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UNITED STATES

W 3 NUCLEAR REGULATORY COMMISSSION
WASHINGTON, D.C. 20555

f% Seee®
OFFICE OF THE
EXECUTIVE DIRECTOR Jul y 24, 1992

FOR OPERATIONS

NOTE TO: Daniel Martin, OCM/IS
Seth Coplan OCM/KR

FROM: James L. Blaha,
Assistant for Operations

SUBJECT: TRANSMITTAL OF PACKAGE ON
NRC/EPA INTERFACE ISSUES
USED IN THE JULY 9, 1992,
BRIEFING OF HUGH L. THOMPSON, JR.,

DEDS
Copies of the subject material are being
provided for your information in keeping with
the interest expressed by the Commissioner's

offices in receiving these materials

routinely.

Ja L. Blaha,
As ant for Qperations

cc: J. Taylor, w/o encl.
H. Thompson, Jr. , w/o encl.
K. Stablein, w/0 encl.
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BRIEFING FOR
HUGH L. THOMPSON

July 9, 1992

EPA INTERFACE ISSUES

High-Level Waste Standards

Low-Level Waste Standards

Radicactive Mixed Waste

Drinking Water Standards

Clean Air Act Standards
a) Subpart I: Power Reactors
b) Subpart I: Licensees other than Power Reactors
c) Subparts T and W

Uranium Mill Tailings

Medical Waste

Groundwater Protection

Radiological Criteria For Decommissioning
Memorandum of Understanding



R $s 7/9/92
High Level Waste Standards
40 CFR Part 191

Actions from Previous Months

1. 6/16-17; presentation on potential gaseous % relgases to SAB panel.
Significant concern about 1ikely size of gaseous '‘C releases. Even
after research and analyses, remaining uncertainties may make it
difficult to evaluate compliance with *C release limit.

2. 7/6/92; EPA considers standards highest priority for resolution under

HOU; by mid-July EPA will send revised standards for NRC review and
comment; revised technical basis will follow; EPA asked NAS to involve
NRC in review of DOE’s technical basis.

Actions for Upcoming Months

l.

None

DOE working on 7 tasks to provide technical support to EPA. Review and
comment on preliminary drafts of reports; provide comments to EPA and
DOE; HLWM lead.

1/22/92; In response to DOE request, participate in technical exchange
;iﬁn ?OEdand EPA to discuss NRC staff suggested alternative language;
L ead.

?ev;ew revised standards and technical basis when provided by EPA; HLWM
ead.

v evel Manageme



High Level Waste Standards
40 CFR Fart 191

OBJECTIVES

Long-Term

Convince EPA to provide more complete and comprehensive analyses to
support the fundamental technical basis underlying the standards. Rely
more on comparisons with other standards and risks, and rely less on
analyses of the isolation capabilities of hypothetical repositories.

2. Convince EPA to adopt wording suggested by NRC for several sections of
EPA’s standards, including the probabilistic formulation of EPA’s
containment requirements, definition of "likelihood,* and definition of
*static biosphere.”

Short-Term _

1. Review preliminary drafts of EPA’s technical support documents (expected
in May or June). '

2. Continue negotiations with EPA on specific wording for the standards.

3. Maintain awareness of the views of other parties (DOE, EPRI,

environmental groups) regarding EPA’s standards.



High Level Naste Standards
40 CFR Part 191

BACKGROUND
August 1985 - EPA promulgates HLW standards and s sued.
July 1987 - Federal court decision remands standards for reconsideration.

June 1989 - EPA releases Working Draft No. 1 for review. No formal NRC
comments were provided.

January 1990 - Working Draft No. 2 released.

August 1990 - NRC provides comments on Working Draft No. 2.
April 1991 - Working Draft No. 3 released.

September 1991 - First EPRI workshop on EPA’s HLW standards.
October 1991 - NRC provides comments on Working Draft No. 3.

February 1992 - Second EPRI workshop and EPA release of draft fR notice of HLW
standards.

January-March 1992 - Bilateral NRC/EPA meetings to resolve Working Draft No. 3
comments.

May 1992 - DOE provides EPA with initial reports on 7 tasks to provide
technical support to EPA’s standards. EPA requests NRC review and comment on
DOE’s reports.

June 1992 - NRC staff gives a presentation on potential gaseous carbon-14
releases to a panel of EPA’s Science Advisory Board.



R rief ¢ 71/9/92
EPA’s Low-Level Radioactive Waste Standards
draft 40 CFR Part 193
Actions from Previous Months
1. 7/6/92; EPA willing to discuss standards only after HLW standards are
complete; EPA argues strongly for need for standards and to retain
groundwater provisions.
2. Detailed staff review of September 1991 DOE comments not completed
because of higher priority work.
Actions for Upcoming Months
1. Complete review of issues associated with EPA’s LLW standard to identify
key concerns and develop approach for how to address under the new MOU;
LLWM Lead.
2. Prepare for September 1992 meeting with EPA on the LLW Standards; LLWM
Lead.
u erve n U evel Managemen
None |



EPA’s Low-Level Radioactive Waste Standards
draft 40 CFR Part 193

OBJECTIVES
ong-

1. Convince EPA to withdraw its draft standards because they are duplicative
znd could disrupt State efforts to comply with the LLW Policy Amendments

ct.

2. Failing #1, resolve key technical and policy issues associated with the
standards (duplicative nature, groundwater protection, BRC waste
definition, and NARM waste disposal) in a manner that minimizes
duplicative regulation and disruption of State efforts.

Short-Term

1. Determine, in consultation with EPA, whether the draft standards provide
for substantial reduction of a significant risk.

2. Reevaluate key technical and policy issues associated with the standards.

3. Address general groundwater protection issue through the general efforts
of the LLW Performance Assessment Working Group.

4, Keep informed of the status of the standards.

5.

Assess EPA’s general policy on groundwater protection.



EPA’'s Low-Level Radioactive Waste Standards
draft 40 CFR Part 193

BACKGROUND

Late 1970s - EPA inftiated development of LLW standards to complete
environmental standards for nuclear fuel cycle.

1983 - EPA published ANPR on LLW standards (August 31; 48 FR 39563).
1988 - EPA submitted proposed standards for OMB clearance.

1988/89 - NRC and EPA reached impasse on key issues and provided contrasting
positions to OMB (NRC position approved by Commission); similar comments
raised by DOE.

1989 - In a letter to OMB, EPA stated that its LLW standards are necessary
because NRC’s standards do not specifically address groundwater protection.

1990 - OMB returned draft standards to EPA to resolve issues with NRC and DOE.

September 1991 - EPA (Gunter) expressed interest in working out a deal with
NRC; EPA participates in BRC consensus process if NRC approves LLW standards.

September 1991 - DOE expressed “"grave concerns" about EPA’s LLW standards for
a variety of technical and policy reasons.

October 1991 - Commissioner Curtiss reqﬁested staff to review DOE’s comments.
November 1991 - Staff concludes that DOE comments are generally consistent
with earlier NRC comments; will address more general aspects through LLH
Performance Assessment Working Group activities.

December 1991 - EPA staff places standards on hold pending review of DOE
comments and signing of NRC-EPA MOU.

April 1992 - EPA standards for LLW and NARM raised as an issue in Senate
Governmental Operations Hearing on decommissioning.



"\ _NRC/EPA Issue Brief #3 1/9/92

Joint Regulation of Radiocactive Mixed Waste
under AEA and RCRA

Actions from Previous Months
1. National Profile on Mixed Waste

¢ Survey on schedule - Task 5 & 6 Report complete (National 1990
generation rates); Task 7 Report in progress (treatability)

¢ Presented preliminary results at Radioactive Exchange Decisfonmakers’
Forum on 6/10/92.

2. Joint Guidance on Waste Testing and Characterization
s 20 sets of comments, 100 specific comments received.

~ ¢ Discussed at Radioactive Exchange Decisionmakers’ Forum on 6/10/92.
s Discussed comment responses on 6/25/92.

3. Joint Guidance on Mixed Waste Storage

s ¢ Letter from Bernero to Lowrance on 6/11/92 proposing draft issuance
by 7/30/92; EPA unlikely to support.

4. Procedural Agreements with EPA

¢ Information Exchange (similar to OSHA-NRC MOU)
- No Change; NRC awaiting comments from EPA on draft.

e Nuclear Facility Remediation
- NRC completed draft site characterization guidance for SDHMP sites;
will seek EPA review after completing internal review in July.

- NRC and EPA are coordinating on RCRA Facility Investigation>for
NFS-Erwin; NRC is awaiting document from NFS.

¢ Permitting/Licensing
- No Change; awaiting EPA input.

§. DOE-EPA Advisory Committee on Mixed Waste Incineration

¢ Meeting held in Denver on 6/18-19; NRC participated via telephone and
suggested clarification of the objective of committee.



Joint Regulatfon of Radioactive Mixed Waste
under AEA and RCRA

Actions from Previous Months continued

6. Track Resolution of Suits, Petitions and Enforcement Actions; RCRA
Reauthorization -

Participated in ASTM mixed waste meeting on 5/6/92.

Participated in EPA public meeting on USWAG petition on 5/28/92.

Met with EPA on §/19/92 and 6/4/92 to discuss USWAG petition and
comparability of NRC and EPA requirements for storage; EPA contractor
study in progress.

Responded to Mixed Waste questions from NW Compact generators on
5/7/92; EPA responded separately with coordinated response on 6/3/92.

Attended National Incineration Conference $/11-5/15/92; Albuquerque.
Initiated coordinated review of EPA’s proposed Hazardous Waste
Identification Rule (CBEC/ECHO); attended public meetings and
workshops on 6/15/92 and 7/8/92.

Initiated review of EPA final rule on used oil.

7. Initiated coordination of RCRA Facility Assessment for Pratt & Whittney
site (CANEL) in Connecticut

<

License terminated in early 1970s; contaminated hot cells remain on
1400-acre site.

EPA demanded P&W provide information on *radiological problem® as
part of RCRA-permitting activity; NRC Region I review
characterization plan in terms of hazards.

Additional contamination may have been caused by Afr Force activities
in early 1960s; candidate for FUSRAP cleanup by DOE.

P&W want to renovate Building 450 to use as storage area; Region I
will review and comment on Decommissioning Plan for Building 450 and
review othér aspects of site later.

mi ont

1. National Profile on Mixed Waste; LLWN Lead.

Complete repori of mixed waste treatability and NUREG document
containing results of survey; July 1992.

Brief LLW Forum on results of the National Profile on 7/24/92

Commission Paper on survey results; August 1992.



Joint Regulation of Radioactive Mixed Waste
under AEA and RCRA

mi () inue
2. Joint Guidance on Waste Testing and Characterization; LLWM Lead.
¢« Continue to mail out documents upon request.
s Complete analysis and response to comments by 8/15/92.
3.  Joint Guidance on Mixed Waste Storage; LLWM Lead.

¢ Continue development of storage guidance - publication in July 1992
(awaiting EPA commitment to alternate date)

4. Procedural Agreements with EPA; LLWM Lead.

s Coordinate with EPA on specific sites: NFS, Engelhard, and
Pratt & Whittney.

5. DOE-EPA Advisory Committee on Mixed Waste Incineration; LLWM Lead.

¢ Send comments on draft assessment of monitoring and APC technology
for Rocky Flats incinerator unit; 7/15/92.

6. Track Resolution of Suits, Petitions and Enforcement Actions, RCRA
Reauthorization; LLWM Lead.

s EPA-DOE cross-cutting issues meeting on 7/9/92; focus on definition
of AEA material and ALARA.

¢« Track and comment on RCRA Reauthorization; ongoing.

¢« Comment on EPA’s proposed Hazardous Waste Identification Rule
(CBEC/ECHO) by 7/20/92.

e Attend public meetings on the Hazardous Waste Identification Rule
(CBEC/ECHO) on 7/9/92 and 7/14-15/92.

¢ Provide information on NRC storage requirements and guidance to
support EPA’s USWAG response; ongoing.

« Brief Agreement States on status of mixed waste activities on
7/14/92.

7. Support Congressional consideration of Federal Facilities Compliance Act.

Request for Intervention of Upper Level Management

None; awaiting EPA response to Bernero letter of 6/11/92 on storage guidance




Joint Regulation of Radioactive Mixed Waste
under AEA and RCRA

0BJECTIVES

~ler

1. Support DOE acceptance of mixed waste.

2. Facilitate regulatory compliance with joint requirements; ensure that
waste is safely managed, tested and disposed.

3. Maintain flexibility, sensitivity, and responsiveness in interacting with
1icensees who must comply with joint regulatory programs; urge EPA to do
the same.

Short-Term

1. Encourage accelerated EPA action to develop joint guidance addressing
storage and treatment of mixed waste.

2. Characterize universe and assess treatability of mixed waste through
mixed waste profile.

3. Develop agreements with EPA on procedural {issues such as enforcement,

site remediation, and permitting/licensing.

Track EPA actions on mixed and hazardous waste.



Joint Regulation of Radioactive Mixed Waste
under AEA and RCRA

BACKGROUND

1981 - NRC recognized need to address chemical and other non-radiological
hazards of LLW in Part 61 rulemaking.

Early 1980s - EPA and NRC informally assessed approaches for regulating mixed
waste under both AEA and RCRA.

{932 - RCRA deemed applicable to DOE chemical wastes in L.E.A.F. vs. Hodell,
984.

1985 - During Hearings on Amendments to the LLW Policy Act, Congress
encouraged EPA and NRC to work together to pursue administrative solutions to

Joint regulation of mixed waste.

guly 1986 - EPA determined that hazardous portion of mixed waste is subject to
CRA.

May 1987 - DOE determined that radioactive/hazardous waste is subject to RCRA.

1987 - NRC and EPA issued 3 Joint Guidance documents on definition, design,
and siting.

1990 - Office of Technology Assessment report highlighted "catch-22" facing
generators of mixed waste.

Septembér 1990 - NRC and EPA initiated National Profile on Mixed Waste
characteristics, volumes, and treatability.

August 1991 - EPA announced Mixed Waste Enforcement Policy.
March 1992 - NRC and EPA publish draft guidance on Mixed Waste Testing.
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NRC/EPA Issue Brief #4 7/9/92

Drinking Water Regulations for Radionuclides
40 CFR Part 141

n m v Month

1. CIRRPC review of proposed drinking water transmitted to OMB on 5/21/92.

2. Attended EPA SAB meeting on EPA Guidance for Disposal of Water Treatment
Wastes on 5/21/92.

o SAB critical of guidance document.

e SAB recommended that EPA justify dose limits and provide additional
tnformation on State Radiation Control Programs.

ns for Upcom th

1. Track EPA revision of Guidance document and finalization of drinking
water regulations; LLWM Lead.

2. Contact EPA to discuss 1ink between 10 CFR Part 20 and Underground
Injection Control standards in 40 CFR Part 144; LLWM Lead.

ues rv f eV agem

None



Drinking Water Regulations for Radionuclides
40 CFR Part 141

OBJECTIVES
fong-Term
1. Attempt to ensure that EPA’s final drinking water regulations are
scientifically sound and adequately consider the impacts on NRC
regulatory programs.
Short-Term
1. Participate in CIRRPC coordinated review of the proposed standards.

2. Develop sufficient familiarity with the drinking water standards to apply
them in appropriate NRC activities.



Drinking Water Regulations for Radionuclides
40 CFR Part 141

BACKGROUND

July 1976 - EPA promulgates National Interim Primary Orinking Water
Regulations (40 CFR 141.15).

Interim standards currently in effect and enforceable.

20 MCLs for radon and uranium because of insufficient health and occurrence
ata.

September 1585 - EPA published standards for HLW disposal; groundwater
protection requirements adopt existing interim MCLs for combined radium-
226/radium-228 and gross alpha emitters.

September 1986 - EPA published Advance Notice of Proposed Rulemaking for
National Primary Drinking Water Regulations (51 FR 34836).

September 1987 - EPA published proposed groundwater standards for disposal and
cleanup of uranium mill tailings under UMTRCA (52 FR 36000). Standards adopt
ex}sting interim MCLs for combined radium-226/radium-228 and gross alpha
emitters.

1988 - Draft proposed standards for LLW submitted for OMB clearance. Proposed
standards use interim drinking water standard of 4 mrem/year to protect useful
aquifers from releases.

July 1991 - EPA publishes Proposed Rulemaking for National Primary Drinking
Water Regulations (56 FR 33050). Includes MCLs for 2 new radionuclides,
uranfum (30 pCi/1) and radon (300 Pci/1). Includes separate MCLs for radium-
226 and radium-228 (20 pCi/1 each, up from interim MCL of S pCi/1 combined).
Gross alpha MCL excludes radium-226, uranium, and radon (interim MCL excluded
only uranium and radon). Proposes MCLGs of zero.

October 1991 - NRC submitted comments on proposed regulations.
January 1992 - CIRRPC initiated scientific review of proposed standards.

May 1992 - CIRRPC transmits comments on proposed drinking water standards to
OMB.



N A Issue Br L4 _ 7/%/92

Radfonuclide Emission limits
under the Clean Air Act

Subpart I - Power Reactors
ctions from Previous Mo

1. EPA final rule to rescind Subpart I for power reactors - delayed due to
resource constraints and Schmidt letter.

2. Scope of National Response Team review of prevention and mitigation of
accidental releases under CAA Section 112r.

¢ Drafted response to Assistant Administrator Clay designating John
Austin as NRC contact.

¢ Emphasized radionuclide emissions and prevention already adequately
controlled under the AEA.

3. Provided technical comments on Massachusetts NESHAPS, 5/18/92;
coordinated with NRR, RES, IMNS and RI.

4. NRR and NMSS met with EPA to discuss Schmidt letter; 5/28/92.

¢ Committed to provide EPA with additional information on NRC programs;
draft letter under review

e EPA argues that CAA applies to releases during accident conditions.
c ming Mo
1. Contact EPA (Al Colli) for status of final rulemaking; LLWM Lead.

2. Resolve NRC participation in National Response ream review of prevention
and Mitigation of Accidental releases under CAA Section 112r; NMSS Lead.

3. Provide EPA with information on NRC programs regarding ﬁonitoring air
emissions from power reactors, as promised at 5/28/92 meeting; LLWM Lead

equ r rvention er Level Managemen



N RC/EP rief # 7/9/92

Radionuclide Emission limits
under the Clean Air Act

Subpart I - NRC Licensees other than Power Reactors
Actions from Previous Months
1. EPA Rescission of Subpart I
¢ 6/16/92; transmit draft MOU on Subpart I to EPA; MOU commits NRC to:
- develop and issue a regulatory guide on designing and implementing .
an ALARA program; complete draft by October 1992, final by April
1993
- develop inspection guidance on ALARA considerations for
environmental effluents and incorporate ALARA considerations in
Standard Review Plans

- work with Agreement States to adopt and implement regulations
compatible with new Part 20.

2. ALARA

AN e Work on draft ALARA guidance continues; NMSS/IMNS to provide draft
outline to RES and NMSS/LLWM in early July

e RES will develop draft guidance based on annotated outline; draft
guidance releasable to EPA in September 1992

3. Distributed EPA’s COMPDOSE and CAP88-PC computer codes to NRC offices.

¢ Codes estimate doses to individuals from airborne releases of
radionuclides.

¢ NMSS requested comments on codes’ applicability to NRC programs

Actions for Upcoming Months

1. Neggtiate MOU on Subpart I with EPA; coordinate with IMNS, RES; LLWM
Lead.

2. Con%:nue draft ALARA guidance preparation; RES Lead (after IMNS completes
outline)

3. Review of EPA’s draft Background Information Document on licensee survey
delayed (EPA to provide by 7/15/92); LLWM Lead.

Request for Intervention of Upper Level Management
/ None |
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NRC/EPA Tssue Brief #5c 1/9/92

Radionuclide Emission Vimits
under the Clean Air Act

Subparts T and W
Actions from Previous Months
1. EPA Proposed Rescission of Subpart T
e 5/30/92; EDF agreed to another 1 month continuance on February 1992

challenge of Subpart T stay; when continuance expires, EPA will file
motion to postpone oral argument until Subpart I decision is rendered
(July at earliest).

2. EPA Amendments to 40 CFR Part 192

¢ Proposed amendments to 40 CFR Part 192 delayed until September 1992
at earliest because of EPA staff changes.

3. NRC and Agreement State efforts under MOU

¢ NRC and Agreement State review of reclamation plans and closure
schedules

4

- Approved reclamation plan for Unfon Pacific, Bear Creek, WY.

- Issued R Notice of Intent to approve reclamation plan for
Homestake, NM on 6/9/92.

- c$mp1eted review of Western Nuclear- Split Rock, WY reclamation
plan.

s Final approval of plans are on hold pending legal review of need for
environmenta) reports (ERs); if ERs are required by licensees, could
delay NRC compliance with September 1993 milestone for approving all
reclamation plans.

4. NRC Conforming Amendments to 10 CFR Part 40, Appendix A

¢ NRC development of proposed amendments is on hold light of EPA
- delays; anticipating mid-October at the earliest.

5. Settlement Agreement_

None



/‘\‘

Radionuclide Emission limits
under the Clean Air Act

Subparts T and W
Actions for Upcoming Honths
1. EPA Proposed Rescission of Subpart T

e Track EDF suit on Subpart T Stay and NRDC's challenge to Subpart I;
LLWN Lead.

2. Amendments to 40 CFR Part 192

¢ Review EPA rewrites of draft 192 amendments as available and discuss
with EPA; LLWM Lead.

3. NRC and Agreement State efforts under MOU

¢ Continue efforts to review reclamation plans and amend licenses to
incorporate closure schedules; URFO Lead.

. ?esglve legal issue on need for ERs for license termination; OGC
ead.

¢ Contact Agreement States to check on status; LLWNM Lead (with 0SP).
4. NRC Conforming Amendments to 10 CFR Part 40, Appendix A

¢ Review EPA draft technical support document (EPA to provide by
6/30/92); LLWM Lead.

5. Settlement Agreement; 0GC Lead.

None

u ‘ rv of r el Management

None



- \

‘\./'.

Radfonuclide Emission limits
under the Clean Afir Act

Subparts T, W and [

OBJECTIVES
Long-Term
1. Convince EPA to withdraw NESHAPS for radionuclides based on EPA

determination that NRC programs already provide ample protection in
accordance with Section 112(d)(9) of the Clean Air Act as amended in 1990.

Short-Term

1. Fulfil) commitments set out in October 1991 MOU.

2. Amend 10 CFR Part 40, Appendix A to conform with EPA amendments to 40 CFR
Part 192.

3. Assist EPA in developing the technical basis for amending 40 CFR Part
192.

4. Assist-EPA in developing the technical basis for rescinding Subpart I as
applied to NRC licensees other than power reactors and for Subpart T.

S. Encourage EPA to complete rulemaking to rescind Subpart I for power

reactors in a timely manner.



Radionuclide Emission 1{mits
under the Clean Afr Act

Subparts T, Wand 1
BACKGROUND

December 1989 - EPA promulgates NESHAPS for radionuclides under Section 112 of
CAA (40 CFR Part 61). EPA also publishes notice of reconsideration of Subpart
I and stays its effectiveness.

NESHAPS apply to 3 source categories of NRC-licensees; (1) Subpart I - A11 NRC
Ticensees (excl. HLW and sealed sources), (2) Subpart T - Radon emissions from
Uranium Mi11 Tailings Disposal, and (3) Subpart W - Radon emissions from
Uranium Mi11 Tailings Operation.

February 1990 - NRC comments to EPA that; (1) NRC programs are sufficient, and
(2) Subparts I, T and W are burdensome and duplicative.

October 1990 Amendments to CAA provide that EPA regulation not necessary if
EPA finds NRC’s programs provide ample margin of safety (Section 112(d)(9) -
Simpson Amendment).

April 1991 - EPA stays effectiveness of Subpart I for facilities other than
reactors until November 15, 1992 to allow for information collection through
survey. ‘

July 1991 - EPA requests information from NRC on uranium mill tailings piles
to support possible Subpart T and W reconsideration.

August 1991 - EPA proposes to rescind Subpart I for power reactors based on
reactor emissions supporting determination of ample margin of safety
determination under Section 112(d)(9) of CAA.

October 1991 - EPA, NRC, and States of CO, TX and WA sign an MOU regarding
Subparts T and W of 40 CFR Part 61.

December 1991 - EPA stays the effectiveness of Subpart T and proposes to
rescind Subpart T based on actions committed to in the October 1991 MOU.

February 1992 - EDF sues EPA over final stay of Subpart T and revises
Settlement Agreement.



_NRC/EPA ]ssue Brief #6 7/9/92
Uranfum Mi11 Tailings
Actions from Previous Months
1. Groundwater Protection Standards
¢ Contacted OMB 4/16/92; no OMB decision yet on standards.

¢ Re-raised issue to OMB in conjunction with comments on EPA answers to
Senators Glenn and Lieberman.

« EPA believes ACL issue was resolved with addition of Simpson
Amendment-type language; EPA to provide most recent copy of standards
(7/6/92).

2. Determine Need for Additional Regulations

o None

mi n
1. Groundwater Protection Standards
¢ Review standards when provided by EPA; LLWM Lead.
2. Determine Need for Additional Regulations
¢ Meet with EPA to revisit 1989 analysis; LLWM Lead.
u f r of Uppe vel Managem

None



Uranium Ni11 Taflings
OBJECTIVES
Long-Term

1. Minimize to the extent possible jurisdictional disputes between agencies
for Title I and Title II activities.

2. Improve working relationship between EPA and NRC staffs on Title I and
Title II activities. ‘

3. Minimize to the extent practicable the need to make revisions to 10 CFR
40, Appendix A as provided under Section 84a(3) of the AEA.

Short-Term

1. Convince EPA/OMB that there is no need to require EPA’s concurrence on
groundwater ACLs for'DOE's Title I sites.

2. Determine Qhether EPA staff accepts the approach taken by NRC in its
August 8, 1989 letter to EPA in complying with requirement under Section
84a(3) of the AEA.



/\‘

Uranfum Mi11 Tailings
BACKGROUND

1978 - Uranium Mi11 Tailings Radiation Control Act (UMTRCA) enacted to
m:?{mi?: environmental hazards from inactive (Title II) and active (Title I)
m sites.

1983 - EPA promulgated final standards for Title I and Title II sites.
Subparts A-C govern Title I sites and Subparts D and E were to govern Title II
sites. Title I standards did not set general groundwater protection
standards. Title Il standards incorporated groundwater protection standards,
including alternate concentrations limits (ACLs), comparable to RCRA
requirements.

Industry and environmentalists sued EPA upon promulgation of both Title I and
Title II portions of 40 CFR 192.

1985 - The Tenth Circuit Court decided in favor of EPA, upholding the Title I
(except groundwater) and Title II regulations. The Court remanded groundwater
aspects of its standards for Title I sites.

1987 - NRC provided specific groundwater provisions for Title II sites in 10
CFR 40, Appendix A to conform to EPA’s standards; the Commission cited both
Section 84c and 275B(2) of the AEA as grounds for rejecting an EPA concurrence
role on site-specific actions. Statement of Considerations for Appendix A, 10
CFR 40 indicates that "Commission agrees that this conforming action does not
fully satisfy section 84a(3) and that a third round of rulemaking will
probably be necessary to comply fully... The Commission will periodically
reassess (e.g., about every two years) the question of when a third rulemaking
should be initiated."

September 1987 - EPA proposes new groundwater protection standards for Title I
sites. '

August 1989 - NRC requests EPA to review NRC assessment of actions needed to
make NRC regulatory program more comparable to EPA’s Solid Waste Disposal Act
program. )

January 1990 - OMB returns draft final Title I standards to EPA with
instructions to resolve NRC and DOE comments before returning standards for
OMB approval.

April 1990 - Tenth Circuit Court decides in favor of NRC; denies mandamus
directing NRC to promulgate rules and regulations to perform its obligation
under Section 84a(3). -



NRC/EPA Issue Brief #7 7/9/92
Radioactive Medical Waste

Actions from Previous Months

1. Resolution of NRC Issues on Medical Waste

e Progress delayed indefinitely by higher priority work on resolving
Clean Air Act issues with EPA

2. Responded to letter from Carol Marcus on potentfal medical waste
gegu;;tions under RCRA when reauthorized; input provided to IMNS on
/8/92.

3. Prepared comments for EPA on portions of draft report "Medical Waste
Management in the U.S.: Final Report®; 7/6/92

¢ Repeats problem language identified by NRC in previous portions of
the document; prepared by contractors without EPA staff review

¢ Omits other key portions of the document -- policy optfons and risk
assessment; NRC re-requested opportunity to review these portions

ction ming Mont

1. Review policy options section of Medical Waste Final Report and Health
Assessment Background Document when provided by EPA; LLWM Lead (when
received from EPA).

equ rvent v anageme

Decide on whether to escalate need to review Report to Congress to Bernero by
7/17/92, LLWM Lead.




Radioactive Medical Waste
OBJECTIVES

Long-Term

1. Ensure that medical waste containing radicactive materials is properly
managed and disposed. Avoid unnecessary joint regulation of radioactive
medical waste where NRC program already provides adequate protection.

Short-Term

1. Ensure that EPA Report to Congress provides a fair and accurate
assessment of the adequacy of existing controls on radioactive medical
waste.

2. Seview and provide comments to EPA on draft Report to Congress on Medical
aste.

3. Track development of EPA positions, decisions, and raticnales regarding
radicactive medical waste.

§. Facilitate exchange of information with EPA on NRC's regulatory program
for medical use of byproduct material.



Radioactive Medical Waste
BACKGROUND

October 1988 - Congress passes Medical Waste Tracking Act which directs EPA
to; (1) begin a two-year demonstration program to help determine best medical
waste management procedures for the future, (2) evaluate the present or
potential human health risk of medical waste or the incineration of medical
waste, (3) evaluate available methods for treating medical waste, (4) evaluate
factors affecting the effectiveness of treatment methods, and (5) prepare a
report to Congress on the success of the demonstration program.

" June 1991 - Medical Waste Tracking Act expired and has not been reauthorized.

October 1991 - EPA requested information on NRC regulatory program for use in
preparation of Report to Congress.

November 1991 - Legislation introduced in Senate that would impose RCRA
treatment and disposal standards on medical waste. Likely to be offered as
amendment to RCRA reauthorization legislation.

November 1991 - NRC requested draft copy of Report to Congress for review.
March 1992 - NRC review and comment on portion of Report to Congress.

December 1992 - EPA anticipates completing Report to Congress.



NRC/EPA Issue Brief #8 7/9/92
éroundwater Protection

Actions from Previous Months

1. Provided comments to EPA on draft guidance to States; 5/22/92

¢ Draft guidance is as broad and nonspecific as Strategy document;
questionable whether draft guidance provides practical guidelines
ne€$s:ary to implement EPA’s groundwater protection goals and
policies

¢ NRC questioned appropriateness of establishing mandatory requirements
in guidance document and whether EPA has sufficient authority to
establish and enforce such requirements.
om Mon
1. Consolidation of comments from staff offices on EPA Groundwater
Protection Strategy delayed because of higher priority work; postponed

until EPA clarifies objectives and approach for implementing strategy -~
LLWN Lead.

equ terventio ve]l Managemen

None
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Groundwater Protection

OBJECTIVES
Long-Term
1. Harmonize to the extent practicable and appropriate, NRC groundwater

protection activities and approaches with EPA’s Groundwater Protection
activities.

Short-Term

1.

Review EPA’s Groundwater Protection Strategy and implementation plans;
assess implications for NRC programs; determine the extent to which NRC
can or should try to harmonize.

Identify opportunities for cooperation with EPA in groundwater research.
Track developments in implementation of Groundwater Strategy to identify
new opportunities as they arise, for cooperating with EPA in groundwater
protection activities.

Participate in Federal Interagency Forum.



N

Groundwater Protection
BACKEROUND

Late 1970s - EPA fnitiated effort despite lack of explicit Congressional
mandate.

Purpose of a groundwater protection strategy is to ensure consistent
groundwater protection throughout EPA programs and foster consistent policies
within the Federal government.

1984 - EPA released draft Ground Water Protection Strategy and convened
Interagency Committee on Ground Water Protection

1985-1986 ~ NRC actively participated in Committee activities.
1985 - EPA developed draft Ground Water Classification Guidelines.

1986 - Congress enacted Amendments to Safe Drinking Water Act, including
groundwater protection provisions.

1987 - Program began faltering due to issues associated with funding, land use
implications, States rights, internal EPA conflicts, and negative OMB views.

1991 - EPA reorganizes groundwater protection office and releases revised
strategy document.



’,‘\\ NRC/EPA [ssue Brief #9 7/9/92
' Radiological Criteria For Decommissioning
Actions from Previous Months
1. Enhanced Participatory Rulemaking

¢« Completed drafts of rulemaking issues paper; discussed with EPA staff
on 4/14/92 and €/19/92.

¢ Provided Commission with updated plans for rulemaking in SECY 92-191
and Commission briefing on 6/1/92.

o Drafted rulemaking issues paper, rulemaking plan, and Federal
Register notice in form of Commission paper; need to resolve issue on
State compatibility

¢ EPA suggested using issues paper as basis for exploring risk
harmonization (Section D of MOU; 7/6/92)

2. EPA Federal Guidance development
o 4/2/92; met with EPA to discuss development of guidance.
3. Provided copy of pre-1965 License Termination Survey to EPA; 4/22/92.

. 4. Participated in Glenn Hearing on 4/9/92 with EPA, DOD, DOE on
- contaminated sites and radiological criteria for decommissioning.

5. Drafted strategy on lead responsibility for rulemaking.

6. Commented on EPA responses (through OMB) to questions from Senators Glenn
and Lieberman on decommissioning and standard-setting activities.

Actions for Upcoming Months

1. Provide results of post-1965 License Termination survey to EPA as they
become available (by November 1992).

2. Complete rulemaking issues paper (after Commission approval) and
distribute to interested participants; RES Lead.

3. Support Congressional deliberations on lead responsibility for
rulemaking.

Request for Intervention of Upper Level Management

None.



Radiological Criteria for Decommissioning
OBJECTIVES
Long-Term
1. Codify radiological criteria for decommissioning.
Short-Term
1. Coordinate understanding of workshop issues with EPA.

2. Explore harmonization of risk assessment methodologies.




Radiclogical Criteria for Decoomissioning

BACKGROUND

EPA has a Presidential directive to develop Federal Guidance residual
radioactive criteria for decommissioning, and has approached this task through
an interagency working group. This working group has been inactive for the

last year.

At the Commission’s request, the staff has prepared a plan for an enhanced
rulemaking that would include coordination with EPA as well as EPA’s
participation of regional workshops designed to garner concerns and issues of
varjous interests.



RC/EP § 779/92
Memorandum of Understanding
Actions from Previous Months
1. Forwarded staff’s plans for cooperative efforts under the new MOU (SECY
92-165; 5/6/92)
¢ Received comments from Commissioner Curtiss on LLW Standards, risk
harmonization, and other issues.
¢ Described staff’s plans for pursuing risk harmonization in general
and specific terms in response to Commissioner Curtiss® question.
2. Held kick-off meeting with EPA on 7/6/92

EPA generally agrees with NRC’s selection of issues, but disagrees
with priorities; continue with ongoing efforts to resolve issues.

EPA priority issues are

- HLW Standards

- CAA regulation of radionuclides

- LLW standards (after HLW standards are complete)
- Radiological criterta for decommissioning

EPA believes ACL issue is resolved; will send draft standards to NRC
for review.

EPA concerned that NRC staff position is not necessarily Commission
position

EPA interested in exploring risk harmonization

- use NRC’s rulemaking issues paper as mechanism to begin discussions
- fnvolve NRC in development of criteria for Superfund
- coordinate exposure assessment activities with NRC, DOE, DOD

EPA stresses need to keep high level management informed of MOU
activities; suggested more frequent meetings early on before
potential EPA management changes due to election

Meeting Action items

-~ Confirm that NRC has most recent version of LLW standards and ACL
language; EPA Lead

~ Schedule next management meeting in September 1952 -- focus on
priority issues and NRC's rulemaking issues paper; NRC Lead.

- Convene technical staffs in appropriate program offices to discuss
LLW ztagdards (September), ACLs (July), cleanup rule (continuing);
EPA Lead.



Memorandum of Understanding

Actions for Upcoming Honths

1. Prepare summary of 7/6/92 meeting.

2. Keep Commission regularly informed of MOU activities.
3. Involve RES in all future MOU meetings and activities.
4. Complete Action items.



Memorandum of Understanding
OBJECTIVES

Long-Term

Resolve issues of concern to both NRC and EPA that relate to regulation
of radionuclides in the envircnment.

2. Avoid unnecessary dublication of regulatory requirements.

3. Focus agency priorities on the most significant safety and environmental
problems.

Short-Term

1. Ideniify NRC issues that warrant priority consideraf%on, in accordance
with the principles of the MOU.

2. Develop a common understanding of the principles, procedures. and
concepts contained in the MOU.

3. Ildentify priority issues of mutual agency concern

4. Develop general approach for resolving priority issues of mutual concern

S. Develop approach for harmonization of risk goals and risk assessment

methodologies



Memorandum of Understanding
BACKGROUND

May 1989 - Commissioner Curtiss requests staff for an analysis of the
interface problems between NRC and EPA.

June 1989 - Chajrman Zech, Commissioner Carr, and Administrator Reilly discuss
resolution of problems through high-level task force.

December 1989 - Staff provides Commission with analysis of interface problems
(SECY 89-383); assesses options for attempting resolution, including creation
of a high-level task force

January 1990 - Chairman Carr and Commissioner Curtiss meet with Deputy
Administrator Habicht to discuss feasibility of task force proposal; General
Counsels assume lead role for negotiating the agreement

August 1990 - Congress enacts the Clean Air Act Amendments of 1990, including
provisions for EPA to decline regulation if NRC’s program provides an ample
margin of safety [Section 112(d)(9)]

November 1991 - Commission and Administrator agree on terms and content of
Hemor:ndum of Understanding (MOU) to foster cooperation between the two
agencies

March 16, 1992 - Chairman Selin and Administrator Reilly sign the MOU

May 6, 1992 - Staff provides Commission with plans for cooperative efforts
with EPA under the MOU (SECY-92-165); identifies priority issues for
resolution, details plans, approaches and objectives regarding resolution of
priority issues.

July 6, 1,352 - Kick-off meeting between NRC -1 EPA to initiate prucess to
develop common understanding of the principles, procedures, and concepts
contained in the MOU and to identify issues that warrant priority
consideration for resolution
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CHAPTER 1
INTRODUCTION -

Over the past several years, the U.S. Environmental Protection Agency (EPA) has been working
on a revision ¢o its environmental standard for management and disposal of spent nuclear fuel,
high-level and transuranic radioactive wastes (40 CFR Part 191) in £eSponse to the 1987 remand
by the U.S. Court of Appeals. In a December 20, 1991 management meeting between the U.S.

Department of Energy (DOE) and the EPA, the DOE volunteered to provu!c technical assistance
to the EPA in developing supporting technical justification for revising sections of 40 CFR Pant
191. In a January 7, 1992 letter from M. Oge (EPA) to R. Berube (DOE), the EPA accepted the
offcrandrequcstcdtechmcalass:stanocmscvemlspccﬁ'wmas Those arcas were: human
intrusion, the three-bucket approach, multimode release limits, collective dose, TRU waste
equivalence unit, uncertainty pmpaganon. and Carbon-14. The DOE envisioned that this
technical assistance would consist of a six-month effort of comprehensive technical analyses and
cormputer modeling exercises that could provide the technical foundation for any proposed
revision. However, due to time constraints resulting from the EPA’s 40 CFR Part 191
repromulgation schedule, the technical studies were compressed and preliminary working papers
were provided to EPA on May 12, 1992, approximately six weeks after the initiation of the
contractor’s efforts. EPA and the U.S. Nuclear Regulatory Commission (NRC) reviewed the
working papers and provided comments to DOE. During this period, the DOE contractors were
finalizing the technical analyses and modeling exercises. Based on the EPA/NRC comments and
the results on the contractor’s studies, certain sections of the working papers have been revised
or augmented with additional information. The Technical Assxstancc Document is considered a
final product at this time, ‘ ,

In its efforts to develop a technical foundation for the changcs in the seven 1dcnnficd arcas, DOE
found' that it was not possible in some cases to construct & completely rigorous technical
foundation on which to base any revision. DOE believes this occurred because these tasks
attempted to correct a fundamentally flawed standard through a series of relatively minor
changes. DOE belicves that the changes discussed in this document are the minor adjustments
necessary to make the standard nominally workable. However, they do not correct the underlying
fundamental flaws. In an cffort to accommodate EPA’s structure and approach, much of the
languagc from the 1985 40 CFR Part 191 Final Rule was retained in the technical writcups of
the various chapters. This was done only for ease and clanty of prcscntanon and does not
indicate a Dcpamnental endorscmcnt. ,

In order to guide its contractors in pcrfonmng the technical studies, the DOE developed task
assignments containing statements of work for each area. These task assignments and responsible
organizations are:

¢ Task 1: Human Intrusion -
Responszblc Orgamzauon Sandia Nanonal Laboxatory

Develop thc -specifics of an approach that scparates human intrusion from the
- complementary cumulative distribution function (CCDF). Information developed from
this task can be found in Chapter 3 of this document. ;
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Task 2: Three-Bucket Approach
Responsible Organization: Sandia National Laboratory

Analyze the NRC's suggested "three-bucket approach” (and EPA’s modification of
NRC'’s approach), evaluate its usefulness in alleviating problems with the probabilistic

analysis, and determine the implementability of the approach. Information developed

&omth:staskcanbefoundmChaptcr4ofthndocumem.
Task 3: Multimods Release Limits

‘Responsible Orgamzanon Sandia National I.abomtory

Develop the concept of a multi-column :elcase limit table to cover the possible release
modes for generic repositories, including methods for computing limits for each mode
and methods for implementation. Information developed from this task can be found
in Chapter 5 of this document.

Task 4: Collective Dose
Responsxble Orgammnon‘ Sand:a National Laboratory

Evaluate the feasibility and develop the conccpt of a collective dose option to the
release limits approach, including the implementability of such an option. Information
developed from this task can be found in Chapter 6 of this document.

Task 5/6: TRU Waste Equivalence Unit
Responsible Organimtion: Sandia National Laboratory

Develop a fundamental criteria for disposal of TRU waste and a waste unit that is

" equivalent to HLW, based on a comparable acceptable collective risk. (This task was

originally started as two tasks and later combined because of similarities in scope.)
Information developed from this task can be found in Chapter 7 of this document.

Task 7: Uncertainty Propagation
Responsible Organization: CRWMS M&O (TESS)

Conduct the necessary analyses and evaluations to provide a defensible estimate of the
uncertainty in repository performance predictions as a function of time, for pericds
between 1,000 and 100,000 years. Information developed from this task can be found
in Chapter 8 of this document.

Task 8: Carbon-14
Responsible Organization: CRWMS TMSS (SAIC)

Develop further information concerning Ca.rbon-l4 n-.lcascs from unsaturated media,
including costs of compliance with the present standard, and develop an alternative
requirement for regulating such releases. Information developed from this task can be
found in Chapter 9 of this document.

12 8/10/92
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For each of these tasks, information was developed to support a possible revision of the standard.
Four types of material were developed for each task and are presented in this document:

1. Statement of the Problem

2. Recommended Approach

3. Supplementary Information

4. Technical Support Documentation

The Statement of the Problem identifies the concern about the standard that is being addressed
in the sections that follow. The Recommended Approach provides example regulatory language
to illustrate how the proposed revision might be incorporated into the standard. The
Supplementary Information provides & general discussion of the technical and regulatory
justification for the proposed revision in a format that is similar to the information that would
be required in the Federal Register supplementary information text for the repromulgated
standard. The Technical Support Documentation provides the details of the technical analysis
that support the proposed revision; this type of information would be needed for the Background
Information Document (BID) that the EPA would prepare as part of the repromulgation process.

Since the DOE intends that the recommendations in this document be considered as a whole, the
suggested revisions to the standard resulting from each task have been consolidated, and are

presented in Chapter 2.
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| CHAPTER 2
SUMMARY OF RECOMMENDED CHANGES

2.1 OVERVIEW

Chaptcrs 3 through 9 of this documcm contain mcommcndcd changes to EPA’s cnvu'onmcmal
standard for the management and disposal of spent nuclear fuel, high-level, and transuranic
wastes (40 CFR Part 191). Each chapter presents and discusses a separate set of changes in order
to describe each recommendation clearly. The DOE intends, however, for the recommendations
~ be considered as a whole. In formulating each recommendation, the DOE has considered its
effect on the other recommendations. Furthermore, the intentions of the DOE can be understood
" fully only if the recommendations are thought of as constituting a single overall recommendation.
The recommendations contained i in each of thc chaptcrs that follow are summanzcd below:

Chapter 3 describes a formulatxon of lhc containment mqmrcmems that ehmmatcs some

' - difficulties ‘with ‘the inclusion of human-initiated events and - processes in the

demonstration of compliance. The recommendation allows for such processes and

-events to be separated from the CCDF. The DOE intends that this formulation be a part

- of each option for demonstrating comphanoc with the containment requxremcnts These

options, three in all, are discussed in item 3 below.

Chapter 4 describes the DOE concems with the proposed "three-bucket approach™ to

demonstrating compliance with the containment requirements. The DOE recommends

- that this ‘approach remain as an option in the next issuance of the standard as a

Proposed Rulc allowmg addmonal time for rcvxcw and analysxs

Chaptcrs S and 6 dcscnbc additional options for the contammcnt requirements. These
options are: (a) a multimode option that includes limits for all release modes to be
considered in the containment requirements (land, well, river, and ocean), and (b) a
collective dose option that would apply to population doses resulting from the same four
release modes. The DOE recommends that both of these options appear in the standard
in addition to the current requircment, -after it has been modified according to the
recommendation for human intrusion in item 1 above. The DOE recommends that the

- standard allow the DOE to choose any one of three options for the demonstration of

compliance. Furthermore, the DOE recommends that the standard also allow the DOE
to choose the use of a combination of two of these options in generating the CCDF: the
DOE may elect to use a combination of the original (but reworded) release limit option

-, and the collective dose option (described in Chapter 6), or a combination of the

WP.158

multimode release limit option (described in Chapter §) and the collective dose option.

- In addition, it is recommended that none of these options (or combination of options)

be used to regulate gaseous radionuclide releases. In order to be consistent with other
EPA regulations that address similar releases from other facilities, these gascous releases
should be regulated as part of the individual protccnon rcquncmcnts in 40 CFR Part
191, as discussed in item 6 below.
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Implementation of the multimode release limit or collective dose options discussed in
Chapters 5 and 6 will result in the need to obtain more information regarding site
characteristics. Such site characterization activities may prove to be prohibiuvely
expenswe When compliance demonstrations mqun'e the input of more parameters (i.e.,
going from releases to collective dose), uncertainty is increased. The goal of the site
characterization activity is to reduce the uncertainty in these parameters. By specifying
acccptable values for some parameters (i.e., providing a standard biosphere) site
characterization costs can be lower. Even though this cost may be viewed as a
disadvantage, these proposed options have the advantage of allowing site-.
considerations to be taken into account while at the same time retaining the gcncric
nature of the standard. It is also important to note that each of the three resulting
options for the containment requirements has its advantages and disadvantages. For that
reason, the revised standard should not require the use of any particular option but
should leave the choice up to the Department. Table 2-1 provides a comparison of the
various containment opuons bemg recommended.

] Chaptcr 7 descnbes the DOE rwommendauon of a new eqmvalcnce unit for TRU
waste, which can be used as the fundamental criterion for disposal of TRU waste. This
is based upon the same acceptable level of risk that -was used for spent fuel and HLW,

- and upon the same concept of a reference-size repository. The DOE intends that this
recommendation be a part of all options for demonstrating compliance.

* Chapter 8 discusses the propagation of uncertainty as it relates to demonstration of
compliance for different time periods. These discussions support the DOE
recommendation that the time period for individual and groundwater protection be
limited to 1,000 years after disposal, as it was in the 1985 standard. Furthermore, the
discussions in Chapter 8 support the recommendation that assessments of cumulative
radionuclide releases or collective doses should not be required for time periods greater
than 10,000 years or, in the case of individual doses, time periods greater than 1,000
years.

o Chapter 9 describes the DOE recommendation for dealing with releases of radionuclides
in gaseous form, with special focus on Carbon-14. In order to be consistent with the
manner in which the EPA regulates similar releases from. other facilities, the DOE
recommends that gascous releases from a repository be governed by the limits
established in 40 CFR Part 191 for individual protection, with some modifications. This
recommendation was developed in' conjunction with the recommendations for
containment, individual protection, and groundwater protection. The DOE intends that
this recommendation be considered in conjunction with any revision of the requirements
that govern those three topics.

The DOE intends that these changes be considered as a whole, since they are interrelated. To
- assist the EPA in this, the rest of this chapter presents a consolidation of all the changes. For
the most part, the changes refer to the 1985 standard. However, there are several instances where
reference is made to some provisions being considered by the EPA that are contained in Draft
Federal Register Notice, dated 2/3/92.
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Table 2-1. Comparison of Present Single Generic Release Limits and Alternatives

WP.158

23

B Alternative |
Present | Multimode | Collective Dose | Collective Dos
Single Generic . | Standard Option (with

- Generic - Release (without
Release Limits release limit
Limits opﬁon)

A Uniform Biosphere Yes Yes Only if standard | Only if standard |
biosphere biosphere
specified specified

Uses Appropriate Release No Yes Yes Yes
Modes
Uniform Assessment of All No - | Yes Yes Yes
Repositories and Pathways ; , :
| All Repository Components | No Yes Yes Yes
in Evaluations ‘ ‘
Inaccuracies Due to Generic | Major Minor None | None
Derivations
Corrections for Repository No Yes Yes Yes
Locations o , ,
‘|l Traceable to Fundamental No Yes Yes | Yes
Site Specific No, but risk | No, with No No
nonuniform | nealy
' uniform risk
Additional Site ™o Moderate | Extensive | None to ‘
Characterization’ N Extensive
Compatible with 191 Format | .Yes Yes Yes Yes
I’ Philosophy Change No | No Extensive Moderate
PA Change No Moderate Extensive None to
Extensive

Stats Complete | Minor Minor Minor

derivations derivations derivations
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22 RECOMMENDED CHANGES

The changes below reflect an outline for Subpart B of 40 CFR Part 191 that is similar to the /\. ‘]
1985 standard, with some modification of the appendices. Other outline changes being ’
considered, as reflected in the Draft Federal Register Notice (2/3/92), are not addressed here.

To assist the.-reader in understanding the recommended changes, the modified outline is shown

below: :

Subpart B - Environmental Standards for Disposal

191.11 Applicability

191.12 Definitions.

191.13 Containment requirements.

191.14 Assurance requirements.

191.15 Individual protection requirements.

191.16 Groundwater protection requirements.

191.17 Alternative provisions for disposal.

191.18 Effective date. )

Appendix A Table for Subpart B

Appendix B Alternative Tables for Subpart B
Appendix C Calculation of Annual Committed Effective Dose
Appendix D Guidance for Implementation of Subpart B

The following new definitions should be added to Section 191.12, Definitions: }

"Point of compliance” means the location, for a given release mode, where radionuclides -
enter the biosphere. At this location, cumulative releases over 10,000 years are calcnlated

for comparison to the multimode release limits table. In calculating cumulative releases

over 10,000 years, the points of compliance are as follows:

Release Mode Point of Compliance
Land Location where radioactive material released from the

repository is brought directly to the land surface.

Well Any welthead outside the. controlled area from which
groundwater containing radionuclides released from the
repository is withdrawn for irrigation or supplying drinking
water. '

River Location(s) of existing discharge of groundwater containing
radionuclides released from the repository to a river.

Ocean Location where river-water or groundwater containing

radionuclides released from the repository discharges to an
ocean. )

WP.158 24 8/10/92



"Release mode” means one of four potential ways in which radionuclides are transported
- from the lithosphere to the biosphere, resulting in exposure to humans. The release modes

are: land (contaminated solids deposited on the land surface, such as volcanic materials);
“well (contammatcd gromxdwaxzr pumped to the land surface). river (all fresh surfacc
| waters); and ocean. . ‘ o

'onsphctc means the zone of thc Earth emndmg from (and mclndmg) the snrfaec into
- the suxronndmg atmosphcrc ,

Section’ 191.13, Contamment mQummeiits. should be revxscd §o rcad as _followsr:’
'191.13 Containment requirements.

The Department shall demonstrate compliance with either subsection (a) or (b) of this
section. If subsection (a) is chosen, the Department may select either of the two methods
of release calculations permitted for compliance demonstration.

(a) Disposal systems for radioactive waste shall be dcsxgncd to provide 2 rcasonablc
expectation that the cumulative seleases of radionuclides in the solid or liquid phases,
calculated by performance assessments either to the accessible environment (for Table 1 in
Appendix A) or to the biosphere through all applicable release modes (for Tables 2 and 3
in Appendix B), for 10,000 years after disposal from all mgmﬁeant natural pmeesscs and

. events that may affect the disposal system shall:

(1) I-Iave a likchhbod of less than one chance in 10 of exdecdxng the quantities calculatcd
" according to Table 1 (Appendix A) or ‘Tables 2 and 3 (Appendix B); and
(2)HavcalikchhoodoflcasthanoncchancemlOOOofcxcccdmgtcnnmcstbc
quannncs calculated according to Table 1 (Appcndmx A) or Tables 2 and 3 (Appendix B); -
or o
"~ (b) Disposal systcms for radioactive wastc shall be dcsxgncd to provxdc a reasonable
expectation, based 1 upon performance assessments, that the collective (population) effective
dose, calculated using the weighing factors in Appendix C, caused by releases of
radionuclides in the solid or liquid phases to the accessible environment for 10,000 years .
after disposal from all significant natural processes and events that may affect the disposal
system shall:
(1) Have a likelihood of lcss than one chance in 10 of exceeding 2.5 mﬂhon person-rem
(25,000 person-sieverts); and
. (2) Have a likelihood of less than one chancc in l ,000 of excecdmg 25 million person-rem
(250 000 person-sicverts).
Dose limits are based upon a repository contammg the eqmvalcm of 100, 000 MTHM of
spent nuclear fuel and high-level waste or 20 MCi of transuranic waste.

(c) Potential radionuclide releases to the accessible environment resulting from
human-initiated events and processes shall be treated separately from potential radionuclide
releases due to natural processes and events. Disposal systems for spent nuclear fuel or for
high-level or transuranic radioactive wastes shall be designed to provide a reasonable
expectation that the cumulative releases of radionuclides to the accessible environment for
10,000 years after disposal from intermittent and inadvertent exploratory drilling for
resources into the disposal system shall not exceed ten times the quantities calculated
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accordmg to Table 1 (Append:x A) or Tables 2 or 3 (Appcnd:x B). The performance
assessments on which this expectation shall be based shall assume that drilling occurs. The
assessments shall also assume that drilling technology, reasons for drilling, and societal
structure remain the same as are present today. No human-initiated events and processes,
due to the occurrence of drilling, which have a probability of occurrence less than one
chance in 1,000 over IOOOOyearsshallbeconszdctedmmeasscssmcm.

(d) {the paragraph designated (b) in the 19835 standard) Performance assessments need
not provide complete assurance that the requirements of 191.13(a) or (b) will be met. . .that
compliance with 191.13(a) or (b) will be achieved.

The thrce-buckct approach” alternative for the containment rcquemcms. as pfoposed in Sections
191.12(x) and (y) of the Draft chcral Register Notice (2/3/92), should be included m the
proposcd rule.

-

Section 191.15, Indmdnal protection requirements, should be revised to read as follows:
191.15 Individual protection requirements.

a) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation that, for 1,000 years after disposal, undisturbed performance of the disposal
system shall not cause the annual committed effective dose received through all potential
pathways from the disposal system to any member of the public in the accessible
environment to exceed 25 millirems (250 microsieverts). The annual committed effective
dose for gases released through the atmospheric pathway shail not exceed 10 millirems.

The time period for assessments of individual and groundwater protection should be no more than
1,000 years after disposal (as in Sections 191.15 and 191.16 of the 1985 standard), rather than

10,000 years (as proposed in Sections 191.14 and 191.23 of the Draft Federal Register Notice
of 2/3/92).

The revised standard should not include requirements for projection of potential releases,
collective doses, or individual doses out to 100,000 years after disposal because of the increase

in uncertainty, as proposed in Sections 191.12(c) and 191.14(b) of the Draft Federal chxstcr.

Notice (2/3/92).

Appendix A should be revised to reflect the change in the reference size repository (from 10°
to 10° MTHM) and the new TRU waste unit (20 MCi).
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Appendix A: Table for Subpart B

TABLE 1 - RELEASE LIMITS FOR CON’I‘AINME&T REQUIREMENTS
{See Table 1 at end of chapter}

Application of Table 1

Note 1: Units of Waste. The Release Limits in Table 1 apply to the amount of wastes in
any one of the following:

(@) An amount of spent nuclear fuel containing 100,000 metric tons of heavy metal
(MTHM) exposed to a burnup between 25,000 megawatt-days per metric ton of heavy
metal (MWd/MTHM) and 40,000 MWd/MTHM;

(b) The high-level radioactive wastes generated from reprocessing each 100,000 MTHM
exposed to a burnup between 25,000 MWd/MTHM and 40,000 MWd/MTHM;

(c) Each 10,000,000,000 curies of gamma or beta-emitting radionuclides with half-lives
greater than 20 years but less than 100 years (for use as discussed in Note 5 or with
materials that are identified by the Commission as lngh-lcvcl radioactive waste in
accordance with part B of the definition of high-level waste in the NWPA); |
(d) Each 100,000,000 curies of other radionuclides (i.c., gamma or beta-emitters with half-
lives greater than 100 years or any alpha-emitters with half-lives greater than 20 years) (for
use as discussed in Note 5 or with materials that arc identified by the Commission as high-

' lcvcl radxoacuvc wastc in accordance with part B of the high-level waste in the NWPA);

or

Ny (¢) An amount of transuramc (TRU) wastes contaxmng twenty rm]hon curies of
- radionuclides.

Note 2: Release Limits for Specific szposal Systems To dcvelop Release Limits for a
particular dlsposal system, the quantities in Table 1 shall be adjusted for the amount of
waste included in the disposal system compared to the various ‘units of waste dcﬁned in
Note 1. For example:

- (a8) If a particular disposal system contained the high-level wastes from 50,000 MTHM,

the Release Limits for that system would be the quantities in Table 1 multiplied by .5
- (50,000 MTHM divided by 100,000 MTHM). - .

() If a particular disposal system contained two million cunes of alpha-emxmng

- -transuranic wastes, the Release Limits for that system would be the quantities in Table 1
- multiplied by .1 (two million curies divided by twenty million curies). .

(c) K a particular dxsposal system contained both the high-level wastes from 50,000
MTHM and 2 million curies of alpha-exmmng transuranic wastes, the Release Limits for
that system would bc the quantities in Tablc 1 multiplied by .6:

50,000 MTHM 2000000cunes TRU
100,000 MTHM zo.ooo 000 curies TRU

=.6

Note 3: {same as 1985 standard)
Note 4: {same as 1985 standard)
Note 5: {same as 1985 standard)
Note 6: {same as 1985 standard)
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A new Appendix B, similar to Appendix A, should be created as follows:
Appendix B - Alternative Multimode Tables for Subpart B : SN \

TABLE 2 - CUMULATIVE RELEASE LIMITS FOR 10,000 YEARS FOR
MULTIPLE RELEASE MODES (CURIES)
{See Table 2 at end of chapter)

TABLE 3 - CUMULATIVE RELEASE LIMITS FOR 10,000 YEARS FOR
MULTIPLE RELEASE MODES (BEQUERELS)
- {See Table 3 at end of chapter)

Application of Tables 2 and 3

Note 1: {same as in Appendix A}
Note 2: {same as in Appendix A}
Note 3: {same as in Appendix A}
Note 4: {same as in Appendix A}
Note 5: {same as in Appendix A)

Note 6: Use of Site Adjustment Factors. The Agency assumed, in deriving the release
limits for the river and well releases in Tables 2 and 3, that the entire drainage system of
all rivers (for river releases) and all aquifers (for well releases) is contaminated by the
released radionuclides. Site Adjustment Factors (SAFs) should be used with Tables 2 and
3 to account for specific site locations. The following are examples of how SAFs might ' ‘
be developed for the surface flow system and other geologic and hydrologic components
of a geologic disposal system.

Example 1--River Releases: For the river column, the release limits are calculated
assumning that the entire drainage of all rivers is contaminated. For an actual site, only the
downstream section of the tributary that is fed by groundwater passing through the
repository is contaminated. To comect for this, a Site Adjustment Factor for the river
release mode (SAF;) is used as a multiplier to adjust the risk factors. The Reciprocal Site
Adjustment Factor (RSAF,), with which the release limits are multiplied, is calculated as
follows:

n ' a’
(Logy * Forgy) *+ ; (Lo * Fogy)

?; (Leesy * Founy)

This approximation represents the sums of the products of all tributary lengths and flow
rates divided by the equivalent sums of contaminated tributaries. "L" is the length of the v
river segments and "F" is the volumétric flow rate of that segment. The subscripts “C"and .~
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~

 RSAF, = —22

"U" refer to contaminated and uncontaminated segments, respectively. The release limits
in Tables 2 and 3 arc then multiplied by this ratio to provxdc a snc-spccxﬁc release lmm
for the river release mode.

Example 2--Well Releases: The derivation of the release limits for the well release mode
using world average parameters assumes all groundwater from the recharge area to the
locations where it enters surface waters is contaminated. For an actual site, wells up-
gradient of the repository do not produce contaminated water. In addition, during the
10,000-year regulation period, the contaminated plume may not reach the discharge
location, thus some uncontaminated water may also be withdrawn down-gradient from the
repository.

A method for approximating the ratio of contaminated to total available water can be
applied by dating the water at the repository (A,), at the point it is expected that the
radionuclides will reach in 10 ,000 years (A;), and at the location where groundwater
discharges to a river (A,). With these ages, the Site Adjustment Factor for the well release

" mode (SAFy,) may then be calculated and used as a multiplier to adjust the risk factors.

Calculation of the Rccxpmcal Site Adjustment Factor (RSAF,,) is done by dividing the age
of the water at the river by the difference in the ages of the water at the repository and at
the farthest point of migration in 10,000 years, or:

A, B Ay

However, if it is found that the contaminated plumc will reach a nvcr within lO 000 years
the formula becomes:

psar. o %
LA wey W

‘Release limits in Tﬁbles 2 and 3 are then multiplied by one of these ratios (the RSAFs)

to provide a site specific release limit for the well release mode. The use of SAFs and the
parameters to be considered in calculating SAFs shall be determined by the Department.
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the 7: Points of Compliance. In calculating cumulative releases over 10,000 years, the
points of compliance are as follows:

Release Mode Point of Compliance

Land . Location where radioactive material released from the repository is
. brought directly to the land surface.

Well Any wellhead outside the controlled area from which groundwater

containing radionuclides released from the repository is withdrawn
for irrigation or supplying drinking water.

River ~ Location(s) of existing discharge of groundwater containing
radionuclides released from the repository to a river.

Ocean : Location where river-water or groundwater containing radionuclides
released from the repository discharges to an ocean.

Note 8: Uses of Release Limits to Determine Compliance with 191.13. Once release limits
for a panticular disposal system have been determined in accordance with Notes 1 through
7, these release limits shall be used to determine compliance with the requirements of
191.13 as follows. In cases where a mixture of radionuclides is projected to be released
to the accessible environment, the limiting values shall be determined as follows: For each
radionuclide in the mixture, determine the ratio between the cumulative release quantity
projected over 10,000 years and the limit for that radionuclide for each applicable release
mode as determined from Tables 2 or 3 and Notes 1 through 7. The sum of such ratios for
all the radionuclides in the mixture may not exceed one with regard to 191.13(a)(1) and
may not exceed ten with regard to 191.13(a)(2).

For example, if all release modes (L,W,R, and O referring to land, well, river, and ocean
release modes) are used in the example, if radionuclides a and b are projected to be released
in amounts Q, and Q,, and if the applicable release limits are RL, and RL,, then the
cumulative releases over 10,000 years shall be limited so that the following relationship
exists:

QRL,+Q /RL , +...+Qy/RL;, + QuyRLy, +... +

Qu/RLy, + Qu/RLy, + . . . +Qo,/RLo, + QoyRlos + . - . +
Qo/Rly, < 1.
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A new Appendix C, Calculation of Annual Committed Effective Dose, should be created. This
Appendix could contain the information that was in Appendix B of the Draft Federal Register
Notice (2/3/92). However,’ the information in that Appendix, which is based on ICRP 60, has
yet to be fully acccptcd by the United States. Consideration should be given to returning to the
information contained in Appendxx Aof Worhng Draft 3- (4!25/91) until ICRP 60 has been
acccptcd :

The ensung Appcndxx B from thc 1985 standard should bc mnamcd Appendxx D. The followmg
should bc mscncd between the second and third scntcnecs of thc first paragraph: :

Quanutauvc evaluations for these prcdrcnons compam prcdxctcd rclcascs with cither Table
1 of Appendix A or Tables 2 and 3 of Appendix B. If the multimode release limits in
Tables 2 and 3 of Appendix B are used, the presence or absence of the four possible release
modes (land, well, river, and ocean) to be considered in the containment requirements must
be determined. The fifth release mode, for atmospheric releases, is considered under the
individual protection requirements. Site Adjustment Factors for the well and river release
modes, to be determined by the Department, may be calculated to account for differences
between the actual sxtc-spccxﬁc availability of water and the ongma.l assumption that the
entire dmnagc systcm is avaxlablc and comammatcd ,

The followmg paragraph in thc rcnamcd Appendix D should bc rcvxscd to read as- follows

Compliance with Section 191.13. The Agency assumes that, whenever practical, the
Department. . .comphancc with :191.13(a) or (b) into a “complementary cumulative
distribution function” that. . for each disposal system considered. Section 191.13
contains options for comparing results of performance assessments with release limits and -

~ dose Limits. The complementary cumulative distribution function may represent both

summed release fractions and summed dose fractions. It is appropriate to apply dose

* standards to specific events or processes for which the release limits are inappropriate.
- The predicted doses for each event may then be normalized relative to the dose limits set
~ by the Agency in the same manner as pmdictcd releases. The dose fraction then replaces

the summed release fraction for that event in the complementary cumulative distribution
function. The ‘Agency assumes that. . thxs smglc dxstnbuuon meets thc rcqmremems of
191 13(a) or (b) " . ‘

The following paragraph should be added to the renamed Appcndrx D. This dxscussxon of "futurc

states”

provides the Department with a means of addressing some of the uncertainties that could

result from predicting conditions 10,000 years into the future:

‘Future States. Uncertainties about the future involving conditions that are

unknowable can only be dealt with by making assumptions and recognizing that
these may, or may not, correspond to a future reality. The Agency belicves that
speculation concerning future conditions should not be the focus of the

' compliance-determination process. Therefore, it would be appropriate for

WP.158

assessments made for Part 191 to proceed under the assumption that many future
conditions related to humans or to interactions between -humans and their
environment will remain the same as those of today’s world. Factors in this
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category include human physiology and nutritional needs, level of knowledge and
technical capability, the state of medical knowledge, socictal structure and-
behavior, patterns of water use, and pathways through the accessible environment
that are affected by or result from human interactions with the accessible
environment. In some instances, consideration of these factors may be specific
to the region in which a disposal site is located (e.g., population distributions or
patterns of water and land use). In contrast, the Agency would not find it
appropriate to include in this category the future states of geologic, hydrologic,
and climatic conditions that may be estimated by examining the geologic record.
Additionally, the Agency would find inappropriate the assumption that national or
world populations will remain unchanged; however, assuming future world
populations that cannot reasonably be sustained by current abilities to produce,
distribut=, and consume food would also be inappropriate. For this reason, future
world populations in excess of 10 billion people need not be assumed for
evaluations under 191.13, For standardization, a “reference person” is assumed
to ventilate (breathe) at a rate of m¥sec and to ingest _____ liters/day of
drinking water; kg/day of fish; ____kg/day of mollusks; ______ kp/day of
aquatic invertebrates; kg/day of water plants; ‘kg/day of leafy
vegetables; ______ kg/day of root vegetables; kg/day of grains;
kg/day of fruit; ___kg/day of meat; kg/day of poultry; kg/day of
eggs; and liters/day of milk.

Some standardization of current conditions unrelated to particular sites can be attained by
providing parameters for a "reference person.” A physiological model of "reference man" is
available from the International Commission on Radiological Protection (see attached table)
[ICRP 23, 1975). Values for other parameters need to be determined. In addition, the Nuclear
Energy Agency initiated a BIOsphere MOdel Validation Study (BIOMOVS) in 1985. The first
phase of the smdy examined environmental assessment models for selected contaminants and
exposure scenarios. The second phase of the study, which began in 1991, has as one of its
objectives the development of a reference biosphere model that could be used in performance
assessments of radioactive waste repositories. Although this phase is not complete, preliminary
results of the study may provide an additional means for standardizing current conditions that
could be used as guidance for future states. The provisional reference biosphere(s) should be

formulated by October 1992, but the guidance for using the reference biosphere(s) is not expected
unnl 1996.

The followmg paragraphs in the renamed Appendix D should be revised to read as follows:

Consideration of Inadvertent Human Intrusion into Geologic Repositories. The most
speculative potential disruptions of a mined geologic repository are those associated with
inadvertent human intrusion. Some types of intrusion would have virtually no effect on
a rcposxtory s containment of waste. On the other hand, it is possible through speculation
to conceive of intrusions (involving wxdespmad societal loss of knowledge regarding
radioactive wastes) that could result in major disruptions that no reasonable repository
‘selection or design precautions could alleviate. .

Neither the Agency nor any other regulatory body has identified a reliable, defensible
basis for predicting future human behavior and for estimating the probabilities of possible
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human actions. Therefore, the Agency does not require an estimate of the probabilities
that various human actions will affect a rcposxtory. Nevertheless, the implementing
agcnclcs arc rcqu:red o 'consider these actions in malnng their determination that there
is reasonable expectation of compliance with the standard. Instead of estimating the
probability of drilling, it shall be assumed that drilling occurs and the consequences of
such drilling estimated. These assessments may be supplemented by a description of the

. natural and engineered features of the disposal system that reduce the Likelihood and

consequences of human intrusion. The Agency believes that the ‘most productive

consideration of inadvertent intrusion concemns those realistic possxbilm:s that may be

: nsefully mitigated by repository design, site selection, or use of passive controls (although

WP.158

- passive institutional controls should not be assumed to completely rule out the possxbxhty

of intrusion). In calculating the consequences of drilling, the implementing agencies can
assume that passive institutional controls or the intruders’ own exploratory procedures are
adequate for the intruders to soon detect, or be wamcd of thc mcompanbﬂny of the area
with their activitics. ;

Frequency and Severity of Inadvertent Human Intrusion into Geologic Repositories b)
Exploratory Drilling. ‘In the calculations supplied in compliance with paragraph
191.13(c), the xmplcmcnung agencies need not assume intrusion sccnanos more severe
than inadvertent and intermittent intrusion by exploratory drilling for resources. The
implementing agency need not assume any dnlhng for the resources that are provided by
the disposal system itself. The unplcmcntmg agencies should describe qualitatively the
effects of each particular chsposal system’s site, design, and passive institutional controls
in mitigating the potential effects of such inadvertent exploratory drilling. Descriptions
of such inadvertent and intermittent exploratory drilling over 10,000 years need not
assume that more than 30 boreholes per square kilometer of repository area will be drilled
in that time at geologic repositories in proximity to sedimentary rock formanons or that
more than 3 boreholes per square kilometer will be drilled in that time at repositories in
other geologic formations. Furthermore, when the discussions treat the consequences of
inadvertent and intermittent exploratory drilling, the implementing agency need not
assume that those consequences are more severe than (1) direct release to the land
surface. . .the permeability of a carefully sealed borehole.
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TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS

{Cumulative releases to the accessible environment for

- 10,000 years after disposal]}

Radionuciidé

Release limit per 100,000

MTHM or other unit of

waste (see notes) (curies)

Americium-241 or -243

Cesium-135 or -137
Iodine-129

Plutonium-238, -239, -240, or -242
Strontium-90

Technetium-99

Thorium-230 or -232

Tin-126 '

‘Uranium-233, -234, -235, -236, or -238

Any other alpha-emitting radidm;clide with a half-life

greater than 20 years

Any other radionuclide with a half-life greater than 20

years that does not emit alpha particles

WP.158 2-14

10,000 .

10,000
100,000
10,000
10,000
10,000
10,000

100,000 .

1,000,000
1,000

100,000

10,000
10,000
100,000
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. - - . _ B ——n

for Multuple Kelcase moacs

<% Release Limit (curies per 100,000 MTHM)

Nuclide River Well - Ocean - Land jl
C-i4 ™) -, | TBD TBD TBD ||
Ni-§9 2E+07 ’ 9E+06 TBD 1E+09 ||
190 4E+04 2E+04 4E+07 SE«07
Zr93 - TE+06 3E+06 SEW07 aEs07
Te-99 IE06 1E+06 6E+08 2E+10 ﬂ
So-126 1E+04 - AEA03 9E+03 7E+05 |
1129 1E+04 SE+03 4E+06 3E+05 ;
Cs-135 1E+05 6E+04 2E+07 2E+06 1
Cs-137 9E+04 - 8E+04 2E+06 SE+07 |
Sm-151 1E+08 4E+07 TBD 1E+10 |
Pb-210 SE+03 45403 TBD TE+06 “
Ra-226 6E+03 3E«03 TBD 2E+05 ||
Ra-228 4E+04 . 25404 TBD 6E+07 I
Ac227 1E+04 6E+03 TE+03 8E+06 ;‘
Th-229 3E+04 1E+04 6E+03 SE+04

“Th-230 2E+03 SE+02 TBD 3E+03
Th232 3E+03 1E+03 - T8D SE+03
Pa-231 TE«03 3503 2E404 4E+04
U2 SE+04 25404 1E+06 1E+06
U234 SE+04 2E+04 . TED 2E+06
u-23s SE+04 2E404 1E+06 1E+06
U236 SE+04 2E+04 TBD 2E+06
U238 SE+04 2E+04 TBD 1E+06
Np-237 - 1E+04 $E+03 TE+04 SE+06
Pu-238 2E+04 1E+04 TBD SE+06
Pu-239 - 2E+04 8E+03 2E+04 2E+05
Pu-240 2E404 $E+03 2E+04 2E+05 ||
Pu-241 SE+05 2E+0S TBD 4E+08 i
Pu-242 2E404 8E+03 TBD 2E405
Am-24} 2E+04 $E+03 SE+03 1E+06
Am-243 2E+04 8E+03 SE+03 4E+05

{ coats 1E+04 4E+03 3E03 1E+05

 Cm-46 2E+04 $E+03 TBD 3E+05
= .

2-15
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I Release Limit (TBq per 100,000 MTHM) I

WP.158

Nuclide River Well Ocean Lan
 TBD TBD TBD - TBD
SE+0 3E+05 TBD SE+07
25403 B2 25406 15406
2E+05 1E+05 OB+05 25406
15405 4B+04 26407 75408
4B+ 1E+02 35402 35404
sB+02 28402 1E405 95+03
5B+03 2543 6B+05 65+04
BB IB+3 8B+04 25406
4B+06 2B+406 TBD 65+08
3IE«02 142 TBD Ei0s. |
25402 15402 TBD 3 |
28403 7B+ TBD 206
6E+02 25402 2642 3E+05
153 4B 2E+02 25403
7E+01 38401 TBD 1B+
1E+2 4E+01 TBD 152
3E+02 1E+2 6B+02 25403
25403 7E+02 4E+04 SE«04 |
26403 $E+02 TBD 6E«04 |
26403 7E+02 45404 4E+04
2E+403° $E+02 TBD 6404
25+03 TE+2 TBD SE+04
SE+02 302 36403 3E+05
9E+02 B2 TBD 1E+0S
7E+02 IE+02 6E+2 65403
8E+02 35402 6E+02 TE+03.
2E+04 7E+03 TBD 15407
SE+02 35402 TBD 65+03
7E+02 B2 2E42 4B+04
6E+02 3«02 25402 2504 |
B2 26402 15+ sE+03 |
7E+02 3E402 TBD 1E+04

2.16
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REFERENCE MAN: SUMMARY OF PHYSIOLOGICAL DATA

Carbon dioxide exhaled
- Dietary intake (nutrients)

Protein

carbohydmcs '

Fat

Dietary intake (major elcmcnts) |

Carbon
Hydrogen
Nitrogen
Oxygen
Sulfur

EXAMPLE TABLE

Elements (summary of modcl valucs for daily balance)

Energy expenditure
Feces, weight of
Feces, components of

Water
Solids
Ash
Fats
Nitrogen

Other substances ,
Feces, major elements in

Carbon
Hydrogen
Nitrogen
Oxygen

Human milk, composition of

Intake of milk
Lung capacities

Total capacity .
Functional residual capaclty o

Vital capacity
Dead space

Lung volume and respiration
Minute volume, resting
Minute volume, light activity

1000 g/day

95 g/day
390 g/day
120 g/day

300 g/day
350 g/day

16 g/day
2600 g/day

1 g/day

See section O
3000 kcal/day
135 g/day

105 g/day
30 g/day
17 g/day
5 g/day
1.5 g/day
6.5 g/day

7 g/day
13 g/day
1.5 g/day
100 g/day

See Table 128

300 ml/day

5.61
221
431
160 ml

7.5 Vmin

*20 Vmin_

Air breathed, 8 h light work activity
Air breathed, 8 h nonoccupational activity

Air breathed, 8 h resting

WP.158
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9600 1
9600 1
3600 1

| Page

351

351
351

352
352

352
352
352

" 338
353

353
353

'353

353
353
353
353
353

353

353
361
357
345
345

345
345

346

346
346

8/10/92



Metabolic rate

Nasal secretion, composition of (major elements)
d

Water

Calcium

Chlorine -

Potassium

Sodium
Oxygen Inhaled
Saliva, composition of
Sweat, composition of
Urine values

Volume

Specific gravity

pH

Solids

Urea

Hsu garsﬁ

Bicarbonates
Urinary loss of major elements

Nitrogen

Hydrogen

Oxygen.

Carbon
Water balance (gains)

Total fluid intake

Milk
Tap water

In food
By oxidation of food
Total
Water balance (losses)

In urine

In feces

Insensible loss

In sweat

Total

All sections reference ICRP 23, 1975

WP.158

2-18

17 cal/min-kg W

95-97 2/100 ml
11 g/100 ml
495 g/100 ml
69 g/100 ml
295 g/100 ml
920 g/day

See Table 130
See Table 129

1400 ml/day
1.02

6.2

60 g/day

22 g/day

1 g/day
0.14 g/day

15 g/day
160 g/day
1300 g/day
5 g/day

1950 ml/day
300 ml/day
150 ml/day
1500 ml/day
700 ml/day
350 =1/day
3000 ml/day

1400 ml/day
100 mi/day
850 ml/day
650 ml/day.
3000 mY/day

341

365
365
365
365
365

364
362

354
354
354
354
354
354
354

354
354
354
354

360
360
360
360
360
360
360

360
360
360
360
360
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CHAPTER 3
HUMAN INTRUSION




CHAPTER 3
HUMAN INTRUSION ”

31 STATEMENT OF THE PROBLEM ’

In the 1985 EPA standard, processes and events initiated by hurnan actions are treated in much
the same way as naturally occurring processes and events. That is, the consequences of human
actions must be included in the calculations that examine compliance with the numerical,
probabilistic containment requirements. This provision creates difficulties that arise because it
forces a demonstration of compliance to estimate the probabilities and the consequences of
human-initiated phenomena that may occur during the next 10,000 years. There is no reliable
basis for estimating human behavior over so long a period. Consequently, assumptions about the
human activitics that may occur at a repository site and about their probabilities are difficult to
defend, because they lack a firm technical foundation. An analysis of compliance may well be
so heavily dominated by such assumptions that it fails to reveal the adequacy, or inadequacy, of
the isolation characteristics offered by a repository site. Speculation about future human actmty
should therefore not bc thc focus of the compliance determination proccss

On the other hand the human-unnatcd events and processcs should not be 1gnorcd in that
process. They clearly should be part of an evaluation of the adequacy of a proposed repository
system. The problem, then, is to construct and propose a treatment of such phenomena that
guarantees their consideration in determining compliance but does not skew the process toward
‘rejection of adequate sites on the basis of indefensible assumptions. -
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3.2 RECOMMENDED APPROACH

The following material suggests a way that section 191.13 of the 1985 version of 40 CFR Part
191 might be written to avoid the problems with putting human intrusion into the quantitative,
probabilistic comparison with limits. The same material, perhaps with minor changes, may. be
used if the standard also allows for altemative approaches to the demonstration of compliance.

191.13 Containment requimmcnts.

a) Disposal systems for spent nuclear fuel or high-level or transuranic radioactive

. wastes shall be designed to provide a reasonable expectation, based on performance
assessments, that the cumulative releases of radionuclides to the accessible
environment for 10,000 years after disposal from all significant natural processes and
events that may affect the disposal system shall;

1. Have a likelihood of less than one chance in 10 of exceeding the quanities
calculated according to Table 1 (Appcndix A); and

2. Haveal.ikchhoodoflcssthanoncchanccm 1,000 of exceeding ten times the
quantities calculated according to Table 1 (Appendix A).

b) Potcnﬁal radionuclide rclcascs to the accessible environment resulting from human-
initiated events and processes shall be treated separately from potential radionuclide
- releases due to natural processes and events. Disposal systems for spent nuclear fuel
or for high-level or transuranic radioactive wastes shall be designed to provide a
reasonable expectation that the cumulative releases of radionuclides to the accessible
eavironment for 10,000 years after disposal from intermittent and inadvertent
exploratory drilling for resources into the disposal system shall not exceed ten times
the quantities calculated according to Table 1 (Appendix A). The performance
assessments on which this expectation shall be based shall assume that drilling
occurs. The assessments shall also assume that drilling technology, reasons for
drilling, and societal structure remain the same as are present today. No human-
initiated events and processes, due to the occurrence of drilling, which have a
probability of occurrence less than one chance in 1,000 over 10,000 years shall be
considered in the assessment.

c) {the paragraph designated (b) in the 1985 version, unchanged} Performance
assessments need not provide complete assurance that the requirements . . .

If the EPA includes in its next version of the standard some alternatives to the original section
191.13, (e.g., the "four-column" approach or either of the two optional containment requirements
suggested in the draft Federal Register notice dated 2/3/92), similar changes should be made.
The following paragraph is to be added to Appendix B of the 1985 version:

Future States. Uncentainties about the future involving conditions that are unknowable
can only be dealt with by making assumptions and recognizing that these may, or may
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not, correspond to a future reality. The Agency belicves that speculation concerning
future conditions should not be the focus of the compliance-determination process.
Therefore, it would be appropriate for assessments made for Part 191 to proceed under
the assumption that many future conditions related to humans or to interactions between
humans and their environment will remain the same as those of today’s world. Factors
in this category include human physiology and nutritional needs, level of knowledge and
- technical capability, the state of medical knowledge, societal structural and behavior,
patterns of water use, and pathways through the accessible environment that are affected
* - by or result from human interactions with the accessible environment. In some instances,
- consideration of these factors may be specific to the region in which a disposal site is
~ located (e.g., population distributions or patterns of water and land use). In contrast, the
Agency would not find it appropriate to include in this category the future states of
- geologic, hydrologic, and climatic conditions that may be estimated by examining the
geologic record. Additionally, the Agency would find inappropriate the assumption that
nationa! or world populations will remain unchanged; however, assuming future world
" populations that cannot reasonably be sustained by current abilities to produce, distribute,
and consume food would also be inappropriate. For this reason, future world populations
in excess of 10 billion people need not be assumed for evaluations under 191.13. For
standardization, a “reference person” is assumed to ventilate (breathe) at a rate of

m*/sec and to ingcst liters/day of drinking water; kg/day of fish;
kg/day of mollusks; kg/day of aquatic invertebrates; . kg/day of water plants;
— kg/day of lca.fy vcgctablcs, kg/day of root vegetables; _____ kg/day of
grains; kg/day of fruit; kg/day of meat; kglday of poultry;
kglday of eggs; and htcrs/day of milk.

Thc above changes in paragraph 191 13 will require a change to the reference to 191.13 that -
" appears in Appendix B of the 1985 version in the paragraph called “Compliance with Section

191.13." Two other refcrences to 191 13 wx]l not nced to be changed. The revised paragraph
: wﬂl read as follows ,

Thc Agency assumes that . . . compliance thh 191 13(a) into a “complementary
" cumulative distribution funcnon that indicates . . . a disposal system can be considered
" to be in compliance with 191.13 if this single dxstnbunon function meets the requirements
of 191.13(a) and if the calculation of the consequences of exploratory drilling for
resources required by 191.13(b) meets the requirements of 191.13(b).

Some sentences will need o be inserted into the paragraph in Appendix B called "Consideration
~of Inadvertent Human Intrusion . . ." This paragraph will then read as follows:

Consideration of Inadvertent Human Intrusion into Geologic Repositories. The most
speculative potential disruptions of a mined geologic repository are those associated with
inadvertent human intrusion. Some types of intrusion would have virtually no effect on
a repository’s containment of waste. On the other hand, it is possible through speculation
to conceive of intrusions (involving widespread societal loss of knowledge regarding
radioactive wastes) that could result in major disruptions that no reasonable repository
selection or design precautions could alleviate.
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Neither the Agency nor any other regulatory body has identified a reliable, defensible
basis for predicting future human behavior and for estimating the probabilities of possible
human actions. Therefore, the Agency does not require an estimate of the probabilities
that various human actions will affect a repository. - Nevertheless, the implementing
agencies are required to consider these actions in making their determination that there
is reasonable expectation of compliance with the standard. Instead of estimating the
probability of drilling, it shail be assumed that drilling occurs and the consequences of
such drilling estimated. These assessments may be supplemented by a description of the
natural and engineered features of the disposal system that reduce the likelihood and
consequences of human intrusion. The Agency believes that the most productive
consideration of inadvertent intrusion concems those realistic possibilities that may be
nseﬁﬂly mitigated by repository design, site selection, or use of passive controls (although
passive institutional controls should not be assumed to completely rule out the possxbxhty
of intrusion). In calculating the consequences of drilling, the implementing agencies can
assume that passive institutional controls or the intruders’ own exploratory procedures are

adequate for the intruders to soon detect, or be wamed of, thc incompatibility of the area
with their activities.

The pa.rag:aph in Appendix B labeled “Frequency and Séventy bf Inadvertent Human Intrusion
.« " is to be modified as follows (with the original woxdmg conumnng from the ellipsis at the
end of this suggested wording):

WP.158

Frequency and Severity of Inadvertent Human Intrusion into Geologic Repositories by
Exploratory Drilling. In the calculations supplied in compliance with paragraph
191.13(b), the lmplemcntmg agcnczcs need not assume intrusion scenarios more severe
than inadvertent and intermittent intrusion by exploratory drilling for resources. The
implementing agencies need not assume any drilling for the resources that are provided
by the disposal system itself. The implementing agencies should describe gualitatively
the effects of each particular disposal system’s site, design, and passive institutional
controls in mitigating the potential effects of such inadvertent exploratory drilling.
Descriptions of such inadvertent and intermittent exploratory drilling over 10,000 years
need not assume that more than 30 boreholes per square kilometer of repository area will
be drilled in that time at geologic repositories in proximity to sedimentary rock formations
or that more than 3 boreholes per square kilometer will be drilled in that time at
repositories in other geologic formations. Furthermore, when the discussions treat the
consequences of inadvertent and intermittent exploratory drilling, the implementing
agency need not assume that those consequences are more severe than: (1) direct release
to the land surface . ..
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3.3 SUPPLEMENTARY INFORMATION

KR

The following material could be uscd as supplementary mfonnatxon in explaining why the rule
is reasonable when written in the form on the preccdmg pages.” This material could probably
appear in the EPA’s supplemcntary information just after its cxplananons of the probabilistic
standard that is promulgatcd in paragraph 191. 13(a)

In dcvelopmg the probabmsuc standard, the Agcncy recognized that there is a
fundamental difference between estimating the probabilmcs of future natural phenomena
and estimating the probabilities of future human activities. Reasonable estimates of
natural phenomena can often be based on evidence provided by the geologic record.
Most of the natural phenomena that might be expected to affect a repository (e.g., fault
movement, erosion, or diapirism) can be studied in records that extend back for millions
of years. An extrapolation of that information through the next 10,000 years can be a
reasonable basis for: estimating the’ probabilities that those phenomena will occur.
Although there will seldom be unanimous agreement among experts about the precise

" values of those probabilities, their reasonableness can be examined by reference to the
geologic record. Believing that probabilities can be derived and defended in this way, the
Agency deems appropriate the probabilistic standard required for natural phenomena in
paragraph 191.13(a).

On the other hand, there is no similarly reliable basis for estimating what human beings
are likely to do in the next few thousand years, or even in the next few hundred years.
The records of human activity are not nearly so long as the geologic record, and
10,000-year extrapolations would, for that rcason alone, be less reliable than
extrapolations from the geologic record. More important, the past few hundred years--the
past few decades, in particular--have seen an enormous increase in the rates at which
human societies and their associated technical abilities have changed. With such rapid
changes in so short a time, extrapolation to 10,000 years would necessarily consist of
speculation about whether these rates will continue. Neither the Agency nor other
regulatory bodies have identified a reliable basis for such speculation, which the Agency
consequently believes should not be the focus of the compliance-determination process.

For these reasons, the Agency has not required a probabilistic treatment of human actions
that may affect a repository. Nevertheless, the Agency believes that an implementing
agency should carefully consider the effects of human actions in secking reasonable
expectation of compliance. Paragraph 191.13(b) therefore requires an evaluation of the
consequences of exploratory drilling, which the Agency belicves to be a reasonable
representation of severe human-initiated phenomena that might affect a disposal system.
The paragraph also requires that potential releases of radionuclides to the accessible
environment, resulting from such intrusion, shall not exceed ten times the quantities in
Table 1 of the rule. This limit is reasonable because, as originally developed, it applied
to phenomena with likelihoods between 1 chance in 10 and 1 chance in 1000 over 10,000
years.
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With this change in the rule, paragraph 191.13(b) avoids the problems associated with
speculative, quantitative estimates that human intrusions will occur. It simply mqmres
calculations made on the assumpnon that such intrusions do occur. It recognizes,
however, that treating future human actions will require that some further assumptions be
made.. It guides these assumptions by stating further requirements that follow the
Agency’s more extensive guidance, in Appendix B, for the treatment of future states. The
pmgraph also recognizes that some phenomena occurring during and after the assumed
intrusions occur stochastically. To keep from introducing speculation about phenomena
of extremely low probability, the paragraph therefore limits the treatment of phenomena
that occur during and after the assumed intrusions. The limitations are essentially the
same as those applied to demonstrations of compliance under paragraph 191.13(a).

The requirement does not ruls out the use of additional calculations that may produce
useful insights into the future behavior of a repository system under intrusions by
exploratory drilling. Further information about the Agency’s intentions is furnished in
Appendix B, which explains what the Agency would consider appropriate treatment of
fnmrcstatcsofnammandofhumancmhmon. .
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3.4 TECHNICAL SUPPORT DOCUMENTATION

The following material is supporting information that could be cited as reasons for the DOE
suggestions for the above revision. It could be part of a technical support document for the rule.

Many comments on 40 CFR Part 191 have pomtcd out the difficultics that arise when human
activities are included with natural phenomena in the complementary cumulative distribution
function (CCDF) that the Agency recommended in 1985 for examining compliance with
paragraph 191.13(a). The difficulties also arise in altemative compliance methods that have been
suggested for incorporation into the standard--i.e., the suggestions known as the "four-colurmn”
altemnative, the collective-dosc alternative, and the "three-bucket® alternative. Summarized
broadly, these difficulties arise from the basic difficulty of guessing what future human societies
will be able to do or will want to do. For examplc to include the drilling of exploratory
boreholes into a forgotten repository would require estimates of the conscqucnocs of the drilling
and of the probability of its occurrence. Estimating the consequences would rcqmre speculation
about how drilling would be done in the future. Given the rapid advances in drilling methods
in the past hundred years, it would be extremely difficult to guess how drilling will be done
thousands of years from now.. Estimating the probability of drilling would be even more
speculative; given that only 200 years ago deep drilling was a rare occurrence, it is hard to guess
how oftcn people will want to drill thousands of years from now.

Bccausc thcrc is no way to ngorously dcfcnd estimates of exthcr the consequences or the

probabilities of future human actions, the CCDF could easily be dominated by assumptions about

these estimates. And there would be little possibility that the estimates could be limited to

“reasonable” values, because there appears to be no defensible basis for deciding what will be
"reasonable” in fntnrc socxenes ‘

A specific examplc of this poss:bxhty appcars in a detailed prchmmary performance asscssmcnt
recently completed for the potential site at Yucca Mountain, Nevada (Reference 3-1). That study
examined the effect of varying the number of boreholes that it assumed would penctrate the
repository during the next 10,000 years. At the larger numbers of borcholes, the effects of
natural release mechanisms (e.g., groundwater flow) were obscured by the effects of drilling.
There was, of course, no basis other than assumption for choosing one number of boreholes over
another--i.e., for deciding which CCDF is best representative of the site’s future performance.
(Although the EPA has provided suggestions that guide assumptions about numbers of boreholes,
licensing activities are not bound to follow those suggestions, which appear in the guidelines that
accompanied the 1985 version of the standard.) When CCDFs that include guesses about
numbers of future boreholes are-introduced into licensing activities, the licensing prbccss may

find itself focused on spoculauon about thosc numbers rather than on subsmnuvc issues of

rcposxtory pcrfonnanoc

In other words, a CCDF dominated by guesses about future human behavior may obscure the

-more defensible estimates of the ability of a repository system to isolate waste through its natural

characteristics and its engincered features. These characteristics and features are barriers on
which geologic disposal relies, and it is important that the performance measure embodied in the

‘'standard reveal their effectiveness.  The CCDF can do so if the obscuring effects of estimates

about human actions are rcmovcd from it.
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This line of reasoning suggests only that human actions should not be part of a standard that
requires estimates of the probabilities of those actions. It would not be appropriate to eliminate
human activities altogether from a determination that a repository system will isolate waste
effectively. A simple way to remove the difficulties associated with estimating the probabilities
of future human activities ‘is to assume that the activities occur and to calculate their
consequences on that assumption. This deterministic way of determining compliance must be
supplemented, however, if the calculations are to be used alongside the probabilistic standard that
govemns natural phenomena and if they are to be kept from unconstrained speculation.

First, the human activities must be removed from paragraph 191.13(a) of the standard. That

paragraph is built on the use of likelihoods as an integral part of the determination of compliance.
Calculations that treat the likelihood of human intrusion deterministically could not be a part of
that method. Because the Agency feels that calculations should be evaluated against a numerical
standard, a limit on releases must, however, be established. A reasonable limit, which follows
the reasoning behind the original release limits, would be 10 times the quantities in Table 1 of
the current EPA standard. This limit is reasonable because, as originally developed, it applied
t0 phcnomena with likelihoods bctween 1 chance in 10 and 1 chance in 1000 over 10,000 years.

Second, the human activities must be constrained by rule. If the likelihoods of human-initiated
intrusive activities are completely removed from consideration, there would be no restraint on
what should be calculated. Clearly, a site with otherwise acceptable natural and engineered
features shonld not be declared unacceptable simply because an unrealistic, highly improbable
future human activity could inadvertently exhume some of the waste. For example, drilling on
- 2-foot centers would be an improbable future event that would probably exceed the release limits
of any disposal system. It would be so improbable that it should not be part of a realistic
appraisal of the system. But if its low probability of occurrence is ignored, an analysis of it
would show releases that violate a standard that makes no allowance for likelihood. A reasonable
way to constrain the human activities is to follow the EPA guidance that says exploratory drilling
would be severe enough to adequately represent intrusive activities. Also reasonable would be
the inclusion of the current EPA guidance on the number of boreholes that should be assumed
for drilling in different types of rock. These constraints are compatible with the choice of a
release limit 10 times the quantities in Table 1 of the ongmal standard.

Third, the phenomena that occur after or during the assumed drilling must also be constrained.
These phenomena occur stochastically for a number of reasons: e.g., natural variation in the
properties of materials, randomness in natural processes, randomness in the location of
exploratory boreholes, and uncertainties in data. Unless some constraints are placed on the
likelihoods of these phenomena, an evaluation of releases could be dominated by speculative,
highly unlikely events and processes. For example, the study of exploratory drilling described
in Reference 3-1 used the guidance suggested by the EPA for number of boreholes (17 boreholes
over 10,000 years); it also assumed today’s drilling technology and methods. The study had to
assume, however, a probability distribution for the times at which the boreholes were drilled and
for the possibility that any particular borehole would actually penetrate a canister filled with
radioactive waste. If performed iteratively for many thousands of times, a stochastic calculation
like the one performed in Reference 3-1 would eventually produce, at extremely low probability,
a simulation of a set of events in which each of the 17 boreholes penetrated a waste canister at
an early time after the closure of a disposal system. Such a calculation would be unsuitable for
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assessing the ability of the system to isolate waste, because the event it modeled would have
extremely low likelihood, but the calculated releases would clearly violate the current limits.

The current standard avoids such unsuitable calculations by'placmg constraints on the natural
cvents and processes that must be examined. These constraints may reasonably be applied to thc_
events and processes that should be examined once an assumpnon is made that human intrusion
occurs. Releases from phenomena with a likelihood of occurrence less than 1 chance in 1000
over 10,000 years are currently not compared with quantities stated in the standard. It is
consistent with the original standard to accord the same treatment to the phenomena that occur
during and after drilling into a disposal system. Paragraph 191.13(b) can therefore dcfcnsxbly
exclude such events and processes from comparison against the hmxts if their hkchhoods of
occurrence are less than 1 chance in 1000 over 10,000 years.

Little experience from other countries is available for guiding the U.S. development of the
treatment for human intrusions. European nations have not come to consensus on an appropriate
way to handle human intrusion in their analyses of waste isolation. They do, however, recognize
that "such low-probability, high-consequence scenarios would be difficult to treat within the
normal regulatory guidelines and might, therefore, need separate consideration . . . These issues
will be treated within the NEA Working Group on Assessment of Future Human Actions . . ."
(Reference 3-2 ). Because these nations do not currently plan to use a probabilistic standard like
the EPA standard, the difficulties they perceive are somewhat different from those involved with
including human intrusion in a CCDF. But they clearly intend to pay special attention to the
problems of including human intrusion along with natural disruptions, even in nonprobabilistic
assessments.
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CHAPTER 4
THREE-BUCKET APPROACH

41 STATEMENT OF THE PROBLEM

Agencies affected by 40 CFR Part 191 have experimented with the complementary cumulative
distribution function (CCDF) that the 1985 rule suggests for demonstrating compliance with the
containment requirements. The NRC came forward with an alternative approach in 1991 and
offered it up for discussion in informal forums. The approach came to be known as the "three-
bucket approach” because it attempts to divide into three categorics the phenomena that might
affect waste isolation. The EPA has informally circulated a somewhat modificd version in the
draft Federal Register notice (2/3/92). The DOE examined both the NRC and the EPA
statements of the approach and some further statements by the NRC staff: material in a letter,
dated July 1, 1992, from B. J. Youngblood (Director of the NRC Division of High-Level Waste
Management) to J. W. Gunter (Director of the EPA Criteria and Standards Division) and in an
informally circulated draft, dated October 10, 1991, giving examples of compliance
demonstration. The DOE has also benefited from an informal technical exchange with the NRC
staff (July 22, 1992) at which the three-bucket approach was discussed in some detail. A
preliminary series of calculations done under contract to the DOE has suggested that the approach
is not completely compatible with the DOE understanding of what will be needed for determining
compliance and is not necessarily simpler to implement than the original standard. The problem,
then, is to state the difficultics that the DOE sees in the "three-bucket approach.”
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4.2 RECOMMENDED APPROACH

The DOE finds that the "three-bucket approach,” as it has been stated up to now, Couwins some N \
difficulties that keep it from being a completely acceptable way to demonstrate compliance. The .
DOE would prefer to leave the approach as an option in a draft Federal Register notice intended

to solicit comment on the revision of 40 CFR 191. Additional comment could help to clarify the

difficulties that the DOE finds in the approach and might help to produce an acceptably
simplified form of the original standard.
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43 SUPPLEMENTARY INFORMATION

This material is not supplcmcntmy mformanon in the sense. that it is normally vsed in the
rulemaking process. Instead, it simply explains, in brief summary form, the reasoning behind the
DOE statement that the three-bucket approach may not be a useful alternative to the original EPA
standard. Thc material in this section may be useful to the EPA if its next proposal for 40 CFR
Part 191 is accompanied by supplcmcntary information that cxplams the EPA position on the
“three-bucket approach.” ~ . .

The analysis reported in the technical support documentation reveals some features of the
thrcc-buckct approach that appear to make it unacceptable, at least in its present form:

1. It is possxblc to construct some scenario classes for which the three-bucket approach and
~ the original standard disagree about compliance. The analysis began by applying the three
- bucket approach to the results of a recent total-system performance assessment of thc
~.potential Yucca Mountain site; the ongmal assessment had already compared its results to
the original standard. The comparison suggested that the two methods agree about
compliance for those particular results. Nevertheless, when those results were modified
slightly, the analysis showed that the two methods can easily disagree. Sometimes,
- depending on the particular modifications, the original standard is stricter; sometimes the
three-bucket approach is stricter. This conclusion suggests that three-bucket approach is
probably not completely compatible with the original standard: i.e., it does not yield the
same conclusions about compliance.  Whether it would nevertheless be acceptable to the
regulatory community can probably be determined only after the community has examined
the approach more thoroughly and has debated the acceptability of the apparent
inconsistencies. .

2. The three-bucket approach is sensitive to the way in which "scenarios” are defined as
part of the compliance examination. The approach introduces the term "scenario” into the
regulation and therefore requires that scenarios be used in the examination of compliance.
The technical community does not appear to be in complete agreement about the role of
¢ ~snarios in constructing complementary cumulative distribution functions, and that lack of
agreement would be an obstacle to the implementation of the approach. More important,
the analysis shows that compliance may, in at least some examples, be demonstrable when
a disposal system is described by one set of scenarios, but not demonstrable when it is
described by another set. It would be preferable for the standard to yicld the same results
about compliance regardless of the details of the definition of scenarios. Studies of how
to implement the current standard have suggested that it is not necessarily sensitive to the
details of the definitions. Because of the way the three-bucket approach treats scenarios,
however, it probably cannot be made insensitive without fairly drastic revision.

3. The three-bucket approach adopts a bounding value for sequences of events and
processes that have low likelihoods. This bounding value, 0.01, is applied in the analyses
of all sequences whose likelihood is (a) great enough for the sequences to warrant
regulatory consideration and (b) smaller than 0.01. The adoption of this bounding value
can lead to an overemphasis of some low-probability sequences—-an overemphasis that
contributes to the disagreements discussed in item 1 above.
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4. The examples that the NRC staff has used in its explanations of the three-bucket
approach have assumed that it is possible to identify for each scenario a single associated

value of radionuclide release. Although this assumption was made for didactic purposes

and not because the staff felt that it will be appropriate in actual licensing, the
simplification achieved by it appears to mask some of the difficulties with implementing
the standard. The approach, as now stated, does not explain how to reduce the distribution
of releases associated with realistic scenarios to simple, if not single, values of release.

Many of these difficulties may be avoided by further definitions within the three-bucket
approach and by detailed guidance about how to apply the approach in licensing. The
additional details that would be needed, however, appear to require efforts that would be
approximately as complex as the effort needed to show compliance with the original
standard. = For example, to overcome the di.fﬁculty with associating a single value of
release with each scenario class would probably require something like deriving a CCDF

for each class--an effort that would not be a reduction below thc efforts required by the
cmum standard.

These points are derived in much greater detail in the accompanying technical support
documentation. Although there may be solutions to the problems that the documentation
raises, the three-bucket approach does not appear to necessarily offer less difficulty in
implementation than the current standard. And it does pose potcnﬁal problems of its own.
Until these possibilities are sorted out, it would not be wise to adopt the three-bucket

approach in place of the original EPA standard. At most, the thrce-buckct appmach should
be provided as an option for compliance demonstration.
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44 TECHNICAL SUPPORT DOCUMENTATION

The technical analysis of the three-bucket approach in Appendix A is offered as supoort for the
DOE recommendation that the approach not be taken as a replacement for the original EPA
containment standard. It should be offered as an option in the draft Federal Register notice in
hopes that additional review and analysis will provide answers to the Department’s concems.
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CHAPTER §

MULTIMODE RELEASE LIMITS

5.1 STATEMENT OF THE PROBLEM

In some instances, thc release reqmrcmcms of Tablc l in 40 CFR Part 191 may result in an
inappropriate or overly consérvative evaluation of repository sites because they do not adequately
account for significant features of a site. The 1985 version of 40 CFR Part 191 contained only
one release limit table (Table 1) for all release modes. The table was based on simultaneous
releases to all the world’s rivers and occans. The three other basic release modes--atmospheric,
land surface, and withdrawal-well, which are the only expected release modes for sites presently
under consideration--were not taken into account. Because a single release limit table cannot
represent all release modes and release locations, cumulative releases would have becn evaluated-
at the boundary of the repository instead of at locations of release.

WP.158 5-1 8/10/92



5.2 RECOMMENDED APPROACH

A multimode release limit option is proposed in addition to the existing Table 1 limit in ’-\ ‘
Appendix A of the standard. This additional option would include limits for all release modes

to be considered in the containment requirements (land, well, river, and ocean). The atmospheric

release mode is addressed in the individual protection requnements (as explained in Chapter 9,

which discusses Carbon-14), and the human intrusion component is addressed in Chapter 3. In
incorporating the proposed new table, a number of corresponding changes to the wordmg of the

rule are needed. These changes are described below

A number of new terms have been introduced. As used here, these terms are deﬁned as follows:
‘Point of comphahce the location, for a given release mode, where radionuclides enter the
biosphere. At this location, cumulative releases over 10,000 years are calculated for
comparison to the multimode release limits table.

In calculating cumulative releases over 10,000 years, the points of compliance are as

follows:

Release Mode Point of Compliance

Land Location where radioactive material released from

: the repository is brought directly to the land surface.

Well Any wellhead outside the controlled area from - ™ ,
which groundwater containing radionuclides releasea .
from the repository is withdrawn for imrigation or  ~
supplying drinking water.

River Location(s) of existing discharge of groundwater
containing radionuclides released from the
repository to a river.

Ocean Location where river-water or groundwater

containing radionuclides released from the
repository discharges to an ocean.

Release mode - one of four potential ways in which radionuclides are transported from the
lithosphere to the biosphere, resulting in exposure to humans. The release modes are: land
(contaminated solids deposited on the land surface, such as volcanic materials); well
(contaminated groundwater pumped to the land surface); river (all fresh surface waters); and
ocean.

Biosphere - the zone of the Earth extending from (and including) the surface into the
surrounding atmosphere.
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Subsection 191.13(a) needs to bc changed to accommodate the opnon of multimode releasc
limits. The proposed wording is as follows:

a) Disposal systems for spent nuclear fuel or high-level or transuranic radioactive wastes
shall be designed to provide a reasonable expectation, based upon performance
assessments, that the cumulative releases of radionuclides to the accessible environment
(for Table 1 in Appendix A), or the cumulative releases of radionuclides, considering
all applicable release modes, to the biosphere (for Tables 2 and 3 in Appendix B) for
10,000 years after disposal from all significant processes and events that may affect the
disposal system shall:

1. Have a likelihood of less than one chance in 10 of exceeding the quantities
“calculated accordmg to Table 1 (Appcnd:.x A) or Tables 2 and 3 (Appendix B); and

2. Have a hkchhood of less than one chancc in 1000 of cxcecdmg ten times the
quantities calculated according to Table 1 (Appcndxx A) or Tables 2 and 3

(Appendix B).
- The Department shall select the release limits mcthod to be used in evaluating compliance.

Appendix A rg:mainsihe same as in the 1985 version of 40 CFR Part 191. 7 |

‘A new Appendxx B would be created. - It would be the same as Appendix A except for these

changes: ‘eplacement of Table 1 with Tables 2 and 3, the addition of two notes, and minor
changes to the original Note 6 from Table 1. (The creation of a new Appcndxx C wxll be
discussed in Chapter 6. )

Tables 2 and 3 provide rclcase lmuts for the four potcnnal rcleasc modes to be considered in the
containment requirements expressed in curies and tcrabequcrcls, respectively. The proposed

' tablcs are included at the end of this section.

New information would have to be added as Note 6 of Tables 2 and 3 of Appcndxx B. The
wording for the new Note 6 would be: /

The Agency assumed, in deriving thc rclease limits for thc n'vcr and well releases in Tables

2 and 3, that the entire drainage system of all rivers (for river releases) and all aquifers (for

well releases) is contaminated by the released radionuclides. Site Adjustment Factors

(SAFs) may be used with Tables 2 and 3 to account for specific site locations. The

following arc examples of how SAFs might be developed for the surface flow system and
- ‘other geologic and hydrologic components of a geologic disposal system.

Example 1--River Releases: For the river column, the release limits are calculated
assuming that the entire drainage of all rivers is contaminated. For an actual site, only the
downstream section of the tributary that is fed by groundwater passing through the
repository is contaminated. To comrect for this, a Site Adjustment Factor for the river
release mode (SAF;) is used as a multiplier to adjust the risk factors. The Reciprocal Site
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Adjustment Factor (RSAF,), with which the release limits are multiplied, is calculated as
follows:

i:(Lém‘Fcio)’g Loy * Fup)

RS}!F,' - 4

Y Loy * Fp -

i=1

- This approximation represents the sums of the products of all tributary lengths and flow
rates divided by the equivalent sums of contaminated tributaries. "L" is the length of the
river segments and "F" is the volumetric flow rate of that segment. The subscripts "C" and
"U" refer to contaminated and uncontaminated segments, respectively. The release limits
in Tables 2 and 3 are then multiplied by this ratio to provide a site-specific release limit
for the river release mode.

Example 2--Well Releases: The derivation of the release limits for the well release mode
using world average parameters assumes all groundwater from the recharge area to the
locations where it enters surface waters is contaminated. For an actual site, wells up-
gradient of the repository do not produce contaminated water. In addition, during the
10,000-yecar regulation period, the contaminated plume may not reach the discharge
location, thus some uncontaminated water may also be withdrawn down-gradient from the
repository. ' ‘

A method for approximating the ratio of contaminated water to total available water can
be determined by dating the water at the repository (A,), at the point it is expected that the
radionuclides will reach in 10,000 years (A,), and at the location where groundwater
discharges to a river (A,). With these ages, the Site Adjustment Factor for the well release
mode (SAF,) may then be calculated and used as a multiplier to adjust the risk factors.
Calculation of the Reciprocal Site Adjustment Factor (RSAFy) is done by dividing the age
of the water at the river by the difference in the ages of the water at the repository and at
the farthest point of migration in 10,000 years, or:

4,
4, -4

RSAF,, =

However, if it is found that the contaminated plume will reach a river within 10,000 years,
the formula becomes:

4,

RSAFy = =2

Release limits in Tables 2 and 3 are then multiptied by one of these ratios (the RSAF,s)
to provide a site-specific release limit for the well release mode.
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The usc of SAFs and the parameters to be considered in calculating SAFs shall be

determined by the Department.

N

A second new note, describing the concept of points of compliance for the multimode release

limits in the containment requirements will also need to be added to Tables 2 and 3 of the new
Appendix B, The note would read as follows:

In calculating cumulative releases over 10,000 years, the points of compliance are as

follows

elease Mode

Land

- Well

River

Point of liance

Location where radioactive material released from

_ the repository is brought directly to the land surface.

Any wellhead outside the controlled area from

. which groundwater contmmng radionuclides released

from the repository is withdrawn for nmgatxon or
supplying drinking water.

Location(s) of existing discharge of groundwater
containing radionuclides released from the
repository to a river.

Location where river-water or groundwater
containing radionuclides released from the
repository discharges to an ocean.

" The existing Note 6 from Appendix A, Table 1 should be revised and used as Note 8 for Tables
2 and 3 of the new Appendix B. Two changes will be necessary.

« The third and fourth sentences should be rephrased as follows:

For each radionuclidc‘ in the mixture, determine the ratio between the cumulative release
quantity projected over 10,000 years and the limit for that radionuclide for each applicable
release mode as determined from Tables 2 or 3 and Notes 1 through 7.

« The last paragraph, the example, should be reworded as follows:

For example, if all release modes (L,W,R, and O referring to land, well, river, and ocean
release modes) are used in the example, if radionuclides a and b are projected to be
released in amounts Q, and Q,, and if the applicable release limits are RL, and RL,, then
the cumulative releases over 10,000 years shall be limited so that the following

relationship exists:

WP.158
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Q/RL, + QyRL,, +. .. +Qu /Ry, + QuyRly, +... +
Qu/Riy, + QeyRLg, +. . . +Qo/Rlg, + QopRLgy +.. . +

Qo/RLo, < 1.

The existing Appendix B from the 1985 standard would be renamed Appendix D. The
introductory paragraph of this Appendix discusses evaluating long-term predictions of
compliance, focusing on compliance with 191.13. Because of the other proposed changes
outlined above, this introductory paragraph should acknowledge two additional steps in 191.13
compliance. The following sentences should be inserted between seatences 2 and 3:

Quantitative evaluations for these predictions compare predicted releases with either Table
1 of Appendix A or Tables 2 and 3 of Appendix B. If the multimode release limits in
‘Tables 2 and 3 of Appendix B are used, the presence or absence of the four possible release
modes (land, well, river, and ocean) to be considered in the containment requirements must
be determined. The fifth release mode, for atmospheric releases, is considered under the
individual protection requirements. Site Adjustment Factors for the well and river release
‘modes, to be determined by the Department, may be calculated to account for differences
between the actual site-specific availability of water and the original assumption that the
entire drainage system is available and contaminated.
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_Release Limit (curies per 100,000 MTHM)

Noctide River well Ocean Land
) C-14 18D TBD TBD TBD
| niso 2E+07 9E+06 TBD 1E+09
| srs0 4E 2E+04 4E+07 3E07
| 2053 E 3E+06 IE07 4B
| 1c0 3E+06 1E+06 6E+08 2E+10
 soa26 1E+04 4E+03 SEe03 TE+05
| 1129 1E+04 SE+03 4E+06 3E+05
Co-135 1E+05 6E+04 2E+07 2E+06
| o137 9E+04 8E+04 2E+06 SE+07
| so-151 1E+CS 4E+7 TBD 1E+10
| Po-210 $E+03 4E+03 TED | 78406
| Ra-226 6E+03 IE03 TBD 2E+05
Ra-228 4E+04 2E+04 TBD 6E+07
Ac22? 1E+04 6E+03 TE+03 8E+06
Th-229 3E+04 - 1E+04 6E+03 SE+04
Th-230 25403 ‘ 8E+02 TBD 3E+03
| nua2n2 3E+03 1E+03 TBD 3E+03
| Pa31 TE+03 3E+03 2E+04 4E+04
m SE+04 2E+04 1E+06 1E+06
1 vau SEs04. 2E+04 TBD 2E+06
| v-23s 'SEe04 - 2E+04 1E+05 1E+06
U-236 SE04 2E+04 TBD 2E406
| v-23 SE+04 2E+04 TBD 1E+06
Np-237 1E+04 SE«03 TE+04 8E+06
Pu-238 2E+04 1E+04 TBD 3E+06
Pu-239 ZE+04 8E+03 - 2E+04 | 26405
Pu-240 2E+04 8E+03 2E+04 2E+05
Pu-241 SE+05 2E+05 TBD 4E+08
Pu-242 2E+04 8E+03
Am-241 2E+04 8E+03
Am-243 2E+04 $E+03 -
Cm-245 1E+04 4E+03
D =404 03
* To be determined
5-7

8/10/92



Nuclide River Well Oceas Land

| c14 TBD* TBD TBD TBD
Ni-59 8E+05 3E+05 TBD SE+07
Sr-90 2E+03 TE+02 2E+06 1E+06
2193 2B+05 1E+05 9E+05 2E+06
Te-99 15+0S AE+04 2E+07 TE+08
Sn-126 4B+02 1E+02 3E+02 3B+«4
1129 SE+02 2E+02 1E+05 9E+03
Cs-138 5E+03 2E+03 6B+0S 6B+04
Cs-137 3E+03 3E+03 8E+04 2E+06
Sm-151 4E+06 2E+06 TBD 65408
Pb-210 3B+ 1E+02 TBD 2B+08
Ra-226 2B+02 1E+Q2 TBD TE+03
Ra-228 2B+03 TE+02 TBD 2E+06
Ac22? 6B+02 2E+02 2E+02 3B+08
Th-229 18+03 AE+02 2E+Q2 2E+03
Th-230 7E+01 3E+01 TBD 15+02
Th-232 1E«02 4E+01 TBD 1B+02 -
Pa-231 3E42 1E+02 6E+02 2B+03
U-233 2E+03 TE+2 4E+04 5E+04
U-234 2E+03 8E+02 TBD 6E+04
U-235 2E+03 TE+02 4E+04 4E+04
U-36 243 BE+02 TED 6E+04
v-238 2B+03 7E+02 TBD SE+04
Np-237 SE+02 3E+02 3B+03 3E+05
Pu-238 9E+02 4E+02 TBD 1E+08
Pu-239 7E+02 3E+02 6E+02 6E+03
Pu-240 SEH02 3E+02 6E+02 TE+03
Pu-241 26404 7E+03 TBD 1E+07
Pu-242 8B+2 3E+02 TBD 6E+03
Am-241 TE+02 3EH02 2E+02 AE+04
Am-243 6E+02 3E+02 IE+02 2E+04
Cm-245 4B+02 2E+02 1E+02 SE+03
[ M- 2438 Iyl )/ ) [ H 44 13

* To be determined
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§3 SUPPLEMENTARY INFORMATION

The following material explains why the rule is reasomiblo when .wmtcn in the form on the
preceding pages. This material could be used by the EPA as supplcmcntary information for the

proposed rule.

The 1985 release limits contained in 40 CFR Part 191, Section 191.13, which were stated

~ in terms of the allowable release from a repository oontammg 1,000 metric tons of heavy

" metal, were developed by estimating how many curies of each radionuclide would cause

10 .premature deaths over 10,000 years if released to the environment. For these

calculations, the Agency used very general models of cnvxronmcntal transport, based upon

" a simultancous release to all the world’s rivers and oceans. The resulting release limits

table (Appendix A, Table 1 of the 1985 version), provided a single cumulative rclcasc limit
per radxonuchdc that was to bc evaluatcd at the boundary of the controllcd area.

Several commenters havc suggestcd that rclcasc lumts bascd solely upon & simultancous
release to the world’s rivers and oceans may not be appropriate for all releases at all sites.
As a result, the Agency has further evaluated the appropriateness of the single generic
derived version of the release limits. While the Agency continues to believe that
cumulative release limits per radionuclide are an appropriate way in which to regulatc the
 disposal of radioactive’ waste, several changes have been implemented in order to
-accommodate any site-specific circumstances which may differ from the assumed
- circumstances underlying the Table 1 release limits. The Agency further feels that today’s
proposal gives the Department greater flexibility in complymg with the standard, while at
the same time it provides at least the same level of protecuon to human health and the

: envn'onmcnt as dxd the 1985 standard X .

Given below is a brief descnpuon of thc rclcvant changcs in the present version from the
1985 vcrsxon, with a more dctmlcd explanation to follow. S

¢« Tablelin Appcnchx A is retamcd as an opnon for determining the releases to the
acoes51blc cnvnromncnt.

e -Ncw mulnmodc relcase tablcs (Tablcs 2 and 3in Appcnchx B) for the containment
‘ reqmrcmcnts are included as an option for detcnmmng releases to the biosphere. Each
table consists of four release modes (land, wells, rivers and oceans), each with specific
release limits, that can be used to account for site-specific features. Atmospheric
- .relcases arc consxdcred in the Individual Protection chnncmcms

e "-The mulnmodc rclcasc lnmts (Tablcs 2 and 3 in Appendix B) arc based upon a
repository containing 10° (100,000) MTHM rather than 10° (1,000) MTHM.

. - Compliance wih the release limits from the multimode tables is evaluated at the point

- of release to the biosphere for the parncular release mode rather than at the boundary
- of the controlled area. . A :
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» Site Adjustment Factors (SAFs) are provided for use wnh the multimode rclcasc

limits. The Department may use SAFs for the river and well release modes. The
department would determine the parameters to be used in accounting for specific site
locations.

© 10° (100.000) MTHM v. 10° (1,000) MTHM

The multimode release limits contained in today’s version of Appendix A (Table 1) and
Appendix B (Tables 2 and 3) are based upon a 10° (100,000) MTHM repository rather
than a 10° (1,000) MTHM repository. This modification reflects no quantitative change
in the level of protection. It sunply presents the information in a2 manner more clearly
related to' the fundamental criterion (1,000 deaths per 10,000 years per reference
repository, whether HLW or TRU waste) and the individual protection dose standards
which are based upon a 10° (100,000) MTHM repository. For consistency. and scaling
efficiency, 10° (100,000) MTHM for HLW and 20 MGi for TRU will now be used as the
reference repositories for the multimode release mcthod. : SRR

Four Column Release Lzmits Tables

After receiving comments that a single gencnc derived release limit based upon a
 simultaneous release to all of the world’s rivers and oceans as a radionuclide escapes the
controlled area may not be appropriate for all reposxtoncs. the Agency has recvaluated the
basis of the rule. The Agency feels that more is known now about release modes and
pathways than when the 1985 version of the standard was promulgated. Advances in the
undcrstandmg of geologic disposal systems should be incorporated into the present
version of the rule. As a result, the Agency has retained the single generic derived
release limit table and added an opuon of multimode release limit tables consisting of
four columns addressing land, well, river (including all fresh surface water), and ocean
release modes. A fifth release mode, for atmospheric releases, is considered in the
individual protection requirements.

The Agency feels that today’s version of the multimode release limit tables applies
uniformly to all repositories and pathways while allowing all major components of a
~ disposal system to be included in a risk assessment. In setting the multimode release
limits for today’s rule, the Agency has used the same methodology described in the
Background Information Document (BID) for the 1985 version. That is, for each
radionuclide, the maximum number of fatalities allowed by the fundamental criterion
(1000) was divided by the fatal cancers per curie for each release mode. The summed
normalized release limit for each scenario or event would include the release fractions for
each radionuclide for each release mode.

The derivations from the 1985 version of the standard have been reexamined. The
derivation for the land and river release modes in the 1985 version were basxcally
complete. The well release mode limits consist of a minor modification to the river
release mode, and the ocean release mode limits have been completely recalculated. For
a thorough treatment on exactly how the release limits were derived, the BID should be
consulted.
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Im,plementanon of Mulnmade Release Limits

While both the BID and the standard address the implcmcntanon of the multimode release
limits approach, the Agency feels that it should be addressed here also. It should be
stressed that the level of protection provided to human health and the environment, for
both present and future populanons. has rcmamed the same for today’s version of the

- standard as that contained in the 1985 version.: The only ugmﬁcam change in the
containment reqmrcnwnts is the optional method that the Agency is allowing the
Department to use in detcmumng compliance with the containment requirements. The
Agency believes that'in some instances this option may more realistically reflect the
actual processes and events that will take place between the repository and the potential
release points and therefore may more reahsucally reﬂcct the potential risks posed by any
such rcposuory _ o

) Mulnmode Well Release Lmuts Not Apphcable within the Controlled Area 3 |

The Agency feels that it is necessary to make one pomt pammxlarly clear thb regard to
the implementation of the multimode well release limits. That is, these release limits do
not apply within the controlled arca. This view was upheld by the First Circuit Court

atural Resources Defense Council v. U.S.EP.A., 824 F.2d 1258 (1st Cir. 1987)). As
‘the Court stated in upholding the ‘Agency’s decision not to apply the groundwatcr
protocnon standards wnhm the controlled area:

.. the EPA’s choice to sacnﬁcc the purity of water at rcposxtory sites as .
part of the control strategy was impliedly sanctioned by Congress when,
subsequent to passage of the SDWA [Safc Dnnkmg Watcr Act], it cnactcd
the Nuclear Waste Policy Act.” -

~ Thus, the concept that & certain amount of area directly surrounding the repository is
deévoted to the disposal of radioactive waste is clearly accepted. Application of the
multimode release limits for wells will therefore begin at the boundary of the controlled

The multimode release limits method, in addition to expanding the release limits to a four
column table, also allows the Department to evaluate potential releases at the points of
release to the biosphere for each release ‘mode rather than at the boundary of the
controlled area for all potential releases. This approach is consistent with the 1985
approach in that the Agency has modeled the effects of a release of each radionuclide via
cach of the four release modes for the commnmcm mqmrcmcnts and based the release
limits upon this modchng '

In setting the current multimode rclcasc lumts. the Agcncy has assesscd the unpacts upon
human health and the environment once a radionuclide escapes through one of the four
‘release modes for the containment requirements. This modeling from the release points
to humans ensures umfomnty of the biosphere for all applications of multimode release
limits in the containment requirements. In contrast, the Agency has decided in providing
multimode release limits that it would be more appropriate for the Department to assess

WP.158 511 8/10/92



the movement of radionuclides from the repository to the points of release. This decision
is a result of comments received and further evaluation of potential repository locations.

While the Agency believes that the use of generic models to assess the impacts of
radionuclides once they are released into the environment via one of the four release
modes is an appropriate method to regulate the release of radionuclides, it is also the
Agency's belief that the Dcpamncm may most appropriately assess the movement of
radionuclides from the repository to the points of release. This belief is based upon the
fact that the Department will be in a better position to evaluate the site-specific
attenuation factors and their impact upon the movement of radionuclides through the
lithosphere to the points of release. Attenuation factors depend on: groundwater velocity,
retardation factor, dispersivity, distance of the actual release from the repository in the
direction of groundwater flow, duration of regulation, radionuclide half life, time of
release from the repository, and rate of release. All components of the disposal system
should be evaluated when determining compliance with the multimode release limits
unless it can be shown that their effects are negligible.

-Site Adjustment Factors

In determining compliance with the multimode river and well release limits, the Agency
allows the Department to use site adjustment factors (SAFs). This is necessary because,
in deriving the release limits for the river and well release modes, the Agency assumed
the entire drainage system of all rivers (for the river release mode) and all aquifers (for
the well release mode) would be contaminated by the released radionuclides. Thus, in
order to obtain a more realistic depiction of the potential releases from specific sites, the
Agency allows SAFs to be used when determining the release limits for actual sites.

As stated earlier, there is no need for adjustment factors in computing compliance with
the release limits for the land and ocean release modes. The Department determines the
factors to be used in determining SAFs for a specific repository. In applying the
multimode release limits to specific sites, the Department should recognize that it will be
necessary to allocate radionuclides that reach an aquifer to either the well or river release
modes. Surface (river) and groundwater (well) usages vary for different regions in the
United States. Thus, the Department will be responsxble for determining the appropnate
allocations for the specific region in which the site is located.

The effect of multimode release tables on the release OCDF s to change the magnitude
of the normalized release (R) for each scenario or event relative to the single release
method in the 1985 version of 40 CFR Part 191. The probabilities of the individual
scenarios or events that make up the CCDF are unchanged.

The Apgency believes that today's rule satisfies comments received concerning the
appropriateness of using only a single generic derived release limit applied at the
boundary of the controlled areca. The opuon of multimode release limits refines the
release limit approach used in the 1985 version of 40 CFR Part 191, Section 191.13. The
use of multimode release limits accounts for all release modes to be considered in the
containment requirements in assessing the performance of a disposal system. The
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Department is responsible for determining release modes and release locations for all
pathways for each repository. Because the Agency has computed all transport and
biological effects from the release location to humans for all four release modes, the
biosphere and effects are uniform for all applications of the containment requirements.

Multimode release limits are not site specific and can therefore be applied to future
repositories.
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54 TECHNICAL SUPPORT DOCUMENTATION

The following material is supporting information that could be cited as reasons for the
suggestions in the proposed revision. It could be part of a technical support document for the
nule. X .

Background

The 1985 version of 40 CFR Part 191 (Reference 5-1) contained a single derived release limit
for all release modes that was based on simultaneous release to all the world's rivers and oceans.
Cumulative releases would have been evaluated at the boundary of a repository. The EPA based
the decision to use this approach on their determinations that releases to surface water through
groundwater are usually the most important release mode for mined repositories and that the
health effects per curie released are usually the highest for this release mode (Reference 5-2).

In reexamining 40 CFR Part 191, the EPA has received substantial comments addressing release
limits based on a single release mode. Characterization of disposal sites currently under
consideration indicates that release modes for these proposed repositories are gaseous, land
surface, and withdrawal wells. Therefore, it is appropriate to add the option of multimode release
limits that, except for gaseous releases, may be used to evaluate these additional release modes
in compliance evaluations for the containment requirements. Gaseous releases, although included
in this discussion for completeness, are considered in the individual protection requirements of
the regulation. The option of multimode release limits satisfies any deficiencies that may have
existed in the 1985 version by providing the ability to account for all applicable release modes
in assessing the performance of a disposal system. The use of multimode release limits applies
the standard at actual release locations (Figure 5-1), so risk attenuation between the boundary and
the release locations is considered in the risk assessment. In addition, the methodology for
multimode release limits allows corrections for repository locations.
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Figure 5-1.  Schematic of a Radioactive AWastc Disposal System Showing Possible Release
Modes and Risk Auenuation Factors Outside the Repository.

(Gascous releases ‘are considered in the individual protection requirements. In
some instances, human intrusion may not be considered in evaluations of the land
release mode, as explained in Chapter 3.)

Description of Multlmode Genenc Release Limits

Tables 2 and 3 are included in Appcndzx B of 40 CFR Part 191 to supply generic release limits
that arc set at the locations of release to the biosphere for each applicable release moc -, which
is just one step in the derivation prior to where they were set in the 1985 version of 40 CFR Part
191. The following sections describe multimode release limits, methods used in developing the
four-column table of release limits, methods for oombmmg releases from all applicable modes
into a smglc summed normalized release limit, corréctions for repository locations and geologic

 risk attenuation, and suggestions for performance assessments. These multimode release limits

contain some generalizations that may not apply to specific repositories, but the generalizations
are limited to the processes between the release locations and humans. Multimode standards
apply uniformly to all repositorics and all release modes considered in the containment
requirements. All major components in the disposal system are included in risk assessments.

EPA generic analyses from the release locations to humans ensure uniform modeling of the

‘biosphere for all applications (dashed lines in Figure 5-2). - The four-column release table

proposed for 40 CFR Part 191 covers all applicable release modes for repositories. The
appropriate release mode is selected for each pathway, and all disposal system components are
included in the performance assessment. This is similar to the approach used for the 1985
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version of 40 CFR Part 191, and most of the derivations of risk factors were completed for that
version of the standard (References 5-2 and 5-3). Differences are that risk factors for well
releases have been calculated, and risk factors for ocean releases have been recalculated.
Release limits are still calculated by dividing the fundamental criterion (1,000 deaths per 10,000
years per reference repository) by the risk factor for each radionuclide.

u LY ..:\.‘..
e iﬁiﬂ
-o” - »* ‘ POMI!!M
Rivers .. e & Risk
o"
”.n’ o’
Performance Assessment :
Ry x
- geease Modes - > Release Limit
Pathways . | Derlvation
e Computs Attenuation EPA
Yo Raleass Points Relezss
* Limhs

Figure 5-2. Multimode Releass Limits in the Risk Assessment Process. (Atmospheric releases
are considered in the individual protection requirements.)

. Derivation and Implementation of Multimode Release Limits

The following sections summarize the factors considered in the derivation of the four-column
tables of release limits in the present version of 40 CFR Part 191. Factors considered in analyses
for the river and land release modes are from the Background Information Document (BID) for
the 1985 version of 40 CFR Part 191. Factors considered in analyses for the ocean release mode
are from a recent study. Data for the well release mode are new and are presented in this
chapter.

*This technical support document assumes that analyses will be completed using a program such as MARINRAD
(Reference 5-4) and a detailed model with a shelf compartment. Other references in this document to ocean releases
make the same assumption. If this study is completed, values obtained from the evaluation should be substituted
in Tables 5-3 through 5-6 of this Technical Support Document and in Tables 2 and 3 in Appendix B of 40 CFR Part
191,
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The derivation of the single generic table for release limits in the 1985 version of 40 CFR Part
191 assumed that all the fresh water that is used comes from the world’s rivers. The new.
multimode release tables separate fresh water into surface water and groundwatcr Surface water
comes from lakes and rivers, but these sources are combined into a river release mode to be
consistent with earlier notation. The USGS publishes estimates of water sources and uses at 5-
year intervals. Table 5-1 gives the 1985 percentages of water used for irrigation, livestock, and
human drinking water that came from groundwater and surface water. Values are given for the
United States and for reglons with disposal sites currently under consideration. This table (or
an updatcd version of it) is used to allocate water use to the well and river release modes. The
values in Table 5-1 represent the percentages of each radionuclide that reach an aguifer by any
means that would be available for well withdrawal or discharge to a river. It does not mean that
all or any of these radionuclides will reach any points of release before they decay or during the
10,000 years of regulation. The DOE selects the pcrcemagcs apptopnatc ‘for each reposxtory
region.

Table 5-1. Fresh Water Sources in 1985 (Reference 5-5)

- Percentage _
Region : ~ Groundwater . Surface Water . Il
| Rio Grande Region g | 72 1
Great Basin B 19 B g1 I

United States _ B 36 ' _ 64 ‘

Adjustments of Generic Release I imits

Generic or world average parameter values are used to compute multimode release limits, just
as they were in the derivation of the present standards. Therefore they may not represent the
actual radionuclide pathways or risk of specific repository locations. There are many site
adjustment factors (SAFs) that could be applied to release limits for specific rcposnoncs to
compensate for these gencralizations. Alternatively, generic SAFs could be defined in the
standards that would apply to all sites, or the selection of site specific adjustment factors could
be left to the implementing agency for each repository. Generic SAFs have the advantage of
consistent use for all repositories, and an eguitable sclection of SAFs that increase and decrease
the release limits would be predefined. The disadvantages of generic adjustment factors are that
they may overcorrect or undercorrect at any given site. The advantage of developing SAFs for
cach repository is that local conditions such as repository location relative to rivers, oceans,
agriculture, and populations gt the time of assessment can be defined more precisely. The
disadvantage is the potential for nonuniformity in the selection of SAFs and demands for an
unreasonable number of SAFs.

Either option should produce more accurate predictions of actual risk than generic analyses with

no site adjustments. The magnitude of the net adjustment would depend on site characteristics
and may be insignificant for some repositories. Generic SAFs for two of the most obvious cases
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are suggested for the river and well release modes in their respective sections. The alternative
to SAFs for repositories that cannot be ade;uately assessed with generic release limits is the use
of collective dose kimits, which do not require adjustments, but require additional site
charactcnzanon and PA. -

River Release Mode

World-average parameters were used to compute risk factors included in the 1985 version of the
standards (Reference 5-3). This approach is compatible with fundamental criteria for collective
risk and can be used with multimode derivations. The pathways to humans for the river release
mode include ingestion of drinking water, freshwater fish, food crops, milk, and beef; inhalation
of resuspended material; and external exposure to ground contamination and air submersion.
"River” includes all sources of fresh surface water. Derivations for the river mode have not been
updated with more recent data. Ocean releases, which were included in the 1985 version of the
table, have been removed from the river release mode and are now considered separately.

The derivation of the risk factors for the river release mode, using world-average parameters,
assumes that the entire drainage system of all rivers is contaminated with the released
radionuclides regardless of the repository location (Reference 5-2). Site Adjustment Factors
(SAF;) may be used to correct for actual repository locations and may be selected by the DOE.

As an example, Figure 5-3 shows that, in reality, only the downstream section of the tributary
that is fed by groundwater passing the repository is contaminated. The ratio of the actual
~ available contaminated water to the total available water in the drainage system is approximated
by dividing the sum of the products of contaminated tributary lengths and flow rates by
equivalent sums of all tributaries:

T Gy * Fop
SAFR - =1

E(an‘FeaQ E(L * Fyp

i=1 J=1
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Figure 5-3. Generic River Basin for the River Release Mode

SAF, is the site adjustment factor used to correct the risk factors for the river release mode. "L"
is the length of the river segments and "F" is the volumetric flow rate of that segment The
subscripts "C" and "U" refer to contaminated and uncontaminated segments, respectively. The -
risk factors for the river release mode are adjusted by multiplying by the SAF,. If the adjustment
is applied to the release Limits rather than to the risk factors, the Reciprocal Site Adjustment
Factor (RSAF,) is used as the multiplier to adjust the release limits. This definition of watcr

. availability is compatiblc with the derivation in the 1985 version of 40 CFR Part 191.

Attenuation factors (AFs) for radionuclide transport in aqucrs dcpcnd on flow rates, diffusion,
dispersion, retardation, decay rates of the nuclides, the duration of -regulation, and the
pcrformance of all preceding repository components (Reference 5-6). Determining AFs for the

river release modc would extend the present @ssessments beyond the controlled area.

Well Release Mode .

Pathways for the well rclease(modc arc the sﬁmc as those for the river mode ‘c:':cepi for fish
consumption. The radionuclide concentrations in groundwater used to compute risk factors for

" the well mode are based on world averages, the same as the river mode, so that the standards are

consistent. The total volumetric flow rates for both modes are computed by dividing the volumes
of each part of the hydrosphcn by their exchange activitics. This information is available in a
UNESCO report for all the major hydrosphere divisions (Reference 5-7) and is summarized in
Table 5-2.
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Table 5-2. World Hydrosphere Activities (Reference 5-7)

| Part of ' Exchange Volumetric
| Hydrosphere Activity (yrs) Flow (km%yr)

Rivers - i 032  3.8x10°

Lakes ’ : 2.3 x 10*

Active Groundwater y 1.2 x 10*
Total Groundwater . : 1.2 x 10
World Oceans . 7 4.6x 10°

The derivation of the river risk factors in the 1985 version of 40 CFR Part 191 used a volumetric
flow rate of 3 x 10* km*/yr. This flow rate is a good average of the lake and river divisions,
which comprise surface water sources. The flow rates for groundwater are a factor of 2.5 lower,
or the radionuclide concentrations in groundwater are a factor of 2.5 higher. Because the risk
factors in the EPA derivations (Reference 5-3) are linear functions of concentration, the risk
factors for the two modes scale with concentration. The ratio of release limits for the well
release mode to those for the river mode range from 0.400 for Zr-93 to 0.803 for Cs-137. This
variation is caused by fish consumption in the river mode.

The derivation of the limits for the well release mode using world average parameters assumes
all groundwater from the recharge area to the locations where it enters surface waters is
contaminated. Site Adjustment Factors (SAF,) may be used in the same manner as for the river
release mode. As an example, Figure 5-4 shows that, in reality, wells upgradient of the
repository do not produce contaminated water. In addition, during the 10,000-year regulatory
period, the contaminated plume may not reach the discharge location, and some uncontaminated
water also would be withdrawn downgradient from the repository. The ratio of contaminated to
~ total available water can be approximated by dating the water at the repository (A,), at the point
that the radionuclides are expected to reach in 10,000 years (A,), and at the location where
groundwater is discharged to a river (A,), as shown in Figure 5-4. The site adjustment factor
(SAFy) can then be approximated by dividing the difference in the ages of the water at the
farthest point of projected radionuclide migration in 10,000 years (A;) and at the repository (A,)
by the age of the water at the point of discharge to the river (A,):

SAF, - A’:' | (52)

However, if the contaminated plume is projected to reach a river within 10,000 years, the SAFy,
is approximated by the following formula:
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(5-3)

The risk factors are multiplied by these ratios. If the correction is applied directly to the release -
limits rather than to the risk factors, the relcase limits are multxphcd by the Reciprocal Site
‘Adjustment Factor (RSAFg). ' L

Computations of attenuation factors are similar to those for the river release modc. Over a
10,000-year period, withdrawal wells could be located anywhere in the contaminated plume
outside the controlled area. Therefore, to assume uniform withdrawal in the plume for the entire
time is reasonable. The well AFs are then based on a statistical sampling of distances to wells
instead of being based on & sxnglc dxstanoc, as the river mode AFs are.
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Figure 54. Generic Groundwater Diagram for the Well Release Mode

Ocean Release Mode

Ocean risk factors in References 5-2 and 5-3 were compared with those computed with the
MARINRAD (Reference 5-4) computer program and decp ocean and shelf models for the
Subscabed Disposal Project (References 5-8 and 5-9). The comparison showed that the ocean
risk factors used to derive the release limits in the 1985 version of 40 CFR Part 191 were up to
a factor of 100 too low (Reference 5-10). This difference was confirmed by a preliminary study
of ocean risk factors that were defined in a letter from R.D. Klett (SNL) to D. Ensminger
(TASC) concerning the "Ocean Model for Release Limit Derivation,” dated October 22, 1991.
The preliminary study was conducted by TASC and explained in a letter from S. Oston (TASC)
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to R. Williams (EPRI) about "Ocean Pathway Modeling," dated December 10, 1991. {Note: A
thorough study of the ocean mode should be conducted with MARINRAD.]

No correction factors for repository location are reqmrcd for the ocean mode. With the
conservative assumptions of no risk attenuation in the rivers and the retumn of all irrigation water
to the rivers, the same geologic AFs are used for the river and ocean release modes for each

repository.
Land Release Mode

Changmg the method of compnung nsk factors for the land mode is not nccessary and the risk
factors have not been updated with more recent data. No comrections for repository location and
no computations of risk attenuation are required for the land release mode.

Atmospheric Release Mode

For the multimode release approach, no corrections for repository location and no additional
computations of attenuation are required. The method for computing C-14 risk factors in EPA
520/5-85-026 (Reference 5-3) used a good global circulation model with release to the
aunosphm Updating the analysis with a later version of the global circulation model would
only increase the release limit by a factor of 1.4. For completeness, a value for I-129 (Rcfcrcnce
5-11) has been added to the atmospheric column.,

Risks from releases to the atmosphere are proportional to the amount of radioactivity in the
atmosphere during the period of regulation, not the total amount of activity released. Because
the release limits are based on total released activity, the C-14 limits are accurate for early
releases but very conservative for later releases. One altemative would be to regulate
atmospheric releases under the Individual Protection Reqmremcms of 40 CFR Part 191. This
would result in an evaluation of releases in a manner that is consistent with the National
Emissions Standards for Hazardous Air Pollutants (NESHAPS, 40 CFR Part 61). A dose limit
of 10 mrem/yr for atmospheric releases would be added to the individual Protection Requirements
in addition to the existing 25 mrem/yr limit for individual exposure from all pathways.

For completeness, limits for atmospheric releases have been provided in the Tables. However,
as discussed earlier, atmospheric releases will be regulated under the Individual Protection
Requirements.

. Risk Factors

This section presents the derivation results in terms of risk factors, the premature fatal cancers
induced over 10,000 years for each curie of the various radionuclides that may be released to the
biosphere. These risk factors were used to develop the radionuclide release limits proposed for
Tables 2 and 3 of Appendix B of 40 CFR Part 191. Risk factors in cancers per TBq are shown
here in Table 5-3, and risk factors in cancers per curie are shown in Table 5-4.
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Development of Release Limits for 40 CFR Part 191

The analyses described in this chapter were used to develop radionuclide release limits for the
multimode method that comrespond to the level of protection chosen for the containment
requirements of the final rule (Section 191.13). The 1985 BID describes the procedure used to
.determine release limits from the risk factors. The maximum number of fatalities allowed by the
.fundamenta) criterion were divided by the fatal cancers per curie for each release mode and each
radionuclide. The release limits in SI units are shown here in “Table 5-5, and thc release hmxts
in curies and associated umts arec shown in Table 5-6. .-~

Summed Normahzed Releases

‘Note 8 for ‘Tables 2 and 3 included in Appendix B of 40 CFR Part 191 indicates how rclcasc
limits are used in determining compliance with the containment requirements (Section 191.13).

- In most instances, & mixture of radionuclides is projected to be released to the biosphere. The
summed normalized release limit for each scenario or event mcludcs the release fractions for each

nuclide for each relcasc modc :

QJRI«.-*‘QLJRLL»"' +ijRLw "'Qw.mew + ~+
QR,IRLM+QR,/RIM+...+QO,IRL°,+Q°JRLN+ + o ' (5-4)
a/m,o <1 5 ’ . o _ :

Q is the computcd 10‘ year rclcasc of a radionuclide for each release mode at thc release location,
and RL is the release Limit for that nuclide and release mode. The subscripts L, W, R, and O
refer to the land, well, river, and ocean release modes, respectively, and the subscripts a, b, .

., 1 refer to the individual radionuclides listed in the tables. The efiect of multimode,rclcasc
tables on the release CCDF is to change the magnitude of the normalized release (R) for each
~ scenario ar event relative to the single release method in the 1985 version of 40 CFR Part 191,
as illustrated in Figure 5-5. The probabﬂmcs of the mdmdual scenanos or events that make up
- the CCDF are unchangcd . ,

WP.158 5-23 ' 8/10/92



Multiple Release Modes

Cancers per TBq

Noclids River WelP Oceast Land* Atmospbere
C-14 TBD* TBD TBD . TBD 1.57E+00°
Ni-39 124E-03 3.03B-03 TBD 1.83E-05 NA®
S1-90 6.088-01 1.51E+00 6.625-04 1.028-03 NA
293 408E-03 102802 1.06E.03 6.10E-04 NA
Te-99 9.865-03 241E-02 429E.08 1.53E-06 NA
Sn-126 2.84B+00 6.9SE+00 2.898+00 3.73802 NA
1-129 2.18B+00 SA3E+00 732803 1.07E-01 6.72E+00
Cs-135 2.098-01 4.69B-01 1.73803 _155E-02 NA
Cs-137 289B-01 3.60B-01 133E-02 591E-04 . NA
Sm-151 2.53B-04 6.14E-04° TBD 1.81B-06 NA
Pb-210 3.19E+00 7.03E+00 TBD 4.10E.03 NA
Ra-226 4.40B+00 1.05E+01 TBD 1.52E-01 NA
Ra-228 6.51E-01 1.52E+00 TBD 4.24B-04 NA
Ac-2? 1.80E+00 434E+00 4.13E+00 335E-03 NA
T™-229 942E-01 230E+00 4.64E+00 5.13E01 NA
Th-230 1.45E+01 3.60B+01 TBD 1.04E+01 NA

_Th-232 9.188+00 2.29E+01 TBD 1.02E+01 NA
Pa231 . - | 400E+00 9.87E+00 1.60E400 63701 NA

V-3 5.318-01 1.44E+00 250802 - 203802 NA
U-234. 5.298-01 131E+00 TBD 1.77E-02 NA
U-238 5.86B-01 1A45E+00 226802 227802 NA
U-236 5.00B-01 1248400 TBD 1.57E02 NA
U-238 5.568-01 1.38E+00 TBD 1.36E-02 NA
Np-237 2.158+00 3.27E+00 3.89E-01 327E-03 NA
Pu-238 1.14E+00 2.82E+00 TBD 837803 NA
Pu-239 1.348+00 332E+00 1.55E+00 1.63E-01 NA
Pu-240 131E+00 3.23E+00 1.55E+00 141E-01 NA
Pu-241 5.86B-02 145E-01 0.005+00 675E05 NA
Pu-242 1.29B+00 3.205+00 TBD 1.71E-01 NA
Am-241 1.46E+00 3.28E+00 5.48E+00 2.84E02 NA
Am-243 1.54E+00 3.49E+00 537E+00 6.62E-02 NA
Cm-245 2.73E+00 6.S8E+00 8.07E+00 2.18E-01 NA
UIces:

Reference 5-2  “Preliminary incomplete analysis by TASC using MARINRAD ‘Not Applicable
* This report “To be determined '
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' Cancers per curie
| Nuclice River viesn] WeD® Ocest .. | Land Amosphere |
| c1e TBD* TBD T80 |TBD SEIE02
| wiso 46IE05 1.12E-04 TBD 6.79E07 | Na i
| Sr-90 .| 225802 | 5.60E-02 245E05 3.76E-05 NA '
1293 J151E04 | 3TIEO4 3ME0S | 226E05 NA ;
Te99 | 365E04 8.93E-04 159606~ |seseos - Ina ‘
Sn-126 1.05E.01 25TE01 107E01 | 138E03 NA ;
1129 8OTE02 - 2.01E-01 2TIE04 396E-03 249E-01'
Cs-135 7.73E03 1.74E-02 639E-05 | 575604 NA '
o131 oo [ 133E0 492804 | 219E05 NA ;
Sm-151 938E-06 29105  |TD °  Jemeos  |nNa |
Pb-210 1.18E.01 2.61E-01 TBD | 152504 NA |
Ra-226 1.63E-01 3.87E-01 TBD 562503 | Na |
| Ra228 241E.02 | se2e0 TBD fises  |wa
Ac-227 6.6TE02 | 161801 153501 124E-04 NA ‘
| Th229 349502 8S1E-02 1.72E01 19002 | Na |
| Th-230 538E01 | 133E400 TBD | 3ssE01 NA .
Th232 | 340801 | s47E-01 TBD 3.76E-01 NA |
Ps.231 148E-01 3.66E-01 5.94E-02 236E-02 NA
Lua2n 21502 | 533E® 925E04 | 71S1E04 | NA ,
| U234 196E-02 _Jassec2 - |TBD ] es4E04 NA ;
U-235 207E02 - | s3sE02 836E04 8A2ED04 NA - - '
U236 J18SE | 459E0 TBD 6.18E-04 NA |
U.238 206E02 SAIE02 TBD 6.90E-04 NA
Inp237 |795e02 . | 121E01 144E-02 | 121E04 NA |
Pu2ss | 43E02 1.05E-01 | TBD 3.108-04 NA |-
Pu-239 asTE®@ | 133E01 STE® | 6BEG ~ |NA
Pu-240 aseEe . li12e01 | smE® S20E0  INA ;
Pu-241 2.17E-03 $36E03  |TBD 2.50E-06 NA '
Pu-242 4TEQ 1.18E01 TBD ~ Jesem |na-
Am-241 SAEL2 120E01 | 208E01 105E03 - |NA -
Am-243 . | 5712E0 129E-01 19E0 245E3° | NA !
Cm-245 _ L10E01 _ 244E01 299E01 | 80803 ¥
Crm.248 DOE .02 - 20E-0 | TRD 4E.0 _fna
oumc
* Reference 5-2 Prchnmuymmplcte amlynsby'l‘ASC mgMARNRAD * Not applicable
* This repart ‘Tobedetemnned A , ! Reference 5-11 using 0.04 cancers per Sv

WP.158 5-25 8/10/92



AWE slemisipaw AlvivMUL LTsWMwY

(This table should be used only with RSAFs)

Release Limit (TBq per 100,000 MTHM)
| wert : Ocean®
TBD TBD

TBD
7B+02 | zBe08

25407
3B+02
1B+08
6E+08
8B+04
TBD
TBD
TBD
TBD
2B+02
2B+02
TBD
TBD
6E+02

TBD

TBD
TBD
3E403
TBD
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Multiple Release Modes
(This table should be used only with RSAFs)

Release Limit (curies per 100,000 MTHM)

TN i (b | wer Ocear’ O
‘ TBD TBD
' TBD

‘v"
€Tobe dotermined - *Notappliable ~ %Reference S-11 using 0.04 cancers per sv

i
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Figure 5-5. Effects of Multimode Release Limits on the Release CCDF

Performance As&menis with Multimode Release Limits

- Figure 5-2 ﬂlusn'atcs the funcuon of pesformance assessmcnts (PA) using mulumode release

Limits. Some releases from disruptive geologxc events (e.g. volcanos) would be through the upper -
surface of the controlled volume as shown in Figure 5-1. For these pathways, the PA segment -

of the risk assessment evaluates releases against land release limits.

For radxonuchde transport through an aquifer, the groundwater that is not withdrawn by wells
would eventually reach rivers, lakes, and oceans. Computations of releases to wells, rivers, and
oceans may require additional attenuation factor analyses (Reference 5-6) by PA, and some site
characterization past the controlled volume may be required. Site characterization and analyses
only have to extend far enough to show compliance. The remainder of the disposal system could
be considered an additional, but unquantified, margin of safety. Because the standards do not
specify average fractions of fresh water usage obtained' from ground and surface water, regional
values are defined by the DOE and incorporated into assessments. The river and well release
limits are adjusted by PA to account for the location of each repository rclauvc to the recharge
location and closest river or ocean.

Summary

The inclusion of multimode release limits as an option in the containment requirements refines
the release limit approach used in the 1985 version of 40 CFR Part 191. Theé use of multimode
release limits accounts for the applicable release modes in assessing the performance of a
disposal system for the containment requirements. The DOE would be able to select release
modes and release locations for all pathways for each repository. PA will include all pre-release

disposal system components in the assessments, from the repository to the release locations.\

WP.158 5-28 8/10/52

)



Because all transport and biological effects from the release location to humans for all four
release modes have been calculated, the biosphere and effects are uniform for all applications.
These derivations were conducted with generic models and data, so the multimode release limits
still contain some generalizations that may affect risk assessments. Multimode release limits are
not site-specific and can therefore be applied to future repositories. This approach is compatible
with the 40-CFR Part 191 format. The derivations for the tiver and land release modes were
performed for the 1985 version of 40 CFR Part 191 and are complete. The limits for the ocean
release mode should be recalculated, and the derivation for the well release mode is a
modification of the limits for the river release mode. The roles of the DOE in PA have been
expanded to include release mode selection, corrections to account for repository locations, and
possible analyses of attenuation factors outside the controlled area. Site characterization and
analyses only have to extend far enough to show compliance.
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CHAPTER 6
COLLECTIVE DOSE



CHAPTER 6

COLLECTIVE DOSE

6.1 ST ATEMENT OF THE PROBLEM

- In some mstances the release limits of Table 1 in 40 CFR Pan 191 may rcsult in an inappropriate
or overly conservative evaluation of repository sites because they do not adequately account for
significant features of a site. Release limits are derived standards used only to facilitate
regulation. A more fundamcntal criterion of dose limits could be used without' jeopardizing
safety. A dose option § sxmxlar to that provided in the drafi Federal Register notice of 40 CFR Pan
191 (2/3/92) would allow the Depanmcnt to show compliance with collective dose limits that are
equivalent to the fundamental criterion, i.e., equivalent to 1,000 health effects over 10,000 years
per 100,000 metric tons of heavy metal. R
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6.2 RECOMMENDED APPROACH

Incorporation of the collective dose option requires only minor wording changes to language
developed in EPA’s draft Federal Register notice (2/3/92). Issues to be considered in using this
option are discussed in Chapter 2. Atmospheric releases are considered in the Individual
Protection Requirements, as discussed in Chapter 9. Human intrusion is discussed in Chapter 3.
A standard biosphere, as described in the "Future States” section to be added to Appendix D
(Guidance for Implememanon of Subpart B), should be specified.

The following material suggests a way that the standard might be rewritten to incorporate the
collective dose option. Most of the text for subsection (b) is taken from the draft Federal
Register notice (2!3/92) but is provided here for clarity. Section 191.13 would be rewritten as
follows: 4

191.13 Containment Requirements
The Department may invoke cither subsection (a) or (b) of this section.
(a) Disposal systems for speat fuel ....; or

(b) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation, based upon performance assessments, that the collective (population)
effective dose, calculated using the weighing factors in Appendix C, caused by
releases of radionuclides to the accessible environment for 10,000 years after
disposal from all significant processes and events that may affect the disposal
system shall:

n Have a likelihood of less than one chance in 10 of exceeding 2.5 million person-
rem (25,000 person-sieverts); and

2) Have a likelihood of less than one chance in 1,000 of exceeding 25 million person-
rem (250,000 person-sieverts).

Dose limits are based upon an HLW/SF repository of 10° MTHM and 20 MCi for a TRU
repository.

Appendix C should contain the information that was in Appendix B of the draft Federal Register
notice (2/3/92). However, the information in that Appendix has yet to be fully accepted in the
United States. Consideration should be given to returning to the information contained in
Appendix A of Working Draft 3 (4/25/91) until acceptance of the ICRP 60 methods used in the
draft Federal Register notice (2/3/92) has been achieved.

Appendix D would contain the information found in Appendix B of the 1985 version of the

standard. Guidance on "future states” would provide the Department with a means of addressing
some of the uncertainties that could result from predicting conditions 10,000 yzars i