporary plant alterations (e.g., jumpers, scaffolding, shielding, barriers) - Check YES only if installed (or in effect) NAD-08.14, —
D E for maintenance for longer than 90 days at power conditions. GMP-127,
. v HP-04.002,
FPP-08-09
w D E Temporary plant alterations - Check YES only if not associated with maintenance. —
x D E Corrective/Compensatory Actions - Check YES only if degradedon-conforming plant condition accepted “as-is™ or GNP-11.08.03
compensatory action taken.
4.  Conclusion. Check one of the following: -
D All of the documerts or processes listed above are hecked NO. A 50.59 screening is NOT required. Process change in accordance with the applicable
program/process/procedure.
E One or more of the documents or processes listed above are chedked YES. A 50.59 screening shall be performed.
5. Comments:
Implementipg the new EC values from 10 CFR 20, Appendix B, Table 2, Column 2 has been previously approved by the NRC as part license TS Amendment No.
n
186, A 50.59 screening for ODCM rev 9 applies to default setpoint changes with CW =0
6.  Print name followed by signature. Either the preparer or reviewer shall be 50.5 4 ifigdl. Attach completed form to document/activity/change package.
Prepared by: Date: Il’//otg
(print/sign)
Reviewedby: EN  phossat Aot~ W ste) Date: _ 1) /i s T
Form GNP-04.04.01-2 Rev. F Date: NOV 8 2005 Page 16 of 16
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10CFR50.59 SCREENING

Page 1 of 5
Document/Activity . .
Numbher: Offsite Dose Calculation ManualRev.9 SCRN# 05-146
PARTI: Describe the Proposed Activity and Search the KNPP USAR

LL

1.2.

L3.

(Refer to NMC 50.59 Resource Manual Section 5.3.1)

Describe the proposed activity, and scope of the activity covered by this screening. Appropriate descriptive materials may
be attached.

Revision 9 of the ODCM changes the default set points for radiation monitors, R-18, R-19, R-20 & R-
16 with no CW flow as given in Table 1.1 to more conservative values based on the lowest possible
Service Water dilution flow of 5,000 gpm rather than the previous default of 10,000 gpm. Calculation
# 10690 rev 0 addendum B. [CAP 25888]

Search the Updated Safety Analysis Report (USAR) including those documents incorporated by reference. Describe
relevant function(s), performance requirements, and methods of evaluation of the affected SSCs, and where this
information is described in the USAR. In general, any USAR information potentially affected by the activity should be
identified (consider both support functions and indirect affects). It is acceptable to attach and highlight applicable portions
of the USAR.

USAR 11.0 Waste Disposal System and Radiation Protection System
11.1 Waste Disposal System
11.1.1 Design Basis
Control of Releases of Radioactivity to the Environment page 11.1-1
Criterion: The facility design shall include those means necessary to maintain control over the plant radioactive effluents,
whether gaseous, liquid, or solid. Appropriate holdup capacity shall be provided for retention of gaseous, liquid, or solid
effluents, particularly where unfavorable environmental conditions can be expected to require operational limitations upon
the release of radioactive effluents to the environment. In all cases the design for radioactivity control must be justified:
In all cases the design for radioactivity control must be justified:
(2) on the basis of 10 CFR 20 requirements, for both normal operations and for any transient situation that might
reasonably be anticipated to occur, and
(b) onthe basis of 10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly low probability
of occurrence (GDC 70).

Continued on SCRN # 05-146 Attachment 1

Does the activity involve a change to the Technical Specifications?
(Changes to the Technical Specifications require a License Amendment request.)

[ Yes & No

Form GNP-04.04.02-1 Rev. D Date: JUN 23 2005 Page 1 of 20
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PARTII:

10CFR50.59 SCREENING
Page2 of 5

SCRN# _05-146

Determine if the Activity Involves a Design Function
(Referto NMC 50.59 Resource Manual Section 5.3.2)

Compare the proposed activity to the relevant portions of the USAR and answer the following questions:

YES
. O

2.

3.

4 0O

5. ®

6. O

7. 0O

. 0O

NO

X X

QUESTION
Does the proposed activity involve Safety Analyse or an SSC(s) credited in the Safety Analyses?
Does the proposed activity involve SSCs that support SSC(s) credited in the Safety Analyses?

Does the proposed activity involve SSCs whose failure could initiate a transient (e.g., reactor trip, loss of
feedwater, etc) or accident?

Does the proposed activity involve SSCs whose failure could impact SSC(s) credited in the Safety
Analyses?

Does the proposed activity involve USAR-described SSCs or procedural controls that perform functions
that are required by, or otherwise necessary to comply with, regulations, license conditions, orders, or
Technical Specifications?

Does the activity involve a method of evaluation describea in the USAR?

Is the activity a test or experiment? (i.e., a non-passive activity which gathers data)

Does the activity exceed or potentially affect a design basis limit for a fission product barrier
(DBLFPB)? If this question is answered YES, this activity requires a 10CFR50.59 Evaluation.

If the answer to all of these questions is NO, answer PART III as Not Applicable, and proceed to PART IV. A 10CFR50.59 evaluation

is not required.

If any of the above questions are checked YES, identify the specific design function, method of evaluation, or DBLFPB involved:

The radiation monitors, R-16, R-18, R-19 & R 20 are used to control radioactive effluents as required
by 10 CFR 20.1302, 40 CFR Part 190, 10 CFR 50.36a and Appendix I to 10 CFR Part 50 and
described in Technical Specification 6.16.b.1.

Form GNP-04.04.02-1 Rev. D Date: JUN 23 2005 Page 1 of 20
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10CFR50.59 SCREENING

Page 3 of 5
SCRN# 05-146

PARTIIl: Determine Whether the Activity Involves Adverse Effects
(Refer to NMC 50.59 Resource Manual Section 5.3.3)

If all the questions in Part II were answered NO, then Part 111 is:

[J Not Applicable

Answer the following questions to determine if the activity has an adverse effect on a design function. Any YES answer means thata
10CFR50.59 Evaluation is required, except where noted in Question I11.3.

IIL1. Changes to the Facility or Procedures

YES NO
. O K
b O K
¢« O K
¢ O K

QUESTION
Does the activity adversely affect the design function(s) identified in Part 1I?

Does the activity introduce an accident of a different type than previously described in the USAR? (see RM
Section 6.2.5)

Does the activity introduce new type of malfunction directly or indirectly affecting an SSC having a design
function identified in Part I1? (See definition in GNP-04.04.02, Section 3.0)

Does the activity adversely affect the method of performing or controlling the design function(s) identified
in Part I1?

If any answer is YES, a 10CFR50.59 Evaluation is required. For each answer given, describe the basis for the conclusion
(attach additional discussion, as necessary):

See SCRN # 05-146 Attachment 2

IIL2. Changes to a Method of Evaluation

If the activity does not involve a method of evaluation, these questions are:

£ Not Applicable
YES NO QUESTION
[0 [0 Doestheactivity use a revised or different method of evaluation for performing safety analyses than that

O 0O

described in the USAR?

Does the activity use a revised or different method of evaluation for evaluating SSCs credited in safety
analyses than that described in the USAR?

If either answer is YES, a 10CFRS50.59 Evaluation is required. For each answer given, describe the basis for the conclusion
(attach additional discussion, as necessary):

Form GNP-04.04.02-1 Rev. D Date: JUN 23 2005 Page 1 of 20

INFORMATION USE



10CFR50.59 SCREENING

Page 4 of 5
SCRN# 05-146

I1.3. Tests or Experiments

If the activity is not a test or experiment, the questions in II1.3.a and II1.3.b are:
D4 Not Applicable

a, Answer these two questions first:
YES NO QUESTION

O [  1s the proposed test or experiment bounded by other tests or experiments that are described in the
USAR?

| [3  Are the SSCs affected by the proposed test or experiment isolated from the facility?

If the answer to both questions is NO, continue to IT1.3.b. For each answer given, describe the basis for the conclusion (attach
additional discussion, as necessary):

b. Answer these additional questions only for tests or experiments which do not meet the criteria given above. If the
answer to either question in II1.3.a is YES, then these three questions are:
B4 Not Applicable

YES NO QUESTION

O [0  Does the activity use or control an SSC in a manner that is outside the reference bounds ofthe design
bases as described in the USAR?

O [0 Does the activity use or control an SSC in a manner that is inconsistent with the analyses or descriptions
in the USAR?

(| [J  Does the activity place the facility in a condition not previously evaluated or that could affect the

capability of an SSC to perform its intended functions?

If any answer in I11.3.b is YES, a 10CFR50.59 Evaluation is required. For each answer given, describe the basis for the
conclusion (attach additional discussion, as necessary):

Form GNP-04.04.02-1 Rev. D Date: JUN 23 2005 Page 17 of 20
INFORMATION USE
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10CFR50.59 SCREENING

Page 5 of 5
SCRN# 05-146

PARTIV: Conclusion
(Refer to NMC 50.59 Resource Manual Section 5.3.4)

Check all that apply:

1. A 10CFR50.59 Evaluation is
[J required,
OR
X} NOT required

2. A change to the USAR and/or any document incorporated by reference is
[ required (Process change in accordance with applicable plant program/process/procedure.),
OR
X} NOT required

Additional comments:

Print name followed by signature. The preparer and reviewer shall be 50.59 screening or evaluation qualified. The completed
screening is part of the document/activity/change package. Provide a copy of 50.59 screening to the 50.59 Process Owner/Program
Coordinator.

Prepared By: &AM pf,arSrsfed o/~ / f.a.M_—.../Z-—/ Date:  sv/is /o0 5

(print/sign)

(print/sign)

In:.lsukJ by: ﬁm;' lLlﬁaAM /‘D‘W/MM ”//-5’/05"

Reviewed By: jm:((b ﬂ)er A{JofP W &%7/ Date: /j/ /5/ s

Form GNP-04.04.02-1 Rev. D Date: JUN 23 2005 Page 18 of 20
INFORMATION USE



SCRN # 05-146
Attachment 1

USAR Search
Part1.2

USAR 9.3 Auxiliary Coolant System
9.3.2 System Design and Operation page 9.3-4
9.6 Facility Services
9.6.2 Service Water System
Design and Operation page 9.6-3

USAR 11.0 Waste Disposal System and Radiation Protection System
11.1 Waste Disposal System
11.1.1 Design Basis
Control of Releases of Radioactivity to the Environment page 11.1-1
Criterion: The facility design shall include those means necessary to maintain control over the plant
radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity shall be provided for
retention of gaseous, liquid, or solid effluents, particularly where unfavorable environmental conditions can
be expected to require operational limitations upon the release of radioactive effluents to the environment.
In all cases the design for radioactivity control must be justified:
(a) on the basis of 10 CFR 20 requirements, for both normal operations and for any transient situation
that might reasonably be anticipated to occur, and ‘
(b) on the basis of 10 CFR 100 dosage level guidelines for potential reactor accidents of exceedingly
low probability of occurrence (GDC 70).
11.1.2 System Design and Operation pages 11.1-2 & 11.1-4 thru 11.1-5
11.1.4 Minimum Operating Conditions page 11.1-13
All liquid waste releases are continuously monitored for gross activity during discharges to ensure that the
activity limits specified in 10 CFR 20 for unrestricted areas are not exceeded. The Off-Site Dose
Calculation Manual provides guidance when continuous monitoring is unavailable.

11.2 Radiation Protection
11.2.1 Design Basis

Monitoring Radioactive Releases pages 11.1-1
11.2.3 Radiation Monitoring System pages 11.2-7 thru 11.2-10 and 11.2-15 thru 11.2-17
11.2.5 Minimum Operating Conditions page 11.2-27

All liquid waste releases are continuously monitored for gross activity during discharge to ensure that the
activity concentration limits are below those specified in 10 CFR 20 for unrestricted areas.

Table 11.2-7 (Radiation Monitor Setpoints “Calculated In Accordance With KNPP Off-site Dose
Calculation Manual®™)

USAR 14.2 Standby Safety Features Analysis
14.2.2 Accidental Release-Recycle of Waste Liquid pages 14.2-5 thru 14.2-7
14.2.4 Steam Generator Tube Rupture pages 14.2-10 thru 14.2-12

TS 6.16.b

ODCM Sections 1.2.1 and 1.2.2
ODCM Table 1.1

Calculation # 10690
[CAP 25888]



SCRN # 05-146
Attachment 2

Safety Review Screening

PARTIII  Determine Whether the Activity Involves Adverse Effects

Answer to questions:

IILL.

a'

Changes to the Facility or Procedures

No, the proposed setpoint changes to radiation monitors, R-16, R-18, R-19 & R 20 are not
adverse to the level of radioactive effluent control as required by 10 CFR 20.1302, 40 CFR
Part 190, 10 CFR 50.36a and Appendix I to 10 CFR Part 50 and described in Technical
Specification 6.16.b.1.

Previous revisions of the ODCM listed calculated default setpoints as given in table 1.1 without
CW flow using the default Service Water flow of 10,000 gpm. CAP 25888 identified from
operator aid 94-1 and comparison with the normal operating limits of N-SW-02 that SW flow
could be as low as 5000 gpm. CAP2588 determined that 5000 gpm rather than 10,000gpm should
be used to calculate the default set points for radiation monitors, R-18, R-19, R-20 & R-16 with no
CW flow Using the minimum SW flow of 5,000 gpm as input to calculation # 10690, new default
setpoints were determined (Calculation # 10690 rev 0 addendum B). The setpoints will become
more conservative being reduced by a factor of two (2). Thus they are not adverse to the level of
radioactive effluent control. '

No, the proposed setpoint changes to radiation monitors, R-16, R-18, R-19 & R 20 do not
create the possibility of an accident of a different type than any previously evaluated in the
USAR.

The radiation monitors are not an accident initiator. They are used for monitoring and controlling
effluent releases from the plant and do not affect nuclear safety.

No, the proposed setpoint changes to radiation monitors, R-16, R-18, R-19 & R 20 do not
introduce a new type of malfunction directly or indirectly affecting an SSC used to control
radioactive effluents.

Changing the radiation monitor setpoints does not change the analyzed design of any plant
equipment and cannot create the possibility for a different type of malfunction of equipment than
previously evaluated in the USAR.

No, the proposed setpoint changes to radiation monitors, R-16, R-18, R-19 & R 20 do not
adversely afiect the method of performing or controlling radioactive effluents required by 10
CFR 20.1302, 40 CFR Part 190, 10 CFR 50.36a and Appendix I to 16 CFR Part 50.

The methodology to calculate the setpoints has not changed but rather the dilution water input to
the calculation, The proposed changes to the setpoints are more conservative. The procedural
controls for radioactive liquid discharges remain intact. The bases for protection of the public
from radiation per 10 CFR 20; 10 CFR 50, Appendix I; and 40 CFR 190 are maintained. These
default setpoint changes in no way reduce the margin of safety as defined in TS 6.16.b.1.



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATING TO AMENDMENT NO. 186 TQ FACILITY OPERATING LICENSE NO. DPR-43

DOMINION ENERGY KEWAUNEE, INC.

KEWAUNEE POWER STATION
DOCKET NO. 50-305

1.0 INTRODUCTION

By application to the U.S. Nuclear Regulatory Commission (NRC, the Commission) dated
February 3, 2005 (Agencywide Document Access and Management System (ADAMS)
Accession Number ML050450372), Nuclear Management Company, LLC (the former licensee),
proposed an amendment to the Technical Specifications (TSs) for the Kewaunee Nuclear
Power Plant (Kewaunee). On July 5, 2005, the NRG issued Amendment No. 185 that reflected
the transfer of the license to Dominion Energy Kewaunee, inc., and the change in the facility
name to Kewaunee Power Station.

The proposed changes would revise TS 6.16.b.1, “Radioactive Effluent Controls Program,” and
TS 6.18, “Off-site Dosa Calculation Manual,” to bs consistent with Title 10 of the Cods of
Federal Regulations (10 CFR) Part 20, “Standards for Protection Against Radiation,” and
NUREG-1431, Revision 3, “Standard Technical Specifications [STS] Westinghouse Plants.”
Several of the proposed changes ara consistent with TS Task Force (TSTF) Change Travelers
TSTF-258A, Revision 4, “Changes to Section 5.0, Administrative Controls,” dated

July 31, 2003, and TSTF-308, Revision 1, “Determination of Cumulative and Projected Dose
Contribution in RECP [Radioactive Effluents Control Program),” dated June 13, 2000. While
TSTF-308 recommended changes for several TS administrative controls, the licensee proposed
only those changes referring to the RECP for inclusion into the Kewaunee TSs.

2.0 BEGULATORY EVALUATION

The TSTF process is an industry and NRC-controlled process for proposing and incorporating
improvements to the STS. Several of tha revisions proposed in this amendment are consistent
with TSTF-258A, Revision 4, and TSTF-308, Ravision 1. Howaver, since Kewaunes has not
adopted the STS, the NRC staff has mada a plant-specific evaluation of the licensee's
application using TSTF-258A and TSTF-308 as guidance.

The applicable regulatory requireme'ms and guidelines are:
1. NUREG-1431, Revision 3

2. TSTF-258A, Revision 4



3. TSTF-308, Revision 1
4 10 CFR Part 20
5. 40 CFR Part 190, “Environmental Standards for the Uranium Fuel Cycle”

6. 10 CFR 50, Appendix I, “Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet the Criterion ‘As Low As Is Reasonably
Achievable' for Radioactive Material in Light-Water-Cooled Nuclear Power
Reactor Effluents”

7. Generic Letter (GL) 89-01, “implementation of Programmatic Controls for
Radiological Effluent Technical Specifications [RETS]) in the Administrative
Controls Section of the Technical Specifications and the Relocation of
Procedural Details of RETS to the Ofisite Dose Calculation Manual or to the
Process Control Program,” dated January 31, 1989.

3.0 TECHNICAL EVALUATION

The licensee’s proposed changes, and NRC staff's evaluation of the changes, are discussed
below.

3.1 IS6.16.b.1
3.1.1 Proposed TS Changes

Revise TS 6.16.b.1 to insert parentheses around the “S” in "MEMBERS OF THE PUBLIC” in the
second line of the introductory paragraph and delete “OPERATING" before procedures in the
fourth fine of the introductory paragraph.

3.7.2 NRC Staft Evaluation

Inserting parentheses around the "S” in MEMBERS OF THE PUBLIC makes the wording
consistent with the Kewaunee TS title for definition TS 1.0.0.1. NUREG-1431, Section 1.1,
“Definitions,” does not include a definition of “member(s) of the public.” Notwithstanding,
NUREG-1431 and Kewaunee TS are written such that the defined terms in TS Section 1
appear identically in capitalized type throughout the TS and Bases as a means of reflecting the
use of the term as TS Section 1. The NRC staff finds that this change is administrative with no
impact on the safety of the unit and is therefore, acceptable.

The NRC staff finds that the deletion of the word “operating” in the spegification introduction is
administrative with no impact on the safety of the unit and is consistent with the wording in
NUREG-1431. On this basis, the NRC staff finds the proposed change acceptable.



3.2 IS6.16.b.1.8
3.2.1 Proposed TS Change

Revise TS 6.16.b.1.B to change “10 CFR Part 20, Appendix B, Table Il, Column 2" to “ten times
the concentration values in Appendix B, Table 2, Column 2 to 10 CFR 20.1001-20.2402."

3.2.2 NRC Staft Evaluation

" The 1994 ravision to 10 CFR Part 20, Appendix B, Table 2, Column 2, incorporated a change in
the dose base for the liquid effluent concentration release rate limit from 500 millirem (mrem)
per year to S0 mrem per year. Thereforg, in order to retain the same dose base upon which the
TS 6.16.b.1.b is based (500 mrem per year), the new Appendix B, Table 2, Column 2 values
are multiplied by ten. This change is intended to eliminate possible confusion or improper
implementation of the revised 10 CFR 20 requirements and Is consistent with TSTF-258,
Revision 4 and NUREG-1431. On this basis, the NRC staff finds the proposed change
acceptable.

3.3 1S6.16.b.1.C
3.3.1 Proposed TS Change
Revise TS 6.16.b.1.C to change reference from 10 CFR 20.106 to 10 CFR 20.1302.

3.3.2 NRC Staff Evaluation

The 1994 revision of 10 CFR Part 20 replaced 10 CFR 20.106 with 10 CFR 20.1302.
Subpart D, Sections 20.1301 and 20.1302 now state the requirements for dose limits for
individual members of the public, and compliance with the dose limits, respectively. This
change is consistent with NUREG-1431. On this basis, the NRC staff finds the proposed
change acceptable. .

34 1S6.16.b.1.E
3.4.1 Proposed TS Change

Revise TS 6.16.b.1.E to separate out the determination of cumutative and projected dose as
follows: “Determination of cumulative dose contributions from radioactive effluents for the
current calendar quarter and current calendar year in accordance with the methodology and
parameters in the ODCM at least every 31 days. Determination of projected dose contributions
from radioactive effluents in accordance with the methodology in the ODCM at ieast every

31 days.”

3.4.2 NRC Staft Evaluation
This revision clarifies that determination of projected doss contributions from radioactive

effluents in accordance with the methodology in the ODCM is required at least once every
31 days. The existing TS could be interpreted as requiring determining projected dose
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contribution of the current calendar quarter and current calendar year every 31 days. The NRC
statt finds that this change is administrative in nature and is consistent with TSTF-308,

Revision 1, and NUREG-1431. On this basis, the NRC staff finds the proposed change
acceptable.

3.5 I86.16.b.1.G
3.5.1 Proposed TS Change

Revise TS 6.16.b.1.G to delete current specification and insert:

Limitations on the dose rate resulting from radioactive material released in gaseous
effiuents from the site to areas at or beyond the SITE BOUNDARY shall be limited to
the following:

1. For noble gases: a dose rate <500 mrem/yr to the tota! body and a dose rate of
<3000 mrem/yr to the skin, and

2. For iodine-131, iodine-133, tritium, and for all radionuclides in particulate form
with half-lives greater than 8 days: a dose rate of <1500 mrem/yr to any organ.

3.5.2 NRC Staff Evaluation

This revision maintains the same dose rate limits as referenced in the current wording for

TS 6.16.0.1.G, while also maintaining consistency with the methods of the ODCM for
calculating these dose rates. Recognizing that this limit is an as low as reasonably achievable
(ALARA) constraint on the release rate for gaseous effluents and not an annual dose limit,
reference to the 10 CFR 20, Appendix B, Table 2, Column | values is not necessary. Change
traveler TSTF-258 states that the change was made to eliminate possible confusion or improper
implementation of the revised 10 CFR Part 20 requirements.

The NRC stalff finds that the change is administrative in nature and is consistent with TSTF-258
and NUREG-1431. On this basis, the NRC staff finds the proposed change acceptable.

36 IS6.16.1.b.J
3.6.1 Proposed TS Change

Revise TS 6.16.1.b.J to insert the phrase “, beyond the site boundary,” immediately following
“‘MEMBER(S) OF THE PUBLIC".

3.6.2 NRC Staff Evaluation
This change is made to provide clarification. The NRC staff finds that the change is

administrative in nature and is in accordance with TSTF-258, NUREG-1431, and
40 CFR Part 190. On this basis, the NRC staff finds the proposed change acceptable.



3.7 Surveillance Provisions

3.7.1 Proposed TS Change

Insert the following sentence immediately after TS 6.16.1.b.J: “The provisions of TS 4.0.b and
4.0.c are applicable 1o the Radioactive Effluent Controls Program surveillance frequency.”

3.7.2 NAC Staff Evaluation

This change Specifies that the provisions of Kewaunee TS 4.0.b and 4.0.c, which contain
provisions for maximum allowable surveillanca frequency extension and missed surveillances,
are applicable to the RECP surveillances. TS 4.0.b permits a 25 percent extension of the
interval specified in the frequency (31 days). Allowing a 25 percent extension in the frequency
of performing the monthly cumulative dose and projected dose calcutation for the current
quarter/year will have no effect on the outcome of the calculations.

As applied to tha 31-day frequency, TS 4.0.b and 4.0.c would allow up to 31 days to complete
the surveillance (dose calculation) if it is discovered that the surveillance was not performed
within 38 days and 18 hours (the specified interval plus the 25 percent extension). Allowing

31 days to completa the cumulative dose and projected dose calculation for the current
quarter/year is acceptable because it will have no effect on the cutcome of the calculations and
has no impact on the risk associated with plant operation. In addition, operating experience has
shown that the calculated dose is usually well within limits. Thus, it is considered unlikely that a
potential greater time interval between dose calculations will result in inadvertent effluent
releases exceeding the specified limits. Additionally, TS 6.16.b.1 requires the RECP, which is
contained in the ODCM, to include remedial actions to be taken whenever program limits are
exceeded.

The NRC staff finds this change is consistent with the guidance contained in GL 89-01 and
NUREG-1431. On this basis, the NRC stalff finds the proposed change acceptable.

38 1S6.18.b.1.8

3.8.1 Proposed TS Change

Revise TS 6.18.b.1.B to change the reference from 10 CFR 20.106 to 10 CFR 20.1302.
3.8.2 NRC Staff Evaluation

The 1994 revision of 10 CFR Part 20 replaced 10 CFR 20.106 with 10 CFR 20.1302.
Subpart D, Sections 20.1301 and 20.1302 now state the requirements for dose limits for
individual members of the public, and compliance with the dose limits, respectively. This

change is consistent with NUREG-1431. On this basis, the NRC staff finds the proposed
change acceptable.



3.9 Technical Evaluation Summary

The NRC staff has reviewed the licensee's submittal, and based on our review discussed
above, the NRC staff finds the proposed changes to be acceptable.

4.0 VERIFICATIONS AND COMMITMENTS

The licensee's application dated February 5, 2005, made the following plant-specific regulatory
commitment:

The Kewaunee ODCM and affected plant procedures will be updated during
implementation of the approved TS amendment.

The NRC staff finds that reasonable controls for the implementation and for subsequent
evaluation of proposed changes pertaining to the above regulatory commitment can be
provided by the licensee’s administrative processes, including its commitment management
program. The NRC staff has agreed that Nuclear Energy Institute 99-04, Revision 0,
“Guidelines for Managing NRC Commitment Changes,” provides reasonable guidance for the
control of regulatory commitments made to the NRC staff (see Regulatory Issue Summary
2000-17, “"Managing Regulatory Commitments Made by Power Reactor Licensees to the NRC
Staff,” dated September 21, 2000). Should the licensee choose to incorporate a regulatory
commitment into the final safety analysis report or other document with established regulatory
controls, the associated regulations would define the appropriate change-control and reporting
requirements.

5.0 STATE CONSULTATION

In accordance with the Commission’s regulations, the Wisconsin State official was notified of
the proposed issuance of the amendment. The State official had no comments.

6.0 ENVIRONMENTAL CONSIDERATION

This amendment changes a requirement with respect to installation or use of a facility
component located within the restricted area as defined in 10 CFR Part 20. The NRC staff has
determined that the amendment involves no significant increase in the amounts, and no
significant change in the types, of any effluent that may be released offsite and that there is no-
significant increase in individual or cumulative occupational radiation exposure. The
Commission has previously issued a proposed finding that this amendment involves no
significant hazards consideration and there has been no public comment on such finding

(70 FR 15844). Accordingly, this amendment meets the eligibility criteria for categorical
exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), no environmental
impact statement or environmental assessment need be prepared in connection with the
issuance of this amendment.

7.0 CONCLUSION

The NRC staff has concluded, based on the considerations discussed above, that: (1) there is
reasonable assurance that the heaith and safety of the public will not be endangered by
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operation in the proposed manner, (2) such activities will be conducted in compliance with the
Commission's regulations, and (3) the issuance of this amendment will not be inimical to the
common defense and security or to the health and safety of the public.

Principal Contributor: D. Beaulieu

Date: Cctober 4, 2005
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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 Power Station. 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 the current owner/operator of the Kewaunee Power Station

(KPS).
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KEWAUNEE POWER STATION
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
10CFR20.1302, 10CFRS50, Appendix 1, and 40CFR190.

More conservative calculational methods and/or conditions (e.g., location and/or exposure
pathways) expected to yield higher computed doses than appropriate for the maximally exposed
person may be assumed in the dose evaluations.

The ODCM will be maintained at the station for use as a reference guide and training document
of accepted methodologies and calculations. Changes will be made to the ODCM calculational
methodologies and parameters as is deemed necessary to assure reasonable conservatism in
keeping with the principles of 10CFR50.36a and Appendix I for demonstrating radioactive

effluents are ALARA.
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Definitions

1.

ACTION

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

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.

INSTRUMENTATION SURVEILLANCE

a. CHANNEL CHECK

b. CHANNEL FUNCTIONAL TEST

c. CHANNEL CALIBRATION

d. SOURCE CHECK

As defined in the Technical Specifications.

. MEMBER(S) OF THE PUBLIC

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

the plant.
OPERABLE-OPERABILITY

As defined in the Technical Specifications.

PURGE - PURGING

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

Rev.9
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7. RADIOLOGICAL ENVIRONMENTAL MONITORING MANUAL (REMM)

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

8. SITE BOUNDARY

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

9. UNRESTRICTED AREA

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

and/or recreational purposes.
10. VENTILATION EXHAUST TREATMENT SYSTEM

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

Rev.9
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Liquid Effluents

11

1.2

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, Sr-90 , and Fe-55
analyses. During periods of identified primary-to-secondary leakage (with
the secondary activity > 1.0E-05 uCi/ml), grab samples from the Turbine
Building sump are collected daily and analyzed by gamma spectroscopy.
These samples are composited for monthly tritium and gross alpha
analyses and for quarterly Sr-89, Sr-90, and Fe-55 analyses.

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

Liquid Effluent Monitor Setpoint Determination

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

< 10fo(F+f)

(1.1)

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

10xC

12.1

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

the setpoint, in uCi/ml, of the radioactivity monitor measuring the
radioactivity concentration in the effluent line prior to dilution and
subsequent release; the setpoint, which is inversely proportional to the
volumetric flow of the effluent line and proportional to the volumetric
flow of the dilution stream plus the effluent stream, represents a value
which, if exceeded, would result in concentrations exceeding the limits of
ODCM Specification 3.3.1.

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

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

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

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

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

< CWx ) (C,xSEN))

SP C + bkg 1.2)
Y. —L—xRR
10X EC,
where:
Sp = alarm setpoint corresponding to the maximum allowable
release rate (cpm) ‘
Ci = the concentration of radionuclide “i” in the liquid effluent
(uCi), to include gamma emitters only
10xECi = ten times the EC value corresponding to radionuclide “i”

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

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

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

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

bkg = the background of the monitor (cpm)

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

SPSM+bkg (1.3)

C
2 (10xEC;)

Conservative Default Values

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

Conservative alarm setpoints have been determined through the use of
generic, default parameters. Table 1.1 summarizes all current default
values in use for Kewaunee. They are based upon the following:

a) substitution of the default effective EC (EC,) value of 1.0E-06
pCi/ml (refer to Appendix C for justification),

where,
EC. = —Z—g— (14)
2&C)
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b) substitution of the lowest operational circulating water flow, in

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

The default setpoint equation is provided below:

< ECex10xSENXCW

+ bk 1.5
RR g (1.5)

SP

Liquid Effluent Concentration Limits - 10 CFR 20

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

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

time of the release (gal/min)
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Liguid Effluent Dose Calculation - 10 CFR 50

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

Station to:

¢ during any calendar quarter;
< 1.5 mrem to total body
< 5.0 mrem to any organ

e during any calendar year;
< 3.0 mrem to total body

< 10.0 mrem to any organ.

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

1.67TE-02x VOL
Do = X ) (CixX Aio 1.7
oW 2. (Cix Aw) (L.7)
where:
D, = dose or dose commitment to organ “o”, including total body
(mrem)
Ao = site-related ingestion dose commitment factor to the total body or
any organ “o” for radionuclide “i” (mrem/hr per uCi/ml) (Table
1.2)
G = 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 period
(gal/min)
1.67E-02 = conversion factor (hr/min)
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The site-related ingestion dose/dose commitment factors (A;j,) are presented in
Table 1.2 and have been derived in accordance with guidance of NUREG-0133

by the equation:

Aio = 1.14E + 05[(Uw + Dw) + (Ur x BE)|DF; (1.8)
where:
Ao = composite dose parameter for the total body or critical organ “o” of

an adult for radionuclide “i”, for the fish ingestion and water
consumption pathways (mrem/hr per #Ci/ml)

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

Uw = adult water consumption (730 kg/yr)

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

Ur = -adult fish consumption (21 kg/yr)

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

DF; = dose conversion factor for nuclide “i” for adults in pre-selected
organ “o”, from Table E-11 of Regulatory Guide 1.109, 1977 and
NUREG 0172, 1977 (mrem/pCi)

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

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

In lieu of the individual radionuclide dose assessment as presented above, the
following simplified dose calculational equation may be used for demonstrating
compliance with the dose limits of ODCM Specification 3.3.2. (Refer to
Appendix A for the derivation and justification for this simplified method.)

% Adapted from the Kewaunee Final Environmental Statement, Section V.
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1.5

Total Body

Dy = 287E *C(::,x YoL,yc 19)
Maximum Organ
1.18E+04xVOL
Dmax = X G 1.10
oW ) (1.10)
where:
G = average concentration of radionuclide “i”, in undiluted liquid |
effluent representative of the volume VOL (uCi/ml)
VOL = volume of liquid effluent released (gal)
Ccw = average circulating water discharge rate during release period
(gal/min)
Dy = conservatively evaluated total body dose (mrem)
Diax = conservatively evaluated maximum organ dose (mrem)
9.67E+03 = product of the hour-to-minute conversion factor (hr/min) and the |
conservative total body dose conversion factor (Cs-134, total body
-- 5.79E+05 mrem/hr per uCi/ml)
1.18E+04 = product of the hour-to-minute conversion factor (hr/min) and the |

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

Liquid Effluent Dose Projections

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

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

The applicable liquid waste streams and processing systems are as delineated in
Figure 1.
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1.6

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

Dup = Du(91+d) (1.11)
Draxp = Drmax(91 + d) (1.12)
where:
Disp = the total body dose projection for current calendar quarter (mrem)
Dy = the total body dose to date for current calendar quarter as
determined by equation (1.7) or (1.9) (mrem)
Dimaxp = the maximum organ dose projection for current calendar quarter
(mrem)
Drax = the maximum organ dose to date for current calendar quarter as
determined by equation (1.7) or (1.10) (mrem)
d = the number of days to date for current calendar quarter
91 = the number of days in a calendar quarter

Onsite Disposal of Low-Level Radioactively Contaminated Waste Streams

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

The potential radiation doses to members of the public from these onsite disposal
methods are well below 1 mrem per year. This dose is in keeping with the
guidelines of the National Council on Radiation Protection (NCRP) in their
Report No. 91, in which the NCRP established a “negligible individual risk level”
at a dose rate of 1 mrem per year.
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1.7

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

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

Approvals for specific alternate disposal methods are listed in
Appendix E. Currently, only service water pretreatment (SWPT) facility lagoon
sludge and sewage treatment plant sludge have been approved for disposal by
land spreading.

Heating Boiler Blowdown Operation with Primary-to-Secondary Leak

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

When the heating boiler is operated, it must be periodically blown down to
remove impurities, which collect in the system. This blowdown is normally
directed to the steam generator blowdown tank but can be diverted to the
circulating water discharge. Either way, the blowdown becomes a release path for
radioactivity to the environment. The heating boiler blowdown is sampled, using
current plant procedures, whenever the primary-to-secondary leakage exceeds
10 gallons per day and the gross gamma activity or tritium activity exceeds
1.0E-05 uCi/ml. The results of these samples allow for the activity being released
to the environment to be quantified. This is similar to the method used for the
turbine building sump release path. The radioactive effluent limits of 10 CFR
Part 20, 40 CFR 190, and Technical Specifications can therefore be maintained.
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- |
Table 1.1
: Parameters for Liquid Alarm Setpoint Determinations
]
[ Parameter Actual Value | Default Value* | Units Comments —I
~— EC, calculated 1.0E-06** uCi/ml [Calculate for each batch to be released || [
‘ . Taken from gamma spectral analysis of
_ G measured N/A uCi/mi liquid effluent
. . Taken from 10 CFR 20, Appendix B,
ECG; as determined N/A UCI/ml | ol 2 | ,
ht Sensitivity (SEN)
R-18 as determined 1.0E+08 Radwaste effluent
R-19 as determined 1.0E+08 cpm per [Steam Generator blowdown
- R-20 as determined 1.0E+08 uCi/ml |Service Water - component cooling
R-16 as determined 9.8E+07 Service Water - Containment fan cooling
CW as determined 2 58E+05 gpm Cx.rculan.ng Water System default =
— winter, single CW pump
Release Rate (RR)
R-18 as determined 8.0E+01 Determined prior to release; release rate
— can be adjusted for Technical
. m Specification compliance
R-19 as determined 2.0E+02 gP Steam Generator A and B combined
- R-20 as determined 5.0E+03 Service Water - component cooling
R-16 as determined 1.5E+03 Service Water - Containment fan cooling
Background (bkg)
- R-18 as determined 2.0E+03 cpm (Nominal values only; actual values may
R-19 as determined 8.0E+01 be used in lieu of these reference values
R-20 as determined 6.0E+01
o R-16 as determined 8.0E+01
Setpoint* (SP) -
| R-18 caloulated | 3.22E+06+bkg | cpm | oeioult 2larm setpoints; MO s doem
- R-19 calculated 1.29E+06 + bkg eoorooate and desi blye g
R-20 calculated | 5.16E+04 + bkg rfé’ula‘:my compﬁ‘z:c"; o e
R-16 calculated 1.69E+05 + bkg maintaining releases ALARA.
- etpoint* (SP) with no Circulating Water System flow, CW=0
R-18 calculated 6.25E+04+ bkg For outages with no Circulating Water
_ R-19 calculated 2.50E+04 + bkg com System flow (CW=0) and a dilution flow
R-20 calculated 1,00E+03 + bkg P as provided by the Service Water system
R-16 calculated 3.26E+03 + bkg of 5,000 gpm total.***

Refer to Calculation # C10690 for the default setpoint calculation.
** Refer to Appendix C for derivation
*** SW flow is based on N-SW-02 Operating Parameters and Service Water Pump Flow Curves. l
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Table 1.2
Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/mil)
Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3. - 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1
C-14 3.13E+4 6.26E+3  6.26E+3 6.26E+3 6.26E+3 6.26E+3  6.26E+3
Na-24 409E+2  4.09E+2 4.09E+2  4.09E+2 4.09E+2  4.09E+2  4.09E+2
P-32 1.39E+46  8.62E+4  5.36E+4 - - - 1.56E+5
Cr-51 - - 1.28E+0 7.63E-1 2.81E-1 1.69E+0  3.21E+2
Mn-54 - 4.38E+3  8.36E+2 - 1.30E+3 - 1.34E+4
Mn-56 - 1.10E+2 1.96E+1 - 1.40E+2 - 3.52E+3
Fe-55 6.61E+2 4.57E+2 1.06E+2 - - 2.55E+2 2.62E+2
Fe-59 1.04E+3 2.45E+3 9.40E+2 - - 6.85E+2 8.17E+3
Co-57 - 2.11E+1 3.51E+1 - - - 5.36E+2
Co-58 - 8.99E+1 2.02E+2 - - - 1.82E+3
Co-60 - 2.58E4+2 5.70E+2 - - - 4.85E+3
Ni-63 3.13E+4 2.17E+43 1.05E+3 - - - 4.52E+2
Ni-65 1.27E+2 1.65E+1 7.52E+0 - - - 4.18E+2
Cu-64 - 1.01E+1 4.72E+0 - 2.53E+1 - 8.57E+2
2Zn-65 2.32E+4 7.38E+4 3.33E+4 - 4.93E+4 - 4 65E+4
Zn-69 4.93E+1 9.43E+1 6.56E+0 - 6.13E+1 - 1.42E+1
Br-82 - - 2.27E+3 - - - 2.61E+3
Br-83 - - - 4.05E+1 - - - 5.83E+1
Br-84 - - 5.24E+1 - - - 4.12E-4

Br-85 - - 2.15E+0 - - - -
Rb-86 - 1.01E+5 4.71E+4 - - - 1.99E+4
Rb-88 - 2.90E+2 1.54E+2 - - - 4.00E-9

Rb-89 - 1.92E+2 1.35E+2 - - - -
Sr-89 2.24E+4 - 6.44E42 - - - 3.60E+3
Sr-90 5.52E+5 - 1.35E+5 - - - 1.59E+4
Sr-91 4.13E+2 - 1.67E+1 - - - 1.97E+3
Sr-92 1.57E+2 - 6.77E+0 - - - 3.10E+3
Y-90 5.85E-1 - 1.57E-2 - - - 6.21E+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 - 4.50E-3 - - - 5.17E+3
Zr-95 2.70E-1 8.67E-2 5.87E-2 - 1.36E-1 - 2.75E+2
Zr-97 1.49E-2 3.01E-3 1.38E-3 - 4.55E-3 - 9.34E+2
Nb-95 4.47E+2 2.49E+2 1.34E+2 - 2.46E+2 - 1.51E+6
Nb-97 3.75E+0 9.48E-1 3.46E-1 - 1.11E+0 " - 3.50E+3
Mo-99 - 1.07E+2  2.04E+1 - 2.43E+2 - 2.49E+2
Tc-99m 9.11E-3 2.58E-2 3.28€-1 - 3.91E-1 1.26E-2 1.52E+1

Te-101 9.37E-3 1.35E-2 1.32E-1 - 2.43E-1 6.90E-3 -
Ru-103 4.61E+0 - 1.98E+0 - 1.76E+1 - 5.39E+2
Ru-105 3.84E-1 - 1.52E-1 - 4.96E+0 - 2.35E+2
Ru-106 6.86E+1 - 8.68E+0 - 1.32E+2 - 4.44E+3

Rh-103m - - - - - - -
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Table 1.2
Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/ml)
Nucfide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
Rh-106 . - - - - - - -
Ag-110m 1.04E40 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
Sh-125 6.06E+0 6.77E-2 1.44E+0 6.16E-3 - 4.67E+0 6.67E+1
Te-125m  2.57E+3 9.31E+2 3.44E+2 7.73E+2 1.04E+4 - 1.03E+4
Te-127m 6.49E+3 2.32E+3 7.91E+2 1.66E+3 2.64E+4 - 2.18E+4
Te-127 1.05E+2 3.79E+1 2.28E+1 7.81E+1 4.29E+2 - 8.32E+3
Te-129m 1.10E+4 4.11E+3 1.74E+3 3.79E+3 4.60E+4 - 5.55E+4
Te-129 3.01E+1 1.13E+1 7.33E+0 2.31E+1 1.27E+2 - 2.27E+1
Te-131m 1.66E+3 8.11E+2 6.76E+2 1.28E+3 8.22E+3 - 8.05E+4
Te-131 1.89E+1 7.89E+0 5.96E+0 1.55E+1 B.27E+1 - 2.67E+0
Te-132 2.42E+3 1.56E+3 1.47E+3 1.73E+3 1.50E+4 - 7.39E+4
I-130 2.79E+1 8.23E+1 3.25E+1 6.97E+3 1.28E+2 - 7.08E+1
1-131 1.54E+2 2.20E+2 1.26E42 7.20E+4 3.76E+2 - 5.79E+1
-132 7.49E+0 2.00E+1 7.01E+0 7.01E+2 3.19E+1 - 3.76E+0
1-133 5.24E+1 9.11E+1 2.78E+1 1.34E+4 1.59E+2 - 8.19E+1
I-134 3.91E+0 1.06E+1 3.80E+0 1.84E+2 1.69E+1 - 9.26E-3
I-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+45 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
Cs-138 2.64E+2 5.22E+2 2.59E+2 - 3.84E+2 3.79E+1 2.23E-3
Ba-139 1.02E+0 7.30E-4 3.00E-2 - 6.83E-4 4.14E-4 1.82E+0
Ba-140 2.15E+2 2.69E-1 1.41E+1 - 9.16E-2 1.54E-1 4.42E42
Ba-141 4.98E-1 3.76E-4 1.68E-2 - 3.50E-4 2.13E-4 -
Ba-142 2.25E-1 2.31E-4 1.42E-2 - 1.95E-4 1.31E-4 -
La-140 1.52E-1 7.67E-2 2.03E-2 - - - 5.63E+3
La-142 7.79E-3 3.54E-3 8.82E-4 - : - - 2.56E+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 4.57E-4 - 1.82E-3 - 1.54E+2
Ce-144 1.65E+0 6.90E-1 8.87E-2 - 4.10E-1 - 5.58E+2
Pr-143 5.60E-1 2.25E-1 2.77E-2 - 1.30E-1 - 2.45E+3
Pr-144 1.83E-3 7.61E-4 9.31E-5 - 4.29E-4 - -
Nd-147 3.83E-1 4.42E-1 2.65E-2 - 2.59E-1 - 2.12E+3
W-187 2.96E+2 2.47E+2 8.65E+1 - - - 8.10E+4
Np-239 2.97E-2 2.92E-3 1.61E-3 - 9.10E-3 - 5.98E+2
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Table 1.3
Bloaccumulation Factors(BFi)
(pCi/kg per pClfiter)*

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

Mn ' 4.0E+02
Fe 1.0E+02
Co 5.0E+01
Ni 1.0E+02
Cu 5.0E+01
Zn 2.0E+03
Br 4.2E+02
Rb 2.0E+03
Sr 3.0E+01
Y 2.5E+01
Zr ' 3.3E+00
Nb 3.0E+04
Mo 1.0E+01
Te 1.5E+01
Ru 1.0E+01
Rh 1.0E+01
Ag 2.3E+00
Sb 1.0E+00
Te 4.0E+02

| 1.5E+01
Cs 2.0E+03
Ba 4.0E+00
La 2.5E+01
Ce 1.0E+00
Pr 2.5E+01
Nd 2.5E+01
w . 1.2E+03
Np 1.0E+01

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

2.1 Radiation Monitoring Instrumentation and Controls

The gaseous effluent monitoring instrumentation and controls at Kewaunee for controlling and
monitoring normal radioactive material releases in accordance with 10 CFR 50, Appendix A, Criteria 60

and 64, are summarized as follows:

2.1.1 Waste Gas Holdup System

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

automatic isolation.

2.1.2 Condenser Evacuation System

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

2.1.3 Containment Purge

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

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

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

2.1.4 Auxiliary Building Vent

The Auxiliary Building vent receives discharges from the waste gas holdup system, condenser
evacuation system, fuel storage area ventilation, Auxiliary Building radwaste processing area
ventilation, 2-inch containment pressure relief purge/vent system, and Auxiliary Building general
area. All effluents pass through the R-13 and/or R-14 channels which contain:

¢ anoble gas monitor,
¢ aniodine sampler, and
e aparticulate sampler.
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The noble gas monitor provides auto isolation of any waste gas decay tank release and diverts
other releases through the special ventilation system. Effluent flow rates are determined by
installed flow measurement equipment or as a function of fan operation (fan curves). Sampler
flow rates are determined by flow rate instrumentation.

2.1.5 Containment Mini-Purge/Vent System

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

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

2.2

Gaseous Effluent Monitor Setpoint Determination

2.2.1 Containment and Auxiliary Building Vent Monitor

Per the requirements of ODCM Specification 3.2, alarm setpoints shall be established for the
gaseous effluent monitoring instrumentation to ensure that the release rate of noble gases does
not exceed corresponding dose rate at the site boundary of 500 mrem/year to the total body or
3000 mrem/year to the skin. Based on a grab sample analysis of the applicable release (i.e., grab
sample of the Containment vent or Auxiliary Building vent), the radiation monitoring alarm
setpoints may be established by the following calculational method:

FRACs = [4.72E + 02X /Qx VEx ¥ (C:x ;)] + 500 @.1)
FRACuis = [4.72E + 02 5/Q VFx Y (Cix(Li+ 1.1M:))}+ 3000 (22)
where:
FRACy = fraction of the allowable release rate for the total body based on the
identified radionuclide concentrations and the release flow rate
FRACyin = fraction of the allowable release rate for skin based on the identified
radionuclide concentrations and the release flow rate
vQ = annual average meteorological dispersion for direct exposure to noble gas
at the controlling site boundary location (sec/m3, from Table 2.3)
VF = ventilation system flow rate for the applicable release point and monitor

(ft*/min, from Table 2.3)
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G = concentration of noble gas radionuclide “i” as determined by radioanalysis
of grab sample (uCi/cm3)

(13441

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

(1344}

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

M; = gamma air dose conversion factor for noble gas radionuclide “i”
(mrad/yr per pCi/m3, from Table 2.1)
1.1 = mrem skin dose per mrad gamma.air dose (mrem/mrad)

4.72E+02 = conversion factor (cm?/ft3 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 =[Y" (C:ixSEN:)+ FRAC]+ bkg 2.3)

where:

SP = alarm setpoint corresponding to the maximum allowable release rate (cpm)
SEN; = the sensitivity value to which the monitor is calibrated for radionuclide “i”

(cpm per uCi/cm3), use the default value from Table 2.2 if radionuclide
specific sensitivities are not available

bkg = background of the monitor (cpm)

2.2.2 Conservative Default Values

A conservative alarm setpoint can be established, in lieu of the individual radionuclide
evaluation based on the grab sample analysis, to eliminate the potential of periodically having to
adjust the setpoint to reflect minor changes in radionuclide distribution and variations in release
flow rate. The alarm setpoint may be conservatively determined by the default values presented

in Table 2.2. These values are based upon:

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

c) application of an administrative multiplier of 0.5 to conservatively assure that any
simultaneous releases do not exceed the maximum allowable release rate.

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

23  Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20 -

2.3.1 Site Boundary Dose Rate - Noble Gases.

ODCM Specification 3.4.1.a limits the dose rate at the site boundary due to noble gas |
releases to < 500 mrem/yr to the total body, and < 3000 mrem/yr to the skin. Radiation
monitor alarm setpoints are established to ensure that these release limits are not
exceeded. In the event any gaseous releases from the station results in the alarm setpoints
being exceeded, an evaluation of the unrestricted area dose rate resulting from the release

may be performed using the following equations: | —
bm=x/sz[Kjx()iJ . 2.4) -

| and -
1'3,=X/sz[(1,-+1.m)xdi] @.5) ~

where: -
f) » = total body dose rate (mrem/yr) -

f). = skin dose rate (mrem/yr)

¥/Q = atmospheric dispersion for direct exposure to noble gas at the controlling site |
boundary (sec/m3, from Table 2.3)
Qi = average release rate of radionuclide “i” over the release period under evaluation )

(nCi/sec)

3 Adopted from ANSI N237-1976/ANS-18.1, Source Term Specifications, Table 6. -
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K; = total body dose conversion factor for noble gas radionuclide “i”
(mrem/yr per uCi/ms3, from Table 2.1)

L; = beta skin dose conversion factor for noble gas radionuclide “i”
(mrem/yr per uCi/m3, from Table 2.1)

M; = gamma air dose conversion factor for noble gas radionuclide “i”’ (mrad/yr per
puCi/m3, from Table 2.1)

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

ODCM Specification 3.4.1.b limits the dose rate to < 1500 mrem/yr to any organ for
I-131, I-133, tritium and particulates with half-lives greater than 8 days. To demonstrate
compliance with this limit, an evaluation is performed at a frequency no greater than that
corresponding to the sampling and analysis time period for continuous releases (e.g.,
nominally once per 7 days) and for batch releases on the time period over which any
batch release is to occur. The following equation may be used for the dose rate

evaluation:
bo=x/sz[Riin) 2.6)
where:
Do = average organ dose rate over the sampling time period (mrem/yr)
¥/Q = atmospheric dispersion to the controlling site boundary for the inhalation

pathway (sec/m?, from Table 2.3)

R; = dose parameter for radionuclide “i”, (mrem/yr per uCi/m3) for the child
inhalation pathway from Table 2.6

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

By substituting 1500 mrem/yr for Do solving forQi, an allowable release rate for I-131
can be determined. Based on the annual average meteorological dispersion (see Table
2.3) and the most limiting potential pathway, age group and organ (inhalation pathway,
child thyroid — R; = 1.62E+07 mrem/yr per uCi/m?3) the allowable release rate for I-131 is
6.43 uCi/sec. An added conservatism factor of 0.25 has been included in this calculation
to account for any potential dose contribution from other radioactive particulate material.
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24

For a 7-day period, which is the nominal sampling and analysis frequency for I-131, the
cumulative allowable release is 3.9 Ci. Therefore, as long as the I-131 releases in any
7-day period do not exceed 3.9 Ci, no additional analyses are needed to verify
compliance with the ODCM Specification 3.4.1.b limits on allowable release rate.

—

Gaseous Effluent Do§e Calculations - 10 CFR 50

24.1 Unrestricted Area Dose - Noble Gases -

ODCM Specification 3.4.2 requires a periodic assessment of releases of noble gases to evaluate |
compliance with the quarterly dose limits of (< 5 mrad, gamma-air and < 10 mrad, beta-air) and  _
the calendar year limits (£ 10 mrad, gamma-air and < 20 mrad, beta-air). The following

equations may be used to calculate the gamma-air and beta-air doses:

D,=3.17E-08x Qx> (Mix Qi) @7
and -
Ds=3.17E-08x %/Qx Y (Nix Qi) (2.8) -
where:
Dy = air dose due to gamma emissions for noble gas radionuclides (mrad)
Dg = air dose due to beta emissions for noble gas radionuclides (mrad) -
1Q = atmospheric dispersion to the controlling site boundary (sec/m3, from
Table 2.3) -
Qi = cumulative release of noble gas radionuclide “i” over the period of interest
(HCi)
M; = air dose factor due to gamma emissions from noble gas radionuclide “i” _
(mrad/yr per uCi/m?3 from Table 2.1)
N; = air dose factor due to beta emissions from noble gas radionuclide “i”
(mrad/yr per uCi/m3, Table 2.1)
3.17E-08 = conversion factor (yr/sec) . _
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In lieu of the individual noble gas radionuclide dose assessment as presented above, the
following simplified dose calculational equation may be used for verifying compliance with the
dose limits of ODCM Specification 3.4.2. (Refer to Appendix B for the derivation and |
justification for this simplified method.)

D,=21E-08, QxMurx T Q 29)
0.50
and
Dy=2LE-08, QxNrx 3@ (2.10)
0.50
where:
M. = 5.3E+02 effective gamma-air dose factor (mrad/yr per uCi/m?)
Nesr = 1.IE+03 effective beta-air dose factor (mrad/yr per uCi/m3)

0.50 = conservatism factor

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

2.4.2 Unrestricted Area Dose - Radioiodine and Particulates

Per the requirements of ODCM Specification 3.4.3, a periodic assessment shall be |
performed to evaluate compliance with the quarterly dose limit (£ 7.5 mrem) and

calendar year limit (£ 15 mrem) to any organ. The following equation may be used to
evaluate the maximum organ dose due to releases of I-131, I-133, tritium and particulates

with half-lives greater than 8 days:

Dip =3.17TE - 08X WxSFpx Y (Rix Q) (2.11)

where:

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

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

¥/Q = atmospheric dispersion for inhalation pathway and H-3 dose contribution via

other pathways (sec/m3)
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D/Q

Qi

SF,

atmospheric deposition for vegetation, milk and ground plane exposure
pathways (1/m?) :

dose factor for radionuclide “i”, (mrem/yr per uCi/m3) or (m? - mrem/yr per
uCi/sec) from Table 2.4 through 2.15 for each age group “a” and the
applicable pathway *“p” as identified in Table 2.3. Values for R; were derived
in accordance with the methods described in NUREG-0133.

cumulative release over the period of interest for radionuclide *“i” -- I-131 or
radioactive material in particulate form with half-life greater than 8 days

(nCi).

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 (I-131 and particulates) dose assessment as presented
above, the following simplified dose calculational equation may be used for verifying
compliance with the dose limits of ODCM Specification 3.4.3.

where:

Dinax

Rpua

Drax =3.17E 08X W X SFpX Ri-11x ) Qi (2.12)

maximum organ dose (mrem)
I-131 dose parameter for the thyroid for the identified controlling pathway

1.05E+12, infant thyroid dose parameter with the grass-cow-milk pathway
controlling (m? - mrem/yr per uCi/sec)

The ground plane exposure and inhalation pathways need not be considered when the above-
simplified calculational method is used because of the overall negligible contribution of these
pathways to the total thyroid dose. It is recognized that for some particulate radionuclides (e.g.
Co-60 and Cs-137), the ground plane exposure pathway may represent a higher dose contribution
than either the vegetation or 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 I-131
for the thyroid via the grass-cow-milk pathway.
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The location of exposure pathways and the maximum organ dose calculation may be
based on the available pathways in the surrounding environment of Kewaunee as
identified by the annual land-use census, see ODCM Specification 3.6.2. Otherwise, the |
dose will be evaluated based on the predetermined controlling pathways as identified in

Table 2.3.

2.5  Gaseous Effluent Dose Projection

ODCM Specification 3.4.4 requires that the Ventilation Exhaust Treatment System be used to reduce
radioactive material levels prior to discharge when projected doses exceed one-half the annual design

objective rate in any calendar quarter, i.e., exceeding:
e .62 mrad/quarter, gamma air,
¢ 1.25 mrad/quarter, beta air, or
¢ 0.94 mrem/quarter, maximum organ.

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

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

Dy =Dyx(91+d) - (2.13)
Ds =Dsx(91+d) ' (2.14)
Duaxp = Drmax X (91 + d) (2.15)
where:
D, = gamma air dose projection for current calendar quarter (mrad)
D, = gamma air dose to date for current calendar quarter as determined by equation (2.7)
or (2.9) (mrad)
D, = betaair dose projection for current calendar quarter (mrad)
Dg = beta air dose to date for current calendar quarter as determined by equation (2.8) or
(2.10) (mrad)
Dmaxp = maximum organ dose projection for current calendar quarter (mrem)
Dm.x = 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 quarier
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2.6 Environmental Radiation Protection Standards 40 CFR 190

—

For the purpose of implementing ODCM Specification 3.5 on the EPA environmental radiation |

protection standard and Technical Specification 6.9.b.2 on reporting requirements, dose calculations
may be performed using the above equations with the substitution of average or actual meteorological
parameters for the period of interest and actual applicable pathways. Any exposure attributable to on-
site sources will be evaluated based on the results of the environmental monitoring program (TLD
measurements) or by calculational methods. NUREG-0543 describes acceptable methods for
demonstrating compliance with 40 CFR Part 190 when radioactive effluents exceed the Appendix I
portion of the specifications.

2.7 Incineration of Radioactively Contaminated Oil

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

Radioactively contaminated oil, which is designated for incineration, will be collected in
containers, which are uniquely serialized such that the contents can be identified and tracked.
Each container will be sampled and analyzed for radioactivity. The isotopic concentrations will
be recorded for each container. :

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

2.8 Total Dose

The purpose of this section is to describe the method used to calculate the cumulative dose
contributions from liquid and gaseous effluents in accordance with KPS Technical Specifications
for total dose. This method can also be used to demonstrate compliance with the Environmental
Protection Agency (EPA) 40CFR 190, “Environmental Standards for the Uranium Fuel Cycle”.

Compliance with the KPS Technical Specification dose objectives for the maximum individual
demonstrates compliance with the EPA limits to any memberof the public, since the design dose
objectives from 10CFR50, Appendix I are much lower than the 40CFR190 dose limits to the
general public. With the calculated doses from the releases of radioactive materials in liquid or
gaseous effluents exceeding twice the limits outlined in ODCM Specifications 3.3.2, 3.4.2, and
3.4.3, a special analysis shall be performed. The purpose of this analysis is to demonstrate if the
total dose to any member of the public (real individual) from all uranium fuel cycle sources
(including direct radiation contributions from the reactor unit, from outside storage areas and
from all real pathways) is limited to less than or equal to 25 mrem per year to the total body or
any organ, except the thyroid, which is limited to 75 mrem per year.
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If required, the total dose to a member of the public will be calculated for all significant effluent
release points for all real pathways including direct radiation. Effluent releases from Point
Beach Nuclear Plant must also be considered due to its proximity. Calculations will be based on
the equations in Sections 1.4, 2.4.1, and 2.4.2, with the exception that usage factors and other site
specific parameters may be modified using more realistic assumptions, where appropriate.

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

Therefore, the total dose will be determined based on the most realistic site specific data and
parameters to assess the real dose to any member of the public.
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Table 2.1
Dose Factors for Noble Gases
" Total Body Skin Dose Gamma Air Beta Air
‘ Dose Factor Factor Dose Factor Dose Factor
L K L; M Ni
[ Radionuclide (mrem/yr (mren'l/yl; (mrad/yr (mrad/fyr
per puCi/m®) per pCi/m’) per uCi/m*) per uCi/m°)
Kr-83m 7.56E-02 | e 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03 |
Kr-87 5.92E+03 9.73E+03 6.17E+03 103E+04 ||
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m - 9.15E+01 4.76E+02 1.56E+02 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
| xe137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
[ xXe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
| ara 8.84E+03 2.69E+03 9,.30E+03 3.28E+03
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Table 2.2
Parameters for Gaseous Alarm Setpoint Determinations
Parameter  |Actual Value| Deiault Units Comments |
‘ Value* .
#/Q calculated 3.6E-06 sec/m’ Licensing technical spec1ﬁcat10rT|
value
Containment -normal plus purge
. VF fan curves 33,000 cfm modes
54,000 Auxiliary Building - normal
operation
G measured N/A uCi/m’ j
K; nuclfde N/A mrem{yr gc T |Values from Table 2.1
‘ ~ specific puCi/m
L; nuc];de N/A mrem(yr :? ! |Values from Table 2.1
specific uCi/m
M; nuclide NA | ™Y PET Iy tues from Table 2.1 l
_specific uCi/m
Sensitivity**
“ GED 2.32E+07 Containment
R:21 25 determined 2.32E+07 cpmper |Containment
R.13 2.32E+07 | pCifem® |Auxiliary Building
2.32E+07 Auxiliary Building
R-14
Ibackground (bkg)
R-12 : 4.0E+02 Nominal values only; actual
R-21 . 4.0E+01 e
as determined cpm values may be used in lieu of
R-13 6.0E+02 these reference val
R-14 9.0E+02 ues.
' Setpoint* (SP) Default alarm setpoints; more
R-12 calculated [2.2E+0S5 + bkg conservative values may be used
R-21 calculated |2.2E+05 + bkg com as deemed appropriate and
R-13 calculated |1.3E+0S5 + bkg P desirable for ensuring regulatory
R-14 calculated |1.3E+05 + bkg compliance and for maintaining
releases ALARA.

|

Refer to Calculation # C10690 for the default setpoint calculation.

* Conservatively based on Xe-133 sensitivity
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Controlling Locations, Pathways and

Table 2.3

Atmospheric Dispersion for Dose Calculations

Atmospheric Dispersion

ODCM 7/Q D/
Specification Location Pathway(s) (se¢/m®) (/m")
site boundary noble gases
34.1a (1300 m, N) direct exposure 3.6E-06 N/A
34.1b s(‘;ggg“m"d;)y inhalation 3.6E-06 N/A
site boundary gamma-air
342 (1300 m, N) beta-air 3.6E-06 N/A
. . inhalation,
343 mz‘lde".‘l’e’gva‘)’y vegetation, milk and|  5.6E-07 | 5.6E-09 |
e ground plane
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Table 2.4
R;Inhalation Pathway Dose Factors - ADULT

(mrem/yr per pCi/m3)
Nuclide Bone Liver Thyrold 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
C-14 1.82E+4 3.41E+3 3.41E+3 3.41E+3 341E+3 3.41E+3 3.41E43
Na-24 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4
P-32 1.32E+6 7.71E+4 - - - 8.64E+4 5.01E+4
Cr-51 - - 5.95E+1 2.2BE+1 1.44E+4 3.32E+3 1.00E+2
Mn-54 - 3.96E+4 - 0.84E+3 1.40E+6 7.74E+4 6.30E+3
Mn-56 - 1.24E+0 - 1.30E+0 9.44E+3 2.02E+4  1.83E-1
Fe-55 2.46E+4 1.70E+4 - - 7.21E+4 6.03E+3 3.94E+3
Fe-59 1.18E+4 2.78E+4 - - 1.02E+6 1.88E+5 1.06E+4
Co-57 - 6.92E+2 - - 3.70E+5 3.14E+4 6.71E+2
Co-58 - 1.58E+3 - - 9.28E+5 1.06E+5 2.07E+3
Co-60 - 1.15E+4 - - 5.97E+6 2.85E+5 1.4BE+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 - 462E+0 6.78E+3 4.90E+4  6.15E-1
Zn-65 3.24E+4 1.03E45 - 6.90E+4 8.64E+5 5.34E+4 4.66E+4
Zn-69 3.38E-2 6.51E-2 - 4.22E-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 - - - 365E+4 1.91E+5 2.50E+0D
Sr-92 6.74E+0 - - - 1.65E+4 4.30E+4 2.91E-1
Y-90 2.09E+3 - - - 1.70E+5 5.06E+5 5.61E+1
Y-91m 2.61E-1 - - - 1.92E+3 1.33E+0 1.02E-2
Y-91 4.62E+5 - - - 1.70E4+6 3.85E+5 1.24E+4
Y-92 1.03E+1 - - - 1.57E+4 7.35E+4  3.02E-1
Y-93 9.44E+1 - - - 4.85E+4 4.22E+5 2.61E+0
Zr-95 1.07E+5 3.44E+4 - 5.42E+4 1.77E+6 1.50E+5 2.33E+4
Zr-97 9.68E+1  1.96E+1 - 2.97E+1 T787E+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 - 6.54E-2 2.40E+3 2.42E+2 2.05E-2
Mo-99 - 1.21E+2 - 291E+2 9.12E+4 2.4BE+5 2.30E+1
Te99m  1.03E-3 2.91E-3 - 442E-2 7.64E+2 4.16E+3 3.70E-2
Te-101 4.18E-5 6.02E-5 - 1.08E-3 3.99E+2 - 5.90E-4
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Table 2.4
R, Inhalation Pathway Dose Factors - ADULT

(mrem/yr per pCi/fm?)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103  1.53E+3 - - 5.83E+3 5.05E+5 1.10E+5 6.58E+2
Ru-105 7.90E-1 - - 1.02E+0 1.10E+4 4.82E+4 3.11E-1
Ru-106 6.91E+4 - - 1.34E+5 9.36E+6 9.12E+5 8.72E+3

Rh-103m - - - - - - -

Rh-106 - - - - - . -
Ag-110m  1.08E+4 1.00E+4 - 1.97E+4 4.63E+6 3.02E+5 5.94E+3
Sb-124  3.12E+4 5.89E+2 7.55E+1 - 2.48E+6 4.06E+5 1.24E+4
Sb-125 5.34E+4 595E+2 5.40E+1 - 1.74E+6 1.01E+5 1.26E+4
Te-125m 3.42E+3 1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2
Te-127m 1.26E+4 577E+3 3.29E+3 4.58E+4 9.60E+5 150E+5 1.57E+3
Te-127 1.40E+0  6.42E-1 1.06E+0 5.10E+0 6.51E+3 5.74E+4  3.10E-1
Te-129m 9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+68 3.83E+5 1.58E+3
Te-129 498E-2 239E-2 3.90E-2 1.87E-1 1.94E+3 157E+2 1.24E-2
Te-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
Te-132 260E+2 2.15E+2 1.90E+2 1.46E+3 2.88E+5 5.10E+5 1.62E+2
1-130 458E+3 1.34E+4 1.14E+8 2.09E+4 - 7.69E+3 5.28E+3
1-131 2.52E+4 3.5B8E+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 298E+4 2.75E+3 - 1.01E+0 6.15E+2
I-135 2.68E+3 6.98E+3 4.48E+5 1.11E+4 - 525E+3 2.57E+3
Cs-134  3.73E+5 B8.48E+5 - 2.87E+5 9.76E+4 1.04E+4 7.28E+5
Cs-138  3.90E+4 1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+45
Cs-137 4.78E+5 6.21E+5 - 222E+5 752E+4 B8.40E+3 4.28E45
Cs-138 3.31E+2 6.21E+2 - 4.80E+2 4.86E+1 1.86E-3 3.24E42
Ba-139 9.36E-1 6.66E-4 - 6.22E-4 3.76E+3 B8.96E+2 2.74E-2
Ba-140 390E+4 4.90E+1 - 1.67E+1 127E+6 2.18E+5 2.57E+3
Ba-141 1.00E-1 7.53E-5 - 7.00E-5 194E+3 1.16E-7 3.36E-3
Ba-142 2.63E-2 2.70E-5 - 2.29E-5 1.19E+3 - 1.66E-3
La-140  3.44E+2 1.74E+2 - - 1.36E+5 4.58E+5 4.58E+1
La-142 6.83E-1 3.10E-1 - - 6.33E+3 2.11E+3 7.72E-2
Ce-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3
Ce-143 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+1
Ce-144  3.43E+6 1.43E46 - 8.48E+5 7.78E+6 B8.16E+5 1.84E4+5
Pr-143 9.36E+3 3.75E+3 - 2.16E+3 281E+5 2.00E+5 4.64E+2
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3
Nd-147 5.27E+3 6.10E+3 - 3.56E+3 221E+5 1.73E+5 3.65E+2
W-187 8.48E+0 7.08E+0 - - 290E+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
R; Inhalation Pathway Dose Factors - TEEN

(mrem/yr per pCi/m®)

Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
H-3 - 1.27E+3 1.27E+3 127E+3 1.27E+3 1.27E+3 1.27E+3
C-14 260E+4 4.87E+3 4.87E+3 4.87E+3 A487E+3 487E+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 - 127E+4 1.98E+6 6.68E+4 8.40E+3
Mn-56 . 1.70E+0 . 1.79E+0 1.52E+4 5.74E+4 2.52E-1
Fe-55  3.34E+4 2.38E+4 . . 1.24E+5 6.39E+3 5.54E+3
Fe-59  1.59E+4 3.70E+4 . - 1.53E+6 1.78E+5 1.43E+4
Co-57 - 6.92E+2 - . 5.86E+5 3.14E+4 9.20E+2
Co-58 . 2.07E+3 . - 1.34E+6 9.52E+4 2.78E+3
Co-60 - 1.61E+4 - - 8.72E+6 2.59E+5 1.98E+4
Ni-63  5.80E+5 4.34E+4 - . 3.07E+5 1.42E+4 1.98E+4
Ni-65  2.18E+0  2.93E-1 . . 0.36E+3 3.67E+4  1.27E-1
Cu-64 - 2,03E+0 - 6.41E+0 1.11E+4 6.14E+4  B8.48E-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 B.40E+4
Rb-88 . 5.46E+2 . . . 2.92E-5 2.72E+2
Rb-83 . 3.52E+2 - . - 3.38E-7 2.33E+2
Sr-88  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 259E+5 3.51E+0
Sr-82  9.52E+0 - . . 2.74E+4 1.19E+5  4.06E-1
Y-90 2.98E+3 - - - 293E+5 5.59E+5 8.00E+1
Y-9im  3.70E-1 - - - 3.20E+3 3.02E+1  1.42E-2
Y-91 6.61E+5 . - - 294E+6 4.09E+5 1.77E+4
Y-92 1.47E+1 - . . 2.68E+4 1.65E+5 4.29E-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
Zr97  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-67  3.14E-1  7.78E-2 . 8.12E-2 3.93E+3 2.17E+3 2.84E-2
Mo-99 - 1.69E+2 - 411E+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 - 1.52E-3 6.67E+2 8.72E-7 8.24E-4
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Table 2.5
R Inhalation Pathway Dose Factors - TEEN

(mrem/yr per pCi/m?)

Nuclide Bone Liver Thyroid Kidney Lung - Gl-LLI T.Body
Ru-103  2.10E+3 - - 7.43E+3 7.83E+5 1.09E+5 8.96E+2
Ru-105  1.12E+0 - - 1.41E+0 1.82E+4 9.04E+4 4.34E-1
Ru-106  9.84E+4 - - 190E+5 1.61E+7 9.60E+5 1.24E+4

Rh-103m - - - - - - -

Rh-106 - - - - - - -
Ag-110m 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 9.76E+1 - 3.85E+8 3.98E+5 1.68E+4
Sb-125 7.38E+4 8.08E+2 7.04E+1 - 2.74E+86 9.92E+4 1.72E+4
Te-125m 4.88E+3 2.24E+3 1.40E+3 - 5.36E+5 7.50E+4 6.67E+2
Te-127m 1.80E+4 B8.16E+3 4.38E+3 6.54E+4 1.66E+8 1.59E+5 2.18E+3
Te-127 201E+0 9.12E1 1.42E+0 7.28E+0 1.12E+4 8.08E+4 4.42E-1
Te-129m 1.39E+4 6.58E+3 4.58E+3 5.19E+4 1.98E+6 4.05E+5 2.25E+3
Te-129 710E-2 3.38E-2 5.18E-2 266E-1 3.30E+3 1.62E+3 1.76E-2
Te-131m 9.84E+1 6.01E+1 7.25E+1 4.39E+2 2.38E+5 6.21E+5 4.02E+1
Te-131 1.58E-2 8.32E-3 1.24E-2 8.18E-2 2.34E+3 1.51E+1 5.04E-3
Te-132 3.60E+2 2.90E+2 246E+2 1.95E+3 4.49E+5 4.63E+5 2.19E+2
1-130 6.24E+3 1.79E+4 1.49E+6 2.75E+4 - 9.12E+3 7.17E+3
1-131 3.54E+4 4.91E+4 1.46E+7 B8.40E+4 - 6.49E+3 264E+4
-132 1.59E+3 4.38E+3 1.51E+5 6.92E+3 - 1.27E+3 1.58E+3
1-133 1.22E+4 2.05E+4 2.92E+6 3.59E+4 - 1.03E+4 6.22E+3
1-134 8.88E+2 2.32E+3 3.95E+4 3.66E+3 - 2.04E+1 B8.40E+2
I-135 3.70E+3 9.44E+3 6.21E+5 1.49E+4 - 6.95E+3 3.49E+3
Cs-134 5.02E+5 1.13E+6 - 3.75E+5 1.46E+5 9.76E+3 5.49E+5
Cs-136 5.15E+4 1.94E+5 - 1.10E+5 1.78E+4 1.09E+4 1.37E+5
Cs-137 6.70E+5 8.48E+5 - 3.04E+5 1.21E+5 = 8.48E+3 3.11E+45
Cs-138  4.66E+2 8.56E+2 - 6.62E+2 7.87E+1 2.70E-1  4.48E+2
Ba-139  1.34E+0 9.44E-4 - 8.88E-4 6.46E+3 6.45E+3 3.90E-2
Ba-140 5.47E+4 6.70E+1 - 2.28E+1 2.03E+6 2.29E+5 3.52E+3
Ba-141 1.42E-1 1.06E-4 - 9.84E-5 3.20E+3 7.46E-4 4.74E-3
Ba-142 3.70E-2 3.70E-5 - 3.14E-5 1.91E+3 - 2.27E-3
La-140 4.79E+2 2.36E+2 - - 2.14E+5 4.87E+5 6.26E+1
La-142 9.60E-1 4.25E-1 - - 1.02E+4 1.20E+4 1.06E-1
Ce-141 284E+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 255E+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 6.82E+2
Pr-144 4.30E-2 1.76E-2 - 1.01E-2 1.75E+3 235E-4 2.18E-3
Nd-147 7.86E+3 8.56E+3 - 5.02E+3 3.72E+5 1.82E+5 5.13E+2
W-187 1.20E+1  9.76E+0 - - 474E+4 1.77E+5 3.43E40
Np-239 3.38E+2 3.19E+1 - 1.00E+2 6.49E+4 1.32E+5 1.77E+1
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Table 2.6
R; Inhalation Pathway Dose Factors - CHILD

(mrem/yr per pCi/m9)

Nuclide Bone Liver Thyroid  Kidney Lung GI-LLI T.Body
H-3 - 1.12E+3 1.12E+3 1.12E+3 1.12E+3° 1.12E+3 1.12E+3
C-14 3.50E+4 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3

Na-24 1.61E+4 161E+4 1.61E+4 161E+4 1.61E+4 161E+4 1.61E+4
P-32 2.60E+6 1.14E+5 - - - 4.22E+4 9.8BE+4
Cr-51 - - 8.55E+1 243E+1 1.70E+4 1.08E+3 1.54E+2
Mn-54 - 4.29E+4 - 1.00E+4 1.58E+6 2.29E+4 9.51E+3
Mn-56 - 1.66E+0 - 1.67E+0 1.31E+4 123E+5  3.12E-1
Fe-55 474E+4 2.52E+4 - - 1.11E+5 287E+3 7.77E+3
Fe-59 2.07E+4 3.34E+4 - - 1.27E+6 7.07E+4 1.67E+4
Co-57 - 9.03E+2 - - 507E+5 1.32E+4 1.07E+3
Co-58 - 1.77E+43 - - 1.11E+6 3.44E+4 3.16E+3
Co-60 - 1.31E+4 - - 7.07E+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 6.33E+3 2.80E+4
Ni-65 2.99E+0 2.96E-1 - - 8.18E+3 B.40E+4  1.64E-1
Cu-64 - 1.99E40 - 6.03E+0 9.58E+3 3.67E+4 1.07E+0
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-88 - 5.62E+2 - - - 1.72E+1  3.66E+2
Rb-89 - 3.45E+2 - - - 1.89E+0 2.90E+2
Sr-89 5.99E+5 - - - 2.16E+6 167E+5 1.72E+4
Sr-80 1.01E+8 - - - 1.4BE+7 3.43E+5 6.44E+6
Sr-e1 1.21E+2 - - - 5.33E+4 1.74E+5 4.59E+0
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.B4E+5 2.44E+4
Y-02 2.04E+1 - - - 2.39E+4 2.39E+5 5.81E-1
Y-93 1.86E+2 - - - 7.44E+4 3.89E+5 S.11E+0
Zr-95 1.80E+5 4.18E+4 - 596E+4 223E+6 6.11E+4 3.70E+4
Zr-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 J.51E+5 1.60E+1
Nb-85 235E+4 9.1BE+3 - 8.62E+3 6.14E+5 3.70E+4 6.55E+3
Nb-97 4291  7.70E-2 - 8.55E-2 3.42E+3 2.78E+4 3.60E-2
Mo-99 - 1.72E+2 - 3.92E+2 1.35E45 1.27E+5 4.26E+1
TcS9m  1.78E-3  3.48E-3 - 5.07E-2 9.51E+2 4.8B1E+3 5.77E-2
Te-101 8.10E-5 8.51E-5 - 1.45E-3 5.85E+2 1.63E+1 1.08E-3
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Table 2.6
R, Inhalation Pathway Dose Factors - CHILD

(mremVyr per pCVm®)

Nuclide Bone Liver Thyrold  Kidney Lung 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-108  1.36E+5 - - 1.84E+5 143E+7 4.29E+5 1.69E+4

Rh-103m - - - - - - -

Rh-106 - - - - - - -
Ag-110m . 1.69E+4 1.14E+4 - 212E+4 5.48E+8 1.00E+5 9.14E+3
Sb-124 5.74E+4 7.40E+2 1.26E+2 - 3.24E+8 1.64E+5 2.00E+4
Sb-125 9.84E+4 7.59E+2 9.10E+1 - 232E+6 4.03E+4 2.07E+4
Te-1256m 6.73E+3 2.33E+3 1.92E+3 - 477E+5 3.38E+4 9.14E+2
Te-127m 2.49E+4 8.55E+3 6.07E+3 6.36E+4 1.48E+6 7.14E+4 3.02E+3
Te-127 277E+0 9.51E-1 1.96E+0 7.07E+0 1.00E+4 5.62E+4 6.11E-1
Te-129m 1.92E+4 6.85E+3 6.33E+3 5.03E+4 1.76E+6 1.82E+5 3.04E+3
Te-129 9.77E-2 3.50E-2 7.14E-2 257E-1 293E+3 2.55E+4 2.38E-2
Te-131m 1.34E+42 5.92E+1 9.77E+1 4.00E+2 2086E+5 3.08E+5 5.07E+1
Te-131 2.17E-2 8.44E-3 1.70E-2 5.88E-2 2.05E+3 1.33E+3 6.59E-3
Te-132 4.81E+2 2.72E+2 3.17E+2 1.77E+3 3.77E+5 1.38E+5 2.63E+2
1-130 8.1BE+3 1.64E+4 1.85E4+8 245E+4 - 5.11E+3 8.44E+3
-131 4.81E+4 4.81E+4 1.62E+7 7.88E+4 - 2.84E+3 2.73E+4
1-132 2.12E+3 4.07E+3 1.94E+5 ©6.25E+3 - 3.20E+3 1.B3E+3
~133 1.66E+4 2.03E+4 3.85E+6 3.38E+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 492E+3 8.73E+3 7.92E+5 1.34E+4 - 444E+3 4.14E+3
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.B5E+3 2.25E+5
Cs-136 6.51E+4 1.71E45 - 9.55E+4 145E+4 4.18E+3 1.16E+5
Cs-137 9.07E+5 8.25E+5 - 2.82E+5 1.04E+5 3.62E+3 1.28E+5
Cs-138 6.33E+2 8.40E+2 - 6.22E+2 6.81E+1 2.70E+2 5.55E+2
Ba-139 1.84E+0 9.84E-4 - 8.62E-4 5.77E+3 5.77E+4 5.37E-2
Ba-140 7.40E+4 6.48E+1 - 211E+1  1.74E+6 1.02E+5 4.33E+3
Ba-141 1.96E-1 1.09E-4 - 9.47E-5 292E+3 2.75E+2 6.36E-3
Ba-142 5.00E-2 3.60E-5 - 291E-5 164E+3 2.74E+0 2.79E-3
La-140 6.44E+2 2.25E+2 - - 1.83E+5 2.26E+5 7.55E+1
La-142 1.30E+0 4.11E-1 - - 8.70E+3 7.58E+4  1.29E-1
Ce-141 3.92E+4 1.95E+4 - 8.55E+3 5.44E+5 5.66E+4 2.90E+3
Ce-143 3.66E+2 1.99E+2 - 8.36E+1 1.15E+5 1.27E+5 2.87E+1
Ce-144 6.77E4+6 2.12E+6 - 1.17E+6 1.20E+7 3.89E+5 3.61E+5
Pr-143  1.85E+4 5.55E+3 - 3.00E+3 4.33E+5 9.73E+4 9.14E+2
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 1.57E+3 197E+2 3.00E-3
Nd-147 1.08E+4 8.73E+3 - 481E+3 3.28E+5 8.21E+4 6.81E+2
W-187 1.63E+1 9.66E+0 - - 411E+4 9.10E+4 4.33E+0
Np-239 4.66E+2 3.34E+1 - 9.73E+1 581E+4 6.40E+4 2.35E+1
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Table 2.7
R; Inhalation Pathway Dose Factors - INFANT

(mrem/yr per pCi/m°)
Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
H-3 - 6.47E+2 6.47E+2 ©6.47E+2 6.47E+2 6.47E+2 6.47E+2
C-14 265E+4 531E+3 531E+3 531E+3 5.31E+3 5.31E+3 531E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4
P-32 2.03E+6 1.12E+5 - - - 1.61E+4 7.74E+4
Cr-51 - - 575E+1 1.32E+1 1.28E+4 3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 498E+3 1.00E+6 7.06E+3 4.98E+3
Mn-56 - 1.54E+0 - 1.10E+0 1.25E+4 7.17E+4 2.21E-1
" Fe-55 1.97E+4 1.17E+4 - - 8.60E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4 2.35E+4 - - 1.02E+6 2.48E+4 9.4BE+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-63 3.39E+5 2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4
Ni-65 239E+0 2.84E-1 - - 8.12E+3 5.01E+4 1.23E-1
Cu-64 - 1.88E+0 - 3.98E+0 9.30E+3 1.50E+4 7.74E-1
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11E+4
Zn-69 5.39E-2 9.67E-2 - 4.02E-2 1.47E+3 1.32E+4 7.18E-3
Br-82 - - - - - - 1.33E+4
Br-83 - - - - - - 3.81E+2
Br-84 - - - - - - 4.00E+2
Br-85 - - - - - - 2.04E+1
Rb-88 - 1.90E+5 - - - 3.04E+3 8.82E+4
Rb-88 - 5.57E+2 - - - 3.39E+2 2.87TE+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+56 2.59E+6
Sr-91 9.56E+1 - - - 526E+4 7.34E+4 - 3.46E+0
Sr-92 1.05E+1 - - - 2.38E+4 140E+5 3.91E-1
Y-90 3.28E+3 - - - 2.69E+5 1.04E+5 B8.82E+1
Y-91m  4.07E-1 - - - 279E+3 235E+3 1.39E-2
Y-g1 5.88E+5 - - - 2.45E+6 7.03E+4 1.57E+4
Y-82 1.64E+1 - - - 2.45E+4 127E+5 4.61E-1
Y-03 1.50E+2 - - - 7.64E+4 167E+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 342E-1  7.29E-2 - 5.70E-2 3.32E+3 2.69E+4 2.63E-2
Mo-89 - 1.65E+2 - 2.65E+2 1.35E+5 487E+4 3.23E+1
Te-99m  1.40E-3  2.88E-3 - 3.11E-2 B8.11E+2 2.03E+3 3.72E-2
Te-101 6.51E-5 8.23E-5 - 0.79E-4 5.84E+2 B8.44E+2 8.12E-4
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Table 2.7
R; Inhalation Pathway Dose Factors - INFANT

(mrem/yr per pCi/m®)
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103  2.02E+3 - - 4.24E+3 5.52E+5 1.61E+4 B.79E+2
Ru-105  1.22E+0 - - 8.99E-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+43 7.22E+3 - 1.09E+4 3.67E+6 3.30E+4 5.00E+3
Sb-124 3.79E+4 556E+2 1.01E+2 - 2.65E+6 591E+4 1.20E+4
Sb-125 5.17E+4 4.77E+2 B.23E+1 - 1.64E+6 1.47E+4 1.09E+4
Te-125m 4.76E+3 1.99E+3 1.62E+3 - 447E+5 1.29E+4 6.58E+2
Te-127m 1.67E+4 6.90E+3 4.87E+3 3.75E+4 1.31E+6 2.73E+4 2.07E+3
Te-127 2.23E+0 9.53E-1 1.85E+0 4.86E+0 1.03E+4 244E+4  4.89E-1
Te-129m 1.41E+4 6.09E+3 5.47E+3 3.18E+4 1.88E+6 6.90E+4 2.23E+3
Te-129 7.88E-2 347E-2 6.75E-2 1.75E-1  3.00E+3 263E+4 1.88E-2
Te-13tm 1.07E+2 5.50E+1 8.93E+1 265E+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 B8.22E+3 5.00E-3
Te-132 3.72E+2 2.37E+2 2.79E+2 1.03E+3 3.40E+5 4.41E+4 1.76E+2
-130 6.36E+3 1.38E+4 1.60E+6 1.53E+4 - 1.99E+3 5.57E+3
-131 3.79E+4 4.44E+4 1.48E+7 5.18E+4 - 1.06E+3 1.96E+4
1-132 1.69E+3 3.54E+3 1.69E+5 3.95E+3 - 1.90E+3 1.26E+3
1-133 1.32E+4 1.92E+4 3.56E+6 2.24E+4 - 2.16E+3 5.60E+3
1-134 9.21E+2 1.88E+3 4.45E+4 2.09E+3 - 1.29E+3 6.65E+2
1-135 3.86E+3 7.60E+3 6.96E+5 B8.47E+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 549E+5 6.12E+5 - 1.72E+5 7.13E+4 1.33E+3 4.55E+4
Cs-138 5.05E+2 7.81E+2 - 4.10E+2 6.54E+1 8.76E+2 3.98E+2
Ba-139 1.48E+0 9.84E-4 - 5.92E-4 595E+3 5.10E+4 4.30E-2
Ba-140 5.60E+4 5.60E+1 - 1.34E+1 1.60E+6 3.84E+4 2.90E+3
Ba-141 1.57E-1 1.08E-4 - 6.50E-5 297E+3 4.75E+3 4.97E-3
Ba-142 398E-2 3.30E-5 - 1.90E-5 1.55E+3 6.93E+2 1.96E-3
La-140 5.05E+2 2.00E+2 - - 1.68E4+5 B8.48E+4 5.15E+1
La-142 1.03E+0 3.77E-1 - - 8.22E+3 5.95E+4 9.04E-2
Ce-141 277E+4 1.67E+4 - 525E+3 S5.17E+5 2.16E+4 1.99E+3
Ce-143 293E+2 1.93E+2 - 5.64E+1 1.16E+5 4.97E+4 2.21E+1
Ce-144 3.18E+6 1.21E+8 - 5.38E+5 9.84E+6 1.48E+5 1.76E+45
Pr-143 1.40E+4 5.24E+3 - 1.97E+3 4.33E+5 3.72E+4 6.99E+2
Pr-144 4.79E-2  1.85E-2 - 6.72E-3 161E+3 4.28E+3 241E-3
Nd-147 7.94E+3 8.13E+3 - 3.15E+3 3.22E+5 3.12E+4 5.00E+2
W-187 1.30E+1  9.02E+0 - - 3.96E+4 3.56E+4 3.12E+0
Np-239 3.71E+2 3.32E+1 - 6.62E+1 595E+4 2.49E+4 1.88E+1
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Table 2.8

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

Nuclide Bone Liver Thyrold  Kidney Lung GI-LL) T.Body
H-3 - 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3
C-14 8.97E+5 1.79E+56 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5
Na-24 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5 2.76E+5
p-32 1.40E+9 8.73E+7 - - - 1.58E+8 5.42E+7
Cr-51 - - 279E+4 1.03E+4 6.19E+4 1.17E+7 4.66E+4
Mn-54 - 3.11E+8 - 9.27E+7 - 9.54E+8 5.94E+7
Mn-56 - 1.61E+1 - 2.04E+1 - 5.13E+2 2.85E+0
Fe-55 2.09E+8 1.45E+8 - - 8.06E+7 8.29E+7 3.37E+7
Fe-59 1.27E+8 2.99E+8 - - 8.35E+7 9.96E+8 1.14E+8
Co-57 - 1.17E+7 - - - 297E+8 1.95E+7
Co-58 - 3.08E+7 - - - 6.26E+8 6.92E+7
Co-60 - 1.67E+8 - - - 3.14E+9 3.6SE+8
Ni-63 1.04E+10 7.21E48 - - - 1.50E+8 3.49E+8
Ni-65 6.15E+1  7.99E+0 - - - 2.03E+2 3.65E+0
Cu-64 - 9.27E+3 - 2.34E+4 - 7.90E+5 4.35E+3
Zn-65 3.17E+8 1.01E+9 - 6.75E+8 - 6.36E+8 4.56E+8
Zn-69 8.75E-6 1.67E-5 - 1.0SE-5 - 2.51E-6 1.16E-6
Br-82 - - - - - 1.73E+6 1.51E+6
Br-83 . - - - - 4.63E+0 3.21E+0
Br-84 - - - - - - -
Br-85 - . - - - - -
Rb-86 - 2.19E+8 - - - 4.32E+7 1.02E+8
Rb-88 - - - - - - -
Rb-89 - . - - - - -
Sr-89 9.96E+9 - - - - 1.60E+9 2.86E+8
Sr-90 6.05E+11 - - - - 1.75E+10 1.48E+11
Sr-91 3.20E+5 - - - - 1.52E+6 1.29E+4
Sr-92 4.27E+2 - - - - 8.46E+3 1.85E+1
Y-20 1.33E+4 - - - - 1.41E+8 3.56E+2
Y-91m 5.83E-9 - - - - 1.71E-8 -
Y-91 5.13E+6 - - - - 2.82E+9 1.37E+5
Y-92 9.01E-1 - - - - 1.58E+4 2.63E-2
Y-83 1.74E42 - - - - 5.52E+6 4.80E+0
Zr-85 1.19E+6 3.81E+5 - 5.97E+5 - 1.21E+9 2.58E+5
Zr-97 3.33E+2 6.73E+1 - 1.02E+2 - 2.08E+7 3.08E+1
Nb-85 1.42E+5 7.91E+4 - 7.81E+4 - 4.80E+8 4.25E+4
Nb-97 2.90E-6 7.34E-7 - 8.56E-7 - 271E-3 2.68E-7
Mo-29 - 6.25E+6 - 1.41E+7 - 1.45€+7 1.19E+6
Tc-99m  3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 5.12E+3 1.10E+2
Te-101 - - - - - - -
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Table 2.8

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

Nuclide Bone Liver Thyrold  Kidney Lung Gi-LLI T.Body
Ru-103  4.80E+8 - - 1.83E+7 - 561E+8 " 2.07E+6
Ru-105  5.39E+1 - - 6.96E+2 - 3.30E+4 2.13E+1
Ru-106  1.93E+8 - - 3.72E+8 - 1.25E+10 2.44E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.06E+7 _ 9.76E+6 - 1.92E+7 - 3.98E+9 5.80E+6
Sb-124  1.04E+8 1.96E+6 2.52E+5 - 8.08E+7 2.95E+9 4.11E+7
Sbh-125° 1.36E+8 1.52E+6 1.39E+5 - 1.05E+8 1.50E+9 3.25E+7
Te-125m 9.66E+7 3.50E+7 290E+7 J3.93E+8 - 3.86E+8 1.29E+7
Te-127m 3.49E+8 1.25E+8 B.92E+7 1.42E+9 - 117E+9 4.26E+7
Te-127 5.76E+3 2.07E+3 4.27E+3 2.35E+4 - 454E+5 1.25E+43
Te-129m 2.55E+8 9.50E+7 B8.75E+7 1.06E+9 - 1.28E+9 4.03E+7
Te-129 6.65E-4 250E-4 5.10E-4 2.79E-3 - 5.02E-4 1.62E-4
Te-131m 9.12E+5 4.48E+5 7.06E+5 4.52E+6 - 4.43E+7 3.72E+5
Te-131 - - - - - - -
Te-132 4.29E+6 2.77E+6 3.06E+68 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 574E+1 154E+2 5.386+3 2.45E+2 - 2.89E+1  5.38E+1
I-133 212E+6 3.69E+6 5.42E+8 6.44E+6 - 3.31E+6 1.12E+6
1-134 1.06E-4 2.88E-4 500E-3 4.59E-4 - 251E-7 1.03E-4
1-135 408E+4 1.07E+5 7.04E+6 1.71E+5 - 1.21E+5 3.94E+4
Cs-134 466E+9 1.11E+10 - 3.59E+9 1.19E+9 1.94E+8 9.07E+9
Cs-136 4.20E+7 1.66E+8 - 9.24E+7 1.27E+7 1.89E+7 1.19E+8
Cs-137 6.368E+9 8.70E+9 - 2.95E+9 9.81E+8 168E+8 5.70E+9
Cs-138 - - - - - - -
Ba-139 295E-2 2.10E-5 - 196E-5 1.19E-5 5.23E-2 8.64E4
Ba-140 1.29E+8 1.62E+5 - 549E+4 9.25E+4 265E+8 8.43E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.97E+3 9.92E+2 - - - 7.28E+7 2.62E+2
La-142 1.40E-4 6.35E-5 - - - 4.64E-1 1.58E-5
Ce-141 1.96E+5 1.33E+5 - 6.17E+4 . 5.08E4+8 1.51E+4
Ce-143  1.00E+3 7.42E+5 - 3.26E+2 - 2.77E47 8.21E+1
Ce-144  3.29E+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.77E+6
Pr-143  6.34E+4 254E+4 - 1.47EH4 . 2.78E48 3.14E+3
Pr-144 - - - - - - -
Nd-147 3.34E+4 3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3
W-187 3.82E+4 3.19E+4 - - - 1.05E+7 1.12E+4
Np-239 1.42E+3 1.40E+2 - 4.37E+42 . 2.87E+7 7.72E+1
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Table 2.9

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

Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
H-3 - 259E+3 2.59E+3 2.59E+3 259E+3 259E+3 259E+3
C-14 1.45E+6 291E+5 291E+5 291E+5 291E+5 291E+5 291E+5
Na-24 2.45E+5 2.45E+5 245E+5 2.45E+5 245E+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 885E+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
Fe55 '3.25E+8 2.31E+8 - - 1.46E+8 9.98E+7 5.38E+7
Fe-59 1.81E+8 4.22E+8 - - 1.33E+8 0.98E+8 1.63E+8
Co-57 - 1.78E+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 5.45E+8
Ni-65 5.73E+1  7.32E+40 - - - 3.97E+2 3.33E+0
Cu-64 - 8.40E+3 - 2.12E+4 - 6.51E+5 3.95E+3
Zn-65 4.24E+8 1.47E+9 - 9.41E+8 - 6.23E+8 6.86E+8
Zn-69 8.19E-6  1.56E-5 - 1.02E-5 - 2.88E-5 1.09E-6
Br-82 - - - - - - 1.33E+6
Br-83 - - - - - - 3.01E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.73E+8 - - - 4.05E+7 1.28E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.51E+10 - - - - 1.80E+9 4.33E+8
Sr-90 7.51E+11 - - - - 211E+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-80 1.24E+4 - - - - 1.02E+8 3.34E+2
Y-91m 5.43E-9 - - - - 2.56E-7 -
Y-91 7.87E+6 - - - - 3.23E+9 2.11E+45
Y-92 8.47E-1 - - - - 2.32E+4 2.45E-2
Y-83 1.63E+2 - - - - 498E+6 4.47E+0
Zr-95 1.74E+6 5.49E+5 . 8.07E+5 - 1.27E+9 3.7BE+5
Zr-97 3.09E+2 6.11E+1 - 9.26E+1 - 1.65E+7 281E+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 - 7.80E-7 - 1.66E-2  2.44E-7
Mo-99 - 5.74E+6 - 1.31E+7 - 1.03E+7 1.09E+6
Tc89m  2.70E+0 7.54E+0 - 1.12E+2 4.19E+0 4.95E+3 9.77E+1
Te-101 - - - - - - -
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Table 2.9

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

Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
Ru-103  6.87E+6 - - 2.42E+7 - 5.74E+8 2.94E+6
Ru-105  5.00E+1 - - 6.31E+2 - 4.04E+4  1.94E+1
Ru-106  3.09E+8 - - 5.97E+8 - 1.48E+10 3.90E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.52E+7  1.44E+7 - 2.74E+7 - 4.04E+9 8.74E+46
Sb-124 1.55E+8 2.85E+46 3.51E+5 - 1.35E+8 3.11E+9 6.03E+7
Sb-125 2.14E+8 2.34E+6 2.04E+5 - 1.88E+8 1.66E+9 5.00E+7
Te-125m 1.48E+8 5.34E+7 4.14E+7 - - 4.37E+8 1.98E+7
Te-127m 551E+8 1.96E+8 1.31E+8 2.24E+9 - 1.37E+9 6.56E+7
Te-127 543E+3 1.92E+3 3.74E+3 2.20E+4 - 419E+5 1.17E+3
Te-129m 3.67E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E4+9 5.81E+7
Te-129 6.22E-4 232E-4 4.45E-4 261E-3 - 3.40E-3 1.51E-4
Te-131Im 8.44E+5 4.05E+5 6.09E+5 4.22E+6 - 325E+7 3.38E+5
Te-131 - - - - - - -
Te-132 3.90E+6 2.47E+6 2.60E+6 2.37E+7 - 7.82E+7 2.32E+6
1-130 3.54E+5 1.02E+6 8.35E+7 1.58E+6 - 7.87E+5 4.09E+5
-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 2.13E+7 5.79E+7
1-132 5188+1 1.36E+2 4.57E+3 2.14E+2 - 5.91E+1 4.87E+1
-133 1.97E+6 3.34E+6 4.66E+8 5.86E+6 - 2.53E+6 1.02E+6
-134 9.59E-5 254E-4 424E-3 4A.01E4 - 3.35E-6 9.13E-5
1-135 3.686+4 9.48E+4 6.10E+6 1.50E+5 - 1.05E+5 3.52E+4
Cs-134  7.09E+9 1.67E+10 - 5.30E+9 2.02E+9 2.08E+8 7.74E+9
Cs-136  4.29E+7 1.69E+8 - 9.19E+7 1.45E+7 1.36E+7 1.13E+8
Cs-137 1.01E+10 1.35E+10 - 459E+9 1.78E+9 1.92E+8 4.69E+9
Cs-138 - - - - - - -
Ba-139 2.77E-2  1.95E-5 - 1.84E-5 1.34E-5 2.47E-1 8.08E-4
Ba-140 1.38B+8 1.69E+5 - 5.75E+4 1.14E+45 2.13E+8 B8.91E+6
Ba-141 - - - - - - -
Ba-142 . - - - - - -
La-140 1.80E+3 8.84E+2 - - - 5.08E+7 2.35E+2
La-142 1.28E-4 5.69E-5 - - - 1.73E+0  1.42E-5
Ce-141 2.82E+5 1.88E+5 - 8.36E+4 - 5.38E+8 2.16E+4
Ce-143 9.37E+2 6.82E45 - 3.06E+2 - 2.05E+7 7.62E+1
Ce-144 527E+7 2.1BE+7 - 1.30E+7 - 1.33E+10 2.83E+6
Pr-143 712E+4 2.B4E+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 - 4.08E+2 - 2.10E+7 7.24E+1
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Table 2.10

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

Nuclide Bone Liver Thyroid  Kidney Lung GI-LL) T.Body
H-3 - 401E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3
C-14 3.50E+6 7.01E+5 7.01E+5 7.01E+5 7.01E+56 7.01E4+5 7.01E+5
Na-24 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 383E+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
Mn-54 - 6.61E+8 - 1.85E+8 - 5.55E+8 1.76E+8
Mn-56 - 1.90E+1 - 2.29E+1 - 2.75E+3 4.28BE+0
Fe-55 8.00E+8 4.24E+8 - - 2.40E+8 7.86E+7 1.31E+8
Fe-59 4,01E+8 €.49E+8 - - 1.88E4+8 6.76E+8 3.23E+8
Co-57 - 2.99E+7 - - - 2.45E+8 6.04E+7
Co-58 - 6.47E+7 - - - 3.77648 1.98E+8
Co-60 - 3.78E+8 - - - 2.10E+9 1.12E+9
Ni-63  3.85E+10 2.11E+9 - - - 1.42E+8 1.34E+9
Ni-65 1.05E+2 9.89E+0 - - - 1.21E+3 5.77E+0
Cu-64 - 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+3
Zn-65 8.12E+8 2.16E+9 - 1.36E+9 . 3.80E+8 1.35E+9
n-69 1.51E-5 2.18E-5 - 1.32E-5 - 1.38E-3 2.02E-6
Br-82 - - - . - - 2.04E+6
Br-83 - - - - - - 5.55E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.52E+8 - - - 291E+7 2.78E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 3.59E+10 - - - - 1.39E+9 1.03E+9
Sr-80 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-80 2.30E+4 - - - - 6.56E+7 6.17E+2
Y-8im 9.94E-9 - - - - 1.95E-5 -
Y-91 1.87E+7 - - - - 249E+49 5.01E+45
Y-92 1.56E+0 - - - - 451E+4 4.46E-2
Y-93 3.01E+2 . - - - 4.48E+6 8.25E+0
Zr-85 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-85 4.10E+5 1.59E+5 - 1.50E+5 - 2.95E+8 1.14E4+5
Nb-97 490E-6 B8.85E-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
Te-101 - - - - - - -
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Table 2.10

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LL) T.Body
Ru-103  1.55E+7 - - 3.89E+7 - 3.99E48 5.94E+6
Ru-105 9.17E+1 - - 8.06E+2 - 5.98E+4 3.33E+1
Ru-1068  7.45E+8 - - 1.01E+9 - 1.16E+10 9.30E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 3.22E+7 2.17E+7 - 4.05E+7 - 258E+9 1.74E+7
Sb-124 352E+8 4.57E+6 7.78E+5 - 1.96E+8 2.20E+9 1.23E+8
Sb-125 4.99E+8 3.85E+6 4.62E+5 - 2.78E+8 1.19E+9 1.05E+8
Te-125m 351E+8 9.50E+7 9.84E+7 - . 3.38E+8 4.67E+7
Te-127m 1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8
Te-127 1.00E+4 2.70E+3 6.93E+3 2.85E+4 - 391E+5 2.15E+3
Te-129m 8.54E+8 2.39E+8 2.75E+8 2.51E+9 - 1.04E+9 1.33E+8
Te-129 1.15E-3 3.22E-4 822E-4 3.37E-3 - 7.17E-2 2.74E-4
Te-131Im 1.54E+6 5.33E+5 1.10E+6 5.16E+6 - 2.16E+7 5.68E+5
Te-131 - - - - - - -
Te-132 6.98E+6 3.09E+6 4.50E+6 2.87E+7 - 3.11E+7 3.73E+6
1-130 6.21E+5 1.26E+6 1.38E+8 1.88E+6 - 5.87E+5 6.47E45
|-131 1.43E+8 1.44E+8 4.76E+10 2.36E+8 - 1.28E+7 8.18E+7
1-132 9.20E+1 1.69E+2 7.84E+3 2.59E+2 - 1.99E+2 7.77E+1
1-133 3.59E+6 4.44E+6 B8.25E+8 7.40E+6 - 1.79E4+6 1.68E+6
1-134 1.70E-4 3.16E-4 7.28E-3 4.84E-4 - 210E-4 1.46E-4
1-135 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 - 8.14E+9 2.92E+9 1.42E+8 5.54E+9
Cs-136 8.06E+7 2.22E+8 - 1.18E+8 1.76E+7 7.79E+6 1.43E+8
Cs-137 239E+10 2.29E+10 - 7.46E+9 268E+9 1.43E+8 3.38E+9
Cs-138 - - - - - - -
Ba-139 5.11E-2 2.73E-5 - 238E-5 161E-5 295E+0 1.48E-3
Ba-140 2.77E+8 2.43E4+5 - 7.90E+4 1.45E+5 1.40E+48 1.62E+7
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 3.23E+3 1.13E+3 - - - 3.15E+7 3.81E+2
La-142 232E-4  7.40E-5 - - - 1.47E+1 2.32E-5
Ce-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
Ce-144 127E+8 3.98E+7 - 2.21E+7 - 1.04E+10 6.78E+46
Pr-143 1.48E+5 4.46E+4 - 241E+4 - 1.60E+8 7.37E+43
Pr-144 - - - - - - -
Nd-147  7.16E+4 5.80E+4 - 3.18E+4 - 9.18E+7 4.49E+3
W-187 6.47E+4 3.83E+4 - - - 5.38E+6 1.72E+4
Np-239 255E+3 1.83E+2 - 5.30E+2 - 1.36E+7 1.29E+2
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R; Grass-Cow-Milk Pathway Dose Factors - ADULT

Table 2.11

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

Nuclide Bone Liver Thyroid Kidney Lung GHILL! T.Body
H-3 - 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2
C-14 3.63E+5 7.26E+4 T7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4
Na-24 2.54E+6 2.54E+6 254E+6 254E+6 2.54E+6 2.54E+6 2.54E+6
P-32 1.71E+10 1.06E+9 - - - 1.92E+2 6.B0E+8
Cr-51 - - 1.71E+4 6.30E+3 3.80E+4 7.20E+6 2.86E+4
Mn-54 - 8.40E+6 - 2.50E+6 - 2.57E+7 1.60E+6
Mn-56 - 4.23E-3 - 5.38E-3 - 1.35E-1 7.51E-4
Fe-55 2.51E+7 ~ 1.73E+7 - - 9.67E+6 9.95E+6 4.04E+6
Fe-59 2.98E+7 7.00E+7 - - 1.95E+7 2.33E+8 2.68E+7
Co-57 - 1.28E+6 - - - 3.25E+7 2.13E46
Co-58 - 4.72E+6 - - - 9.57E+7 1.08E+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+¢ - 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 - 2.50E+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-g2 4.89E-1 - - - - 9.68E+0 2.11E-2
Y-80 7.07E+1 - - - - 7.50E+5 1.90E+0
Y-91m - - - - - - -
Y-91 8.60E+3 - - - - 4.73E+6 2.30E+2
Y-92 5.42E-5 - - - - 9.49E-1 1.58E-6
Y-93 2.33E-1 - - - - 7.3%E+3 6.43E-3
Zr-95 9.46E+2 3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2
2r-97 4.26E-1  B.59E-2 - 1.30E-1 - 2.66E+4 3.93E-2
Nb-95 8.25E+4 4.58E+4 - 4.54E+4 - 2.79E+8 247E+4
Nb-97 - - - - - 5.47E-9 -
Mo-89 - 2.52E+7 - 5.72E+7 - 5.85E+7 4.80E+6
Tc99m  3.25E40 9.19E+0 . 1.40E+2 450E+0 5.44E+3 1.17E+2
Tec-101 - - . - . - -
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Table 2.11

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

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

Ru-103  1.02E+3 . . 3.89E+3 . 1.19E+5 4.33E+2
Ru-105  8.57E-4 . . 1.11E-2 . 5.24E-1  3.38E-4
Ru-108  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  257E+7 4.86E+5 6.24E+4 . 200E+7 7.31E+8 1.02E+7
Sb-125  204E+7 2.28E+5 2.08E+4 . 1.58E+7 225E+8 4.85E+6
To-125m 1.63E+7 5.90E+6 4.90E+6 B6.83E+7 - 6.50E+7 2.18E+6
Te-127m A4.58E+7 1.84E+7 1.17E+7  1.86E+8 . 1.54E+8  5.58E+6
Te-127  6.72E+2 2.41E+2 A4.98E+2 2.74E+3 - 530E+4 1.45E+2
Te-129m 6.04E+7 2.25E+7 2.08E+7 2.52E+8 . 3.04E+8 9.57E+6
Te-129 . . . . - - -
Te-131m 3.61E+5 1.77E+5 2.80E+5 1.79E+6 . 1.75E+7  1.47E+5
Te-131 - - - - - . -
Te-132 2.39E+8 1.55E+6 1.71E+6  1.49E+7 - 7.32E+7  1.45E+6
1130  4.26E+5 1.26E+6 1.07E+8 1.96E+6 . 1.08E+6 4.98E+5
1131  296E+8 4.24E+8 1.39E+11 7.27E+8 . 1.12E+8  2.43E+8
1132 1.84E-1  4.37E-1  1.53E+1  6.97E-1 . 8.22E-2  1.53E-1
1133 3.97E+6 6.90E+6 1.01E+9  1.20E+7 - 6.20E+6  2.10E+6
134 - - . . - - -
1435  1.39E+4 363E+4 240E+6 5.83E+4 . 410E+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 1.01E+10 . 3.43E+49 1.14E+9 1.95E+8 B.61E+9
Cs-138 - - . . - . .
Ba-139  4.70E-8 . . . . 8.34E-8  1.38E-9
Ba-140 2.69E+7 3.38E+4 1.15E+4 193E+4 554E+7 1.76E+6
Ba-141 . . . . - . .
Ba-142 - - - - . - .
La-140  4.49E+0 2.26E+0 - - - 1.66E+5  5.97E-1
La-142 - . . . . 3.03E-8 .
Ce-141  4.84E+3 3.27E+3 - 1.52E+3 - 1.25E+7 3.71E+2
Ce-143  4.19E+1 3.09E+4 . 1.36E+1 . 1.16E+6  3.42E+0
Ce-144  3.58E+5  1.50E+5 - 8.87E+4 - 1.21E+8  1.92E+4
Pr-143  1.59E+2 6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0
Pr-144 . . . . . . .
Nd-147 9.42E+1  1.09E+2 . 6.37E+1 . 5.23E+5  6.52E+0
W-187  656E+3 5.48E+3 . . . 1.80E+6  1.92E+3
Np-239  3.66E+0  3.60E-1 . 1.12E+0 - 7.39E+4  1.98E-1
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Table 2.12

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

Nuclide Bone Liver Thyrold Kidney Lung GI-LLI T.Body
H-3 - 9.84E+2 9.84E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5 1.34E+5 1.34E+5 1.34E45 1.34E+5 1.34E+5 1.34E+5

Na-24 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6
p-32 3.15E+10 1.95E+9 - - - 2.65E49 1.22E+9
Cr-51 - - 278E+4 110E+4 7.13E+4 8.40E+6 5.00E+4
Mn-54 - 1.40E+7 - 4.17E+6 - 2.87E+7 2.78E+8
Mn-56 - 7.51E-3 - 9.50E-3 - 4.94E-1 1.33E-3
Fe-55 4.45€6+7 3.16E+7 - - 2.00E+7 1.37E+7 7.36E+6
Fe-58 5.20E+7 1.21E+8 - - 3.82E+7 2.87E+8 4.68E+7
Co-57 - 2.25E+6 - . - 4.19E+7 3.76E+6
Co-58 - 7.95E+6 . - - 1.10E+8 1.83E+7
Co-60 - 2.78E+7 . - - 3.62E+8 6.26E+7
Ni-63 1.18E+10 8.35E+8 - - - 1.33E+8 4.01E+8
Ni-65 6.78E-1 8.66E-2 - - - 4.70E+0  3.94E-2
Cu-64 - 4.29E+4 . 1.09E+5 - 3.33E+6 2.02E+4
Zn-65 2.11E+98 7.31E+9 - 4.68E+9 - 3.10E+9 3.41E+9
Zn-69 - - - - - - -
Br-82 - - - - - - 5.64E+7
Br-83 - - - - - - 1.91E-1
. Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.73E+9 - - - 7.00E+8 2.22E49
Rb-88 - - - - - - -
Rb-89 - . - - - - -
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 - - - - 261E+5 2.29E+3
Sr-92 8.95E-1 - - - - - 2.28E+1  3.B1E-2
Y-80 1.30E+2 - - - - 1.07E+6 3.50E+0
Y-91m - - - - - - -
Y-91 1.58E+4 - - - - 6.48E+6 4.24E+2
Y-92 1.00E-4 - - - - 2.75E+0 2.90E-6
Y-93 4.30E-1 - - - - 1.31E+4 1.18E-2
Zr-85 1.65E4+3 5.22E+2 - 7.67E+2 - 1.20E+6 3.59E+2
2r-97 7.75E-1 1.53E-1 - 2.32E-1 - 4.15E+4  7.06E-2
Nb-85 1.41E+5 7.80E+4 - 7.57E+4 - 3.34E+8 4.30E+4
Nb-97 - - - - - 6.34E-8 -
Mo-99 - 4.56E+7 - 1.04E+8 - 8.16E+7 8.69E+6
Tc-89m  5.64E+0 1.57E+1 - 2.34E+2 B8.73E+0 1.03E+4 2.04E+2
Tec-101 - - - - - - .
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Table 2.12

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.81E+43 - - 6.40E+3 - 1.52E+5 7.75E+2
Ru-105 1.57E-3 - - 1.97E-2 - 1.26E+0 6.08E-4
Ru-106 3.75E+4 - - 7.23E+4 - 1.80E+6 4.73E+3
Rh-103m - - - - - - -
Rh-106 < - - - - - -
Ag-110m 9.63E+7 9.11E+7 - 1.74E+8 - 2.56E+10 5.54E+7
Sb-124  4.59E+7 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 2.84E+8 8.54E+B
Te-125m 3.00E+7 1.08E+7 8.39E+6 - - 8.86E+7 4.02E+6
Te-127m 8.44E+7 2.99E+7 2.01E+7 3.42E+8 - 210E+8 1.00E+7
Te-127 1.24E+3 4.41E+2 8.59E+2 5.04E+3 . 9.61E+4 2.68E+2
Te-129m 1.11E+8 4.10E+7 3.57E+7 4.62E+8 - 4.15E+8 1.75E+47
Te-129 - - - 1.67E-9 - 2.18E-9 -
Te-131m 6.57E+5 3.15E+5 4.74E+5 3.29E+6 - 253E+7 2.63E+45
Te-131 - - - - - - -
Te-132 4.2BE+6 2.71E+6 2.86E+6 2.60E+7 - 8.58E+7 2.55E+46
1-130 7.49E+5 217E+6 1.77E+8 3.34E+6 - 1.67E46 8.66E+5
i-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 - 1.49E+8 4.04E+8
1-132 2.90E-1 7.59E-1 2.56E+1 1.20E+0 - 3.31E-1 2.72E-1
1-133 7.24E+6 1.23E+7 1.72E+9 2.15E+7 - 9.30E+6 3.75E+6
1-134 - - - - - - -
1-135 247E+4 6.35E+4 4.08E+6 1.00E+5 7.03E+4 2.35E+4
Cs-134 981E+9 231E+10 - 7.34E+9 2.80E+9 287E+8 1.07E+10
Cs-136 4.45E+8 1.75E+9 - 9.53E+8 1.50E+8 1.41E+8 1.18E+49
Cs-137 1.34E+10 1.78E+10 - 6.06E+9 2.35E+9 2.53E+8 6.20E+9
Cs-138 - - - - - - -
Ba-139 8.65E-8 - - - - 7.75E-7 2.53E-9
Ba-140 4.85E+7 5.95E+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 8.06E+0 3.96E+0 - - - 2.27E+5 1.05E+0
La-142 - - - - - 2.23E-7 -
Ce-141 8.87E+3 5.92E+3 - 2.79E+3 - 1.69E+7 6.81E+2
Ce-143 7.69E+1 5.60E+4 - 2.51E+1 - 1.68E+6 6.25E+0
Ce-144 6.58E+5 2.72E+5 - 1.63E+5 - 1.66E+8 3.54E+4
Pr-143 292E+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  3.68E-1
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Table 2.13

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.57E+3 1.57E+3 1.57E+3 1.57E+3 157E+3 1.57E+3
C14 1.65E+6 3.29E+5 3.29E+5 3.20E+5 3.20E+5 3.29E+5 3.29E+5
Na-24 0.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
P-32 7.77E+10 3.64E+9 - o- - 2.15E+8  3.00E+9
Cr-51 - - 5.66E+4 155E+4 1.03E+5 541E+6 1.02E+5
Mn-54 - 2.09E+7 - . 5.87E+6 - 1.76E+7 5.58E+6
Mn-56 - 1.31E-2 - 1.58E-2 - 1.90E+0 2.95E-3
Fe-55 1.12E+8 5.93E+7 - - 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8 1.95E+8 - - 5.65E+7 2.03E+&8 9.71E+7
Co-57 = - 3.84E+6 - - - 3.14E+7 7.77E+6
Co-58 - 1.21E+7 - - - 7.08E+7 3.72E+7
Co-60 - 4.32E+7 - - - 239E+8 1.27E+8
Ni-63 2.96E+10 1.59E+% - - - 1.07E+8 1.01E+9
Ni-65 1.66E+0  1.56E-1 - - - 191E+1  9.11E-2
Cu-64 - 7.55E+4 - 1.B2E+45 - 3.54E+6 4.56E+4
Zn-65 413E+9 1.10E+10 - 6.94E+9 - 1.93E+9 6.85E+9
- Zn-69 - - - - - 2.14E-9 -
Br-82 - - - - - - 1.15E+8
Br-83 - - - - - - 4.69E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 8.77E+49 - - - 5.64E+8 5.39E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 6.62E+9 - - - - 2.56E+8 1.B9E+8
Sr-80 1.12E+11 - - - - 1.51E+9 2.83E+10
Sr-91 1.41E+5 - - - - 3.12E+5 5.33E+3
Sr-92 2.18E+0 - - - - 414E+1  B.76E-2
Y-90 3.22E+2 - - - - 9.15E+5 8.61E+0
Y-91im - - - - - - -
Y-91 3.91E+4 - - - - 5.21E+6 1.04E+3
Y-g2 2.46E-4 - - - - 7.10E+0  7.03E-6
Y-83 1.06E+0 - - - - 1.57E+4  2.80E-2
Zr-95 3.84E+3 8.45E+2 - 1.21E43 - 8.81E+5 7.52E+2
Zr-97 1.89E+0 2.72E-1 . - 3.91E-1 - 413E+4 1.61E-1
Nb-95 3.1BE+5 1.24E+5 - 1.16E+5 - 2.20E+8 B.84E+4
Nb-97 - - - - - 1.45E-6 -
Mo-98 - 8.28E+7 - 1.77E+8 - 6.86E+7 2.05E+7
Te89m  1.29E+1  2.54E+1 . 3.68E+2 1.29E+1 1.44E+4 4.20E+2
Te-101 - - - - - - -
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Table 2.13 .

R, Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per pCifm®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid  Kidney Lung GI-LLI T.Body
Ru-103  4.29E+3 - - 1.08E+4 - 1.11E+5 1.65E+3
Ru-105  3.82E-3 - - 3.36E-2 - 249E+0  1.39E-3
Ru-106  9.24E+4 - - 1.25E45 - 1.44E+6 1.15E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 2.09E+8 1.41E+8 - 2.63E+8 - 1.68E+10 1.13E+8
Sb-124 1.09E+8 1.41E+8 2.40E+5 - 8.03E+7 6.79E+8 3.81E+7
Sb-125 B8.70E+7 1.41E+6 B.06E+4 - 485E+7 2.08E+8 1.82E+7
Te-125m 7.38E+7 2.00E+7 2.07E+7 - - 7.12E+7 9.84E+6
Te-127m 2.08E+8 5.60E+7 4.97E+7 593E+8 - 1.68E48 2.47E+7
Te-127 3.06E+3 8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2
Te-129m 2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8 4.23E+7
Te-129 - - - 2.87E-9 - 6.12E-8 -
Te-131m 1.80E+6 5.53E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5
Te-131 - - - - - - -
Te-132 1.02E+7 4.52E+6 6.58E+6 4.20E+7 - 4.55E+7 5.46E+6
-130 1.75E+6 3.54E+6 3.90E+8 5.29E+6 - 1.66E+6 1.82E+46
I-131 1.30E+S 1.31E+9 4.34E+11 2.15E+9 - 1.17E+8 7.46E+8
1-132 6.86E-1 126E+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 B.23E+6
1-134 - - - - - - -
-135 5.84E+4 1.05E+5 9.30E+6 1.61E+5 - 8.00E+4 4.97E+4
Cs-134 2.26E+10 3.71E+10 - 1.15E+10 4.13E+9 2.00E+8 7.83E+9
Cs-136 1.00E+9 2.76E+9 - 147E+9 2.19E+8 9.70E+7 1.79E+9
Cs-137 3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.93E+8 4.55E+9
Cs-138 - - - - - - -
Ba-139 2.14E-7 - - - - 1.23E-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 2.19E+4 1.C9E+4 - 478E+3 - 1.36E+7 1.62E+3
Ce-143  1.89E+2 1.02E+5 - 4.29E+1 - 1.50E+6 1.48E+1
Ce-144  1.62E+6 5.09E+5 - 2.82E+5 - 1.33E+8 8.66E+4
Pr-143 7.23E+2 2.17E+2 - 1.17E+2 - 7.80E+5 3.58E+1
Pr-144 - - - - - - -
Nd-147 4.45E+2 3.60E+2 - 1.98E+2 - 5.71E+5 2.79E+1
W-187 291E+4 1.72E+4 - - - 242E+6 7.73E+3
Np-239  1.72E+1 1.23E+0 - 3.57E+0 - 9.14E+4  8.68E-1
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R; Grass-Cow-Milk Pathway Dose Factors - INFANT

Table 2.14

(mrem/yr per pCi/m3) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 2.38E+3 23BE+3 2.38E4+3 2.38E+3 2.38E+3 2.38E+3
C-14 3.23E4+6 6.89E+5 ©689E+5 6.8SE+5 6.89E+5 6.8%E+5 6.B9E+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+0 5.53E-3
Fe-55 1.35E+8 8.72E+7 - - 427E+7 1.11E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.B8E+8 1.55E+8
Co-57 - 8.95E+6 - - - 3.05E+7 1.46E+7
Co-58 - 2.43E+7 - - - 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - - 2.10E+8 2.08E+8
Ni-63 3.42E4+10 2.16E+9 - - - 1.07E+8 1.21E+9
Ni-65 3.51E+0 3.97E-1 - - - 3.02E+1 1.81E-1
Cu-64 - 1.88E+5 - 317E+5 - 3.85E+6 B.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 - - - - - - 8.95E-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+2 3.10E+10
Sr-91 2.94E+5 - - - - 3.48E+5 1.06E+4
Sr-92 4.65E+0 - - - - 5.01E+1  1.73E-1
Y-80 6.80E+2 - - - - 9.35E+5 1.8B2E+1
Y-91m - - - - - - -
Y-91 7.33E+4 - - - - 5.26E+6 1.95E+3
Y-92 5.22E-4 - - - - 0.97E+0 147E-5
Y-93 2.25E+0 - - - - 1.78E+4  6.13E-2
2r-95 6.83E+3 1.66E+3 - 1.79E+3 - 8.28E+5 1.18E+3
Zr-87 3.99E+0 6.85E-1 . 6.91E-1 - 4.37E+4 3.13E-1
Nb-95 5.93E+5 2.44E+5 - 1.75E+5 - 2.06E+8 1.41E45
Nb-g7 - - . - - 3.70E-6 -
Mo-99 - 2.12E+8 - 3.17E+8 - 6.98E+7 4.13E+7
Tc89m  2.68E+1  5.55E+1 - 5.97E+2 290E+1 1.61E+4 7.15E+2
Te-101 - - - - . - -
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Table 2.14
R, Grass-Cow-Milk Pathway Dose Factors - INFANT
(mrem/yr per uCi/m?®) for H-3 and C-14 (m2? x mrem/yr uCi/sec) for others

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

Ru-103  8.69E+3 - - 1.81E+4 - 1.06E+5 2.91E+3
Ru-105  B.06E-3 - - 5.92E-2 - 3.21E+0 2.71E-3
Ru-106  1.90E+5 - ) 2.25E+5 - 1.44E+6 2.38E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 3.86E+8 2.82E+8 - 4,03E+8 - 1.46E+10 1.85E+8
Sb-124 2.09E+8 3.08E+6 5.56E+5 - ' 1.31E+8 ©646E+8 6.49E+7
Sb-125  1.49E+8 1.45E+6 1.87E+5 - 9.38E+7 1.99E+8 3.07E+7
Te-125m 1.51E+8 5.04E+7 5.07E+7 - . 7.18E+7 2.04E+7
Te-127m 4.21E+8 1.40E+8 1.22E+8 1.04E+9 - 1.70E+8 5.10E+7
Te-127 6.50E+3 2.18E+3 5.29E+3 1.59E+4 . 1.36E+5 1.40E+3
Te-129m 5.59E+8 1.92E+8 2.15E+8  1.40E+9 - 3.34E+8 8.62E+7
Te-129  2.08E-9 - 1.75E-9  5.18E-9 - 1.86E-7 -
Te-131m 3.38E+6 1.36E+6 2.76E+6 9.35E+6 - 2.29E+7 1.12E+6
Te-131 - - - - . - -
Te-132  2.10E+7 1.04E+7 1.54E+7 6.51E+7 - 3.85E+7 9.72E+6
1-130 3.60E+6 7.92E+6 B8.88E+8 8.70E+6 - 1.70E+6 3.18E+6
1-131 2.72E+9 3.21E+9 1.05E+12 3.75E+9 - 1.15E+8 1.41E+9
1-132 1.42E+0 2.89E+0 1.35E+2 3.22E+0 - 2.34E+0 1.03E+0
1-133 3.72E+7 5.41E+7 9.84E+9 6.36E+7 - 9.16E+6 1.58E+7
1-134 - - 1.01E-9 - - - -
I-135 1.21E+5 241E+5 2.16E+7 2.69E+5 - 8.74E+4 8.80E+4
Cs-134 3.65E+10 6.80E+10 - 1.75E+10 7.18E+9 1.85E+8 6.87E+9
Cs-136  1.96E+9 5.77E+9 - 2.30E+9 4.70E+8 8.76E+7 2.15E+9
Cs-137 5.15E+10 6.02E+10 - 1.62E+10 6.55E+9 1.88E+8 4.27E+9
Cs-138 - - - - - - -
Ba-139  4.55E-7 - - - - 2.88E-5 1.32E-8
Ba-140 2.41E+8 241E+5 - 5.73E+4 1.48E+5 5.92E+7 1.24E+7
Ba-141 - - - - - - -
Ba-142 . . . - . - .
La-140  4.03E+1  1.59E+1 - - - 1.87E+5 4.09E+0
La-142 . - - - - 5.21E-6 -
Ce-141  4.33E+4 2.64E+4 - 8.15E+3 - 1.37E+7 3.11E+3
Ce-143 4.00E+2 2.65E+5 - 7.72E+1 - 1.55E+6 3.02E+1
Co-144 233E+8 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#1
Pr-144 - - - - . - .
Nd-147 8.82E+2 9.08E+2 - 3.49E+2 - 5.74E+5 5.55E+1
W-187 6.12E+4 4.26E+4 - - - 250E+6 1.47E+4
Np-239  3.64E+1 3.25E+0 - 6.49E+0 - 9.40E+4 1.84E+0
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R; Ground Plane Pathway Dose Factors |

Table 2.15

(m? x mrem/yr per pCi/sec)
Nuclide Any Organ
H-3 -
C-14 -
Na-24 1.21E+7
P-32 -
Cr-51 4.68E+6
Mn-54 1.34E+9
Mn-56 '9.05E+45
Fe-55 -
Fe-59 2.75E+8
Co-57 4.37E+8
Co-58 3.82E+8
Co-60 2.16E+10
Ni-63 -
Ni-65 2.97E+5
Cu-64 6.09E+5
Zn-65 7.45E+8
Zn-69 -
Br-82 4 .57E+7
Br-83 4.89E+3
Br-84 2.03E+5
Br-85 -
Rb-86 8.9BE+6
Rb-88 3.20E+4
Rb-89 1.21E45
Sr-89 2.16E+4
Sr-90 -
Sr-91 2.19E+6
Sr-92 7.77E+45
Y-90 4.48E+3
Y-91m 1.01E+5
Y-91 1.08E+6
Y-92 1.80E+5
Y-93 1.85E+5
2r-85 2.48E+8
Zr-97 2.94E+6
Nb-95 1.36E+8
Nb-97 2.28E+6
Mo-89 4.05E+6
Tc-99m 1.83E+5
Te-101 2.04E+4
Ru-103 1.09E+8
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Table 2.15

R; Ground Plane Pathway Dose Factors

(m? x mrem/yr per uCi/sec)
Nuclide : Any Organ
Ru-105 6.38E+5
Ru-1086 4.21E+8
Rh-103m -
Rh-106 -
Ag-110m 3.47E+9
Sb-124 2.87E+9
Sb-125 6.49E+9
Te-125m 1.55E+6
Te-127m S.17E+4
Te-127 3.00E+3
Te-128m 2.00E+7
Te-129 2.60E+4
Te-131m 8.03E46
Te-131 2.93E+4
Te-132 4.22E46
1-130 5.53E+6
i-131 1.72E+7
-132 1.24E+6
1-133 2,47E+6
l-134 4.49E45
1-135 2.56E+6
Cs-134 6.75E+9
Cs-136 1.45E+8
Cs-137 1.04E+10
Cs-138 3.50E+5
Ba-139 1.06E+5
Ba-140 2.05E+7
Ba-141 4.18E+4
Ba-142 4 49E+4
La-140 1.91E+7
La-142 7.36E+5
Ce-141 1.36E+7
Ce-143 2.32E+6
Ce-144 6.95E+7
Pr-143 -
Pr-144 1.83E+3
Nd-147 8.40E+6
W-187 2.36E+6
Np-239 1.71E46
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‘4  RADIOLOGICAL EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS

~ 3/4.0 APPLICABILITY AND SURVEILLANCE REQUIREMENTS

L]

SPECIFICATIONS

3.0.1

3.0.2

3.03

Compliance with the specifications contained in the succeeding text is required during the
conditions specified therein; except that upon failure to meet the specifications, the associated

ACTION requirements shall be met.

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

required.

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

SURVEILLANCE REQUIREMENTS

4.0.1

4.0.2

4.0.3

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

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

Failure to perform a Surveillance Requirement within the specified time interval shall constitute
a failure to meet the OPERABILITY requirements for a Specification. Exceptions to these
requirements are stated in the individual Specification. Surveillance Requirements do not have

to be performed on inoperable equipment.
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3/4.1 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

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

APPLICABILITY

During release via the monitored pathway.

ACTION

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

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

SURVEILLANCE REQUIREMENTS

4.1 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST

operations at the frequencies shown in Table 4.1.

BASIS

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

SPECIFICATIONS

32

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

APPLICABILITY

ACTION

a.

As shown in Table 3.2.

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

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

SURVEILLANCE REQUIREMENTS

4.2

BASIS

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

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

CFR Part 50.
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3/4.3 LIQUID EFFLUENTS
CONCENTRATION

SPECIFICATIONS

3.3.1 The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS shall be limited to ten times the concentrations specified in
10 CFR Part 20, Appendix B, Table 2, Column 2 for radionuclides other than dissolved
or entrained noble gases. For dissolved or entrained noble gases, the concentration shall

be limited to 2 x 10" pCi/ml total activity.
APPLICABILITY

During release via the monitored pathway.

ACTION
With the concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS exceeding the above limits, without delay restore the
concentration to within the above limits.
SURVEILLANCE REQUIREMENTS
4.3.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the
sampling and analysis program of Table 4.3.
4.3.1.2 The results of the radioactivity analyses shall be used in accordance with the
methodology and parameters in the ODCM to assure that the concentrations at
the point of release are maintained within the limits of ODCM
Specification 3.3.1.
BASIS

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

using the methods described in International Commission on Radiological Protection (ICRP)

Publication 2.

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

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

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

APPLICABILITY

At all times.

ACTION

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

SURVEILLANCE REQUIREMENTS

43.2 Cumulative dose contributions from liquid effluents for the current calendar quarter and
the current calendar year shall be determined in accordance with the methodology and

parameters in the ODCM once per 31 days.

BASIS

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

SPECIFICATIONS

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

quarter.
APPLICABILITY
Atall time;.
ACTION
a. With radioactive liquid waste being discharged without treatment and in excess of

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

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

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

SURVEILLANCE REQUIREMENTS

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

BASIS

Liquid Radwaste Treatment System - The requirement that the appropriate portions of
this system be used, when specified, provides assurance that the releases of radioactive
materials in liquid effluents will be kept “as low as is reasonably achievable.” This
specification implements the requirements of 10 CFR Part 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50 and the design objective given in Section
IL.D of Appendix Ito 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the liquid radwaste treatment system were specified as a suitable
fraction of the dose design objectives set forth in Section IL.A of Appendix I, 10 CFR Part
50, for liquid effluents.
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3/4.4 GASEOUS EFFLUENTS

DOSE RATE

SPECIFICATIONS

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

following:

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

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

mrem/yr to any organ.

APPLICABILITY

At all times.

ACTION
a. With the dose rate(s) exceeding the above limits, without delay restore the release
rate to within the above limit(s).
SURVEILLANCE REQUIREMENTS

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

ODCM.

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

44.
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BASIS

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

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

SPECIFICATIONS

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

a. During any calendar quarter: Less than or equal to 5 mrad for gamma radiation
and less than or equal to 10 mrad for beta radiation and,
b. During any calendar year: Less than or equal to 10 mrad for gamma radiation
and less than or equal to 20 mrad for beta radiation.
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.b.3, a Special Report that identifies the
cause(s) for exceeding the limit(s) and defines the corrective actions that have been taken
to reduce the releases and the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

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

BASIS

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

SPECIFICATIONS

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

limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrem to.ariy organ

b. gfl:ing any calendar year: Less than or equal to 15 mrem to any organ.
APPLICABILITY

At all times.

ACTION

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

SURVEILLANCE REQUIREMENTS

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

BASIS

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

SPECIFICATIONS

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

APPLICABILITY
At all times.
ACTION

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

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

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

3. Summary description of action(s) taken to prevent a recurrence.
SURVEILLANCE REQUIREMENTS
444 Doses due to gaseous releases from areas at and beyond the SITE BOUNDARY

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

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

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

SPECIFICATIONS

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

APPLICABILITY

ACTION

a.

At all times.

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

SURVEILLANCE REQUIREMENTS

4.5.1

4.5.2

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

Cumulative dose contributions from direct radiation from the reactor unit shall be
determined in accordance with the methodology and parameters in the ODCM.

This requirement is applicable only under conditions set forth in ODCM |

Specification 3.5.a.
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BASIS

Total Dose - This specification is provided to meet the dose limitations of 40 CFR Part
190 that have been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification
requires the preparation and submittal of a Special Report whenever the calculated doses
from plant generated radioactive effluents and direct radiation exceed 25 mrem to the
total body or any organ, except the thyroid, which shall be limited to less than or equal to
75 mrem. It is highly unlikely that the resultant dose to 2a MEMBER OF THE PUBLIC
will exceed the dose limits of 40 CFR Part 190 if the reactor remains within twice the
dose design objectives of Appendix I, and if direct radiation doses from the reactor are
kept small. The Special Report will describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within the 40 CFR Part
190 limits. For the purposes of the Special Report, it may be assumed that the dose
commitment to the MEMBER OF THE PUBLIC from other uranium fuel cycle sources
is negligible. If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the
requirements of 40 CFR Part 190, the Special Report with a request for a variance
(provided the release conditions resulting in violation of 40 CFR Part 190 have not
already been corrected), in accordance with the provisions of 40 CFR 190.11 and 10 CFR
20.2203, is considered to be a timely request and fulfills the requirements of 40 CFR Part
190 until NRC staff action is completed. The variance only relates to the limits of 40
CFR Part 190, and does not apply in any way to the other requirements for dose
limitation of 10 CFR Part 20, as addressed in ODCM Specifications 3.3.1 and 3.4.1. An
individual is not considered a MEMBER OF THE PUBLIC during any period in which
he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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3/46 REPORTING REQUIREMENTS
3/4.6.1 Radioactive Effluent Release Report
The Radioactive Effluent Release Report shall include the following:

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

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

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

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

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

4 In lisu of submission with the annual Radioactive Effluent Release Report, the licensee has the option of
retaining this summary of required meteorological data on site in a file that shall be provided to the NRC
upon request.
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TABLE 3.1

RADIOACTIVE L1QUID EFFLUENT MONITORING INSTRUMENTATION

Minimum
Instrument Channels Action
Operable
1. Gross Radioactivity Monitors Providing Alarm and Automatic
Termination of Release
a. Liquid Radwaste Effluent Line (R-18) 1 1
b. Steam Generator Blowdown Effluent Line (R-19) 1 2
2. Gross Beta or Gamma Radioactivity Monitors Providing Alarm But
Not Providing Automatic Termination of Release
a. Service Water System Effluent Line (Component cooling, R-20)
1 3
b. Service Water System Effluent Line (Containment fan cooling,
R-16) 1 3

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

release:

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

Requirement 4.3.1.1 and

b. 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 number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided grab
samples are analyzed for gross radioactivity (beta or gamma) at a lower limit of detection

of 1.0E-6 uCi/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 primary-to-secondary leakage (with

secondary side activity > 1.0E-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 1.0E-6 uCi/ml. (Note: Failure to complete
sampling and analysis prior to 12 hours after the monitor is declared 0.0.S. is a violation

of this specification).
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TABLE 3.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

(Page 1o0f 2)
Minimum
Instrument Channels | Applicability | Action
Operable
1. Noble Gas Activity Monitor
a. R-13 orR-14
- Waste Gas Holdup System
(auto-isolation)
- Auxiliary Building Ventilation
System 1 *
- Containment Purge 2” line 4
(auto-isolation) 5
b. R-12 orR-21 6
- Containment purge 36” duct 1 *
(auto-isolation) 6
c. R-15 1 *
- Condenser Evacuation System 5
2. Radioiodine & Particulate Samplers
a. Containment Building Vent (R-21) o
b. Auxiliary Building Vent (R-13 or 1 * 7
R-14) 1 * 7
3. Sampler Flow Rate Measuring Devices ’
a. Containment Building Vent Sampler
(R-21)
b. Auxiliary Building Vent Sampler 1 * 8
(R-13 orR-14) 1 * 8
* At all times
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TABLE 3.2

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

(Page 2 of 2)

TABLE NOTATIONS

Action 4 -

Action 5 -

Action 6 -

Action 7 -

Action 8 -

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, the contents of the tank(s) may be released to
the environment provided that prior to initiating the release:

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

Otherwise, suspend release of radioactive effluents via this pathway.

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

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

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

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

3-19 REV.9
12/02/2005



TABLE 4.0
FREQUENCY NOTATION
Notation Frequency®
S Once per shift
St Once per 12 hours
D Once per 24 hours
w Once per 7 days
M Once per 31 days
Q Once per 92 days
SA Once per 184 days
R Once per refueling cycle, not to exceed 18 months
P Prior to each reactor startup if not done previous week
PR Completed prior to each release
NA Not applicable

3 A maximum extension not to exceed 25% of the surveillance interval.
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TABLE 4.1

RADIOACTIVE LIQUID EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

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

RADIOACTIVE GASEOUS EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Channel Modes In Which
Channel | Source Channel Functional Surveillance
Instrument Check Check | Calibration Test Required
1. Noble Gas Activity Monitor
a. R-13orR-14
Waste Gas Holdup System PR PR R Q *
(auto-isolation)
Auxiliary Building Ventilation D M R Q *
System
Containment Purge 2* line D M R Q *
(auto-isolation)
b. R-120rR-21
Containment purge 36" duct D PR R Q *
(auto-isolation)
c. R-15
Condenser Evacuation System D M R Q *
2. Radioiodine Particulate Samplers
a. Containment Building vent w NA NA NA *
R-21)
b. Auxiliary Building vent (R-13 w NA NA NA *
or R-14)
3. Sampler Flow Rate Measuring
Devices
a. Contzinment Building vent D NA R *
sampler (R-21) Q
b. Auxiliary Building vent sampler D NA R *
(R-13 orR-14) Q
At all times other than when the line is valved out and tagged.
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TABLE 43

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Page 1of2
Minimum Lower Limit of
Sampling Analysis Type of Activity Detection (LLD)"
Liquid Release Type Frequency Frequency Analysis (pCi/ml)
A. Batch Waste Release FR PR Principal Gamma 1x10°®
Tanks® Each Batch | EachBatch | Emitters®
I-131 1x10®
PR M H-3 1x10°
Each Batch Composite? | Gross Alpha 5x107
PR Q Sr-89, Sr-90 5x10°
Each Batch Composite® | Fe-55 1x10°¢
B. Continuous Releases® w w Principal Gamma
(SG Blowdown) Grab Sample | Grab Sample | Emitters® 5x107
(TB Sump®)
I-131 1x10*
w M H-3 1x10°%
Grab Sample | Composite’ | Gross Alpha 5x107
w Q Sr-89, Sr-90 5x10°%
Grab Sample | Composite! | Fe-55 1x10°
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TABLE 4.3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
Page20f2

Table Notations

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

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

4.66 * s,

LLD =
E*V*222x10° *Y *expl A1)

Where:

» LLD is the a priorj 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
appropriate, as counts per minute,

» Eis the counting efficiency, as counts per disintegration,

» Vs the sample size in units of mass or volume,

e 222 x 10%is the number of disintegrations per minute per microcurie,

e Y is the fractional radiochemical yield, when applicable,

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

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

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

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing the capability
of a2 measurement system and not as an a posterjori (after the fact) limit for a particular measurement.

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

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

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

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

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

During periods of identified primary-to-secondary leakage (with the secondary activity > 1.0E-05 uCi/ml),
grab samples are collected daily and analyzed by gamma spectroscopy.
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TABLE 4.4

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

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

I

Table Notations

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

Where:

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

measurement.

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

4.66 * s,
E*V*2.22x10° *Y *exp™

LLD =

LLD is the a priori lower limit of detection as defined above, as uCi per unit mass or volume,
Sy is the standard deviation of the background counting rate or of the counting rate of a blank
sample as appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,

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

2.22 x 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.

The principal gamma emitters for which the LLD specification applies exclusively are the
following radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous
emissions and Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, Cs-134, Cs-137, Ce-141, and Ce-
144 for particulate emissions. This list does not mean that only these nuclides are to be
considered. Other gamma peaks that are identifiable, together with those of the above
nuclides, shall also be analyzed and reported in the Radioactive Effluent Release Report

pursuant to TS 6.9.b.2.

The ratio of the sample flow rate to the sampled flow stream flow rate shall be known (based on
sampler and ventilation system flow measuring devices or periodic flow estimates) for the time
period covered by each dose or dose rate calculation made in accordance with ODCM

Specifications 3.4.1, 3.4.2, and 3.4.3.
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APPENDIX A

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

To verify that the current approach to determining environmental doses using a simplified
method has remained consistent since the previous analysis (performed using effluent data from
1981-1983), a similar evaluation was performed using the liquid effluent release data from 2000-
2002. From the effluent data, the dose contribution of the radionuclide mixture can be obtained
to provide a simplified method of determining compliance with the dose limits of ODCM
Specification 3.3.2. For the radionuclide distribution of effluents from the Kewaunee Power’
Station, the controlling organ is either the GI-LLI or the liver. The calculated GI-LLI dose is
almost exclusively dictated by the Nb-95 releases; the liver dose is mostly a function of the Cs-
134 and Fe-55 releases. The radionuclides, Fe-55, Co-58, Co-60, Sr-90, and Cs-137 contribute
essentially all of the calculated total body dose. The results of this evaluation are presented in
Table A-1. The individual nuclide doses used in the dose comparisons of Table A-1 were
calculated using the total curies released via batch and continuous releases as reported in the
Annual Radioactive Effluent Release Report, weighted by the appropriate dose factors.

Tritium is not included in the limited analysis dose assessment for liquid releases, because the
potential dose resulting from normal reactor releases is negligible. From 2000-2002, the
maximum tritium release from the Kewaunee Nuclear Plant to Lake Michigan was 270 curies.
The calculated total body dose from such a release is 1.36E-02 mrem/yr via the fish ingestion
and drinking water pathways. This amounts to 0.07% of the design objective dose of 3 mrem/yr.
Furthermore, the release of tritium is a function of operating time and power level and is
essentially unrelated to radwaste system operation.

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

While not present in the 2000-2002 liquid effluent releases, it still remains conservative to use
the Cs-134 dose conversion factor (7.09E+05 mrem/hr per pCi/ml, liver) to evaluate the
maximum organ dose. Only the reactor-generated radionuclide Nb-95 has a higher dose
conversion factor (1.51E+06 mrem/hr per uCi/ml, GI-LLI). However, since Nb-95 releases are
typically less than 5% of the total releases, it is conservative to use the Cs-134 factor. By this
“approach, the maximum organ dose will be routinely overestimated. For 2000, using this
simplified conservative method (CW value of 2.00E+05 gpm) would overestimate the maximum
organ dose as reported in the Annual Radioactive Effluent Release Report by a factor of 234; for
2001, the conservatism is a factor of 109; and for 2002, a factor of 730. This comparison is
shown in Table A-2.
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For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per uCi/ml, total body)
is again used since it is higher than the identified dominant nuclides. For 2000, using this
simplified conservative dose calculational method would overestimate the total body dose by a
factor of 253; for 2001, the conservatism is a factor of 105; and for 2002, a factor of 601.

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

Total Body
Do = l'67E-02>(VOL>(ACs-134.'rxaxZCi (A.1)
Cw
where:
Dy = dose to the total body (mrem)

Acsazate = S5.79E+405, total body ingestion dose conversion factor for Cs-134 (mrem/hr per

uCi/ml)
VOL - = volume of liquid effluent released (gal)
2G; = total concentration of all radionuclides (uCi/ml)
Cw = average circulating water discharge rate during release period (gal/min)

1.67E-02 conversion factor (hr/min)

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

.67 \Y
Du=28 E?zf,x LN Xe (A2)
Maximum Organ
1.67TE-02XVOLX Acs-134.L
Dimax = o xy Ci (A3)
w.here:
Duax = maximum organ dose (mrem)
Acsaasr = 7.09E+05, liver ingestion dose conversion factor for Cs-134 (mrem/hr per

pCi/ml)
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Substituting the value for Acs.134,Lives the equation simplifies to:

Dmx =

1'18E+O4XVOLXZG

A4
Cw a4
Only the total body dose need be evaluated by this simplified method since it represents the more
limiting (compared with the maximum organ dose) for demonstrating compliance with ODCM |
Specification 3.3.2.
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Table A-1
Adult Dose Contributions
Fish and Drinking Water Pathways
2000 2001. 2002
Radio- |Release |TB GI-LLI |Liver Release |TB GI-LLI {Liver Release |TB GI-LLI {Liver
nuclide | (Ci) Dose Dose Dose (Ci) Dose Dose Dose (Ci) Dose Dose Dose
Frac. Frac. Frac. Irac. Frac, Frac. Frac. Frac. Frac.
Fe-55 | 4.81E- 4.85E- 3.69E-
02 0.03 0.02 0.10 02 0.04 0.03 0.13 02 0.19 0.02 0.84
Co-58 | 8.07E- - 4.09E- 4.94E-
03 0.01 0.03 03 0.01 0.02 * 03 0.05 0.02 0.02
Fe-59 | 2.77E- - * N 2.44E- " * « 1.65E- "
| o4 04 04 - 10.01 0.02
Co-60 [4TIE- 1400 loosa |oor |*3E loo2 loos loor |29E joos |oo2 o003
03 03 03
Br-82 | 4.94E- * « 1.44E- * * * % * *
04 0.01 04 N/D
sr-90 | 2.25E- . 2.50E- . 9.76E- . .
04 0.18 0.01 04 0.25 0.01 05 0.63
Nb-95 | 3.41E- " " 2.39E- * 2.45E- * *
04 0.89 04 0.86 * 04 0.91
Cs-137 | 3.70E- 2.74E- 3.04E- "
04 0.75 0.01 0.88 04 0.68 0.01 0.85 06 0.05 0.08
* Less than 0.01
N/D = not detected
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Table A-2

Adult Liver and Total Body Dose Assessment

Dose Via the Simplified Method Versus the Actual Calculated Dose

2000 2001 2002
Simplified Liver Dose (mRem)* 1.16E+00 9.87E-01 7.88E-01
Actual Liver Dose (mRem)** 4.97E-03 9.02E-03 1.08E-03
Simplified divided by Actual 234 109 730
Simplified Total Body Dose
(mRem) * 9.53E-01 8.09E-01 6.46E-01
Actual Total Body Dose (mRem)
*ok 3.77E-03 7.73E-03 1.07E-03
Simplified divided by Actual 253 105 601
* Assuming 2.00E+05 gpm circulating water flow
** From the Annual Radioactive Effluent Release Report
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GASEOUS RADIOACTIVE EFFLUENTS
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APPENDIX B

Technical Basis for Effective Dose Factors -
Gaseous Radioactive Effluents

Overview

The evaluation of doses due to releases of radioactive material to the atmosphere can be
simplified by the use of effective dose transfer factors instead of using dose factors, which are
radionuclide specific. These effective factors, which can be based on typical radionuclide
distributions of releases, can be applied to the total radioactivity released to approximate the dose
in the environment (i.e., instead of having to perform individual radionuclide dose analyses only
a single multiplication (Keg, Megr or Negr) 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:

Ker =Y (Kixf) B.1)
where:
K = the effective total body dose factor due to gamma emissions from all noble gases
released
| K; = the total body dose factor due to gamma emissions from each noble gas
radionuclide “i” released
fi = the fractional abundance of noble gas radionuclide “i” relative to the total noble
gas activity
(L+1.IM)r = 3 [(Li + 11M)x ] (B.2)
where:

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

(Li+ 1.1 M;) = the skin dose factor due to beta and gamma emissions from each noble gas
radionuclide “i” released
Mer =Y (Mixfi) (B.3)
where:
Mg = the effective air dose factor due to gamma emissions from all noble gases released
B-2 REV.9
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M, = the air dose factor due to gamma emissions from each noble gas radionuclide “i”

released
New = Y (Nixfi) (B.4)
where:
Neft = the effective air dose factor due to beta emissions from all noble gases released
N; = the air dose factor due to beta emissions from each noble gas radionuclide “i”
released

Normally, it would be expected that past radioactive effluent data would be used for the
determination of the effective dose factors. However, the noble gas releases from Kewaunee
have been maintained to such negligible quantities that the inherent variability in the data makes
any meaningful evaluations difficult. For the years of 2000, 2001 and 2002, the total noble gas
releases have been limited to 2.54E-04 Ci for 2000, 1.37E-01 Ci for 2001, and 1.91E-02 Ci for
2002. Therefore, in order to provide a reasonable basis for the derivation of the effective noble
gas dose factors, the primary coolant source term from ANSI N237-1976/ANS-18.1, “Source
Term Specifications,” has been used as representing a typical distribution. The effective dose

factors as derived are presented in Table B-1.

Application

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

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

3.17E-08

Dy==——— XYQXMen X D" Qi (B.5)
3.17E-08
Dp = ——————X3/Q X Nexr X B.6
p==g sy XWQXNex 3 Q (B.6)
where:
Dy = air dose due to gamma emissions for the cumulative release of all noble gases
(mrad)
Dg = air dose due to beta emissions for the cumulative release of all noble gases (mrad)
vQ = atmospheric dispersion to the controlling site boundary (sec/m?)
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\ = 5.3E+02, effective gamma-air dose factor (mrad/yr per uCi/m?3)

Negr = 1.1E+03, effective beta-air dose factor (mrad/yr per uCi/m3)

2Q; = cumulative release for all noble g;s radionuclides ‘(uCi)

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

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

Combining the constants, the dose calculational equations simplify to:

Dy=3.5E-05x%/Qx Y Qi (B.7)
and
Dp=7.0E-05x/Qx > 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 annually for preparation of
the Radioactive Effluent Reports. Comparisons can be performed at this time to assure that the
use of the effective dose factors does not substantially underestimate actual doses.
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Table B-1
Effective Dose Factors - Noble Gases
Total Body Effective Skin Effective
Dose Factor Dose Factor
Kerr (L+1.1 M)ery
Radionuclide |f; (mrem/yr per pCi/m°) (mrem/yr per uCi/m®)

lNoble Gases - Total Body and Skin

L——._L__JL._—JL.__L——.J I

Kr-85 0.01 - 1.4E+01
Kr-88 0.01 1.5E+02 1.9E+02
Xe-133m 0.01 2.5E+00 1.4E+01
Xe-133 0.9 3.0E+02 6.6E+02
Xe-135 0.02 3.6E+01 7.9E+01
IITOTAL 4.8E+02 9.6E+02
Noble Gases - Air
Gamma Air Effective Beta Air Effective
f Dose Factor Dose Factor
Mesr Nesr
Radionuclide |f; (mrad/yr per uCi/m°) (mrad/yr per pCi/m*)
Kr-85 0.01 -- 2.0E+01
Kr-88 0.01 1.5E+02 2.9E+01
Xe-133m (001 3.3E+00 1.5E+01 |
Xe-133 0.95 3.4E+02 1.0E+03
Xe-135 0.02 3.8E+01 4 9E+01
[roTAL 5.3E+02 11E+03
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Appendix. C

Evaluation of Conservative, Default Effective EC Value
for Liquid Effluents

In accordance with the requirements of ODCM Specification 3.1 the radioactive liquid effluent
monitors shall be operable with alarm setpoints established to ensure that the concentration of
radioactive material at the discharge point does not exceed 10 times the value of 10 CFR 20,
Appendix B, Table 2, Column 2 for all radionuclides other than noble gases and a value
of 2X10™* pCi/ml for noble gases. The determination of allowable radionuclide concentration and
corresponding alarm setpoint is a function of the individual radionuclide distribution and

corresponding EC values.

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

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

BC. =2 c.1
- __C_i_ ( . )
EG
where:
EC. =  an effective EC value for a mixture of radionuclide (uCi/ml)
G =  concentration of radionuclide “i” in the mixture
EC; =  the 10 CFR 20, Appendix B, Table 2, Column 2 EC value for radionuclide “i”

(uCi/ml)

Based on the above equation and the radionuclide distribution in the effluents for past years from
Kewaunee, an EC, value can be determined. Effluent release data from 2000-2002 was used to
generate the results presented in Table C-1. The most limiting effective EC (for gamma emitting
radionuclides) was for the calendar year 2001, with a calculated value of 5.98E-06 uCi/ml. For
conservatism in establishing the alarm setpoints, a default effective EC value of 1.0E-06 uCi/ml
was selected. The overall conservatism of this value is reaffirmed for future releases considering
that 1.0E-06 pCi/ml is as or more restrictive than the individual EC values for the principal
fission and activation products of Co-58, Co-60 and Cs-137. Overall, use of this effective EC
value provides a factor of six (6) conservatism based on the 2000-2002 radionuclide distribution

for gamma emitters.
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Being a non-gamma emitter, tritium is not detected by the effluent monitor. While tritium
accounts for nearly all of the activity, it is not a significant contributor when determining the
alarm setpoint for release rate evaluations. Examining releases over the years 2000-2002, the
average, diluted H-3 contribution to its limiting concentration (i.e., fraction of concentration
limit - 10 x EC) in liquid effluents was 0.004%. This contribution is not expected to change
significantly over time, since the concentration of H-3 in effluents can be expected to remain
fairly consistent in effluent releases regardless of fuel conditions, activation product releases, and
waste processing.

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

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

Nuclide | (uCifml) | Release : : Release ; i Release ! :

: : (C) ! C/EG; : Frac. L(Ci) ' C/EG; i Frac. i () i CYEC; : Frac.
Na-24 { 5.00E-05 | .O3E-03 | 2.06E+01 ; 4.89E-03 : 2.18E-04 : 4.35E+00 | 1.27E-03 : 0.00E+00 : 0.00E+00 : 0.00E+00
Cr-51 : 5.00E-04 ; 1.44E-03 : 2.89E+00 ;| 6.85E-04 : 8.26E-04 : 1.65E+00 : 4.83E-04 | 0.00E+00 : 0.00E+00 | 0.00E+00
Mn-54 i 3.00E-05 | 1.49E-04 | 4.97E+00 : 1.18E-03 ; 3.30E-04  1.10E+0l ; 3.22E-03 | 6.41E-05 | 2.14E+00 | 9.83E-04
Fe-55 i LOOE-04 : 4.81E-02 :4.81E+02 ; 1.14E-0L : 4.85E-02 : 4.85E+02 : 1.42E-01 | 3.69E-02 : 3.69E+02 ; 1.70E-01
Co-57 } 6.00E-05 | 0.00E+00 : 0.00E+00 | 0.00E+00 | 2.42E-05 ; 4.03E-01 ; 1.18E-04 } 0.00E+00 : 0.00E+00 ; 0.00E+00
Co-58 { 2.00E-05 | 8.07E-03 | 4.04E+02 ; 9.59E-02 ; 4.09E-03 } 2.05E+02 } 5.99E-02 ; 4.94E-03 2.47E+02 } 1.14E-01
Fe-59 t 1.OOE-05, ! 2.77E-04 : 2.77E+01 | 6.57E-03 : 244E-04 | 2.44E+01} 7.14E-03 | 1.65E-04 : 1.65E+01 | 7.61E-03
Co-60 { 3.00E-06 ;| 4.71E-03 i 1.57TE+03 { 3.73E-01 { 4.31E-03 ; 1.44E+03 | 4.21E-01 | 2.07E-03 : 6.89E+02 | 3.17E-0l
Br-82 i 4.00E-05 : 4.94E-04 : 1.23E+01 : 2.93E-03 | 1.44E-04 : 3.59E+00 : 1.05E-03 : 0.00E+00 : 0.00E+00 : 0.00E+00
Sr-89 i 8.00E-06 | 3.42E-04 {4.27E+01 | .OIE-02 : 2.59E-04 . | 3.24E+01 ; 9.48E-03 | 5.98E-04 | 7.48E+0] | 3.44E-02
Sr-90 { 5.00E-07 ; 2.25E-04 :4.50E+02 : 1.07E-01 ; 2.50E-04 :5.00E+02: 1.46E-O1 : 9.76E-05 : 1.95E+02 : 8.98E-02
Zr-95 : 200E-05 : 1.16E-04 :5.79E+00 : 1.38E-03 : 7.18E-05 : 3.59E+00 : 1.05E-03 | 5.24E-05 | 2.62E+00 | 1.20E-03
Nb-95 i 3.00E-05 { 3.41E-04 | 1.14E+01 | 2.70E-03 ; 2.39E-04 } 7.95E+00 } 2.33E-03 | 2.45E-04 | 8.17E+00 : 3,76E-03
Ag-110m { 6.00E-06 ; 2.85E-03 : 4.74E+02 : 1.13E-01 : 1.63E-03 : 2.72E+02 : 7.97E-02 : 2.86E-03 : 4.76E+02 : 2.19E-01
Sn-113 : 3.00E-05 | 9.65E-05 :3.22E+00 | 7.64E-04 : 5.08E-05 | 1.69E+00 ; 4.95E-04 | 7.06E-05 : 2.35E+00 : 1.08E-03
Sb-124 : 7.00E-06 | 5.61E-04 | 8.01E+01 ; 1.90E-02 ; 1.81E-04 :2.59E+01 | 7.59E-03 : 4.34E-05 : 6.20E+00 : 2.85E-03
Sb-125 : 3.00E-05 : 4.86E-03 : 1.62E+02 ! 3.85E-02 : 1.02E-03 : 3.41E+01 i 9.99E-03 | 2.46E-03 | 8.18E+01 } 3.76E-02
1-132 : 1.00E-04 { 0.00E+00 | 0.00E+00 : 0.00E+00 ; 7.75E-08 } 7.75E-04 : 2.27E-07 : 0.00E+00 : 0.00E+00 : 0.00E+00
1-133 : 7.00E-06 : 6.16E-04 : 8.80E+01 : 2.09E-02 : 6.32E-04 : 9.03E+0l i 2.65E-02 : 0.00E+00 : 0.00E+00 : 0.00E+00
I-135 : 3.00E-05 ; 0.00E+00 : 0.00E+00 | 0.00E+00  4.61E-05 | 1.54E+00 ; 4.50E-04 : 0.00E+00 | 0.00E+00 | 0.00E+00
Cs-137 { 1.00E-06 : 3.70E-04 | 3.70E+02 ; 8.78E-02 ; 2.74E-04 | 2.74E+02 | 8.02E-02 | 3.04E-06 | 3.04E+00 | 1.40E-03

: Total __ : 7.46E-02 _: 4.21E+03 | 1.00E+00 | 6.34E-02 | 3.42E+03 | 1.00E+00 | 5.06E-02 : 2.17E+03 : 1.00E+00
Non-Gamma Fraction ' : :0.23 ‘ 10.30 ' ’ :0.29
Gamma Fraction : : 1 0.77 1 0.70 1 0.71
EC. (uCi/ml, total) i 1.77E-05 : 1.86E-05 : 2.33E-05
EC, (1Ci/ml, gammas) : 8.03E-06 ! 5.98E-06 ! 8.44E-06
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Appendix D

Site Maps

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

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

found in the plant drawing system.

D-2 REV.9
12/02/2005



FigureD-1

KEWAUNEE COUNTY

%, DISPOSAL AREA . . .
TR poR SLiomY -

CONTAMINATED SLUDGES
usvu:toncnoooroov

SETBACK Fﬂ THE ﬂ.l.l. 1
- /

\ \curron s paac

CARLTON TRALS PARK

i
LAKE  MICHIGAN \
LEGEND ‘

A = CONTAINMENT BUILDING

LAKEVIEW DRIVE

VENT ELEVATION 775 . .

D-3

AUXILARY BUILDING VENT
ELEVATION 675’

EFFLUENT LIOUID DISCHARGE
ELEVATION 580’

|
|

REV.9
12/02/2005

( ( ( ( ( (




APPENDIX E
On-site Disposal of Low-Level Radioactively

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

DESCRIPTION DATE DOCKET NUMBER
Operating License DPR-43
Kewaunee Nuclear Power Plant October 17, 1991 NRC-91-148
Disposal of Low Level Radioactive 50-305
Material
Proposed Disposal of Low Level :
Radioactive Waste Sludge Onsite at the June 17, 1992 K92-119
Kewaunee Nuclear Power Plant (TAC No. 50-305
M75047)
Safety Evaluation For An Amendment To
An Approved 10 CFR 20.302 Application | September 14, 1994 K-94-195
For The Kewaunee Nuclear Plant (TAC 50-305
No. M89719)
Alternate Disposal Of Contaminated
Sewage Treatment Plant Sludge In November 13, 1995 K-95-172
Accordance With 10 CFR 20.2002 (TAC : 50-305
No. M93844)
Onsite Disposal Of Contaminated Sludge K-97-64
Pursuant To 10 CFR 20.2002 (TAC No. April 9, 1997 50-305
M97411)
' Adapted from N
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" WPSC 14141 £33.1538 @@ A/RC 9 —/49
TELECOPIER 141 4) 833-5544

EASYULAK 6235:993
R I G——
WISCONSIN PUBLIC SERVICE CORPORATION
I, e e e

S22 \ortn Agars * B0 S0« 0002 @ Greer Bay. W1 323CT.5002

bee - K M Barlow, MGE J N Mocrison D2 A

N E Boys, WPL J R Muzlier D2 c JARWuege Dzm
Larry Nielsen, ANFC D S Nalepka KNP C S Scwker KNP
DRBerp KNP L A Nuthals D2 (NSRAC) C R Steinhardt D2

D A Bollom G6 R P Pulec D2 J I Wallace KNP

R E Drmhcim KNP 1 8 Richmong D2 K H Weinhauer KNP

) :l !'!(- alershiD‘ZCNP D J Ristay D2 S F Wemiak D2
arc D J Ro; KNP
D L Masarik KNP O7 Brel KOP '?‘g'vﬁlcla?pkﬂ’

Ociodber 17, 1991

U. S. Nuclear Regulatory Commission .
ATTN: Document Control Desk - e

Washington, D.C. 20555 /
Gentlemen: -
Docket 50-30%

Operating License DPR-43
Kewaunee Nuclear Power Plant
i W Radioactive Materi

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

In reference 1, pursvant 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.
Auwachment | provides our response to the questions.

WPSC requested the State of Wisconsin Department of Natural Resources (WDNR) 10 review
the disposal options for the service water pretreatment lagoon sludges. In reference 3, the
WDNR completed 2 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 landspreading
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Document Control Desk
October 17, 1991
Page 2

application which is our preferred disposal method. WPSC does not intend to utilize the in-situ
capping of the sludge in the lagoon at this 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: -~

CA &bl

C. A. Schrock
Manager - Nuclear Engineering

DIM/jms

Attach.

cc - US NRC - Region Il :
Mr. Patnick Castleman, US NRC LIC\DJM\N49?2
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ATTACHMENT 1
To
Letter from K. H. Evers (WPSC) to Document Control Desk (NRC)

Dated

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

References 1) Latter 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 Eavironmental
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 acrobic digester
system was installed, which has a higher capacity, and uses -current

technology.

The estimated input volume t the Sw#gc 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 (&.g., training and
simulator building) located onsite. Design changes to the system were

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

The current volumes of sewage studge 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

10 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 alternalive 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 disposzl. A system
lower limit of detection (LLD) of SE-07 pCi/m! 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 radicactive material are within the limits for alternative disposal. Any

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

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

controlled.

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

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

In developing the concentration limits presented in Table | of reference 1, it
was assumed the total annual design basis volume of 27,000 f3 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.2., the sum of each
radionuclide's concentration divided by its limiting concentration must be less

than one).

‘The concentration limits of Table 1 of reference 1 also have an implied total activity
limit. This limit is determined by multiplying the individual radionuclide

~ concentration limit by the total estimated waste volume of 27,000 fi3. These total
activity limits are presented in Table A of this response, for each radionuclide
individually. For a mixture of radionuclides, a total 2nnual activity limit may be
determined by normalizing the concentrations so that the sum-of-the-fractions for the
mixture cquals one (1). These resultant adjusted concentrations may be multiplied by
the 27,000 ft3 waste volume to determine the corresponding to:al activity limit of the

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

A Disposal Log will be maintained on a calendar year basis for all disposals of
any very-low-level radioactive materials, The log will contain as 2 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

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 1o the exposed population per
reactor year for both the transportation worker and the general public
(onlookers along route). .

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

population density along route and vehicular speed. For a conservative
evaluation of the potential exposure to the general public from the transport of
the KXNPP waste, a population density of 610 pe.rson.t;/mi2 was assumed. This
value is conservative for the KNPP site area where the average population
density is less than 53 personslmiz. 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 onlocker doses during transport will be
less than 0.01 person-rem.per year., For the moaeling of the exposure to the
transport worker, the IMPACTS-BRC model assumes two drivers per vehicle,
As presented in the September 12, i989 submittal, the maximum dose to the
driver is less than 1 mrem per year (<0.001 rem/yr). Therefore, the total
collective dose 1o 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 fs calculated to be
0.0002 person-rem. The estimated collective exposure to the transport worker
is 0.00007 person-rem. The total collective dose duc to transport of the waste

is 0.00027 person-rem.
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Document Contro! Desk
October 17, 1991
Attachment 1, Page 6

Additional Potential Disposal Method
The Wisconsin Department of Natural Resources has requested Wisconsin

Public Service to examine the feasibility of land application of the lagoon
sludges in lieu of disposal in the Kewaunee County Landfill. Land application
is also an opiion 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 ﬂﬁs 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 scenarivs, “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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Document Control Desk
October 17, 1991
Attachment 1, Page 7

Table A
Radionuclide Quantity Limits
for Alternative Disposal
Limiting
Limiting Annual
Nuclide Concentration Quantity
(1Ci/ml) (Ci)

H-3 9.65E-04 0.7382 |
C-14 4.55E-05 0.0343 |
Cr-51 3.13E-04 0.2394 |

Mn-34 1.14E-05 0.0087 |
Fe-55 1.00E-02 7.6500 |
Fe-59 7.90E-06 0.0060 |
Co-53 1.16E-05 0.0039 |
Co-80 3.74E-06 0.0029 |
Ni-63 1.00E-02 7.6500
Sr-90 3.45E-03 - 2.6393
Zr-95 6.28E-06 0.0048
Nb-95 1.23E-05 0.0094 |
Mo-99 6.73E-05 0.0515 §
Tc-99 2.70E-04. 0.2066 |
[-129 2.50E-06 0.0019 §
I-131 2.68E-05 0.0205 §
Cs-134 6.16E 06 0.0047 §
Cs-137 L.71E-05 0.0131 |
Ba-140 5.52E-05 0.0422
La-140 4_17E-06 0.0032
Transuranics |
TRU (T% > 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 A3 or
7.65E8 mils,
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Document Control Desk
Ocwber 17, 1991
Attachment 1, Page 8

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 2 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 XNPP.
Description of Disposal Method

The disposal of KNPP sludges will be performed by beneficial land application to 2 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, ctc.) 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
tand 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 rot rzpresent
ingestion pathways to man. To be conservative, the Agricultural Land Apblicarion limits of
sludge contaminants will be applied to the KNPP wastes even though the less resirictive 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 ensurc that any land application will not exceed the bounds of the dosc analysis as
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Document Control Desk
October 17, 1991
Attachment 1, Page 9

performed previously. In addition, other limiu}.ions as applied to land application by the
State of Wisconsin Depariment of Natural Resources will be followed (e.g., control of
runoff/erosion, proximity to wells/residences/surface water, etc.).

Applicable Pathways of Exposure

The pathways of exposure applicable for land spreading are not appreciably differé.nt from
the pathways evaluated for the disposal methods at the Kewaunes County Landfill or the
Green Bay Metropolitan Sewerage District facilities. The }rxajor exposure péthways are

discussed below:

Direct Exposure to Workers

Any potential exposures to workers involved in the removal, transport and land
spreading of the sludges are reasonably bound by the evaluation of the
exposure to the transport worker in the September 12, 1989 submittal, The
transport worker has been assumed to be exposed for 460 hours per year at
one (1) meter from unshielded waste. For the land spreading of these wastes,
it is estimated that the total exposure time for the removal and disposal of the
lagoon sludges will require no longer than a three week period per year (i.c.,
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
ycar to the landfill operator has been assumed. For this exposure, the KNPP
materials are mixed with other landfill waste: a 1:13 mixing of XNPP
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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Document Control Desk
October 17, 1991
Attachment 1, Page 10

plowed into the soil to a depth of six (6) inc;hcs. With a land spreading of 50
metric tons per hectare per year, 2 mixing ratio of 1:30 will be achieved.
Therefore, the resultant dose to the exposed worker would be less than the |
mrem per year dose 1o the transport worker as evaluated in the September 12,

1989 submital.
Post Disposal Exposure - Intruder Scenario

The IMPACTS-BRC model, as applied to the disposal of the KNPP waste, assumes 2
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 % of his food crops). For modeling purposes, it is assumed that the waste is
mixed at 2 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 2 “dedicated land
disposal” sitc will be used (i.¢., 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 applicaiion of
waste to the dedicated land disposal site is allowed. However, to be conservative, the
land application of KNPP wastes will be limited to S metric tons per hectare per year.
The intruder scenario as evaluated in the September 12, 1989 submitlal conservatively

bounds this exposure pathway for the on-site Jand spreading.
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Document Control Desk
October 17, 1991
Attachment 1, Page 11

Post Disposal - Intruder Well

The intruder well pathway for onsite land disposal is essentiaily 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 2 dose in excess of 1 mrem per year from the disposal of the slightly

contaminated materials.
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UNITED STATES i .
NUCLEAR REGULATORY COMMISSION =% Qi

WASHINGTON, D C 20555

'ttt?‘ '
June 17, 1992
Docket No. 50-305

Mr. C. A. Schrock

Manager - Nuclear Engineering

Kisconsin Public Service
Corporation

P. 0. Box 15002
Green Bay, Wisconsin 54037-5002

Dear Mr. Schrock:

SUBJECT: PROPOSED DISPOSAL OF LOW LEVEL RADIQACTIVE WASTE SLUDGE ONSITE AT
THE KEWAUNEE NUCLEAR POWER PLANT (TAC NO. M75047)

By letters dated September 12, 1989, and October 17, 1991, you submitted a
reguest pursuant to 10 CFR 20.302 for the disposal of waste sludge onsite at
the Kewaunee Nuclear Power Plant. We have completed our review of the request
and find your procedures, including documented commitments, to be acceptable.

This approval is granted provided that the enclosed safety evaluation is
permanently incorporated into your Offsite Dose Calculation Manual {ODCM) as
an Appendix, and that future modifications of these commitments are reported

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

Sincerely,

Allen G. Hansen, Project Manager
Project Directorate 111-3

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

Enclosure:
As stated

¢c w/enclosure:
See next page

NRC LETTER DISTRIBUTION
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I L Belaat (NSRAD) R P Pulec D2 (2) SF \?’omnk D2
D A Bullom G6 D J Ristau D2 QA Vault KNP
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Wisconsin Public Service Corpcration Kewaunee Nuclear Power Plant

cC!

David Baker, Esquire
Fcley and Lardrer

P.0. Box 2:33

Orlanco, Floricda 32382

Glen Kunesh, Chairran
Town of Cariton

Route 1

Kewaunea, wisconsin 54215

Mr. darold Reckelberg, Chairman
Kewaunes County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54215

Chairman

Public Service Commissicn of Wisconsin
Hi11 Firrs Stata Office Bailding
Madison, Wiscornsin 53222

Attorrey General
114 East, State Capitet

Madison, Wisconsin 537C2

U.S. Nuclaar Regulatory Commission
Resident Inspactars Offica

Route 41, Boax 999

Kewauner, Wiscunsin 54216

Regional Adrinistrator - Regivn 1]
U.S. Mucleir Regulatory Commission
799 Kacsevelt Acad

Glen Ellyn, lllincis 60137

Mr. Robert S. Cullen

Chief ingireer

Wiscensin Public Service Cormissien
P.0. Box 7854

Madison, Wisccnsin 53707
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON. D.,C. 20655

SAFETY E¥%UATION BY THE OFFICE OF BUCLEMR PERCTOR REGULATION
RELATIKS TS ONSIIE DISPOSAL OF LOW-LEVEIL REOIOACTIVELY
CONTAMINATED WASTE SLYDLS
AT _THE KEWAUNEE NUCLEAR POWIR PLANT

WISCONSIN PUBLIC SERVICE CCRPOSATION

WISCONSTN PO'WER AND LIGHT COMPANY

MADISON GAS AND ELECTRIL CCMPANY
DOCKET M3. 50-303

1.3 JNIROSLCTEON

1n reference 1, Wiscensin Pualic Service Corparatian (dPSCY requested appreval
pursuant to Sectien 20.302 of Title 10 of the Code cf Federal Regilations
(CFR) for the dispasa) of licensed material not previously consicered in the
Kewaunce firal Environmenta) Statement (FES) dated Dacerber 1822, Additicral
velatea material from the licensee, froa the State cf Wisconsin, ird from the
ttaff are cortaired *n references 2 thrcugh 5.

The WFSC request cantains a detatled cescription of the Ticensed rateriai
‘1.c., contzmiratad sludce) subject to this 30 CFR 20.3C2 request, based ¢n
ragioactivity absorbe¢ frem liquid discharges of licersed aateria’l. The
13,000 cubic feet of cortaminated sludge idenlified iz the request centairs a
cetal radionus)ide inveriory of 0.17 wli cf Cesiun-137 ard Lebalt- &9,

In its submistai, the licensee addrezced specific *nformaticn reguested in
accorcance with 12 CFR 20.202{a), providac a detailed description of the
T{censed material, thoroughly aralyvzed anc cvaluated the inforsation perlinent
to tne effects on the environment of the prsposed disposal ¢f licensed
material. and curaitted to follow specific procedures to minimize the risk of

unexpected exposures.

2.3 ZESCRIP)IOH CF WASTE

During the normal operation of Kewaunee, the pecterlic? exicts for ir-plant
pracess streams which are not rormally radicactive to become cortaminated
wilth very Yow levels of radisactive materials. Trese waste streams are
norrdlly separated from the radicactive streams. Hewever, due ma‘nly te
infrequent, mincr svitem Teaks, and anticipated cperationz! osccurresnces, Lhe
potential exists for these systems ta become slightly cuntamirated. At
Kewzunce, the seccndary System deminevalizey resing, Llhe survite witer pre-
treatrent system sludges, the meke-up water syster resins, znd trne sewage
treatront plant sludges are waste streams that have the potential to beccme

contarinated at very ‘cw leve's.

E-19 REV.9
12/02/2005



-2 -

During the yearly tastirg of a batch of pre-treatmesnt slucge, it was found
that approximately 15,000 cubic fcet of sludge kad paen ccﬂtnwinated with

€s5-137 ard Co-80.

3.0 PROPOSED DISPOSAL METHOD

WPSC plars to c¢ispose of the 15,200 cubic feet of contaminated sludge onsite
pursuant to 10 CFR 20.302. The sludge is currently contained in an orsite
lageon a% the KNPP sewage treatment facility. Tne disposal of the sludge wil.
.be by largd applitation to 2n area 1ocated onsite at XNPP, as shown in

figure 1. tne area will be perisdically ploscd to a depth ¢f & inches.

Tabla 1 lists she principal ruclides identified in the sludge. The actlivity
is based on measurerents made in 1933. The radionuclide half-lives, which are
deminated Yy 30-year Cs-137, meet the staff’s iD CFR 2€.3C2 guidelines
(reference 6), which 2pply to radionuclides with half-11ves less than 35

years.

Table ]
Yurlide Total Artivity (m
Co-63 6.076
£s-137 0.094

4.0 RADIOLOSICAl [MPACTS

The licensce has evaluated the following petential exposure pathways to
members of the general public from the radionuclides in the siudje: (1)
external exposure caused by groundshire frem the dicgosal site; (2) insernal
expasura froa innalation af ve-suspended radionuclices; and (3) interna’
expasura from ingesting ground water. Tha staff has revieded the licensece's
calculatioral methods and assumptions and finds that they are consistent with
NRC Requlatory Guide 1.109, “Calculation of Annual Decses to Man from Routira
Releases of Reactor Effluents for the Purpose of Evaluating Compiiance with 13
CFR Part SO, Appendix I," Revision 1, Dctaber 1977. The staff finds tre
assessment methodology acceptable.

Tabie 2 lists the dcses calculated by tha licensee for tha maximally exposed
mexber of the public based on 3 tota) activity af ©.)1720 =#Zi disposed of in the
current year, as well as the curulative irpact of similar disposals during
subsequent years. For any repetlitive disposals, the licensee rust reapply =2
the NRC when a particular disposal would exceed the foIlo-in? houndary
conditions: (1) tha annual dispssal rust be lass than a total activity of €.2
: (2) tha whole bcdy dose to tha hypothetical maximally exposed irdividu2l
nust be Tess than 0.1 nrem/year; and (3) the dlspusal must be at the sane site

as descrited in Figura 1.
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TABLE.?

Whale Body Daste Reseived by
Maxirally Exposed ‘rdividual

Patbway {rremiyear}
Groundshine 0.034
Inkalation 0.408
Groundwater Irgestion 0.007
TQTAL 0.047

As shown in Table 2, the annuul dose is expected to be on the order of
0.) mren or less. Such a dosa is 2 small fraction of the 30D mrem receivad

anriuaily by menbers of the general public from sources of natural bacsground
raciation.

Tae guidelines used Ly the KRD stalf fer onsite disposal of icensed material
are presented in Tahkle 3, along with the staff’s evaluation of how eich
guidaline has been satisfied.

Tha licensee's pracedures and cowritrerts as docurented fa the submitzal are
acceptable, provided that they are permanently incorporated into the
Ticensee’s Offsite Cose Calculation Marual {ODCM) as an Appendix, and trat
future mecilications be reperiel o NRC ir. accordince with the applicanle OCCM

change protocel.
Based un tae aheve findings, the staff finds the licensee's proposal <a
dispase of the Tew Tevel racicactive wiaste sludge oasite in the ranner

described in tre WPSC let:er dated Sepiember 12, 1939, to be acceptable. Tne
State cf Wisconsin has also approved these procedures {reference §).

E-21

REV.9
12/02/2005



20.302 Guideline
for Ons® 3

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

2. Doses to the tota) body and any
bedy organ of a maximally exposed
individuel (a membar of the general
public cr a non-cccupationally
axposad werker) from the probable
pathways of expusure to the gisposed
material should be less than

1 mremfyear.

3. Doses to the tctal body and any
body organ of an inagvertent
intruder from the probable pathways
of expcsure should be less than

S mrem/year.

4. Doses to %he total bedy and ary
bady organ of an individual fror
assumad racycling of the cisposed
material at the tire the disposal
site is released frcm regulatory
cantral from al!l likely pathways of
expasare should he less than ) rrem.

Staff's Evaluaticr

1. Qua ta the natere of the
dispcsed matertal, recycling to the
general public is rot considered
Tikely.

2. Tais guideline s acdressed in
table 2.

3. Becausa tha material will be
land-spread, the staff considers the
maximally expased individual
scenario ta also address the
intruder scerario,

4. Even it racycling were Lo cctur
atter release from regulatory
control. the dose to the maximally
exposed werber of the public is not
expected 1o exceed ] mram/year,
based on the exposure scemarins
considered in this analysis.
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Figure 1

Kewaunee Yuc!ear Pewer Piant Site Area Map
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UNITED STATES /21794
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 10865-0001

Yoout

Septezber 14, 1994

#fr. C. A. Schrock

Manager - Nuclear Engineering
Wisconsin Public Service Corporatien
Post Office Box 19002

Green Bay, W1 S4307-9002

SUBJECT: SAFETY EVALUATION FOR AN AMENDMENT 10 AN APPROVED 10 CFR 20.362
APPLICATION FOR THE KEWAUNEE NUCLEAR PLANT (TAC NO. MBS719)

Cear 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 Jocation approved by the KRC on June 17, 1§52. The
staff has completed its review of your request and finds that your proposal
neets the radiological boundary conditicns 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 fnta your Offsite Dose Calculation Hanual (0DCM) as
an Appendix, and that future modifications of these commitments are reported
to the NRC.

Sincerely,

Richard J. Laufer, Acting Project Manager
Project Directorate [II-3

Division of Reactor Projects 11171V
0ffice of Nuclear Reactor Regulation

Docket No. S0-30%

Enclosure:
Safety Evaluation

cc w/enclosure:
see next page

T A Hoaon (MURE) K A Besgs O o
M W Seitz (WPL) N L Monhi INP é;sh?k-liﬂ:z
Larty Nichen (ANFC) D L Masarik INP C!ASungz:;NP N
D A Bollom G§ 4 N Morrisca Dt T I Webb ENP
D E Cole KNP L A Nuthuls (NSRAC) S F Womiak D2
K Esvers KNP R P Pulec D2 2) QA Vault KNP
J P Gicaler ENP C A Sclyock D2
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Wisconsin Public Service Corporation

14

Foley & Lardner

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

p. 0. Box 1497

Madison, Wisconsin $53701-14397

Chafrman

Town of Cariton

Route 1

Kewaunea, Wisconsin 54215

Mr. Harold Reckelberg, Chairman
Kewaunea County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairsan

Public Sarvice Comission of
Wisconsin

H111 Faras State Office Building
Hadison, Wisconsin 53702

Attorney General
114 East, State Capitol
Madison, Wiscensin 53702

U. S. Nuclear Regulatory Commission
Resident Imspectors Office

Route 71, Box 9%9

Kewaunee, Wisconsin 54216

Regional Administrator - Region III
0. S. Huclear Regulatory Comnission
801 Warrenville Road

Lisle, I1Vinois 60532-4531

Mr. Robert S. Cullen

Chiaf Engineer

Wisconsfin Public Service Commission
P. 0. Box 7854

Madison, Wisconsia 53707
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;" CY UNITED STATES
g ‘g‘ NUCLEAR REGULATORY COMMISSION
'% 4 3 WASHINGTON, 0.C. Z056-0001
"ql & d‘.
ke
SAFETY EVALUATION BY THE OFFICE OF MUCLEAR REACTOR RFGUIATION
8 T S CAL OF {OW- L RADIODACTIVELY
0l HA WASTE SL
AT THE KEWAUNEE HUCLEAR PONER PLANT
o SCONSIN. aowwumujmm
¥ADTSOH €AS AND ELECTRIC COMPANY
DOCKET WO, 50-305
1.0 INIRODUCTION
By letter dated June 23, 1994, and as supplemented on June 29, 1594, Wisconsin
Public Service Corporation {the Yicensee) requested approval to use another
onsite area for the disposal of contiminated waste sludge in addition to the
location appraved by the HRC on June 17, 1992.

s -

2.0 [EVALUATION

A Safety Evaluation (SE) dated June 17, 1992, approved the 1icensee’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 Huclear Power
Plant (KKPP) at a2 specific onsite location. The SE imposed the following

boundary conditions:
1. The annual disposal must be less than a total activity of 0.2 mCi.

2. The whole body dase 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 arez adficent to the onsite lagoon
at the KXPP sewage treatment facility. In 1993, approximately 7500 cubic feet
of the original 15,000 cubfc feet ef contaminated sludge was spread on that
location. The 1icensee has now proposed to dispose of the remaining
contaminated sludge at ancther ensite location northwest of the plant (see
Attachmant). The Vicensee has committed thit the new disposil location will
meet all the radiological boundary conditiens contained in the SE for the

10 CFR 20.302 application approved on June 17, 1992. Additionally, the
licensee has stated that this.additiona] disposal site will meet al)
applicable Wisconsin Department of Natural Resources (WDHR) application
requivements {1.e., sludge applicaticn rate and frequency of spreading rate),
in addition to WONR landspreiding requirements regarding locaticn and
performance standards that were veguired at the criginal disposal site.
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3.0 CONCLUSION

The staff finds the licensee’s proposal to dispose of the low-level
radfoactive waste sludge in the additional onsits location to be within the
radiological boundary conditions agpmved in the Juns 17, 1992, SE and is
therefors acceptable. The staff also finds that your propesal is in
accordance with 10 CFR 20.2002 which replaced 20.302 on January 1, 1954,

As stated in the NRC’s June 17, 1392, approval of the licensee’s 10 CFR 20.302
application, the licensea is required to permanently incorporate this
modification into the Offsite Dose Calculaticn Manual as am Appendix, and that
future modification of this coomitment be reported to the NRC.

Principal Contributor: S. Klementowicz

Date: September 14, 1994 '

Attachmant: KNPP Site Area Map
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Y UNITED STATES Yot g 11-3D~
% g NUCLEAR REGULATORY COMMISSION Rec'd. 11-30-75
s .

WASHINGTON, D.C. Z0063-0001

taest Lovanber 13, 1493

Mr. M. L. Marehd

Manager - Nuclear Businass Group
Wisconsin Public Servica Corperition
Post OfFfica Box 15002

Grean Bay, W1 54307-9002

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

Dear Mr. Harchi:

By letter dated October 17, 1995, as supplemented on Kovember 3, 1995, you
requested approval for tha onsite disposal of contaminated sewage treatsent
sludge 1n accordance with 10 CFR 20.2002. This requast was similar to 2
previous disposal request that was approved by the KRC on Juna 17, 1592.

Tha staff has complated its raview of your request and finds that your
proposal meets the radiological boundary conditions approved in the June 17,
1592, Safety Evaluation, and 1s thersfore acceptable.

This approval 1s granted provided that the enclosed safety evaluation is

permanently incorporated into you Offsite Dose Calculaticn Manual (ODCM) as an

.:gpe;:géx. and that future modifications of these commitments are reported to
e "

Sinterely,
Richard J. taufer, Project Manager
Project Directorate 111-3

Division of Rsactor Projects 11171V
0ffice of Kuclear Reactor Regulation

Docket No. 50-305

Enclosure: Safety Evaluation

cc: See next page

NRC :mmmmum

T A MHanson (MGZE) . KH Evers KNP C S Smokes KNP

M W Seitz (WPL) M L Marchi D2 € R Steinhands D2

Lasry Nielsen (ANFC) 1 X Jubia (NSRAC) CA Steraitzky KNP(Lic)

D A Bollom G6 . RPPuecKNP(3) 5 F Wozmiak D2

DED:y DY C A Schrock XNP 8J Doanick KNP (Com)
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Mr. K. L. Marchi
Wisconsin Public Service Covrporation

cc:

Foley & Lardner
Attention: Wr. Bradley D. Jatkson

One South Pinckney Street
P. 0. Box 1497
Hadison, Wisconsin 53701-1497

Chairnan
Town of Carlton

Route 1 o
Kewaunee, Wisconsin 54216

Mr. Hirold Reckelberg, Chairwan
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman
Public Service Commission of

Visconsin
RI1T Farms State Office Bullding

Hadison, Wisconsin 53702

Attorney Ceneral
114 €ast, State Capitol
Madison, Wisconsin 53702

V. §. Huclear Regulatory Commission
Resident Inspectors Offfce

Raute #1, Box 99%

Kewaunee, Wisconsin 54216

Regional Adsinistrater - Reglon [1I
U. S. Nuclear Regulatory Comaissicn
801 Warrenville Road

Lisle, 111inais 60532-4531

Nr. Robert S. Cullen
Chief Engineer
Wisconsin Public Service Commission

P. O. Box 7854 :
Hadison, Misconsin 53707
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SAFETY EVALUAYION BY THE OFFIGE OF NUCLEAR REACTOR REGULATION
RELATING T0 ONSITE DISPOSAL OF LOW-LEVEL RADIGACTIVELY

WISCONSIN PUBLIC SERVICE CORPORATION
MISCONSTM PONER AND L16HT COMPANY
MADISON GAS AND ELECTRIC COMPAHY

1.0 [HTRODUCTION

By letter dated October )7, 1995, as supplemented on Hovesber 3, 1995,
Wisconsin Public Service Corporation (tha licensea) requasted approval for the
onsite disposal of contaminated sewage sludge similar to a previous disposal
request that was approved by tha KRC on June 17, 1992.

2.0 BACKSROUND

In a Jetter dated September 12, 1389, tha 1icensee requested authorization for
tha alternate disposal of very-low-level radioactive material. In a Safety
Evaluation (SE) dated June 17, 1992, the NRC approved the Vicensea's requast
pursuant to 19 CFR 20.302 (new 10 CFR 20,.2002) for the disposal of 15,000
cubjc feet of contaminated waste sludgs by land application at the Kewaunee
Ruclear Power Plant (KRPP) Tocation. The SE feposed the following boundary

conditions:
1. The annual disposal must be Jess than a totald activity of 0.2 oCi.

2. The whole body dose to the hypothetical maximally exposed individual
mast be less than 0.1 mrenjyear.

3. The disposal sust be at the same site.

The licensea completed the disposal of the contaminated wasta sludge discussed
in the SE dated Juna 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 Ticensee has groposed to dispose of approximately 5000 gallons (800 cubic
feat) of sewage sludge similar to the matertal approved for dispssal in the SE
dated June 17, 1932. The principal radfonuclides identified In tha waste
sludge and their activity based on measurements in May 1995 ave: Co-58,
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0.0009 mCi; Co~60, 0.0008 aCi; and Cr-51, 0.0006 (1. The total combined
activity §s 0.0023 ml§. This activity is well below the boundary value of
0.2 Ci. Additionally, Cr-51 with 1t short Ralf-1ife (27.7 day) will have
undergone significant decay from 1ts tnftial value of 0.0005 mCi.

The licensee has committed that tha new disposal will meat 211 the
radiological boundary conditions, on a cumulative basis, contained in the SE
far the 10 CFR 20.302 applicaticn approved on June 17, 1852, Additionally,
the Jicensee has stated that all applicable permits for this dispcsal have
been obtained from the Wisconsin Department of Natural Resources.

4.0 CONCLUSION -

The staff finds the licensee's proposal to dispose of the low-level
radioactive waste sludge pursuant 10 CFR 20.2002, on the licensee's site
(sea Attachment), 1s within the radiological boundary conditions approved in
the June 17, 1992, SER and is therefore acceptable.

The Yicensee is required to permanently {ncorporate this modification fnto the
Offsite Dose Calculation Manual a: an Appendix, and to ensure that future
podifications of these comaitzents are reported to the NRC.

Principal Contributor: S. Kleaentowlcz

Date: November 13, 1595

Attachment: KNPP Site Area MNap
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5*" . Y UNITED STATES
< A 'é NUCLEAR REGULATORY COMMISSION
3 £ WASNINGTON, D.C. 206550001 ~
{'ﬁ o‘...
9 [
feans April &, 1us7

Mr. M. L. Marchi

Manager - Kuclear Business Group
Wisconsin Public Service Corporation
Post Dffice Box 19002 :
Green Bay, WI 54307-9002

SUBJLCT: ONSITE DISPOSAL OF COR1AMINATED SLUDGE PURSUANT 10 10 CFR 20.2002
(TAC NO. MS7411)

(ear Mr. Marchi:

By lTetter dated Oecemher 10, 188§, you requested that the U.S. Nuclear
Regulatory Commission (NRC) review the applicability of a 10 CFR 20.203 (now
20.2002) application appreved on June 17, 1992, for additional disposals of a

simitlar 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 radicactive material, which was apgrcved an

June 17, 1992, contiins bounding conditions that are applicable for additional
ons}te gisposals of a similar nature, A copy of the Safety Evaluztion is
enciosed.

Sincerely,

Richard J. Laufer, Project Manager
Project Directorate 111-3
Oivision of Reactor Projects I1I/1IV

Office of Nuclear Reacter Regulation

Docket Ng. 50305
Enclosure: Safety Evaluation

cc:  See next page

ARC 1o WPSC 1ETTER DISTRIBLTION
T A Hapsos (MGAE) X R Evers KNP Smaker
!’;‘[‘,"'d’;:(“m M L Marchi D2 g:&dﬂmfl;
DEDe R P Pulec KNP () SF Womisk D2
y DI C A Schrock KNP B/Domnick/PRReschesks KNP
(Con/USAR)
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Hr. M. L. Marchi
Wiscansin Public Service Corporation

cc:

Foley & Lardner

Attention: Mr. Bradley D. Jacksen
One South Pinckney Streat

P. 0. Box 1497

Madisen, Wisconsin 53701-1497

Chairman
Town of Carlton

Routa 1
Kewauree, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewauree County Courthouse
Kewaunee, Wisconsin 54218

Chairman

Wisconsin Public Service Commission
610 N. Hhitney Way

Madison, Wisconsin 53705-2729

Attorney General
114 East, State Capitol
Madison, Wisconsin §3702

U. S. Nuclear Regulatory Commission
Resident Inspactors Office

"Route #1, Box 933

Kewaunee, Wisconsin 54218

Regional Administrator - Region 1l1
U. S. Nuclear Regqulitory Commission
801 Warreaville Road

Liste, Il1linols 50532-4531

Mr. Robert S. Cullen

Chief Engineer

Wiscoasin Public Service Commission
610 N, ¥hitney way

Madison, Wisconsin 53705-2829
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 3853001

s VALUATION FF T
RELATING TO ONSITE DISPOSAL OF CONVAMINATED SLUDGE
THE KEWAUN

WISCONSIN PUBLIC SERVICE CORPORATION
WISCONSIN POWER AND OMPANY
MADISON GAS AND FLECTRIC COMPANY

DOCKET N0, 50-305

1.0 [NTRODUCT(ON

By letter dated December 10, 1996, Wisconsin Public Service Corporation {(the
Ticensee) requested that the U.S. Nuclear Regulatory Commissfon (NRC) review
its determination that KRC approval, pursuant to 10 CFR 20.2002, for the
onsite disposa) of contaminated sludge at the Kewavnee Nuclear Power Plant
(KNPP) is not vequired, provided such disposals are conducted within the
1imits and bounding conditions approved by the NRC {n its June 17, 1§52,
Safety Evaluation (SE).

2.0 BACKGROUND

In a letter dated September 12, 1589, the licensee requested autharization far
the zlternzte disposal of sludge contaminated with 1icensed radioactive
material. In an SE dated June 17, 1992, the NRC approved the licensee’s
request pursuant to 10 CFR 20.302 (rew 10 CFR 20.2002) for the disposal of

. 15,000 cubic feet of contaminated waste sludge by land application at the KNPP
locatfon. The SE imposed boundary conditions as follows:

1. The annual disposal must be less thar & total activity of 0.2 uli;

2. The whole body dose to the hypothetical maximally exposed individual
must be less than 0.1 mrem/year; and

3. The disposal must be at the same site,

The SE also stated that for any repetitive disposals, the licensee must
reapply to the BRC when & particular disposal would exceed the boundary

conditions. -

3.0 LVALUALION

The )icensee has determined that NRC approval for future cmsite disposals of
sludge contamipated with licensed radioactive material is not required
provided the disposals comply with the 1imits and conditions of the SE issued
on June 17, 1952. The licensee has alsc developed 2 sludge sampling and
analysis procedure that implements the guidance contained in NRC Information
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Notice B8-22. Specifically, the licensea’s procadure will require the
analysis of sludge samples using a detection systen dasign and operating
tharacteristics that yield a lower 1imit of detection for Co-58, Co-50,
Cs-134, and Cs-137 consistent with measurements of environmental samples. The
licansea has provided a site map (attached) that specifies the acceptadle
onsite disposal areas for the contaminated sludge.

4.0 CON g

The slaff 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
specsfied in the attached site map, do not require specific NRC approval.

Tha Jicensee should permanently incorporate this Safety Evaluatien into the
Offsite Dose Calculation Manual as in Appendix.

Principal Contributor: S. Klementowicz
Date: spril I, 1597
Attachment: XNPP Site Map
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Appendix C

Kewaunee Power Station

Annual Radioactive

Effluent Release Report
January 1 — December 31, 2003

Revised
Section 3.0
Liquid Effluents
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0.0 SUMMARY

During 2003 all liquid radioactive effluents from the Kewaunee Nuclear Plant were well below
regulatory limits. For liquid effluent stream, the quarterly limit most closely approached was:

LIQUID:

Ingestion Pathway-Organ
Quarterly Limit (mRems)
Actual Dose (mRems)

% of Limit
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GI-LLI

5

0.01252 (4™ Quarter)
0.25



3.0 LIQUID EFFLUENTS

3.1 Lower Limits of Detection (LLD) for Liquid Effluents

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

Strontium 90 and Iron 55.

The LLD's for liquid batch release radioanalyses, as listed in Table 4.3 of the 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.

i
i

Isotope

. Mn.54_ .

~ Fe-59
~ Co-58
Co-( 60
 Zn-65
Mo-99
Cs-l34
Cs-137
Ce-141
- Ce-144
131

~ Gross Alpha

v_Fe-SS

|

! 1st Quarter

(6.62E-10°
1.46E-09
6.50E-08
9 61E-10
1 64E 09

5. 22E-10
6 44E 10

1.71E-07
3.33E-06

6.73E-09

: 7.93E-07

-

4.70E-09 |

7.62E-08 |
4.06E-10
1.63E-08

- 8.23E-09
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- Average a
2nd Quarter|3rd Quarter 4th Quarter priori LLD
, o (UC/mI)
“6 62E 08 662E 10 6 62E-10 ~ 1.70E-08
1. 46E 09 | 1 46E 09 1 46E 09 | 1.46E-09
,_6 50E-10 “ 650E 10 . 6. 50E 10 1.67E-08
| 9:61E-10 | 9.61E-08 | 9.61E-10 | 2.47E-08
1.64E-09 | 1.64B-09 | 1.64E-09 | 1.64E-09
4.69E-09 | 4.69E-09 | 4.69E-09 @ 4.69E-09
5.22E-10 5 22E-10 S 22E-10 S. 22E-10‘ ;
6.4 44E 08 i 6..44,E'19~,- 6 44E 10 | 1.66E-08
3. 811_3:1'0 4.21E-08 3 81]%_1& ~ 2.98E-08
5.90E-07 1 71E- 07 4 86E-07 & 3. 54E -07
w4 06E 10 | 4 06E 08 4 06E 08 | 2 05E- 084
3.8 82E 06___”_3 57E 06 3 76E 06 | 3. 62E -06
(2.87E-08 | 160E-08 ; 1.10E-08 & 1.80E-08
9.27E-09 | 6.60E-09 1. .87E-09 | ~7 62E-09
7 23E -09 5 40E 09 LS. 83E 09 6. 68E-09‘ _
'8.40E-07 | 8.23E-07 = 9.43E-07 | 8.50E-07




Continuous liquid releases are grab sampled weekly and analyzed for principal gamma emitters. A
fraction of each weekly sample is retained for a monthly proportional composite which is then
analyzed for Tritium, Gross Alpha, Strontium 89, Strontium 90 and Iron 55.

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

Analysis LLD (uCi/ml)
Principal Gamma Emitters 5.00 E-07
Iodine 131 1.00 E-06
Tritium 1.00 E-05
Gross Alpha 5.00 E-07
Strontium 89, 90 5.00 E-08
Iron 55 1.00 E-06

The actual obtained "a priori” LLD values for continuous releases are shown below.
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| L v . , e éragea -
Isotope 1st Quarter {2nd Quarter | 3rd Quarter; 4th Quarter | priori LLD
S o | (kCi/ml)
~Mn-54 '2.73E-08 1 56E 08 ’ 1 10E- 08 1 91E 08 '1.83E-08
_ Fe- 59 | 2.43E-10 | 4 20E 08 2 43E 10 2. 43E-10 _1.07E-08
- Co-! 58 1 .20E-08 1 35E 08 2 42E“Q_8‘ 1.53E- 08 1 63E -08
~Co- 60 “2 04E -08 3 23E 08 2 .89E-08 | 1 44E 08 2 40E -08
‘ Zn—65 2. 73E 08 2. 73E-19 2 73E-10 ) 3 02E-08 1 45E -08
' _Mo 99 R 48E 07 2 84E-07 3 19EW(_)_7M _*2'17E-O7 2 42E 07»___
Cs-134 | 9.58E-09 | 8.69E-11 | 1.98E-08 | 3.88E-08 | 1.71E-08
Cs-137 '2.90E-08 | 1.07E-10 ;_3 S1E- 08 l 07E-10 1 61E-08
Ce-141 3. 45E 08 1. 56E 08 1. 68E 08"__ ) l QSEfOS 2 09E 08
Ce-144 7. 55E 08 L. 34E-O7 _,1 67E 07 ,1 90E-07 1 41E 07”
L131 | 4.46E-08 | 1.33E-08 | 1.69E-08 | 6.76E-09 | 2.04E-08_
~H-3 3.33E- 06 - 3.82E-06 | 3.57E-06 | 3.76E-06 3 .62E-06
Sr-89 1. 67E 08 ”2 70E-08 | 1. 63E-08__ + 1.2 26E 08 1. 82E -08
» Sr-90 7.5 55E 09 1 8/ 7OE 09 | 7.68E-09 | 7_78_Ev09 7 93E-09W_
) Gross Alphaw_ 5. 12E 09 4 77E O9M -,_5 1»__(2]3_(3)_2_ _4.82E-09 | 4 95E-09
» Fe 55 7 90E 07 8. Q_SF: 07 | 8.22E-07 »_‘_9 18E-07 8 42E 07




3.2 Liquid Batch Release Statistics

The following is a summation of all liquid batch releases made during 2003.

Release Type Number Gallons Released
A SGBT Monitor Tk. 10 93650.0

B SGBT Monitor Tk. 9 84704.0

A CVC Monitor 16 99365.0

B CVC Monitor 14 89215.0

Both WCTs 8 14480.0

Total time for all batch releases............. 23632.0 Min.

Maximum time for a batch release.............. 837.0 Min.

Minimum time for a batch release.............. 55.0 Min.

Average time for a batch release.............. 414.6 Min.

3.3 Liquid Effluent Data

The following Table 3.1 presents a quarterly summation of the total activity released and average
concentration for all liquid effluents. It also presents the gross alpha activity released, volume of waste
released and volume of dilution water used. Tables 3.2 and 3.3 are monthly summations of the same
information in Table 3.1. Table 3.2 contains the quantity of the individual isotopes released to the
unrestricted area for batch releases. Table 3.3 presents a monthly summation of gross radioactivity,
tritium, gross alpha and isotopic activity for the secondary blowdown and leakage releases. It also
presents the monthly total volume for these releases and dilution volumes. Table 3.4 presents the doses
from liquid effluents for each quarter and the calculated doses this year from liquid effluents.
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TABLE 3.1
Annual Radioactive Effluent Release Report 2003
Liquid Effluents - Summation of all Releases

Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr
Fission and Activation Products
Total Release Excluding
H3 and Dissolved Gases
(Ci) 4.878E-003 3.860E-002 6.136E-003 3.116E-003
Average Concentration
(uCi/ml) 4.596E-011 2.447E-010 2981E-011 1.873E-011
Tritium
Total Release (Ci) 2.163E+002 3.794E+001 1.518E+001 1.094E+001
Average Concentration
(nCi/ml) 2.038E-006 2.405E-007 7.376E-008 6.573E-008

% of Tech. Spec.

Limit(3.0E-3 pCi/ml) 6.793E-002 8.017E-003  2.459E-003 2.191E-003

Dissolved Gases

Total Release (Ci) 1.553E-004 0.000E+000 0.000E+000 0.000E+000
Average Concentration

(uCi/ml) 1.464E-012 0.000E+000 0.000E+000 0.000E+000
% of Tech. Spec.

Limit(2.0E-4 pCi/ml) 7.318E-007 0.000E+000 0.000E+000 0.000E+000
Gross Alpha Activity

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

Volume of Waste Released

Batch (liters)

Continuous (liters)

Total (liters)

Volume of Dilution Water

Batch (liters)

Continuous (liters)

Total (liters)

6.058E+005
2.315E+007
2.376E+007

8.022E+009
9.812E+010
1.061E+011

5.012E+005
2.438E+007
2.488E+007

8.386E+009
1.494E+011
1.577E+011
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2.530E+005
1.991E+007
2.016E+007

5.239E+009
2.006E+011
2.058E+011

8.374E+004
2.055E+007
2.064E+007

1.761E+009
1.646E+011
1.664E+011



TABLE 3.2A
Annual Radioactive Effluent Release Report 2003
Liquid Effluents - Batch Releases

January February March Total

Gross Radioactivity
Total Release

Excluding H3

and Dissolved

Gases (Ci) 7.245E-004 1.169E-003 1.595E-003 3.489E-003
Avg. Conc.

(uCi/ml) 3.731E-010 4.636E-010 4.483E-010

Tritium

Total Release

(Ci) 5.241E+001 8.403E+001 7.982E+001 2.163E+002
Avg. Conc.

(nCi/ml) 2.699E-005 3.332E-005 2.243E-005

Dissolved Gases

Total Release

(Ci) 2.895E-006 1.070E-005 1.418E-004 1.553E-004
Avg. Conc.

(uCi/ml) 1.491E-012 4.242E-012 3.984E-011

Gross Alpha Activity

Total Release

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

(pCi/ml) 0.000E+000 0.000E+000 0.000E+000

Volume of Waste Released

(liters) 1.455E+005 1.980E+005 2.623E+005 6.058E+005
Volume of Dilution Water
(liters) 1.942E+009 2.522E+009 3.558E+009 8.022E+009
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Isotope (Ci)

H-3
Fe-55
Co-58
Co-60
Sr-89
Sr-90
Ag-110m
Sb-125
Xe-133
Xe-135
Cs-137
Total

January

5.241E+001
1.746E-004
5.353E-005
4.531E-005
2.328E-007
4.364E-008
9.400E-005
3.569E-004
0.000E+000
2.895E-006
0.000E+000
5.241E+001

TABLE 3.2A (Con't)
Annual Radioactive Effluent Release Report 2003

February

8.403E+001
5.940E-004
3.756E-005
6.684E-005
0.000E+000
1.980E-008
1.401E-004
3.232E-004
1.070E-005
0.000E+000
7.278E-006
8.403E+001

Liquid Effluents - Batch Releases

March

7.982E+001
4.984E-004
1.949E-004
2.868E-004
0.000E+000
4.197E-007
1.903E-004
4.244E-004
1.418E-004
0.000E+000
0.000E+000
7.982E+001
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Total

2.163E+002
1.267E-003
2.860E-004
3.989E-004
2.328E-007
4.831E-007
4.244E-004
1.104E-003
1.525E-004
2.895E-006
7.278E-006
2.163E+002



April
Gross Radioactivity

Total Release
Excluding H3
and Dissolved
Gases (Ci)

Avg. Conc.
(nCi/ml)

1.575E-002
5.389E-009
Tritium

Total Release
(Ci) 2.549E+001
Avg. Conc. '
(uCi/ml) 8.723E-006
Dissolved Gases

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

(uCi/ml) 0.000E+000

Gross Alpha Activity

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

(nCi/ml) 0.000E+000

Volume of Waste Released
(liters) 2.413E+005
Volume of Dilution Water

(liters) 2.922E+009

TABLE 3.2B
Annual Radioactive Effluent Release Report 2003

May

1.510E-002

1.134E-008

2.987E+000

2.243E-006

0.000E+000

0.000E+000

0.000E+000

0.000E-+000

1.102E+005

1.332E+009

Liquid Effinents - Batch Releases

June

4.692E-003

1.135E-009

9.463E+000

2.290E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

1.497E+005

4.132E+009
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Total

3.554E-002

3.794E+001

0.000E+000

0.000E+000

5.012E+005

8.386E+009



Isotope (Ci)

H-3
Cr-51
Mn-54
Fe-55
Co-58
Fe-59
Co-60
Sr-90
Nb-95
Zr-95
Ag-110m
Sn-113
Total

April

2.549E+001
2.294E-004
3.093E-004
4.585E-003
1.249E-003
0.000E+000
6.994E-003
2.100E-006
0.000E+000
0.000E+000
2.379E-003
0.000E+000
2.551E+001

TABLE 3.2B (Con't)
Annual Radioactive Effluent Release Report 2003

May

2.987E+000
3.848E-003
9.073E-005
2.093E-003
5.339E-003
1.118E-003
8.813E-004
9.585E-007
5.280E-004
3.285E-004
8.169E-004
5.564E-005
3.002E+000

Liquid Effluents - Batch Releases

June

9.463E+000
2.091E-004
2.245E-006
2.845E-003
1.382E-003
1.254E-004
6.984E-005
1.303E-006
2.308E-005
0.000E+000
3.418E-005
0.000E+000
9.467E+000
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Total

3.794E+001
4.287E-003
4.023E-004
9.524E-003
7.970E-003
1.244E-003
7.945E-003
4.361E-006
5.510E-004
3.285E-004
3.230E-003
5.564E-005
3.798E+001




July

Gross Radioactivity
Total Release

Excluding H3

and Dissolved

Gases (Ci) 1.184E-003
Avg. Conc.

(pCi/ml) 3.277E-010
Tritium

Total Release

(Ci) 1.032E+001
Avg. Conc.

(1Ci/ml) 2.857E-006
Dissolved Gases

Total Release

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

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

Total Release

(C) 0.000E+000
Avg. Conc.

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

(liters) 1.773E+005
Volume of Dilution Water
(liters) 3.613E+009

TABLE 3.2C
Annual Radioactive Effluent Release Report 2003

August

3.319E-004

7.164E-010

1.222E+000

2.637E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

3.541E+004

4.633E+008

Liquid Effluents - Batch Releases

September

5.801E-004

4.989E-010

3.642E+000

3.131E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

4.031E+004

1.163E+009
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Total

2.096E-003

1.518E+001

0.000E+000

0.000E+000

2.530E+005

5.239E+009



Isotope (Ci)

H-3
Fe-55
Co-58
Co-60
Sr-90
Ag-110m
Sb-125
Total

July

1.032E+001
4.078E-004
4.268E-004
8.535E-005
3.724E-007
1.828E-004
8.075E-005
1.032E+001

TABLE 3.2C (Con't)
Annual Radioactive Effluent Release Report 2003

August

1.222E+000
8.144E-005
7.769E-005
1.637E-005
7.436E-008
6.880E-005
8.757E-005
1.222E+000

Liquid Effluents - Batch Releases

September

3.642E+000
9.271E-005
9.718E-006
2.274E-005
8.465E-008
1.484E-004
3.064E-004
3.642E+000
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Total

1.518E+001
5.820E-004
5.142E-004
1.245E-004
5.314E-007
4.000E-004
4.747E-004
1.519E+001



October
Gross Radioactivity

Total Release
Excluding H3
and Dissolved
Gases (Ci)

Avg. Conc.
(uCi/ml)

4.166E-005
4.743E-010
Tritium

Total Release
(Cv) 7.655E-005
Avg. Conc.
(uCi/ml) 8.717E-010
Dissolved Gases

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

Total Release

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

Volume of Waste Released

(liters) 7.154E+003
Volume of Dilution Water
(liters) 8.782E+007

TABLE 3.2D
Annual Radioactive Effluent Release Report 2003

November

1.145E-003

9.757E-010

4.104E+000

3.498E-006

0.000E+000

0.000E+000

0.000E+000

0.000E+000

4.063E+004

1.173E+009

Liquid Effiuents - Batch Releases

December

1.923E-003

3.848E-009

6.831E+000

1.367E-005

0.000E+000

0.000E+000

0.000E+000

0.000E+000

3.595E+004

4.997E+008
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Total

3.110E-003

1.094E+001

0.000E+000

0.000E-+000

8.374E+004

1.761E+009



Isotope (Ci)

H-3
Fe-55
Co-58
Co-60
Sr-89
Ag-110m
Sb-125
Total

October

7.655E-005
3.935E-005
2.277E-006
0.000E+000
2.862E-008
0.000E+000
0.000E+000
1.182E-004

TABLE 3.2D (Con't)
Annual Radioactive Effluent Release Report 2003

November

4.104E+000
2.235E-004
5.960E-005
2.789E-005
1.625E-007
4.873E-004
3.466E-004
4.105E+000

Liquid Effluents - Batch Releases

December

6.831E+000
1.977E-004
1.175E-004
4.286E-005
1.438E-007
3.897E-004
1.175E-003
6.833E+000
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Total

1.094E+001
4.606E-004
1.794E-004
7.075E-005
3.350E-007
8.771E-004
1.522E-003
1.094E+001



Liquid Effluents - Continuous Releases

January

Gross Radioactivity
Total Release

Excluding H3

and Dissolved

Gases (Ci) 1.720E-005
Avg. Conc.

(uCi/ml) 5.089E-013
Tritium
Total Release

(Ci) 2.861E-002
Avg. Conc.

(nCi/ml) 8.465E-010
Dissolved Gases

Total Release

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

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

Total Release

(Ci) 0.000E+000
Avg. Conc.

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

(liters) 7.280E+006
Volume of Dilution Water
(liters) 3.380E+010

TABLE 3.3A
Annual Radioactive Effluent Release Report 2003

February

9.236E-004

3.026E-011

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

7.411E+006

3.053E+010

March

4.482E-004

1.326E-011

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

8.461E+006

3.380E+010
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Total

1.389E-003

2.861E-002

0.000E+000

0.000E+000

2.315E+007

9.812E+010



Isotope (Ci)

H-3

Fe-55
Sr-89
Sr-90
Total

Liquid Effluents - Continuous Releases

January

2.861E-002
0.000E+000
0.000E+000
1.720E-005
2.862E-002

TABLE 3.3A (Con't)
Annual Radioactive Effluent Release Report 2003

February

0.000E+000
8.637E-004
5.974E-005
2.353E-007
9.236E-004

March

0.000E+000
3.587E-004
8.948E-005
0.000E+000
4.482E-004
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Total

2.861E-002
1.222E-003
1.492E-004
1.744E-005
3.000E-002

-



Liquid Effluents - Continuous Releases

April

Gross Radioactivity
Total Release

Excluding H3

and Dissolved

Gases (Ci) 1.063E-003
Avg. Conc.

(rCi/ml) 3.047E-011
Tritium

Total Release

(Ci) 0.000E+000
Avg. Conc.

(nCi/ml) 0.000E+000
Dissolved Gases

Total Release

(Ci) 0.000E+000
Avg. Conc.

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

Total Release

(Ci) 0.000E+000
Avg. Conc.

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

(liters) 8.030E+006
Volume of Dilution Water
(liters) 3.489E+010

TABLE 3.3B
Annual Radioactive Effiluent Release Report 2003

May

1.020E-003

2.079E-011

0.000E-+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

9.145E+006

4.906E+010

June

9.729E-004

1.487E-011

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

7.207E+006

6.541E+010
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Total

3.056E-003

0.000E+000

0.000E+000

0.000E+000

2.438E+007

1.494E+011



Isotope (Ci)

Fe-55
Sr-89
Sr-90
Total

Liquid Effluents - Continuous Releases

April

1.021E-003
4.157E-005
8.150E-008
1.063E-003

TABLE 3.3B (Con't)
Annual Radioactive Effluent Release Report 2003

May

9.589E-004
6.036E-005
8.363E-007
1.020E-003

June

9.369E-004
3.603E-005
0.000E+000
9.729E-004
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Total

2.917E-003
1.380E-004
9.179E-007
3.056E-003



Liquid Effiuents - Continuous Releases

July

Gross Radioactivity
Total Release

Excluding H3

and Dissolved

Gases (Ci) 1.224E-003
Avg. Conc.

(nCi/ml) 1.811E-011
Tritium

Total Release

(Ci) 0.000E+000
Avg. Conc.

(uCi/ml) 0.000E+000
Dissolved Gases

Total Release

(Ci) 0.000E+000
Avg. Conc.

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

Total Release

(Ci) 0.000E+000
Avg. Conc.

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

(liters) 5.684E+006

Volume of Dilution Water

(liters) 6.759E+010

TABLE 3.3C
Annual Radioactive Effluent Release Report 2003

August

1.337E-003

1.978E-011

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

7.407E+006

6.759E+010

September

1.480E-003

2.262E-011

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

6.818E+006

6.541E+010
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Total

4.040E-003

0.000E+000

0.000E+000

0.000E+000

1.991E+007

2.006E+011



Isotope (Ci)

Fe-55
Sr-89
Sr-90
Total

Liquid Effluents - Continuous Releases

July

1.184E-003
3.948E-005
8.848E-008
1.224E-003

TABLE 3.3C (Con't)
Annual Radioactive Effluent Release Report 2003

August

1.291E-003
4.305E-005
2.516E-006
1.337E-003

September

1.432E-003
4.773E-005
0.000E+000
1.480E-003
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Total

3.907E-003
1.302E-004
2.604E-006
4.040E-003



Liquid Effluents - Continuous Releases

October

Gross Radioactivity

Total Release
Excluding H3
and Dissolved
Gases (Ci)

Avg. Conc.
(nCi/ml)

1.716E-006
2.538E-014
Tritium

Total Release

(C1) 0.000E+000
Avg. Conc.
(rCi/mli) 0.000E+000
Dissolved Gases

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

(pCi/mI) 0.000E+000

Gross Alpha Activity

Total Release
(Ci) 0.000E-+000

Avg. Conc.
(nCi/ml) 0.000E+000
Volume of Waste Released
(liters) 5.719E+006
Volume of Dilution Water

(liters) 6.759E+010

TABLE 3.3D
Annual Radioactive Effluent Release Report 2003

November

1.821E-006

2.879E-014

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

6.069E+006

6.323E+010

December

2.629E-006

7.780E-014

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

0.000E+000

8.765E+006

3.380E+010
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Total

6.166E-006

0.000E+000

0.000E+000

0.000E+000

2.055E+007

1.646E+011



Isotope (Ci)

Sr-90
Total

TABLE 3.3D (Con't)
Annual Radioactive Effluent Release Report 2003
Liquid Effluents - Continuous Releases

October November December Total
1.716E-006 . 1.821E-006 2.629E-006 6.166E-006
1.716E-006 1.821E-006 2.629E-006 6.166E-006
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Table 3.4

Annual Radioactive Effluent Report 2003

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
1st 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

1.636E-003
8.578E-005
1.670E-003
1.571E-003
1.599E-003
1.588E-003
1.639E-003

Dose
Total
mRem

4.295E-004
1.867E-004
4.772E-004
2.391E-004
2.535E-004
2.995E-004
1.920E-002

Quarterly Percent
Limit of Limit
mRem

1.5 0.11
5.0 0.00
5.0 0.03
5.0 0.03
5.0 0.03
5.0 0.03
5.0 0.03
Quarterly Percent
Limit of Limit
mRem

1.5 0.03
5.0 0.00
5.0 0.01
5.0 0.00
5.0 0.01
50 0.01
5.0 0.38
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Table 3.4 (Con't)
Annual Radioactive Effluent Report 2003
Dose From Liquid Effluents

Organ Dose Quarterly Percent
3rd Qtr Dose Total Limit of Limit
mRem mRem
Total Body 6.790E-005 1.5 0.00
Bone 8.386E-005 5.0 0.00
Liver 7.860E-005 5.0 0.00
Thyroid 5.515E-005 5.0 0.00
Kidney 5.516E-005 5.0 0.00
Lung 6.777E-005 5.0 0.00
GI-LLI 9.282E-005 5.0 0.00
Organ Dose Quarterly Percent
4th Qtr Dose Total Limit of Limit
mRem mRem
Total Body 7.922E-005 1.5 0.01
Bone 5.618E-005 5.0 0.00
Liver 6.847E-005 50 0.00
Thyroid 6.453E-005 5.0 0.00
Kidney 6.456E-005 5.0 0.00
Lung 6.652E-005 5.0 0.00
GI-LLI 8.738E-005 5.0 0.00
Calculated Dose This Year
Organ Dose Annual Percent
Total Limit of Limit
mRem mRem
Total Body 2.213E-003 3.0 0.07
Bone 4.125E-004 10.0 0.00
Liver 2.294E-003 10.0 0.02
Thyroid 1.930E-003 10.0 0.02
Kidney 1.973E-003 10.0 0.02
Lung 2.021E-003 10.0 0.02
GI-LLI 2.102E-002 10.0 021
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